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Welcome to the Cardiovascular Medicine 
Section of MKSAP 18! 

In Lhcse pa~. you \\ill find updated information on rl~k J:o.S<.'SSmem in can.bovascular di~a'l'. lliagnoslic testln~. coronal)• 
~nerydisea<e. h<.·.m failure. arrh)'thmo.IS. \'3lvular hc-Jrt disea.,., !11}'1<:arUo.ll and peric:ordul disease. periph<•r.tl ;ark!') 
dio;e-a-;e. and other clinic:ol doallengcs. All of the.<: topics are uniquely 10<-lo~l on the"'''''!\ of I!<?Deralist' and subspeeialists 
owsic.teof rnrdfov:hcular rnc<licinc. 

The cnre content of .MKSAP Is h:1S bC('n develo!XXI us in previous edilions- aH essen I h1l infbnnalion that is newly researched 
and wrinen In 11 Wpic an:as of illiCO'nal mt'dicine- to,•att-d by dO'l.CilS of leading gcnerall<r' ond 'uh'J><:cialists and guided by 
wnifocation and rc'ttrtillc;uion rcc)uin:mc•nts. emerging knowledg<• in the fic:ld. and uo;cr (<(.'(.(back. MKSAI' 18 "''" t'Ontains 
1200 all ne" pc:cr n:vicwed. (lS)chOme!Tically v-Jiid.lted. multiple t>hoiec.' qut"'ions (MCQ-.) for self a<SeS.'>ment and srud}: 
Including 120 In C:onlit»<OSCular Medicine:. MKSAP 18c<mtinut'S to include High Val toe Qll'l' (itVC:) rcmmmendntio:m~. hascd 
''" t he conccpo of balancing c link<ll hcncfit with co<>ts and ham >S. wil h •s."J<:iated MCQs HluslrJting theS<· prlndpl<:s and 
I IVC: Key r>oints called out in 1 he text. lnoerni' ts pmclicinR in the h<k~pilnl sell ing (·an cnsilv Ond comprehensive 1/ospUolist 

focused content :mel MCQs. specially de,ignated In hlu~ and w ith the 1:1 symbol. 

If you pun:ha."-'d MKS•\P IS Complete. }'OU also haw .ot'<.'<:ss to MKS,\P 18 Di,ltital. \\1lh addlllunaltools all<l\\1ng \'OU to cus­
tomize your le:tming c:xpcrience. \tKSAP Digital include" n-gular tc:.xt updates \\ith new. prJ<.1it'(' changing ll)rurm,uion. 200 
new sel f assessm~nt question,, and cnh"net'<l custom quiz options. MKSAP Complete also Includes more th:ln 1 ~00 eke~ 

tronic. adapl ivr.: k\lfn.ing enh~mC(.·d llnsh<.-:.nds: for quick 1cvie·w ofimpOI'tant concepts, :·lS ·wdl us an updo1ed and (•nhanced 
v(>rsion of Virtttall lx. MKSAP's im:lj!e based sdf-asse<>nwnt 1001. As before. MKSAP 18 Di)Vtal is opt imilL'<l fbo· use on your 
tnobole dcc~ce<~. with iOS- and Andmid-baS<:d apps alkl\>1ng }'OU to sync hct\\t'l.'ll )<>Uf 3JltX ;ond online acrount and 'ubmit 
ror a-11, <:R~Iil> .ond MOC poinL< online. 

l'leasc visit us mthe MKS1\ P Rcsourrt Sile (mks:op.acponline.org) to lind'"" how we t"JII help y<:>u study. earn C.:.'vlli tredil 
and MOC points. a11d stay up to dare. 

( ln lx•half of the manr internists who havc offcrt-d their time and ex]X'ni't' to create the content for MKSAP 18 and th~ 
editorial staff "hu "urk to brinjt I his m.ltcti!\1 ro you In the lx-.t possible"">· we are honore-d tl\dl you h'n-e choe.en to 
'"" MKSAP IR and apprecia1e ;~n) f<'<.-dbackabout the program )">U ma1 hJVc. Please feel free to -;end any mnunc:nts to 
mksap editors~. ncponllne.org. 

Sincerely. 

Pntric·k C Al~ui re. MO, f.ACI' 
Editor in-Chief' 
!'>t·nior Vi<'C Prcsldt>Jlt Emerims 
Medical F.cltot"llon Division 
t\ meti(.;J.n Coli<'J~t' or l'hysidans 
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(mksap.acponline.org) 
lhe M KSAP Resou r<·e Site (mksap.acponline.org) Is a 
continually updated site that provides lin l<S to M KSAf' 

1::.:: online ansv,rer sheets for prirll subS<:rihers; at"t"eSS to 
MKSAP IS l>igital; Board llasics t• book <ll'C~.:ss inslru<1ions:: 
informaC ion on (:ontinu ing Me<li <.·~J EducaLion (CME}, 

M3intenancc ofCcrtil'ication (MOC), and i nternational 
Cont inu ing Profl'Ssional D evelopment {( :1'1>) o.1nd \iOC: 
<.:rral<l : and other new intOrm~ltion. 

International MOC/CPD 
ror inthrmation and instnl<:Lion:-; on subm i.S:sion of i nf<~r 

lllltiotllli MOC/CI'D, pl<':tS<' go to the MKSAP Resource Site 
(mksap.acponlinc.org). 

Continuing Medical Education 
ThL" Aml'til'an College of Physi<'hms is :H.:tre<titrd by the 
At'<'rt'<lit:Hion c:ounciJ tor Continuing ~~te<-lical EdUC:1.tion 
(ACCME) to provide cont'inuing medical ~·tluc:ation tOr 
physician::;. 

Tbe Americ~ln Col lege of Physicians dt<>sjgnah:::; Lh i::; c:11du r­
i t\~ m8terial, MKSAP 18. I<>Ta ma.x irnu rn of275 AMA I'RA 

C:utegory I CrcditsTh1. Physk i;msshouJd claim only 1he 
<'•'e<Uf <'Ommt·n.sw11t<.' with the extent of their pankipa 
tion in the activity. 

lJp to ~0 AMA I'RA CoteJ?;OI',IJ J Credilsr" a re av<Jilable 
frum July :u. 201S. to July 31. 2021. for the MKS.~P IS 
Cardi•,va~ular M<.:didnc sc<.'lion. 

learning Objectives 
The teaming objectives of MKSAI' JB arc to: 

• Closcga1>s hc t\,.'t'<.'n :~ctual t:lrt- in your practic(• ::lt'ld pre: 
f'errcct standards of care. basal on best evidence 

• Diag nose disease states that an: ltss <.:otnm<>n o1nd sornl· 
1 im<:-s <W(->r f<)()ked :.1nd <.·nn fusing 

• Improve m:om~1gement ofc:omorbid condithms thal <.:all 

tomplkalc pal knt can: 
• I )t'lennin e when m ref~r pmients tOr su rgery or t~)re by 

::;ubspc..xialisL-> 
• l'\1ss the AlllM Certification Examinat ion 
• 1\ts.'\ tlw /\HIM Mainttn;;m<.:c o l'<:enifkation Examination 

Target Audience 
• Gcn(·ral i ntt·rnists and pl'imarv <.:~1re physici<ms 

• Suh!->lW<'i:~l ists vd1o nee( J 1o T(>m:.lin up to date hlint<'rnal 
0\<.XlidrK· 

• Kesidents preparing for t he ~niCying examinlttion in 

internal medicine-
• Physicians preparing fbr mainlen:..tn<.-e of certification in 

inll'rnal mcdicint (1\:cl.'rl i lk"<ll ion) 
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ABIM Maintenance of Certification 
Check the MKSAP Resource Site (mksap.aq)()n linc.org) 
for lhe latest information on ho\\' rvtKSAP tests can be 
us<'d IO>Jpply 10 the A'mcric,tn Board oflnternalMedicine 
(ABIM) for Maimenance ofCertificalicm (MOC) [><>inls fol­
lowing completion of the CME acti vity. 

Success ful t"mplcl ion o f the CME activity. which 
incluclts panicip:nion In the evaluation componenl , 
enables the participant to earn up to 275 med ical knowl­
edge MOC points in the i\BI~I's MOC program. It is the 
CMF. activity provider's responsibility to suhmiL p~Hi id 

pant l"mpk tion information to ACCMF. for the purpose 
ofgr~mting MOC <;rediL 

Earn Instantaneous CME Credits 
or MOC Points Online 
Pri nl subscribers c::ln enter cheir answers online to t'flm 
instantaneous CM ~~ credit~ o r MOC points. You can submit 
your an~wers w~ing online answer sheets th<lt are provic.k->d 
at mk.~lp.acpon.linc.org. where a record of your MKSAP 18 
cred its will he availab le. To earn CMF. c redits or to apply for 
?vfOCpoints. you need m answer aLJ of the queslions in :.1 test 
antl earn a stun: of at least.50~. correct (number of corn:ct 
:mswersdivided hy th& 1o wl nurnbero rqucstions). Plt':lSC 
note that if you arc ;tpptying lor MOC points. you must a lso 
cntcryour b irth date and ABIM candidate number. 

Take either of the following approathes' 

l. t:sc the prinlcd answer sheet a t the b<Jckofthis hook lo 
f('('Ofd your an.swt•rs. f'.to 10 mk.~p.acponlinc.org. at:l'<.'S...:; Lhc 
appropriote online ansvv'C'r sheer. tr.lnscrlbe your ;,msvvers. 
and subrnil your t~'Sllhr inscuuancous C~ffi credits or MOC 
pohus. ·n1ere is no addition(! I ft .. x: for this scrvk~·. 

2. (;o to mksap.aqxmline.org, access the appropriate online 
ans\>ver sht.oel. dircd ly enlc:r your ansv~rcrs, and submit 
your test lor instan~,neous CME lTedils o r MOC po ints. 
Tikr(: is no additional fee for this service. 

Earn CME Credits or MOC Points 
by Mail or Fax 
l>ay a $20 pn.><..x:ssing rce per answer sheet and submiL 
the primed answer sheet a l l hc- hack of this lXJOk l>y mail 
or r~lx. as jnstructed on the answer sheeL l\•lake sure 
you <"'.l kulttLC your s('Or<: and enter your birth date anti 
A RIM e~lndid.:tte number, and f;.tx I he answer sheet lO 
~IS 351 2799 o r mail the answer sheet to Member >md 
Customer Service, American CoUege of Physki~lnS. 190 
N. htdependence \1all Wes1. Ph iladel ph ia. I' A '19106 1572. 
using the courtesy envelope provided in your MKSA P 18 
slipt<Jse. You will need your ·1 0 eli)\ it order number and 
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8 d igit ACP 10 numher. w hich are printed o n your pack­
ingslil>. Pl<.-.lSc allow 4to 6 weeks for your score report 
to be emaiied bad.- to you. Be sure 10 include your email 
address for a response. 

Jfyou do not h:we ::t 10 digit order nurnhcr :mel SMdigil 
1\CP 1D number. or if you nl'ed hdp cre,uing a uscrname 
and t>assword to access the .MKSliP Ill online answer 
sheets. go lo mksap.}lcponHnt:.org or ern ail 
custserv@~tcponJinc .org. 

Disclosure Policy 
It is the pol icy of the American CoUege of Physicians 
(ACP) to ensure balance, independence. objectiv ity, 
rtnd scien tifiC' 1;gor in ~ II or itS educational 3.CliVi1iCS. 
To this end. and consisten t with the policies of'the ACP 
an~ I he Accreditation Council for Continuing Medical 
Edu '"ltion (ACCM E) . cunlr ibutors to a ll ACP continu in!( 
medical ed ucation activities are required to disc· lose all 
relevant financial relationships with any entity produc 
ing, m~wkel ing, re s.c!Jing, ordi:::lribu(ing h~all h care 
goods or services consumed by. or used on. patients. 
Contributurs are required to use generic names in the 
d iS('\JSsion or t herapt:ul i<: opt ions and arc rc<tuircd lo 

identify any unapproved. o ff- label. or Investigative use 
of com mercial products or devices. Where a trade name 
is used, all :wailahle l r.HI<• nan1<.:s for the same producl 

type a re also included. If trade name products manu­
r; ,cturcd by CO!llJla nies with whom contributors have 
relationships are discussed, <·on1rihu1ors are :1sked lc) 

provide evidence based citations in support of the dis 
cussion. The in rorm~ll ion is n:viewed by the conunittee 
responsible for prn<.lucin~! 1his 1cx1. tf nc<:<·ssary, adjust ­
m.ents to topics or contributors' role-s in content ctevel­
opmcru arc made tu lxtlancc the discussion. further, all 
readers of this text ~ne asked 10 cv~llmHc I he comcm for 

(.'vidence ofconuner ci:1l hias and send <-1ny rclevan( com­
men Is lO mksap_t:ditors(ii>3cponlinc.org so that future 
decisions about content and coniTibutors can be made 
in light of this information. 

Resolution of Conflicts 
To resolve all tonnk ls or inl< .. r<.->sl and 1nnul·ncl"S of vl"strd 
interests. ACP's t"ntent p lanners used best t'loidence and 
updtlted clinical t."an: guidd itl('S in developing content. 
w hen such cviden<-e and j,'Uid~l ines were available. All 
content un<;lerwenl revkw by peer revl~vers not on the 
committee lo ensure that the material was balancC'd and 
unbiased. Contributors· disclosure infonnation can be 
found with the list ol'eontrlbutors· n:1mes and those o f A(J> 

prinCiP'll staiT liste-d in Ute beginnill& of this book. 



Hospital-Based Medicine 
For Lhe convenience of subscribers '"rho provide care in 
hospilal seltings. conlent I hat isspt•dnc lo I he hospit::l l 
setting has been'highlighted in blue. Hospital icon~ (C)) 
highlighl wltt..' rc· th~ hospil._ll-only conlt.'Ol hegins, t•ont intK'S 

ovt:r more lh<Jn one.• page. and t"nds. 

High Value Care Key Points 
Key Points in rh c:- tcxl that n:lat~ to High v._,}u~ Care c:on 
cepts (tha t is, concepts tha t d iscuss balancin)( d in ical 
hendll wit h cns ls :md harrns) ;;~redesignated by the IIVC 
leon IHVCI. 

Educational Disclaimer 
The <'<-liturs and pllblishcr o f MKSAP '1 8 rcml(ni~.c that 
l ht: devt:loprnent of ne'"l rnaterial offers many opportu­
nilies for e rror. Despite o ur besr efforts. some errors may 
persist in p rinl. Drug dos.ag~.: sd1<..'<l ulcs a re. w<• heli<'vc, 
ac<·u ra te an <I in accordance with cu rrent sta nctards. 
Re-aders a re advised, however, to ensure chat the rec 
ommcndt'<l dosages in rvtKSAP ·ts concur with c h <.~ in ror­

m:-lt ion provided in the prod uct i n formaflon ma terhll. 
T his is especially important in cases of n ew. infrequen tly 
used, or h ighly W .\; k drugs. ;\ pp lication oft he in forma 
tinn in MKSA P tS remains the professional responsib il ity 
oft he pmctitioner. 

The primary purpose of MKSAP 18 is educationaL 
In formation pre~emed, as well as publications. technologies. 
produets. <1Jld/or ::;c:rvkcs discu::;scd. iS in lc ndc.."(lto inform 
subscribers about the knowledge. techniques. and expcrl­
en<-es of the m n tributors. /1 diversity of professional opinion 
cxisrs. and thevitwsof thccontrihuto rsan: I heir 0\Vn <Jnd 
not rhosc of the ACP. Inclusion or any material in the pro 
gram docs not constitute endorsement or recommc:ndation 

hy the ACP. The A<:t>does not warram the s:>fety, reliability, 
accuracy. t'<>mpleteness. o r usefulness or and disclaims any 
and all liability lor damages and claims tim may result from 
the use ofin tOn nation. ptlblications. technologies, produc:ls. 
and/o r services <.list1lSSed in this program. 

Publisher's Information 
Copyright ., 2018 American College o f Physic ians . 
All righ ts reserved. 

Titis publica!ion is protec ted by copyright. No part of 

!his puhli<:<Jiion may he reproduced. stored Jn a retrieval 
system. or t ransmitted in .any form or by any means. t'JC<' 
tronjc or mechan ical . i nc1uc.li ng phot<K'opy. without I he 
t"Xpress consent of t be ACP. MKSAP 18 is ror individual 
use only. Only one ;,'Iecount J>er subscript ion will be J)cr­
nt ittcd for t he: purpose: or c:.arning CM E credils and MOC 

puints and for o l h{·r aut hori'l.ed uses of ~KSAP 18. 

Disclaimer Regarding Direct Purchases 
from Online Retailers 
CME and/or MOC for MKS1\I' 18 is available only if' you 
pmthase the program directly from ACP. CMF. c redi ts 
a nd MOC points cannot be <Jwardcd to those purchasers 
w ho have purchased t h ~.: program from non -~Hlthorized 

sellers such as Amazon. eUay. or .:tny other suc h o nline 

rela ile r. 

Unauthorized Use of This Book 
Is Against the Law 
U.nau rhorizcd rcpmdut Lio n ofthls publication is tUlhl\·V 
ful. The i\CP prohib its r~production of th is public•• ion or 
any of its p~1 r 1 s in :my form eilher for ind ivid ual usc or lb r 
d istribut ion. 

Ttilt· ACP wil l t'OrlSidl'r gnlnt ing a n individU<ll pennission 
t<> reproduce only lim ited portions or this publication for 
his or her O\·vn exclusive use. Send requests in \\l ril ing to 
M KSAI•" l '('rmis~ions. Ameli (..·an College of Physicians. 190 
N. lndcpcndcnc~ Mall West. Philadelphia. PA 19!06 1Sn. 
or email your request to mksap (•<liwrs(fi.acponlinc:.o rg. 

M KSA P 1R tSt\N, <)78-1-<).1S2-1S--17-3 

Cardiovascular Medicine ISBN: ?78 I ?382,tS ,18 0 

t'rinl,><l in the United St:Hes of Ame>ica. 

For order information in !he U.S. or Canacl:l call BOO-ACP-
1915. All other count ries C<>II 21S-:l51· 1600 (\lond:>y to 
Friday. 9 AM - 51'M El). l'ax inquiries w 2tS<lSI 279? u r 
email to custserv{~tl8CPQnline.org. 

Errata 
Er.rat:l for MKSAP lll will!)~ a vall ab le through the MKSAP 
Resour<·e Site at nlkS~tp.~l<.-ponline.org as new information 
bt-comes k nown to the edilor$. 

vii 



Table of Contents 

Epidemiology and Risk Factors 
Own I<-., .. ..... . . ................... . .• ...... . . 1 

Risk f.ot1or.. lbr C:lrdiO\ '3SCular DIS<-:~~. . . •. . . ...... I 
I ll<'l>tyle . . . . . . . . . . . . . . . . . . . • . . . . . ... . .. . .. I 

Gcn~tics . . . .. . .. . .................. .... ? 

Ethn icity.. . .. . . . . .. . .. . • .. •. . • .. • . ..... ? 

C:llcukltilll; Cardiovascular Risk . . .. . .. . .. . . .. . . .. . . 2 
Spcclnc ltisk G11>ups. . . . . .... . .. • .. • .. . . . .... ~ 

Hypertension . . . . . .. . ... .... .. .... . .... .. . . 3 

\\'o tllc:n ... ...... . . . ...... ......•............ 3 
Olx-.ily and Metabolic Syndmm<: ..•..... . .•.... 3 

O~obcl<., Mellitus ................... .......... 3 

'>~•tcmic lnOammatory Conditions ...... ..... ... 4 

c :hmnk 1\idnt·y Oisease ..••..•...... . 

IIIV .. . .. . . . .. . .. . .... .. . .. .... . .. . . .. . . 4 

Diagnostic Testing in cardiology 
Clllli('JJ J listnry :md Phy-.iC"al b:amin~llltm . .. . ....• , . 4 
Diagnostic lesting li>r Athfort><t'k"lll<· \A>ron•ry 
.\rt\'1) lli><·•,..... . . . . . . . . . . ........... ......... ~ 

Clnli;l<' Sln-ss Ttsli~.... . ........ ... 6 
\1,u.olit;otkm of rh<: \.oronal) An;Uomr ........ .. 9 

C:nmnary Artery \ .akium Smrlny, ....... ... . .. . 10 

Risks of I >i<lgm)~ ic TL:st i ng fbr Corun~!Y 
A r;tc rv Di~·nsc .. . .. . . .. . . . . .. • . .. . •. . • ... . . . 10 

I llagno~tlc ' lb.ting for Structurnl Heart l) lscase . . . . . . 11 

DlaAnn,lil 'IC."\ting for Cardiac Arrh)rthn11:_ls . . . . . Jl 

Coronary Artery Disease 
Stable Angma l'tttoris ............ ............... 1·1 

Diagnosis and E\':llu~tion . ....•.•..• ..••••.... 1-1 

Gene no I Approach to Tn::11 mt•nt 
of SIJhl1• Angina Pectoris ..•.•..•.... . 

C:Om i'Klry 1-{t-v:.-tS<.'tJiarizalion .....• .... . 

ACulC COronary Syndromes. . . . . . . . . . . . . . . . . . .. . 18 

Gt.:ncml Oln~ider.-u ions. . . . . . • . . • . . . . . • . . .. . 18 

S'l' EICVJtion Myocardi»l lnf.orcl "'" ..•... ..... . . 18 

Kon ST-Ele<'ation Amt<· 
Corunan S} ndromes ........................ 2S 

At"''" \.onm:uy :;yndromt'\ '1<>1 AssocLned 
"ith Ob:.irut1ive Coron:u-y I>L"'""' ..... .... ... 28 

Care After an 1\<'ute Coronory ~·yndmm ... . ...... 18 

M:tna.J:t:mtnt ofCornnarv Arlt.'l1' 
l>i"'•"" in SP<-ciaJ I'Opulations : . . . . ........ ...... 28 

\\innt:n. . . . . . . . . . •....... .... 28 

IJi.obctcs \fdlitus.... . • • . . .. . . . ........... 29 

Heart Failure 
l':lthophysiology of Heart Hlllure . . .. . .. . .... . .. .. . 29 
S<•rt:en ing~md Pr~nlion . ................ . .. . ... 30 
f>ln~nosis and Ev-Jiualion uf Iicon J'nllurt' • .. . . . .. ... 30 

CJinic:al F.\'aluation . . . . . . . . .• , •.... .. . .. . ... 30 

f>iag,nO\.i.s .... .... .....•.••.•..•....... ..... 30 
l\wuation for Jscbemkl .............. ........ 31 

Ua>Sifocation ........................ ....... :ll 

~1<-dk,ll TherJpy for Systolic lle-•n failure... . .. :n 
AC!i Inh ibitors and t\ot~lort•n<ln 
Rt"Ccptor lllockers ...•..•....... . . . . 

Angiotensin Reccptor- Neprll>"'ln In h ibitor . .. .. • ~2 

11 Rlockcrs .. . .. . ...... .... . .. . . .. . .. . . .. .. . 32 
Initiating and Man ngi ng ACE lnlllbltor 
and ll llluckerTher.•p) ............ ..... ...... :12 

L>iurt1:k's ... ......... ................ ....... :1:1 

OigoXUI .............................. .. . . .. 3.1 

Akkl\remne Anta~nif.il'i. • . . . .•.•.......•. 3J 

'""'"hide Dinitr.uc- Hydmlnzlnc . .. .. .. .... . .. 3.1 

C:oh·ium Channel Blockers . . . . . . . . . . . . . . . .. ,1:! 

. . .. . :!3 

M:ln~tnt'11Wnl or l lco-lrl failu I'L' 

wit lo l'o csci'·'Cd Ejection Fraclion . • .. •• . .. ......... 3~ 

I )Iovitt· TI>cmpy • . . • . .. . • ........... . .. . .. . .. . .. 3~ 

hnpl:mtablc \.ardiO\en er llcflbrlllator Ther•py 
for f>ll"-enlion of Sudden CardiJc Death ........ :1-1 

C..rdhoc R'"")'llttuuniz.mlon llwr:opy .. .......... :1~ 
1\s~ment of Chronic !lean F.1ilur>.· . ......... ... .. :15 

~erial R Type Natriuretic· f\-plide Ao;.,essmcnt .. .. 35 

lichocardi<>!,>rdphy in Chronic l k:tr1 Failure . .. . .. :1:; 

ASM.'SSing Prognosis . . . .•.•.. • , .. .. . . .. . .. . .. :lS 
ln1>allcnt Management of Heart Failure... . . . . . . . . ~.<; 

Acute IA'COmpensated HeM! ~lllllll'('. . ...... . . 3S 

Caruh~cnic:Shock . ...................... .. :\f> 

Str.ttt-git'S to Pre>'('llt Re-.tdmi>Mon ••.•...... .... ~7 

A<l\ dllt'l.-d Refractory He:or1 FJ!Iun:.. • . . . ... • . ..... 3? 

Mt~h.mk;ll Urcul:ltory Support ..•.••...... ... 3? 

MJna~:crncnt of l'()sttr.mspl;ont P:.tllents ..... ..... 38 

ix 



S{J('(ifi t• C:1rdimn}"'P"thies . . .... .. .•.. . .• . .. . .. . . . :IS 

Takotsubo C:mliomyop;athy . . .••.. . •.... . .. . . . 18 
Acute M}OCtlrditls , , . . . .. . .. . . . . • .. .... . .. 38 
Glam Gell ~lyoeardltls ... . .. .. . . .. .. .. . ..... . . 38 
Tacbyc-Jrdia ~kdaat<'d Cardlom}OI)Gthy ... .... . . 39 

Arrhythmias 
lntrodunion . . . . . . . . . . . 
i\j>ptWch to Brad}'<.'ardiJ 

......... 39 
.... " .39 

Qinic-JJ Pn:sc:nWti<m Jnd F\Jiuation .. • • • .. • J9 

Sinus Brd<J}'<.'ardia , • , , ................... .. .. J9 

Atrimemricular Block . , • , .............. ... . . :19 
Tn_ .. .ltmcnl ••• . ••..•....•..•..•........• . ... . :49 

Approath to the PJticnt wllh Tuchy<<~rdi.o ... . .•.. ... 10 

Oinicall'....,..ntJiion Jnd ~~"lu<~lion .. . .. . .. ... 10 

Sinuo,; fal·hyt':.~rt.li:J • . •• . .• . .. . .. , .• . . . ..•. •. . • 42 
Supr..Jvt:nLriLu l:lr Tuch\o'CU 1'd I:JS • •• . •• . • . .• . • • . •• 42 

Olher l:u:h)'r:u"tlias .. • . .. . . .. . .. ..•• .. . . . .. . . ·12 

Antiarrhylhmit' l)mgs .. .. .. . . .• . . .. . . . ... . . . .. . . 42 
Atlial l."ihrillation .. ...... . . .. . .• . . . , .• , . , ... . .. . . ·14 

Clinical Pn,...,.t-nl!ll ion ••. . . , • . , • .. • .. . . , . . . •. . . ' L'i 

At'\11<:' M:tn::t~~m(:'nl ....... • .. • , •• , • • , , . . .. . . . il.'i 

l.one 'lt-rm M~manemttnl .. . .. . . .• . ...... . .. • . 46 

Atrial Flutter .. . .. . . ...... . .. . .. • .. • ..... . . . .. • . 118 

Supmvent rlcuia1· Tachycard ias ..... • . . .. • , .. . .. . . .. ·18 

O illlcal l'resentution ... . .. . .. . .. . . . ... . . . .. . . li8 

Atrlovcntrlculnr NodaiRccntront Tochycardia .... 49 

Atrioven lrkulnr Rcdprucaling Tachyc:lrtll:l. . .... 49 

Premature ;\tli~tl ContrJ<.:tltm$ 
:mel Atriol T:ochyc"r'dla , . . •..• , . • , . . . ... . . . .. . SO 

Wide-C:Ilm plex Tachycardi,o. ....... . . .. . . ..... . .. . ;;o 

Ventrimlar ArrhythmiJ:> ............ . .. . ........ . .SI 
Pl'l"lll:ltltre Ventrlcul:lf Contractions .. . .. . .. . .. . 51 

Ventricular T..ch}rordia "oth 
Slruc-tur:JIIIt'·an Dl'W:l"ie ••• • •••••••••••••• . •• . .'i2 

ldioJl"thic \'e ntrkular l:l<'h}<-:u·dto .•.......... . S2 

Inherited Arrh} thmia Syndrnm<'\ ••.•... , .•....... . S2 

Sudden Cardiac ATTN .................... . .... .. 51 
Epidemiology .ond l{isk I ,1(101'\ .......•...... .. 51 
AC1.1fe \lanab'<-'111<'nl ..•.•..•..••.•..•.••.... .. 54 

lle\1ce Therop} for l're\entlon of 
Sudden DcaU1 .. . .. . .. . .. . .. • .. .. .. .. ..... SS 

l.kviL'C lnft-•Uiu n •.• , •••.• , ••••. . ••.•..• . . . . . . ... 55 

Valvular Heart Disease 
(',eneml Principles . • . , . . .. , • , , . .. . . .. . . .... . . ... . 55 

Aurlic S te110sis . ......... , , • , . . .. . . .. . . . , .. . . ... . 58 

Cli nical Presen111Lion ~111d F.vuluallon . . . ..... ... 58 

Management . . . . .. . .. . . .. .. . . . .. . .. . .. . ... . 60 
Aortic Regurgitation . . .. . .. . . . ... . . . .. . . .. ...... . 6 i 

X 

Clinic::~l rn:scnlation and Ev::llu:Hion . .. . ...... • (-,1 

M:-m~-tgt•ment . . .... .. . . .. . .. . ......... ..•... 61 
llkuspid Aonic \/;live llise<~<e . . . . . . . . , , . , • , , •.•• 62 

Mitr:tl !:>tenosls . .. ... ... . .... .. .... . .. . . . ........ 61 
UillicaJI'resentation and E\':llunlion .. .•.....•• 62 

Management ............................... 63 
Mitr:ll Regurgitation .. • .. .. . . .. • .............. 6-1 

ClinicaJI'resenta rlon and "' -:tluation .......•.•. 1> 1 

Management .......... .. .... . .. ............ 6-1 

Trirusp1d \ '.11\'e Dis<'<lSC . .. ....................... 61> 

Prosthetic Valve-s •......•..•..•..• .••••••••• • ..•• o7 
lnfe<.1i\'e Endocarditis .......... . .. ............... o7 

Diagno•;s and ~lanagemenl. ... ............. . . 67 

Prophylaxis ..... . .. . ........ ............... 6? 

Myocardial Disease 
Hyikrtruphic C'.ardiomyopathy .. . 

f.lini~ll Prcscntation . . 
Ev·.aluat ion . . . . .. . 

Risk Str.-11ifkalion . . 

M:m:lgemt>nt . . .. . .. . 
f{t-slri<·l ive c::udiomyop..ll hy . . 

. ..... . .. . . .. 7() 

.. . .... . .. 70 
.. ........ . "70 
.. ..... . .. . .. 71 
.. ..... . .. . .. 72 

.. . .. .. . .. . "7 1 
< :linkal l~esent;.lt ion and Ev;1lu:1tion . . • .. . . .. .. 7 1 

Man;ogement . , .. , . . , . ,, . .. , , , ., . ,. , . . . . , • . , 75 
Cardiac Tumors.,,, , ,, . ,, . ,, . . ,, , , ... ,, . . , . , ., ,, 75 

Pericardia! Disease 
Acute P~·ritarditis . . • . . • . . . . • . .. . • .. • .. . . .• . .. . . 7b 

Cl init.~tl Pn:~utathm ami Evaluation , .. . •. . ...• 76 

Man-Jgemcnt .............................. n 
1\:rieardial Ell'usion and C'.ardiac Tamixmadc .•..•..• 7~ 

Pcrkardial Ell'usion . . .......... , .. ,,., ....... 78 

Cardiac Tamponade ... ...... , ............... 78 

Cun~lriclivc Pcricaniitis .. . . .. . .. . ........ . . ...... 79 

Clinicall-n-sentalion and E\oalualion .. .. . ....•. 7<) 

M<magenl('nl ........ . .. . .. . ........ . . ....•. 80 

Adult Congenital Heart Disease 
Introduction .... . .. .. . . . ........................ 81 

Patent Foramen Q,':lle ....... ..................... 81 

Mrial Septal Defect ... . ..... ..................... 82 

Pathophy-siology and Genetics . •••.•••••....... 82 

Oinical i>resentation .. ... .. .... .. ..... . . . .. . . 82 
Diagnostic F.\-alua1"ion ........ . . .. . .. .. . . . .... 82 
Treatn1ent . . .. . .. . .. . . . .. . .. . .. . .... . . . . .. . . 8--1 
Follow up After Atrial Septal f>elt-ct Closure . . .. . Sol 

Ventricular Septal Defect . .. . .. . .. . . .. . .. .. . ...... 8 I 

Pathophysiology ... . .. . . .. .. . . . .. . .. . . , . .. . . 8 1 
Clinical Presentation . .. , . , . . , .. . .. . .. . . , . . .. • s ; 



01:18JlOSik Evaluaaicm .... .......•.•...•...... 85 

Trcolmcnl. . . ... . .. . . . ...... .. .• • .. . . ••..... 85 

Follow up Alter Ventriwlur 
S~plallkfccLCiosurc . . ........... . . . .. 85 

P:ucn1 I )uclus A r1erios:u~ . . . .. .. •.•..•..• . .. .. .. . . 8.5 
Pnthophysiology . . . .. . ... ......•.. .... .. .. .. SS 
Clinkal Presentation ..... ....•..... ... • .. ... . 85 

l>tlgnoslic Ev·.dualion . . . . • . . . .•... ... • ...... S5 

Tre:ument. . . . . . . . . . . . . . . • . . ••...... ....... 86 

l'talmooory V:JI\<" Stenosis ....... ...•.•..•....... . 86 

1'\lahophysiolo<,:y ......... ............•...... 86 

Clinical Presentation . . .. . . ..•....•....••..... 86 
Ol•tgnosrlc "'~a lu<~ lion . . .. . .........•..••.•... 86 
Trc•llmcnt. . . . . . . . . ...... .. . .. . .. ..... 86 
Follow-up After Puhnon:1ry 
Vnlvc Sacnosis Repair ................ ..... . ... 86 

Aoni~Coarclal ion ...................... ...... . . . 1!7 
I~Uhoph)"'iolocy .................. .... . ... .. 1!7 

Clinic-JII'n.>Senlation........ . ..... .......... 87 

Hi:agnoMi<· l:\"dlualion...... . . . • .•. .. . . .... 87 

'i'r(:ll mt'llt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

l·hllow Llp Ancr Aortic CoarcL .. lliun Rcpmr .... . .. s.s 

' l'e!ralo!O' of l·:aliol . . . . .. , . , , • , . ...... .. . .. . ss 

lllagnosti<· Evalualion ilflcr Repair 
or'l'Ciralogyof~atlot ..... , .... ,, ....... ...... 88 
Trcolmnll ofTcu-aloRY of ~bllol R"'-itlma ....... , 88 

Aduhs wilh C)'.anoticCOJI)lCilitall leon Oisea"' . .. ... 89 
(....,..ml Management . . . . . .... ......... 89 

EIS<nm"Jl!,"'r Syndrome .. . .. • .. .. .. ...... .. 89 

Diseases of the Aorta 
lnl nK.Iuctiun . .•... . .. . . . .. . ...•.. • .. • .. • .. • . . . .. 89 

Thorucl~ Aurlic Aneurysm . . .. . . ..... . . , .... .. .. .. 90 

Scn.'Cninl! and Surveillance .... . . , . ,,., .• , .. . . 90 

Tav:at nwnl. ...... , .,,. , .. , .. , .. , . ...... . .. . . 90 

Abdominal Aonic Aneurysm ............. . .. . .. . . 92 

S<·""'ning and Sul'\..:illancc . . . . ..... ......... 92 

Tn-annt'llt. .. .. .. .. .. .. .. .. ...... ......... 92 

AonicAtheroma ..... . ...... ..... , ..... .. . .. . ... 92 

J\t'UIC Aortic ~;yndromes ... ....... , .......... ... . , 93 

l'.tthophysiolom' . ....... .. , . .. . . .. . . .... 9:1 

Diagnosis and 1.:.\>:!luaairm . • , , . . , . ... . .. . . . .. . . 9:1 

Treatment. . .. . . . . .. . •. , •..• ,. . . . . . . . . . . . . 9:~ 

Role o f Genetic Testing a nd FMlliy SCreening . .... , , . 9S 

Peripheral Artery Disease 
Fpldtmiology and Scn.'t:ning. 

Cllnl<,.ll'n'><'lllalion .. .... . 

• .............. 9.:; 
.. ......... 97 

1~\':llu:uion . . .. . .. . .. .. .. . . . . • . ........ 97 

lli,10I) ~md Physical F.x.uninJtron ...... , ..... , 97 

Lll~nostit Testing .. ..... .. , ., , .....•......•. 911 
McdlcaiTher-Jpy . .. . . .. . . .... . ........ ... ... . ... w 

<.::ardJovaS<.'U l~n l~isl< Rcdu<.:l lon .. • .• • . •..• .. . .. 99 

~ymptom Relief .. . .. . ...•. , • , .. , , • .... . .. . , HJO 

lniCI'\CiltlonaJ 'fher:~py . .. . .. , . . ..... .. ...... .. .. 100 

J\C\IIC Limb IS<'hemio ..... ..... , .......... , ..... 101 

~rdionscular Disease in ~ncer Survivors 
C.an.liotoxidt) of Radiation Th<-mry to the Thor.ax .. . 101 
(.1 n.lioloxidly ofChcmoahcrnpy .,., .. . . . . . . . . 10:1 

Pregnancy and Cardiovascular Disease 
C:wdlovascatlor Changes During I 'regnancy . . . . 104 

J>"'pregnant')' 1::\'0iuarion • .. • , , • , . . . . . . . . . . . . 104 

Managemt'lll of C:lrdiO\>:!scular 
Oiseasd>uring l'rt'gllall<') . .. . .. . .. ..... , ....... !OS 

~riparnam Cardiolll)np;Uh)., .......••...... lOS 

Other C:lrdim':lscul3r llis<>rd<-n. • , ....••...... 106 

C:lrdlovascular Medic:alinn U-.: 
During Pn.:gnancy ....... .. . . . . . .. . . . . . . .. 106 
Antic.:oagulat ion Therapy 1>urh1g !>regnant)' .. . . L07 

Bibliography . . . . . . ... ................ . " . 11 0 

Self·AssessmentTest. .. . ... , ......... ....... . . us 

Index . . .. . .. .. .. .. . .. .. .. • .. .. . .. ...... .... 21:1 



Cardiovascular Medicine 
High Value Care Recommendations 

Th e Am eric:.j n Cl)llegc of f' hy.sit ians. in ('HII~lbon:ltion \\'ith 
multiple other org:lniY..ations, is engaged in a worldwide 
inJtiaLivc lO pro molL' (h(.' pmcticc: or High Value Care 

(llVC) . The goals orthe I IVC initiative are to improve 
health care om come; hy providing care of proven benefit 
and rcdLu.:ing costs by avoiding unrl('<."<:Ssary and even 
harmfu l interventions. The initiative<·omplisessevenll 
programs that integrate the important concept of'he;•lth 
~\rc value (balandng d inic:al bcndit with t·osts and 
harms) for a given intervention into a broad range of edu­
cation a l mate lia ls to <-1ddress the needs of' trainees, prac 
1jcing physidans. and paticn ts. 

HVCeontenr has been integrated into MKSAI' 18 in sever.11 
importam ways. MKSAJ> 18 includes HVC identified key 
poin ls in l h<.: l<•xt , I IVC-focused multip l<•<·hoice queslion s. 
:md. for subscribers to MKSAP Oigital. an HVCcustom 
quiz. From the text and questions. we l1avc generated 
the fc)IIOwing lisL or I IVC recommt•nthll ions thai meet the 
dcllnirlon below of high value care :lnd bring "~ closer to 
our goaJ or improving palienL OLllcomcs w·hi le conserving 
finHe r<.~ources. 

High Value Care Recommendation, A recom mcnd:uion to 
choose diagno • ..;H<; and m~nagemenl s1r-.-Hegies for pa1ien~s 
in s pccilic clinical situations that balance clin ical benefit 
with cost and harms \\~th the goal of improving pat ient 
outcomes. 

Below are the lligh Value Care Recommendations for the 
Cardiovascub r Medicine Sett ion OfMI<SAP 18. 

• Exercise electrocardiography is the ini tial stress test in 
p::Hicnls w ho Ctlll exercise and have normal findings on a 
baseline elect rocardiogram (sec Item 2i). 

• SLress test ing is not rout inely fecommended in 
asymptomatic paticnls vl ilh diahe«cs melliLtJS to d ct("<.'l 
sullcllnlcal coronary an ew disease. 

• Coronary anc•y calcification assessm ent in asymptom 
a tic p:Jtients should he limiled lo I hose at in ternwdiat<: 
riSk in \·vhom reclassinc:Hion of risk will inHucntt 
primary pt<.'Vtntion lhCnlllY· 

• Pert'llt.'1nt>ous corontlf)' intervenlion in chronic s(;Jblc: 
angina is reserved for patients w ith reihlctory symptoms, 
h igh risk features. or an inab.illty to tolerute medicul 
therJpy (see llem 79). 

• An ischemia .guided approach is appropriate for low-risk 
non-ST-clevmion acute coronary syndrome (sec Item 96). 

• I )o not use I hromholylic; I her.:.py for lre:.ument of non 
ST elevution al'ltte l'oronary syndromes. 

• Do not use stat.in therapy !Or secondary prevention of 
cardiovascular disease in paticnl~ on hem o<li:liysis. 

• I >o not usc seri::,l B type· naiJiuretic peptide measurc­
mcn~~ to guide hcart lililurc therapy. 

• Office fol low up w ithin ·1 Wl't:k of discharge redm'<.·s <'"'.<~rly 
n-..1Cim ission for he:ln fai lurt> {see Item 83) . 

• Guidelinc-d ircetcd tnc::dkal t herapy tbr hea1i f'clilu re with 
reduced ejection fraction reducc·s '--'ardiova:;<.:u1ar JlJorraJ­
ily (sec Item 11~) . 

• Guldelinc-dircctcd mc'dic<llthcrapy preee des cnnsider 
<~lion of device therapy for symptomatic hcan llliiUit: 
(sec Item 28). 

• Do not routinely usc:: pulmonary ar(ery <.:aJ·heteri7...ation to 
guide ht'art Ulilurc thcrJpy. 

• l .ow 1isk pn·n'l<lnn e V<:"niTicular <.:cmtrtlCtions require no 
in tervention. 

• P<lCX'makcr implantation is not indic~lt« .. •<.l tOr c1S)'1np tom 
~ltic ftJ'!:it -dtogr<.->e ... hi oventrk'Ul::tr h1o<'k wi:th bifusclcuJar 
block (sec Item ll:l). 

• Do not perform gcnelic lt''Sling ror hypcrtn>phi<.: c:u<lio­
m)<>pat hy in the absen('<' o f an identified mutation in the 
prohand. 

• No f n::at Jn(•n1 or follow-up is ncc:dcd for :~ n asymptom:1tk 
patent foramen ovate. 

• Trea tment of iron deficiem .. ·y in patients \Vlth cong<"nica1 
<.y.anotic hea r1 di:K .. dSC iruproves exercise t'tlpacity and 
quality of life (see Item 22). 

• ~<fan:.tf,'€ un<..'f)mpli cated ventricular septal defect \ovjth 
t>erimJic d in i<.:al £hHow-up and irnaging (sc·t Item 67). 

• l.lo nor screen for peripheral artery d isease with 
ankle brachial index testing in asymptomatic l):ltients 
without risk fat·lm-::;. 

• Primary therapy lor asympTomatic perlphcr.ll artery 
disease is risk factor modification {see Item 39). 

• Obtain a to<.·- lm.lehkll ind<.'X in pali<'nts \>Vith an 
ankle-brachial index greater l h~m 1..10 to<liagnose 
peripheral artery disease (see Item 24). 

• Primary tn.~.Hmr.:·m for inlcrmillcnl chJUdi<.;;Jtion 
is exercise training (S<."C lt<.'lll 15). 

• Benign asymptomatic mwmurs do not require investiga 
lion (sec Item SO). 

• Tr:msthoracic echoc:LrdiOl,'l"Jphy is indica red tor systolic 
munnurs grade 3/6 or h igher. late or holos)~i.olic mur 
mur.-;, diastolic or continuous rnurmurs. a n<l murmurs 
with symptoms (sec Item 110). 

• Transthonlcic echOC'.u:diography is the ini ti<ll imaging 
modi-llity for suSj)(•c·ted inH.x:l ive endoc·ardHis {see 
!tem 95). 
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Cardiovascular Medicine 

Epidemiology and Risk 
Factors 
Overview 
Cardluv·J:-:cul:.lr di:-.casc (CVI>) cn<.:•lmp~l"ls.;s mnny condi l ions, 
lncludlna cnmn~ t}' mery dl<ease (CAll), hea~·t tllllure. valvtt­
lorhenn dl~ca~e. slroke. oongenit:~ l he:tl'1 defttl:ll, hetlrt rhythm 
di'ion.J~,.·I"\, un(.) Mu.ldc:n cardiac arn:st. CVI) 1, I he lt:adingc:ausc 
of de:~t h In the United Smte<: however, fmm 200.1to 2011.the 
monollry r.ue artrihurable to CVIl fell >Jlflrc>'imately 2.5'%., 

likt.-lv oh a n.'Ull of impn>Vl'd J>riiNf)' and <riOC..'l,-,nd.uy pn.'\l."n~ 
tion. l~pite tho< lmprm·emem. <.:vn \\JS responsible for 
ne:Jrly .11 t of oil deaths in the United States in 201-1 (roo,o:flly 
800.000 t>c<>pld. Globally. CVIl rc,ultc<i in murc t han 
17.:lmllllon deal h< 1 n 20t:l. represent ins: ~I'~ of aU <.k:uhs. 

More than one in t hree U.S. adu lts eurrently havt' some 
(arm or CVI), h t·v·.aJc:m:c i m.:n::l~'S wll h a~c. and more I han 

70'~ ol' persons aged 60 to 79 ye:\rs haw CVD. The AmcriC<~n 
Hean i\so;ociation projects that ·H'Y., of the U.S. population will 
haw "'me ~>ml of CVI> by 2030. Lifetime risk fc>r CVI) is csti 

nutt•d to tw.· uoc m thn'C for won~n and t\\v in three fur men 
:acc.:ordin~ to tlJt..a from the: Fr.uninghoun llt.w.lrt Study. 

I ln<plt>li7Jiion• tor c:ndio\':l~ular rel>ted disease< eon 
~nue 10 inmoase.ln 20U . heart f.'tilure nnd hetrt rhythm prob 
\emS W(.'I'C ~HTIOIIg lh1..•lop 10 cliagllO.'Iol.~ UV\(JICI,.IlC.:d \\'ilh hOSpil.ll 

•dmls<lon In the United ~'totes, accoum lng ror approximately 
.7 million hospital stnys. The numher nf' In pal ient cardiovas 
--ular OIK'r.llions und pru(t."<Jurcs incrcu ... ~..xl lH% to mon: I han 

-.s million from 2000 to 2010. CVD. lndudinlt s troke. W<1S 

'""'iJt<'<l with • <W of 531&.& billion in 20ll. 

An C'\limated 5.7 million lJ.S.. adults <>ldtT than 20 years 

l'l:r.-e > d~b of h<mt filillln'. 3 fin.11 <'Ommon pathway for 
m.ln) <:dnbO\J!)(;ulo.lt <:ondiliom. 11w pn:'\~lltll(."e or hean f.1il 

re I< (lmj<rt<~l lo increase by 46'~ hch'l<:<'fl 2012 <>nd 20:10. 
• md the ttl rn:nt annual incid<'n<:c· is Lin 1000 persons in those 
ulder than 65 )'l'UJ':,. Mosl patkn111. wil h hC;,ll'l rallurc (7S't} h<l\~ 
a hl~rory nf hy pe11ension. ·rhe O\'f'r:ll lmomli ly r:~te after rhe 
di;lgllOSI~ of henrt fn iJure is roughly SO'~. Ul S years. with about 
hair of cho:-.1.' <Jc..-.lLhs due to carUiuvasc.:uklr c.:Jm;c:S. 

Risk Factors for 
Cardiovascular Disease 
Lifestyle 
CardiOV.l<cular risk can he mnsrly artrlhutoo to modiftlhle ri.'k 
Ucwrs. \\:ry r •. :w IX'r'!"OOS mc..'<.:l thCSI..'\'1.'11 m~.:trl~of cartliO\~s<.ular 

he~lth: optimal lipid. blood pn.,<urc. dnd glucost> '"'"''s' 
h..,lthy di<-1, appmprl31e enetl:f Ill take: ph)'>i<-al acti\ity: and 
amld~nre of tob.•rc:o. Ell"\'ated cholesterol k·wb impan the 
hi~h<-.t ri'k for mvoc-•rdial inforl.'tinn ( \11). rnllowed hy cur­

rem smokJ~. diabttc..':) mellitus. hypcrt~nsion. atxlominal 
obesity. no alc<Jhol intake, inadrquate c.\cr<i,c. artd subopli­
rnal t'OU1\U111plion of fruits ;md \'l..,..'t'l;lhlt•S. 

1-:IC\':)tlon~ in serum chok'Sl(·rullcvcls are a:-;s<>ciated with 
inc1-e:t.~ed cardiovascular 1i!ik, and 1\"ductions in chok~Lerol 

lc\'ds CJn n..·dul\.' overall ri~k. Thh"lt,.·t·n Jlt'l't't-'111 of adulto;o ol,ler 
th.•n >&<" 70 }""""' nr 31 million Jli.'l"l011S. haw total <ilolestcml 
'"'"'' greaterthan 2~0 mg dL (6.22 mmol U. and 6".:- of adults 
.an: 4.-...lfmJll'tl lo h<I\'C uncli~nO"-'tl h)pt'"Tt'holeo;temlemi:l. 
Fl<v.ued IJ)I choksterol and lm' HDl t·holesterollevels ""' 
also lndofli.'ndently associated with incn:.t>l'\1 risk r,,r ~n. 1\ 

I 'X, n:duc...l ion in U>LcholtslemJ lcvd <f(_'('ft';,~es ri~k for CAn hy 
r•r,, Risl\ lOr CAD dc:'creaSc.."S 2'>:, to :.srx. tOr every 1 ~. increase in 
111 )1. choleslerol leveJ; bov • .rever, J)h<ll llla<.:ologie Uu:rapi.:s thai 
inct\.'H-,c I 11 >1. chol~terol levt'l~ 1n JlJiirnto;o w ith occt>pmbl~ 

11)1. tholt."Sterol k"-els do nor rc.'tlu<..'l" c.·ardiovuscu)ar e'\:ents. 
Curn'nt cholesterol rrcatmcm ~ui<.ldiu<'> arc bJst'\l on <':lrdio­
"''"'"l•r risk r;~th<'1' than ohsnlute lipid ll"\'Cis. l'or primal} 
pR.'\'<'Tlllon or c:>rdio\'asCUiar e\'ent<. the treltnll'nt goo) ;, at 
1..-J>t J SO~. n.'<lu<'lion in I.Ol dwl<">lcml k'\'el in h~h n•k 
p.:uftonrs ::mel a :10'::, ro so·:. rf'duC'tfon In moclerJte risk palienl.:s. 
(S<'<.: MKSAP 18 C.enerallnlemaJ Medicine). 

ToiJa<..'\'U cxpo:;un: js a si~-tnific:ant risk factor for CVI>, 
i n<'lucling CAD, srmkt>, :md p(•r1J")hc•rnf vascular di~ea~. In 

2010. ~moking w.t'i the set.:ond leading risk fnctor for death in 
ttu.: Unitc<.l States. c:Xt't.'c..'<k-d only by tllc-C:lr\' risks. The pn:va. 
l~n«' or tllb;l('('() use rontinue« to d<'<'line: IH.8'.1. of men and 
l.=i.l •• of women were current ~moke~ in 201.J. The pen::em 

d,RC of JcJok"s<.:c-nlS who smoke WhJC:C."' dail) has dl~ 
deerro~ 'lgnilieonrly, fmm 1~.2 ... tn 2001to 7-R'• in 20t3. 
In JXlllt!'nb who smoke. over.dl morbllty is increased £\\U to 
tJtrCC liiiH,':). ~lncJ (i~k ror Strokt• is inc.:rl';J"'(.'(.(lVIIU lO fOur linlC~ . 
The- uc::~ of tohac<'O increases the rl~k for CAn by 25'"· in 
women. Secondhand smoke incre"'cs 1 he risk for CVIl by 
25',X, w :Jo•.x •• Smoking cessation suh\l:lnl iaHy reduces canlio 
v~Sl'U itlr risk within 2 yenrs. with risk r<:lurning to the le,•tl 
of a 110l't1j:moker after appmxim:ltely 10 rear;:. Smokers \Vho 
quit c\tc.-ncJ lhdr life CXJX.'t:tam:y hy \4,.."\"Cf\11 )C<l.rs.. Smokinjt 
~r:tru~ ~hould lM" aS'SE"S:Se'd :u e\'t"T) vhh. and C't'S..e<;:ttion roun 
<ellns: •hould he offered to actiw smoker.; (see MKSAP 18 
Gcnt·r.allnlcrnal Ml-dicind. 

P>ycho>odal stressors. Including depression. anger. 
nnd anxiety, are asso<-iated with worse cardiov:.lseular 
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Epidemiology and Risk F~ctors 

o utcomes. Depression has been linked \Vit h h ighe r risk f()r 

cardiova.seular cvents, a nd psythosociaJ stresso rs a lso arf<:<.'l 

t he ('ourse oftrea~mcnl and adherence to healthy l ik::;tyl<~ 

afte r an event. 
Scc.lcnw ry JH<:stylC'. puor die t . and obesity cont ribute 

10 in<·rcascd c a rdiOV<lSt:ular ri~k and i nen.:asc tht· r isk for 

diahc:>te!'. Ac('ording to the Cenrf'r~ fC>r IHst-:lS(" Control 
and Prevention . 2:3.7'X. of adults reporL no lci::;un: lime 
physical acti\'ity. and o nly 20.2% of adulls mct.•t aerobic 

and strengthe ning recommen<i:lti ons. Av("rage fru il ;.1 nd 
vegetab le consu mp tion in th e United S tale s is less than 1 
<:up of fruil dtlily (r<:tom m t:nd<:d iS l.S-2 <.:ltfJS da ily) ~uld 
less than l.S cups of veget.ohles daily (recommended is 

1 ~cups daily) . On the basis o f adherence to 2010 U.S. 
dittary ~u ith.·lint·s. av(.:r:lgt: d id quality is wors~.• in tnl'J\ 

th:Hl in women. in younger ::tdu lts than in older :--ldulas. 

a nd in smoke rs t han i n nonsmokers. The Nalio nal 
Diabeles PR.'vcntion Program fouud t hat in per sons at 

h igh risk tOr diabel(·~ . imcrve n lions such a~ <:han~c-s in 
d ieL. exercise. ami mo<lcraLe vvdght loss of s·:t to 7% 
rrduced the risk for dcwlopin~ diabetes l>y 58')(, but did 
not re duce CVI) <~v<·nt~ . 

Genetics 
Although CVD risk ;,; mainly alltibutablc to tmdiUonal risk 
!;lclcm;, additional risk may be caused by other f.octots, indud 
inggenetic predisposilion. A h is lory o f prem-;.lttlr<' <:AD (n'lale 
younger than 55 years. ICma lc- younger t han 65 year$) in par 

l'ntS douhks risk fhr Ml in mt·n aJ1d i rl<.' l'e~lSc..'S risk in wonK·n 

by 70':1., CVD in a siblinJ:: incrt'nses risk for cvn by ~S'{, , and 
stroke i n a fi rst degree relative increases risk for stroke hy 50'X .. 
A part.~nta( history of alrial fih rillalion incn:aS\.'::i odds or this 

con<Ution by 80%. ln addit ion to genetiC'.!', t he sh;)r("d e nviron 

mcnl (that is. lifestyle) m ay contribute to increased risk i n 

family nwmhcrs . 

Ethnicity 
There a re s ignificant racial a nd ethnic: dillt:re n<.'t.>s in Lhl~ risk 

a11Cl prevalence ror CVD i n I he United Stall-s. Tilt prevalence of 
h<';,ll't diSt.";)S(\ including .\·11. <:hesl p:=ti n . IK-art fa ilure. a nd 

$troke. is highest a m ong Ha\lvaii<ms <tnd Pad 1k lshulde~ 
(19. 1'%.). f()Jiowtd by Atn<;:rican Jndians and i\la.sl'a Natives 
( t3.7'.t). non-l lispanic whites ( l l .l'l'.) .l>laeks (!0.3~.). Hispanics 
and Latinos (7.8%). and Asians (6.0%). 

Risl\ fhL·tor prevale nce varies by ethn ic ity. location . 

Income . ::tnd erltH . .::-u ion lev<·l. P rcvakn<:<: of hyp(.:rll'n~ion 

(blood pressure ~L30/80 mm Hg) is h igh<"St ::t rnorl~ non­

Hispunit.: bi~Jt·k mtn (S~J'X,) :·lnd non l lispanic hlacl' women 
(S6'~) and low<..-sC among Hispanic Hl\.'11 ('14?i,) and non 

lliSfXlnic Asi::tn women (36~X.) . In conlr::tst. t he risk for 

dhlbetes is h ighest among American Indians and Al;~skn 

Nat ives {15.\I'X,). fo llowed by 11011 Hispanic b lacks (13.~':1.) 

:llld l lisp:l.nics (12.R~.}. Tob:lC'<:o ust> is h ighest a mong n on 
Hispanic hhtcks (19.9%) and lowest o11nong Asian men 

(n.s'll,) a nd Hisp;>nk> (13.8%). 
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< ;lohally. the pn .. vAicm."C of eardiOV'dse ular risk factors and 

:mb::;cqu.<.·nl CVD i:::; iJKrC:~lsing as a result or C'ha~"S in eating 

h.tbits. tob:.l.l't.'O ll::i(', :.Uld iilf...'Stylc..• f:K' lOt'S. 

KEY PO I NT 

• Risk. tbr <';tnli<Wtls<·ulardise<-lSt" is moslly •lllribul<·d lo 
rnodifi~lhle risk f:.lctors, including dyslipkk·mj~l. ::;mol< 

ing, diabetes mell itus. hype1tens ion. obesity. i n<1dequate 
cxCr('i::ic. a nd did. 

Calculating Cardiovascular Risk 
O.trdiovas<·ular risk scorrs and c::tl('ulaturs can bt l t.SCd to 
<lSSt:ss a pali<:nt's fu tur<: ri~k fhr major cardiovasctllar ev<:nl s 

olnd to identitY which in terventions :.lrC most d lh·Uvc· for 

p revention. Traditional1y, rhe Framingh:Hn risk score. \'l.'hi('h 
indudcs age, sysiOii<: blood p rL>ssurc, lo lal <·hoksi{TOI levd, 

JIOL d tok'sterol levd. smoking status. :1nd pr(·~('lll'\' of d ia 

betes, \o\'3S used to estimate t he 10 year risk for ~l anajor coro 
nary hea rt discas'-' ~vcnl (M I or <:ommlfy d(";.l1 h). The· 

Fr~1mingh:1 rn risk srore d:lssi fi c:>s ~ 10-year risk for coronary 

heart d.isease of less th'"' IO'X, as low risk, IO'X, to 20'X. as 
in lc rmc<lialc risJ.:. a nd grc-.1lcr I han 20'~. as high risk (con~id 

ered a CVO risk <"quiv:.lle-n1). A limihl:lion of th<.· Fmmingham 
ri!'k score i!' its unckrcstimation of risk in v1romen and 
minor ity pn puhu ions. Tht: fkynolds ri~k scon.·, which wa~ 

developed in :ln cflbrt to neate a morl· tl<.x·u ro"lk tisk as~l'SS 

mcnt tool. is a sex sped fit.." srore for bo tJl mC'n and women 

lh:·lt includes f:.unily h islOry and high scnsi livily C re~1c 1 i\re 

protein levd. 
The: Antt.·rkan Colkgt of GanlioJogy/ Arnt•ric::lrl Ht:~\rt 

Assod:-tlion (A< :ct AI JA) Pooll"<l Cohorl Equal ions ;.1rc;- :1 1isk 

ass<.·ssmcnt in~lntm<.·nt <kriv<"<l from scvcml eommunily 
b:lsc..-..1 l'Qhorts tiKtt ln<.:Juch.~d h1 rge minority population::; jn 
:uldil ion to l lw <·ohor' inducted in l hr- l :r.amin.~h:-lm I I(':HI 
Study. The Pooled Cohort Equations includr the mntiovnscu 
lar endpoint~ of MI. ~mgina. isthC'mk or hcmo1 rhagiL' s trukt. 

tr:lnsien t is<""hemic- :ltt:"'d:, d :ntdi<"alion, :mtl hearr f.-. ilu re. The 

ACCIAHA CVD risk calculator based on the Pooled Cohort 
Equatio us (lwd.ilal>k at lltlpol/tv<Jls.acc.<)QI/ASCVD Risl< 
l·~o,'tim:Ht)r/) m:·lY lw us<'d to idcntifv persons :Jt risk for chc 
<kvd opml·nt of c:vo \'l.rho ·would heuefit fmm preventive 

measures, including statin thempy. The risk calculator can 

also be ·used 10 risk ~tr-.1 1ifv P<ll itnts '"'ith diaiX'k'S tu dete r­
mine the a ppropriMl' intensity Of Stntill lh<'rapy, LlOW<'Vl'r, 

lh t·n· ~u1.: l'Olll'-'l n~ that Lht,· Pooled Cohuct Equations Dverc·s 

lirn:tle 1isk in certain populations . including women and 
~om<.· minoritks. 

The A<:CJAIIA :1nd U.S. Preventive .Services ·rask Force 

do nol r<·t ·omm<"n<l routinely using ~a~vcral pr<:viously 

conside-red c.ordiovascul::tr ri~k lh£'tors. including ::t hi~tory 

of p re mature card iovascular disease in a fi rsr degree rela 
liVt". dcvatcd liCC'tlmc: ASCVD r isk. and 1.1)(. t:holc-skr(JI 

level of 160 mg/d l. (oi. H mmolll.) nr h igher, for <'arcliov;lS­

c ular risk cal('ularion. Other nont rad itional risk f<:lctors. 



such as h igh sensit ivity C re~tl ive prntein level of2 mg!L 
or greater. <.:o ronary artcry calciu m score of:JOO or higher 
or in lhc 75th pC'!C('tllilc: o r _greater. and ankle brachia l 
indC'x hPim·v 0 . 90, h:we heE:'n ~~~o<"iated \\1ith an in<.'rC'as(·<.l 
risk or ca nliovascula r events; however. the valm: of the::;<.· 
00(':.-t.Sur<.·mcnts. and whclhcr they s hould afft'<:l ln"almcn l 
d£•cisions, is unclear. 

KEY POINT 

• The American College of Cardiology/America n Hea11 
Associ~tion Pooled CohorL Equations arc us<.."<l t(' idcnl ify 
persons tll 1i sk for the developmenr of C3rdlcrv:~scular 

disease who would benefic from preventive measun.--s. 
includ ing st,ltin then•py. 

Specific Risk Groups 
Hypertension 
llvp~rknsion, <..It-fined as a hlood pre~~ureDf 130/80 mm l lg 

or hlghn . aflC .. ·cts approximacely .:JO'Y., o f ind ivldu..<tls a~ecl 
20 y~,~,\rs and ul<.kr. BdOrc ;.lJ~i.' 45 ye-ars, the prcvalcn<.X' of 
hyJ;Wrl<·nsion is higher i n m en rhan in tvornen: howcvC'r. 

a1kr agt" 65 yc..·ars. t he prevalence is h igher in womt.·n than 
in men . Th e l)·upulation allributahlt: risk oFhypcrlcn:-:ion for 
first r\'11 is IS't .. Among the modifiable risk f:.l<.'lo rs. hy per 
£e-nsion is the lc'ading <:ause of death in wome-n. Trcatm<.•nt 
of hyp('rt<.·ruiiou !l'<..llU.'<..'S risk ror s( rokc. hear( failur<!. :·md 

kidney disf'ase. 

Women 

Alt hough m<>rtali1y from <VI> h:.ls cte('re.n~l in the p~1st d<.'t·­
.:td<'. the d~)Lh rate remains higher in women l h~n in men. 
CVD remains the leadh\g cau..')C or d~1Lh i1a worn~n. n.·sulting 
in mor<: dc:·lf hs 1 h:H'I caused hy ('::mcer. dh1betes. ~lnd kidnC'y 
djsc:.1SC' combined. In 2013. hean d isease caused :l9ROS6, o r 1 
in:.>.:.!. d<.<.H.h:-> in vvorntn. Mortality wilhin (h(: First y<·ar a F!er 
t1rst M l is higher i n \vnn'len (:l6'X,) th:.H1 in mC'n {19%). and 
younger \VOnt<'n an" p~lrr icuJarly al rl::;k for death. Wilhiu 
:; y«..·~u-s ur .\•11. ne::~ rly .so·x. of \l\10nl(->Jl will d if', clew•lop ht>:lrr 
l!lilur('. or h;w'<.~ a s troke. t·omp;H('tl wilh 36'~> of men. W<>men 
have a h~l.{hcr rb.k for strol<.l' Lhan men throughout lhdr liJt: 
lime..· as v..-cll. 

Th~ pre<o:tlenc~ol'a nd risk lilr CVD ;lrdlighcTin nonwhite 
won1c;-n lh:.Hl in white '"'Omen. Pr<.·vakn<.·(· of at u ll' Ml :.ult.l 
morl:-tlily are highest :lmong hl:wk vmmen. Rl3<:k women :llso 
have.: a higher prevalence of heart d isease (7.0''X.} compared 
wilh Hispank '''Otn cn {5.9~.) anc.l '-'Vhitt.• \ lo/(HrU.'Il (4.6~!:\}, 

l li :-.Tl:-mk wnmf'n devf'lop h...,.:l rt di~f>:l.~ ne:11'fy -lo year.:: e:Jrlier 
than whil<..' vvomen.ln the past decade. hcan d isea..o;;e mortality 
h:;'IS incrc~lSCd in f\Sian Indian w·omcn. 

I lyperlipidemia. typ<· 2 diabeles, obesity: and toh:H-co uS<-> 
conR~r gn:altT risk fOr CAD in women compared with men. 
Addilional ractors a:-;soci .. tl<.:d with i n<.:rt·a~c.:d risk for CVI> 
include- de-pression~ preterm lahor~ ~md le~~ ag_~ressive man­
agemc·nt of'R'<'ognized CVD risk factors, .such as hypertension. 

Epidemiology a nd Risk Factors 

Significant a natomic obstruction in coronary arh.:rks i:-; less 
prt>di<"tive of d inka.l CAD in woml'n than in m(-'11. 

AppmximMely t\·VO rhirds of women \\:ho die of t\•fl h;~ve 

no pn·vious symptoms or h:-we symptoms that were Lmr<..'Co.g 

nizc..·d a:-> <.:ard iae in origin. ~·1any women have symptoms 
dt'$<'rihed :l~ ('ht."St di~cnmf'ort. indigc:slion. shminess ofbrealh. 
or unusual fatigu e. but less than SO'~ of..,.,'Om<:n S(~k m<..-dical 
~1uemion for tiH.:se synlp(<nns. &·c~uS{: of ih<" :~lypic.n l presen 
tal ion or angin~. cti:lnno~i$ and trea1ment i n vvomen <He 

dt..·lay<. .. xt when compared witl1 n1en. 
Treatmcnt!'i o.tnd ou(c(nn(·s also diflf.r het\"-'<'i."'ll me11 

:-md womt>n . After an acute coronary syndrome, women 

undergo fewer intervenliuns. h~W<.' mor~ complicat ion:;, 
and huv<.: hight·r unadjusted morl:llity. Womt:>n '\il.rifh non 

~T (·kval ion Ml have worse OutC"omcs. ·wi th h igher rates of 

IJkl'<.ling. heart failure. shocl\, kidney failure. slrok<.:. :md 
r<"innirttio••· 

Obesity and Metabolic Syndrome 

In the United Stall'S. 3:3.1')1, of adull< older tha n 20 Y<'MS arc 
overweigh t (BMI. 2S :l~ . IJ) , 3S:n~. a r1.· ohesc (BMI >~lO). :111<1 

6.~"X. nn: cxl rcmdy ohc.sC' CBM I >' 10}. ~~~te.~ ar<· inCrt..·asc..·d in 
nonwhite ~ldults. Ob<·sily m;.Jy im.11:'ase the risk forCVD cwnts. 
even in the ahscn.C'<' of mctabolk risk raetor!'. 

Melaholic syndmmt is t·harnc-tt-r17.ecl by th<.· present'<.' of 
;:lt least thr('(' of the tbllowing conditions: elcval<."d glu<."'s<.: 
level, ("(>ntral obt.'Sily. low HOI. c.:hol(•SI<·rol kvtl. e le-v:aled tri 

~ly<:cridc: kvd, :md d<'V'Jit'fl hlooci pri;'"SSUtt."'. The..· hallmark 
ft.>~rure- or metabolic syndrome is giiJ<.·o:sc inwk·raiiC..'1.'. 
Approximatl'ly 2:l~. of "dulls older 1 han 20 yell'S m~~~ the 
crilcri:-l l(lr me-t;~hnli(' syndJ'OUle, bul thl' pr<.->valence varies 
<.."'nsid<.·r.1bly <-lmong different ethnicilk:,. The J,ight·sL pn:va­
lenC'<.' is among Ml'xkan Am(:rkan men (:~s·x.) anrl lowe.~( 

:-lmong non Pl.•h"xk:m Amerie3n black nwn (19''X,). Met'.:~ho) ic 

symlromc is associated with i ncreased risk for CVD. "-vilh risk 
i ll <.~[('~lSillg ~\S th<.• ilUnlb<.•f c)f l'Oil'IJ)<Hl<.:nl l'On<lil ions i11Crt':ISeS. 

Th<-" c·:~rcliov;lsc.·ul;lr ri~k n"~od~tecl with m<.:labolk ~;yndrome 
also appears to he higher ~lmong '-'''OmC'n. 

Diabetes Mellitus 
IJ ial><.:lc~ has hecn di~1gno~'tl in appmxim:uely 23.'1 million 

l J.S. :1dults, :lnd :.111 estimated 7.6 million U.S. adults havr:· undi 
agnoscd diabetes. The prev.1lence of ciialwtes a1\d pr<.~<.tlabct<.~ 
is inc.:rcasing among adoic..'S<.X'nts <lged 12 to f9 ye·.ns an d in 
those older thnn 65 }~-ars. Addilionolly. tUabetcs l''"""lence is 
disproponiomltdy higher in nonwhitL' ethnic groups. includ­
ing Afric~m Americans and I lispanks/l.atinos. 

Oiabctt"S in<.·r<·olS<.'::> l'ardiov~lst·ular risk. especially in 
women. and is considered 1:1 CVO risk f."<tu iv.;d<:nl. Pt..'rsons 
with c.lialX'lt'S havt: a two to four limes incn.·as<.·d risk for CVI h 
()S~. of thos(' wirh diahetes everuually die of he:ul dise~1se. 
and 16'X, d ie of stroke. In perSt>nS with dial'x:l<..~. th<.· risl< fhr 
slrokc is inen~as<'d I.B 10 6 fblrl. Addition::lll}; CAD is more 
<:~x(en::; iw in pc:rsons wilh diabetes. and the incidenre of mul 
tivc-ssel disease is inc.:rc<aS(.'(l, Pati<.'nts wilh diaheles arc more 
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Di•gnostic Testing in Cardiology 

ll~cly to }wv ... · undiagnOS<.-d C'..AO :and h<l\'C \'\Orsc outcom<..~ 

when hospilalizt'd for other CVD:>. ~uch as hcan f.lilure. 

UndiJgn(n.t'd d i:)hetes may bt• n:<.~ni7.ed at Lh<' time or an 
a<.·ut~..· ..:vent. such as MI. 

J\AAressive rre-mmc..·n1 ol' cnrdiovasc:ular r isk facLors. 

~uc.:h .1s ck\'.llcd cholesterol I C\'CI~. i~ associal<.:tl vdth 
n.'ducecl cardiO\-asc.·tllar risk In ~:llienb wilb dlahetes. Earl} 

1\.'C<'tgnition and ueatment arc lmt>Ortant in reducing 1he 

bunk-n or C\·o and the morbidlly ond mortality d&Ociated 

\\ 11 h diJI><-It><;. 

Systemic Inflammatory Conditions 
The prevalence of ~nheJYlSd(·msl.., I\ inc r ... ·;,~t:d and the risk for 
C;vl) is hi~hcr in patients with S)'SI<.'mk in l1ammalory <.'OJ\di 
lion~. ';U('h :-~s syslt.mic lupus Ct)'lhcmutosus a nd rheum:ltoid 

:111hriti'i. 11n~ risk for CAD is ncJI'ly 60'X., higher in palicnts 
''ich rhc:wtlHtoid a11hrilis: ami is douhlt'd in p::Hic.:nts wilh sys 
wmlc lupu.~ <'t)"thcmatoslbo. Patient~ with ~J~t"lt'li(' lupus cry 

th~m~too;us and amipho<phnllt>ld Jnhbodies have a higher 

pnv.llc:rK'C or CAD and Ml: the: n:lal''~ risk for Nil is higher in 
younger patients wilh ~)'stt·mk lupus erylh<.'TD3t(l..'li.U.<; rh:m in 
:~ matched t'Ontrols. The ri<k f<>r CVO in patients "ith rhcu 

matoiu arthritis increases from 1\\'0iolcl a l oosc:linc: to thrc-,rolcl 
OV<.'I' 10 ye-Jrs whc.:n cornpo.Hcd wil h the g<:nl·ral popu1:ltion. 

'I' he increasc.:d risk i!oi likely :1 result or t he..· inflammatory pro 
t1C~~. inducling a pmthrombic Sl:.l1~. In :-~ <lcl ition 1u LradHional 
C'ordlcw:lscul:n risk faclors. 

Chronic Kidney Disease 
Chronic kidney dist-ase. defined., n'tlut'<.-d <.'Stim8!ed glo 

meruldr fillronion r:uc. is a10socloucd with higher incidt·n<.'t:' 

of (."VO and \\oOfse c:trdiov.t..,<:UI..tr t>ul<.'Omes. Keyond the:.· rio;k 
allribut .. lbk to tradition~! I ri~k fr.ctor~. the ri~k tOr co.Hdio 
v~"C'ular events is h igher i n pntlcnts wilb kidney dysfunc:~ 
tlon. CVD is (ht' le~ding c·ausc of death in patic.:nlS with 

t>nd ~l.lgC' kidney disease. t) nc..l lhc risk for CVD re1Med 
death I~ S to 30 times hi~hc.:r in l):ltient.,... undergoing dialysis 
chan in U1osewith simiJ3r ri~k f:wtoN and preserved kidnc·y 

ftrn('tkm. The: pr<-sentt of moder-JICiy lncrea<Cd albuminu 

ria (mlcroalbuminuria) indq>c:ndcnrly increases the ri<k for 

e-.a.rdiO\~.aM:ular e\-ents. 
l)espitc cxe<.'SSiVl" cardiO\':.lM.'\&IJr rlco.k. there i.~ {"Vidence 

thnt patients with chronic kidney diseaS(: do not rec~civc 
:tppropriatc prevemivc rherapies, suc·h :.as stulins. Oau• indicate 
!hOI p::ltit;"nls undc.:rguing hcmodialy::.ls clo nol htn..:fil from 

sccond:uy pn:vcntinn wit h shU ins. 

HIV 
ln<ncast'd >UIVi\'31 ofJXllient< lnl«:·tt'd "ilh H!V due to efftc-
11\~ 3ntiretn"iral th<'l'Jpy h:>.< """llt'd In !he inc:n.'O!>ed de--el 

opment or non-i\mS rdatt'd mmpijcorions. indudlng CVD. 
l._lllcnts \\'ith HIV have a 1.5 ttm~ irl(.-n.:a~'tl rbk for C':VD. and 

eardi()V;l<cubr mortali!y is incre:~•lng in the IIIV infc'Ctt'd pop 

uiJ iiOn. The in('re:lSed risk is lll«:ly mullif..ctorial. rda!ecl 10 

nnlh1:1 nwir.U lh<.'ntpy ac;.•;o<:i~Hetl dysliphkmia. insulin rcsiSf:,'lllt"<.', 

4 

tn<.•tHcation~ ~I.SSOC'iared with CVD t"'Vents (such as prote:L~ 
lnhlhlto,..). viml load .• uld dl<e:t.<~e rdu!ed increo<e< in ri'k 

J'uctors (dyslipidemia, dl,fwi<'S), 

KEY POINTS 

• lly pet1ipidemia. type 2 dl:-~bcll..., mellitus. ob,:sity. and 
loh•tw use confer greater risk for roronoty ane~)• 

di~a'lj(" in women than in me-n. 

• Uelayed diagnosis or romnary :u1cry disease in "omen 
b ofic:n due 10 the presenl~Lion of atypical ciles< JXlln. 

• Canliov.tSCUI3r di...e:1~· ri..,k Is lnC:fC'Jsed in patient~\ with 
c.liJbc.:tes mellitus. systemic: jnf13mm:ttory conditions. 
IIIV. and chronic kidney dlo;eose. 

• Statin th<.'r.\py ~hould not be u;,;c,:U tbr S1..'COnda1y preven HVC 
lion of card iovascuJar d ise.lse In patient$ on hemodialysis.. 

Diagnostic Testing 
in Cardiology 
Clinical History and Physical 
Examination 
The clinkaJ tUstory :mel physkal cxmuh•aliou are cornerstn11<:s 
In the dinsenosis of cardiuva:,cul:.lr di"t":t~,. A cardul hi~wry 

Ch:.lf indudcs symptom c:h.ll'nC'Ie>ristics. timing. ;.md dur.lrinn: 
factors thai cxacerl>.1tf or n•II<'VC 'Yrnt>IOnlS: and functional 

("3j:);;K.:ity b critical to emrun: J focuc;.("(1 ancf appropriate di« 

n(,b.(iC' e"\"3lualion. AhnortnJI finding.'i on the card.io\"3sc-u13r 
\'XJmination ffia}' also rai<>e ~1\"J)kion ror ~'J)C."t'iflC <.·ardiac con 
dition-,. J.nd guide lhe ~lecllon of teq~. 

Qlrdlova«1lhtr lcslin)( ~ruvideo; both dtlgno>lit and prog 
n~lic inform:.• lion. nnd ir~ us<· f'l hc>ultl b~..· ~uided by symptom::;, 
the pn.•tc..-sl likeliltood nf ht:tlrl dl~<:':lS(". :-~ncl whether tL-:,Ling 

1\.'MJits wHiah<'T pal ic.:nt nmnnStenu~nt. 

Diagnostic Testing for 
Atherosclerotic Coronary 
Artery Disease 
f)i.lgnoslk ICS!ing for coron~ry ortt·ry di...-.L..: (CAD) can he 
CUtcgQrized ~iS providing funcctona] andlor ~Ul:lfOmi(" inlbnna 
lion regarding :Hhem<clt•n•llc: dl..:,tsc burden. Functio11nl 

c:tudies n.-•vcaJ l.hC presence or iSChl!'nli:l (t:'Xf'r<'iSC eJc:c:trocarCIJ 
ngruphy (EC<;), single r>hnlon Cllli<.-ion CT [SPECrJ. Pl;r), I he: 

oxwm and severil) ofiS<'heml;~ (SPE:CT. PET). infonnation on 

n>rundrY blood Oow !PET. rrattlonal flow fL'S(T\\' (FFR) (,,), 

Jrld de\l.'lopmcnl or \\Ollllllolion obnorm3blies (ecllocardk'l: 
r.1phy. cmliac magnet!<- I'N>nanw !CMR) imaging). Anotomi<' 

information is oblained from fn\';t~i\'t" angi<>graph}. <..'Oronary 
CT anglogr.>phy (CIJ\), .md L-<>mnary arlc:f) calcium (CAC) 

SC.'tll ing. Cardiac diagnostl<.' t<''''"~ modalitic::. are summ~trit.td 
In Table I. 



TABLE 1 . Diagnostic Testing for Coronary Artery Disease 

Diagnostic Te-n 

Exercise Stress Testin_g 

Exercise ECG 

Stress echocardiography 

Nuclear SPECf perfusion 

Utility 

Initial d iagnostic test in most 
patients. sv~pected of having 
CAD 

Recommended when bJ.seline 
ECG findings are abnormal or 
when inro•mJtioll on a parlicul.:.r 
area of myocardium -.lt risk I$ 

needed 

Recommended when baseline ECG 
finding$ are abnormal or when 
information on a particul.:lr area of 
myocardivm at nsk is needed 

With LBBB. COfld uction delay in 
the septum rnay cause false­
positive abootmalit ics; 
'lasodilator stress ~n improve the 
Jccvrac.y of pcrrusion im~ging 

Phann3-cologic Stress Testing 

Dobutamine 
'!'choc~rdiography 

Vasodil.ator nudc-o:~r 
perfusion (adenosine. 
dipyridamole, 
regadenoson) 

DobutamitlO 1\ucle.ar 
pP.rfusion 

PET/CT 

Recommend ed tn patients who 
cannot exercise o r wher'l 
information on an aro<J of 
rt~yocardium at risk is uoedad 

Recommende-d in patients who 
cannot exerdse 

Minimizos: ~cptal abnormalitics 
frequently seen with nuclear 
pctfusion. scaonil'lg in p.:~ticnts 
withLBBS 

Recommend ed in patients who 
cannot exercise and hav~ 
contraindications to vasodilator 
stress 

Rccommcnd cd when 
informatJon on an area of 
myocardium at risk is needed 

Provides best p~rfusion images 
in largor patients 

ProVJdes data on myocardial 
perfusion, function, and viability 

Diagnostic Testing in Cardiology 

Advantages 

Data acquirad on exercise 
capacity, hlood pressvre and 
heart f;,te rospOM(!, Dnd 
provoked symptoms 

Exercise data acquired 31ong 
with imaging for wall mohon 
JboormDiitios to indic.:tlc i:x:hculi<l 

AUows evnluation of valve 
function .::~nd pvlmono:uy 
presst.1res 

Relatively porlab1e ili'1Ll kss co:..tJy 
than nudear protcx;:ols 

Entire stvdy is completed io <1 h 

Gating (image acqu~tion 
coordinated with the (",arr.hac;cyde); 
U'~ of higher .energy agents, ~uch 
as te<.:hnetJUm; and techniqves 
used to correct fo( t.nenuation 
provide Improved ~pedfk:ity 

late r(:!pcrfusion im.-:~g ing allows 
ev(l!lu<~rion of myor..udin l vi;:~bility 
if thallium is. used 

Because the patient is supine, 
images are acquired 
contim.Jo\•s.ly, Jllowino the test to 
00 stopp~d as sool\ as ischernia 
is evident 

Vasodilatotstross test in-g m.:~y 
minimi7e effec;t of p~bloc;Jcade on 
perfusion dck-ct si.t<:' 

Imaging can b~ perform~d 
soo•ler after myocafdial 
•nfarct1on w•th v<)sochlator stress 

Has sensitivity and specifioty 
simifilcr to thoso of oxorcisc or 
Vilsodllator perfusion imaging for 
d iagnosis of rnyoc..-.rdial ischemia 

Study duralion is shorlct aod 
radiation dose is lower than with 
conventjonai nucl~ar perfusiol'l 
im:~ging 

AbsolutE:> myocardial blood flow 
C(ln be measumd 

Limitations 

Not useful when basehne ECG is 
abnormal (LVH, L888. pocod 
rhythm, pteexcitation, > 1-mm 
ST-segment depression) 

Image qualily is suboptimnlrn 
some p.1ncnts bt.•t c..1n be 
irOJJrOvcd wilh mic:robubble 
transpulmonary contrast 

lmilgc int(!fpretalion fS dJffiCt.Jit 
when baseline wall •notion 
abnormalities are pu'!~ent 

Diagnostic accuracy decre3ses 
with single-vessel diseas~ or 
delayed stress image Jcquisition 

Attenuation artifacts cnn be 
catrsed by bmast tissue or 
di~phragm inlcrference; 
attenuation correction and 
soflwar0 programs C<ln improve 
image interprctJtion 

R.1dialion exposure 

Contra indications .:~r~ se-v~re 
b;;t.seline hypertension, vnst3blo 
~l'lgif'la, scve•c Lachya((hythmias, 
hypertrophic cardfOmyopathy, 
sG-vere aortic stenosis. ilnd large 
30rtic .;ncurysm 

Contraindicationsare active 
bronchospa.stic airw.)y disc~sc, 
tl)cophytliuo use, sick sinus 
syndrome, hypotension, and 
high-d<>gmo AV blor.k 

Caffeine mvst be withheld T2·24 h 
before the test 

Adenos1ne or d ipyridamole may 
cause chest pain, dyspnP.(!, or 
flushing 

Radiation Qxposure 

ContraindiO'ltions are severe 
baseline hypcttension, ul\stable 
;;angina, severe tachyarrhythmias, 
hypcrtcophic cardiomyopathy, 
severe aottec ste-nos1s, and large 
aortic anoorysm 

Radiation exposure 

Not widely availabfe 

More expens1VP. than other 
irn<lging modillitics 

Used with pharmm;ologic stre$5 
only (no exercise protocol} 

h RaC'hation exposure Can be combin~d wit CAC scoring 

(Continued on the next page) 

5 



Ojagnostic Test ing in Cardiology 

OobutamioeOf 
Ddcnosine CMR 1mJging 

Other Tests 

Coronary an91Qgraphy 

CAC~conng 

Corooa<yCT 
•"9•ogr>phy 

Ptovides cxceUe11t spdtU.I 
rosolution ror wJII motion 
;,bnonnali1i(a during 
dobvtamu\C ir,fus.ion 

ldctntifies P"f/us>o" abno<m;>litics 
dunng adenosme mfusi<>n wrth 
gt.~dolinium a !I contr'DSt Jgont 

Prov•des daw on.lnia.rction and 
VlObirty usi"9 !J<>do'inium 
contrail 

Identifies anom ... lous COr'()nAry 
~rtC'ryongin 

11-ovidc-s an~tomic diagnos•s o! 
tho presence Dnd seventy of CAD 

M~y inform lr'C.)tment UO<.;isions 
(CH" ~c••1~ wtth inte<med\M:e 
1 O·year nsk lor <.oilrchovascvlar 
ttVer'HS 

Identifies t.nom;:.lo'-•s <;oron;,ry 
;.n.eri&s 

Useful for selected P""""'s """ 
•ntermedillte nsk rorCAO 

Accurate test for myoc-ardi.af 
•schomla or viability 

Pci'CutaJ\OOV'S rev<.~scutJriz,won 

con bo performed after 
d•~gnos.tic study 

CAC scoms. tit<: prcdic;twr. ci 
c~rdtoYascubr n~k iu S('IC'Cu~d 
p..ticM 

Cotonilry nnf':ry vessel lumen Jnd 
atherosderot•c lesions can be 
,;suoli.zcd on d<>t.>~ 

SotnP. pat;el'6 expenence 
dausttophobi~ 

Mny be contr';)il"'d l~ed m 
pabc:nts with p&cemaker', lCD. or 
""'"" W"llplantcd dOY<ce 
G~dohmum 1$ contraindicated .n 
pahonts with kidnny lailura-

S.nus rhythm and a slower ho~n. 
rate dtO needed for Kl'lp'oved 
omoge quoflly 

Lim•U?d <Jvailab•lity and exponise 

lnv3stve 

Risks of vaJ)cula r ecc&-ss and 
radiocontrast C)(posure (kidl"'cy 
dy>function, oflergy. bleeding) 

R3dtntton c.xpo~ure 

De>c~ not provide dtal.) on 
COfOI'\af)t lumin.ll narrowing 

R.:tdkJt.ion eJq>CKuro 

R~<'lu iros higl\-r e$oluli.on 
{64 ">lic:e}CT instruments 

Does llOt pro•, do detailed 
im<l!Jes of d ista' Ye$$-ef anatomy 

Cl'lthotcrization w•\1 be: nocdftd •I 
inlCI'VOntion is planned 

Ability to quantAy ,...,... ~oty 
c.dn be limrted by~·gndic;,nt 
c"lc•r•cation 

R.)d~ntion and radioc:o-ntrast. 
expos.ure 

AV ~ <~~!I•<W'I'Iflttot-u .,,,(.A(., - t;Ot OI'I.ot)' '"""ry t*•wn; (,.AI) ... cntOnllt)' "''"'"Y dll'le.1·..-; CMit .. 1 Afds.:lc m.J•II'l•·tot ft?:IO<'I.Irli!.C:: I:.<X• ... ~fccti'OI.,,I,~~; I( 0 .... lpf~le J 
«!tdl011nrtto1 drhllnllvv.>r. I eBB - '"" htmdlf' b•·•••d • IJI,K\,: lvt-1 - ! .. h W'l'llr~rot!.n l•ypu• \l~>phy; SPt<.'l -if<'~~· 1•holo" .,..",.."'"CT. 

£:] Ulrdiac Stress Testing 
Ca rd ial' s trc."•.s. h.·..;t ing is t·ormnonly JWrh•rnwd tn diagnoq• 
C.\D. Appmpriah:. cos.t d"ft,'<.:fivt .. stn·-., lt...,.ting i"' h.•'-f"rl on 

the. hhJury. piW'-;kal ex.amhulion. anct prett·st imiMbilily ur 

CAD. whk~h ta l...l"\ into ;Wt·uunt a~t·. ~L',\, S)'nlPHIUl\. and 

pn .. ·vttknce uf dl~~..·~se . Cardia<: stn•ss k~ting b m•t..;t c .. ffcl' 
1 I\ c.· I\ used in p.uiems \"t·ith an intermL'<Iiate prc:tc.'"\t pmbabil 
il\' ol C.!\[), 10 \\hom .1 J)o~ifive It'" rl.'SUit "'i~nitk.a.nll) 

lll<.'ll\1!.-iC:"' diS4.\lo,;~· lik<'lihntK.I ~and :t nt..og.llivt." I<.'St n.·,ult sig 

nlflc:olHIIy dl·c.:rt';l<>t .. s li kl·llhood hl't' <:orou;ll"} Artt·r) 

Ut~ :t\CL P~...·nonni~ ''n"'' ll-sli.ng In JX'Nm~ wUh J. lm' 
li"dihnnd nt tll,c:o.l~ (sud1 ,,, young p.llienL~ "ilh .uypi('"al 

S\' lll ptoms) yk·lth :1 hi~h lnc·idc:IH."t~ uf fab c.· po..;ll ivt• t~l 
rt'Mill~. rxH<.'fl f l:tll\' reqllfln~ in UlliH't't'"s.\ry h:,ttn..:. inat· 
c·ur:.llc diJgncr.t"'. ;.md hlml ... In Jl31 it•nl' '"' ilh a hiJ.th prett."'\1 
pn,holhility of dl~se. im.t,ive anght)~r.tpln r.llher thJn 

Sl r\'s\ tcsling I' >lll proprlnk. 

6 

.1\'i"-"-~m<:rH t1f lh\. prJtit.•IH'' 1UIKUOfL\I t .1~"Xtdl) >lr 1l.1hil 

ity locxt•n:i~t~ is i mJlurl;tnl in dt·t~..·nnining tlw mo"'l :tppmpri 

all' \lf't"-' h..,.tin~. I· wn·i\<' En; l\ J'L'(.'(>JUJ1ll'n<l4.-d as tlw initiaJ 

ll..._. uf 1..:htnc.~ in 001 r•nh \\ilh nonn.1f finthn.,.., on h-.1• 1irot• 
EC(;. If lh~n- an· h.t,clint· H ..WnornMiities ('ud1 ;1s 
~1· ">L'g1llt·nt dcJ)rt"\,fon >I mm. h·U hundk hmnc·h blod.;., k ll 
'-"l.·IUtlt·\llar hypt·nrn,.,lt\·. J);.\t't.'U rhvlhm. cu pn.-ex<·it;t•l•utJ. 

ST .....ewn- ·n1 dungt~" 11h t"X<'R: 1• • • -:1nnnt be.• u'-t"tf m c."\.alu .• llt> 

for lht: prt""K'nl."t' or ,,1-,..,lntdl\~· ( \I . tht."M" .lhtltlrrnalilit':\ will 
n.~ull ln ·• nondl:l}!ll••stk F< :<i 'ln.·..,, !('St. 1-"\.llll'llon:ll C4."\Ling 

with inta1o1,m~~ (with t"\t'ft·i..e tll J1 t'!;tml<lt'Oit'1~1<.' \1ress) 01 UlJ 

' m un ( ..... A ., lndic.<J.It..'d i1 lhi.."M.· 

iH\1.111(1.'!'. 

Sl n.· ...... lt>!'tin~ 11M\' ;.tlso lx· u'c"<l l(lr r i,J< ;ls.~~\mtnl i n 

paCklll\ "nown ,, ... 11 .. )l"('lt.vJ IO ,l\1' C\H. J1lt' ahility to t'\C.'f 

d-.e o1ncl. mo~ ·rrf'IC' ••-"'- C:\l..u ,_ (Oif~.:il\ .Jn: strong pn'\IK. 
tors uf ~...·ardiov:t...c:u1.u ('\l .. nls l·:o~ C'lungt·'· lwmochn~unir 



responc.;e m exerci se (blood pressurt: and heart r-.1h: n."t:ovc.·ry). 
and o lher measw·es (such as lhc Duke.! Tn·.u.tmiU St·orc.:) aJ.so 
pmvitk prognostic: information. Stn·ss im:.\Wng Slw.lic.:s pro 
vkk ln fotm:ltion· on the t>Xff.>nt :m d !WVf'Jity of d ise::tSf', whkh 

h. hetprut fo r rio;k ol.s.st.•ssme nt. 
The <.k<:iSior• (Jf whethe r lO w ithhold ca•·<tkw medical inn,.:;. 

~uch as nh r."H.>s a net J} hloC'kers_. IX'fbre str<.'S.."i testing should b<.· 
individualizt.-><1. In patien ts who arc undergoing t·xt·r<.i"rl• Mr<.-ss 

t<..'Stirlg lo di~1g1 10~ CAD. c::tr(Uat· medk':u jons thnt impair hc:tli 

r • .lle response {f) hlo('kers) should l')(~ withlwld tOr :11 lt>ctsl 
2·1 hours hefCJre testing hecatLW these agt•tH~ may kad to an 
inadcqu:Jtl'JX:;Jk heart nttt·. lflhc.· Mrcss t<.~l is hein_g pc.·r(Orm('<l 
wcvafu.alesymptomsordetennlnt> progno~lsin a patient wit h 
known C!\1), patitmt~should conli nu~ their<.-..m.Jioat·tivc m<.-d 

it:Hion r"':gi ITIL'n, 

Exercise Electrocardiography 
StTt'ss l l"Sl ing shou ld :lhVil)~ tx.· p<.·rfhrnlt'tl w ilh l'Xl'n.:h<'. 

tmless C')l.c."'fCIS<' Is t f)ntroindi<':lted or tht' p;1t ien1 is unablt> to 
cxt.~rcjS<.'. f\'('rcisc stress lest ing protocols l.ISe rn.·adm ill or sta 
tionary hicydc l'rgomctry. <1 t1d each llrotocvl \ hould lrK'l'l"ihl' 

" 'Orl-.1oad in a srcpwlse manm:r o~r a period of(> lo 12 mimues 
to allow atltquak rime for deve-lopment of maxima l m ctahnli<: 
dem.m d. A s la ndard l:k un · IH1Jlm:ol incn:;l~t."S 1 he.: ')pc<.·d ~u'ld 

~radc of I he.· trl'~ldmill t'\'('1)' a m inutes. A<ili(·•,ling SS'X, of th<• 

:l.gt;" pn.:diC'lt?d maximal heart rau.- :1d~qu~ld)' rules out 
obstructive CAl ) : howc.."\<er. p:.llicnls -.;hould cx:cr<..·isc.· tiHI illirn 

ited b)' symp1on1s. &>cause hean mte ~nd blood pressurt> :m• 
the major Ueterm itl.ants of Ol)'Ol':lrdi\-ll oxygen demand. achi<."\ · 
Jng ::1 rate pre~surt- produc·c (lwart rat(' x syslnlil' blu<x.l pn."S 
')lire) of :lt lt•<tsl 2S.OOO is t«<msidt•n:tl an adt'<-lmtk \'IOJ'kload 
and n:lkcts oWr'Jll ll·ft ''c.·n trit:ui<u JUYo<::uc.l ioll perli.,nn:mct~. 

SLrcss l("Stlng should h( .. temlinateci wht•n lht" patient h~l~ 

BASELINE 

Diagnostic Test ing in Cardiology 

;.•.xcrR.'tl rua:xiln~1 l c.:fJOf't, rt·qut·sts to ~top, or cX:J)('rh.:on:.s l)jg 
nit1t~1nt :tngin:~ or <>tlwr physi<'31 ~ymproms. ·1 lw rest should 
also he sroppcd l()r eX('Ii ion;tl hypotension. sjgni ficam hyper 

knsion (>:!00.'110 mm l lg). ST ~gmcnt d t.'\'<ll ion 1>r Signifi 

t-:.lnt ST ~<wru.·nt deprt·ssiUJl. or '-emrkub r or :;upr~wtnl rk ular 
:lJThylhmi:t"l. 

is<:h<.·rnia js ddineiJ by (hl' dcvdopm('nl orholii'.Oil£al or 
dovmslnpi ng !1T ~t~gmc:nt rlrprt.~sio •, of at least 1 mm occur 

r ing RO milliseconds after l he J poinl on exercise E<X i. 
although sr S<.:gml'OI Uqm.:~:-;iun cannol IOL"aliZ<.' ischemia 

(Figure t). Tlte dc-velopnwnt nr hypotension ur l;ll'~ of blood 
pressun"' :;~ugmentation d u ring (»'\rrcise can indicale the pr<~ 
cm·c.· ul' significan t ubs.l ructivt· d iscas<.-. Hc-Jrt rmc n:<.·ovcrv 
aflc.·r t·es:s;;l!iun of cxio~rdsc provides in<.'1Vtnt.·nt3l progno::.tk 
in formation. ~\ he:1rt rate dmpol lt-><;s than 12/min in £he first 
m inute.' afler i.·X<.'fl'iSC H:rmina1 ion is associ~lt t"<l with higher 

mortaJIIy. Funct inn;:~l c~w~tcity Is :.I so a powerru I prt•dicto l' o r 

outcomes~ i ndiv iduals unable 1<> achieveS mct:~ho)ic equivtt 

knls. or thl' fi r"l stag.c of ;.1 Brul't: pmlot•ul. have higlll'r illl 
<.·ausc.· mun ality. I nf<.)l'malion obt~t1ned rrvm exercise stress 

!(.'sling t':H'I fw c..·omhincd with clin ical infonn:Hlon in risl< 

pn:diclion modd~. ·n1C! l>ukc Tn~aumill Sco re inco11x>rJic:-. 
d urn lion of t•xt·rd .st:. tl-t:'vdopmc:rtl of symptoms. and tkgnx· 

(Jf sr s~..~gm('nt dc.~pn.•sc;ion to t :llcuJ.ue:; ye::~r all <:au.::e rnor 
la lity in pati<:nts withoul <:AI). 

Stress Testing with Adjundive Imaging 
In p:lti<'n ts with ohstmctiv(• CAD, reduced hloocl flow and 

myocardial ischemia lt-:ol<1 10 a progression of myocardial 
abnom1alil i<..~. tt·rmc..-d tht· bchl'mit' t'Hst"<l<.k. (nitially. i:;t·hc.:mia 
indm·l'> cllang<"S In pl·rfusJon. lhlliJwed by cllastolle and (at u 
l:u<.•r s:t:lgc) ~)"Siolil: dy~.funcl ion. 1-:C<; changes. and eventuallv 
a nginu. The <1dd itiun of imJgin>t -.;tudil~ to ECC :-.trc..'S..-. te~ling 

EXEJt.(.L<;£ STAGE 4 
9"l9 lOS 
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f 1 G U R E 1 . ElectroGHdi(lgr(lrn tecorded before (le/r)and during {righ:tcxcr<ise stress testing. The presen(e of 1·mm dc;wnl>IOpin() ST·s.~m&nl depression~ in l&ads I, U,lll. 
and aVf, and leads V; lhrougf\ V t..~ dunng i!x.e(<isc Uld!<iltcs isdlemia. 
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Diagnostic Testing in Cardiology 

Cl inn\·a~l·:-. diagno~lk ')l'll~ll\vhy hy cft•w•:tiuJ,! ~·:nlit•r ">igu~ ol 

hdlt'll1i.a. 
(Q,\1_ 

'itn.><;S lt.: .liu~ with lflt.t 'ng is irkh .1 t I i~ J'(Ut~·nJs wHh 

an 111ahilil\ 1o \'Wn:bt•. <'ontr: t indiL~Uion' toc:\t'n:ht• ha..,c.·lint· 
FCC I aUnorm~•IIHl' that Y.'OUid ps't-'d u<lc.· iuh.:rpret:ttlon o r lht• 

t.'\:t'll i-.t· En; t hkl<·tt·rntlll •ltJ findin};' on tht· t ' \l'l tt'-l' t-:n J 

lm.uting uilo 'il r.CT. PI· f. nr CMR .... , ta..• U""t h t.k-h'\1 
rt.'t.lUu .. ·d nwucotrtl~.t1 P"'rlu ... aun :b c·:trh· t'\ nlt'llC'\' ol 1'-<.·lwmi.1 

Sv.tolk dvshuu lion. ind k•;\H'<I bv '''allmolion <.lhllo rmalili<:.., 

durlu~ \Itt''- C.\U'I bt: dt"h"t t'tl h~· t'\'l"k~«,:ardio~Lll"lh\ ur L\H~ 
hn;.,.,n~. < :r.tT.lll. inMgin~ ..:hok.""t." .;.htuJic.l .... ,., ... K.kr dM,,k-lt"Ti-... 

lit-....uf llw patkiH .111d modo~ Iii} as wdl "' Jot-:.ll ot\<.lilolhi litv a nd 

('\()C:rli..,c (sl't·'l:thk' H. 

'\lrt''-\ h....,llll)! \\ith :JdfUih.:ti\'t' im.t1~in~ t•omp.uc. ..... \\';111 

mnHun. pc.·rlu..,ftnn, and u mt t;Jbolio.;m.ll ba.-..t:·liiW .u1el ant·r 
sln·~s. tll 'P'-'IHIIn J.t on llw modalil.' usnl (Table 2t. 1 -;x.: r d..,~~ 

is the.: ... lrf•S"\ umd,,lhy of' lhoit·(". l'a th,·u l\ ... ho uld \ltHit>t):!.O 

•t rnat-olut~lt ,11"\'"'o.S if lh«") otn- una'•lt· •~• C\C.'C ....... lr ha''-' 
c·uttlr,tindi<: .. uiun~ to C\t·rt·lsc.-. £>uhu .unmc..·. likr c. xc.:n:iw, 
lnnc.·a')t'!'O. myu•,:ardl~al o\n~l'll demand d m.1t .. 1idl\ IM.:hen1ia 

ht·t,au .... e of iuo.;uflkil·nl p~·r fu~ion to l ht• olfrc.·<..'h.·d tm·o<·~u 

tfi un \"a_s. dit.HOJ"'oi. ~h·h .1-.. tli~ I :(/.Unnk•. f<.'J!,.I\Il'lt()'o;UII, 

:lnd ,Jc.krlfhmc.·. JHtH.hJn· 11\'j)c:remiol .tnd ~~ flm\ \ll'p.lrit~ 

hc.·twc.•c.•n 111\ oc. ardlum Mll ll'li<'d by unoh"il n tl'h.·d wsseh 
.nul 111\U(';,utliunt ... upplkd ll\ I ill' ~h·ntHk \'<..'..,~t· l ht·c.·omsc.· o l 

tlw ll!Jhilil) ut I he.• dbt.ll \J. ... <:ulaturc In cJii:Ut'. In pa1tt"nt... 
Wtllt h'll humlk h~mch hhK·k umkq~oing nudt•ar <;;(rt~.., 

TABLE 2 . Interpretation of Stress Te1ting with lmagtng 
R•tults 

Stress SPECT 

At Rest After Strouor lntorpretation 

Normal Noonal No<mal 

Norm;~1 1-'e rfusiou dofcct Stross·tnduccd 
myocardial ischornia 

ll>rlusion defect ">tfusion defect Info ret 

Normal 

Stnss Echocordiogr.lphy 

At Rest After Stressor 

Normal 

Nouro1 

R~9iOO;) I Will\ -abnorrnalrt1es 

Norrnal 

Normal 

Wallmot;on 
abnormul•ty 

Regto M iwJ II 
motion 
abnortn61rbes 

LVdilatton 

Small or no <.fi~ind rene 
nf ~~d'lcmia, pos!i•blc 
baiM<:f!d ischemia 01 

muiiJv<.:·sscl CAD 

Jntorpretation 

Notmal 

s""""''iu<:<'d 
myocardial i5ehttmi.l 

Infarct 

Small 0(" no d tstinct 7one 
of l$thf!mia, posstblc 
balu1'1t:ed is.c;hcmi.l or 
multivessel CAD 

CAD - ('Ot01'.,1ty .... ,.,)' l.lt~foe. LV -!.PI" .,C'nlriwl"''. !)I rcr .. o:.:••r(lhtlton 
tti"I'M• • .on C I. 

8 

tt•:-.l ing. \~l ... odilatot lt Hhlc.'t·d ..,,1\.,.., is prdt·rrl'd to n c.·rdw 
nr d ohu t;Hninl' htT:III"'(" ol" I h.,· pott·n1io1l •hr fodc;;(• rw~Hlv.: 

't.'pt.d l"·rtusioa oil •rmalil u...., 

Sr re.') .~ l·.duK'UJ'(lfo~mph.tJ 
E:\c.:n:io..c.· .Ut'"iS ~·d\tJ(·ardiugr.lpb\ ))rtt\ ld('' inform~HitHl on 
i\f..~}t'ffl llt"fllf ... t\ 11.! tic ... i~ni kJik"t" ur \~h ullr 31l0(lmlali 

lit":-~, .md pulmou.H\ nR"-'l>UTc..-.... during t'\t.'rd~e. Exc.·ru...._ ~~ 

l~rl<>mw·tl ·wilh \ llpln<· u1 uprlghl hic.:yd~.· .. ·rnom<:lry. \vhkh 
o\II<~W\ jc11 t1Hltinuou• ifllagin)..t. ( \.\·ith :1 tn·ucJmlH prHl<X."'I. 
\\hit IUin-.. oll"tiL biliun t•l l"klSI stn'' ima!:!'l~ \\lthin 

t)0 M.'( uml .... Oh: dvwlopmt·ut ol llC\\ wo.~ll u tolion ~tbnorm.1li 

tic's inclinHt·~ i•\4:lwml,l u l rllf' visu~•J il.<'d 1<'1Titorv. Re .. li ng waH 

m<lltoll .1hnonnalh I('' lui do nt•l d1angt· :l l JH;'.Ik t>Xtn:i'lot' rU•lY 

iudK alt ,,,r,m.:h. •r lulx:n h K nn.cll.ml1um (duunit Dut 
po1entto1ll\ rt'\'l'r-...ihlt· l'dtemk d\' .. IIIOl"lion). 

\·Vil h phann.u:olog:ic sl it'' "' ccho l'al d lt t~~mphv. ' II Jbll 
(~Ullhlc." ~~ pn~tfl''Si\ d\ infU"l"tl (u l lu H) J..I.K k~ ·min) to .tdlk\"C 
HS' ol.a.l, .. pn"tlk.tc.'\lnl.L\.in~.\1 IK~,1rc r:.ttt. .\ln•pin<.·b~K.tnuni~ 

l<.'rt'd 11'1lw t:Jl}..>t'l h~·.1 rl r.Ht• is nol achit'\•cd I he d(->v'dopmc,:nt 
of llc '\'1. \\<lll motion ~l.Hlomulitic.."S ind koUl'S myu<·.mlial 
i•-A:Iu-mi.l hlhutouni 1c. iufu..,~ •1.1\· :"'l ls.n he.• ut,;<.-d in J),ltit..·nts 

\\ithJ,,\\ ~~rJdkn~ •• ~ t .,1c..-n~ .... , h•hetpdil 'lnltbteht:l\\c.''t'' 

'>l''-'1'W :1urUl' ~h·no..,i-. anU (h-\·udc>\ll'JII)~J..,_ P·o1tknt~ w i1h 

rt'dut·c.·t.l "'"lnlk fun~,..· I hut whn an· aht~~ 10 ;mgnK'IH llwir struk<..· 
\nlUitk" h' I he "l."lriUJ! or 'tc.."'\\."W nrtk stL•JMro.i\ OU\" ht·udi• 
from .lHTI Il \<Jl\\' ·pi.K'l111l'nt, 

lmn I H'~'i oltihn ol" slrc.~~\"t.~ho(.:ilrdi •Jg:raphy llmlht_\}~ Is mo re 
... uhjc<.·li\c.·t han wilh nUwr tc-...t... •• md lhc s(•ns itlvity of ~ll'l'\.., 

c."t.il~K n. lj.!r.lp)l\ 11~} be n't!tkl'd in lht· wtlln_g ot b:twlh"k" 
\\otll 11 •linn ~llulmm.tlilit"'io .. W'\lUiil' dj. ... rmwlinn. nr ..,m~lc 

ws.wl tli~w .. t• . 

\udt.'tlt "itn-...:s lt"'-lin~ 
1\udC.'OH ' IH ...,,lt-....tin): \ ·ump;Ut" hi•~Jtl no\'.- I tlht. r11\'U<'ardunn 

h• th;.I~!I\Os(' hdlt'mia In SPE( ~ I lll\·(K'MdiJi t lc.'rf u\ion itn;lging. 

a r~l<liol l an•J 1.., injt·\·l~'tl al ~ .md J1 pe-:1k \'\<.'ft"iW·\~l ... ~•dila 
litrll. ;.uul It> r.ulic ' ;, taka."" 'IP ~ the:.: ~11\fk--.;Jrdium \~1:1 

li\t' tn hluud tlm\. Rt...,l inJJ).!('S <lft' c:olllp;Hl't.l \ \ Hh lhoSC" 
nhrahwd a llt•t l'\t'll.:l~c.· or pha rnt.t ~'l Ji ogll..· >;lJ"t''-'· Pt•r(us lo •l 

dl"ft.."'(.·t· ,,a~'l .. l'\'l"'tltl'l 'III.H.,'t"Snhl.lhlt'\1 :Jftl·r " It ~" indk~11t• llnw 

linn.il ( \JJ U·i)tlln: 2J Rc.~~itw:. \\oJlh lht"ll, l'[t-..:h ,,111 lm.li 
t·out· iuLt~ t·frc.l or htht"matiu~ myoc:lTdium •. m <l \l.lhllity 

o\s~nl\'111 t'an hl'lp dis.ti ngu i-.h IX'l\\'C<'n t ht' t'NO. t:att•d 
imag'-"' l31l pn"K \' .ma..,<;<.-.. ... llwiH uJ leH \t'lllri<·ular "'i\"slolk 

fun .. 1iun. 
SI'F.< I i m.:~gill)~ ~ .m <J.l<;<HjUantifv lhl· (' \ (('IH and SC.'\t'ril)· 

of d i-.c:.l""-'• pm,·idhll~ .ulditi(lflal plllgJ10Sli<' lntornt:.~ tion. l ligh 

n ... l.. k·•tun-,.. ...ah:h 4'\ Sl"\:t:r.tJ O'!iun ... t 1f h\.1~ 11t t11Js.ion. J lolt:k 

I ,r ~Utgtll\"lll.llilJO ctr .I R'\lU<.1iun I yo .... t ·-..ll\ .... c..•Jt..'-"'tiOn rr.-. t~m. 

trawtit·f\1t<WLt.Y thlat.llton, .tnd w:tllmotion .thnon n;l!iiiC:-i . .,_u\' 
a!l--'>4lt"1:Ucd \nih ;1 \\OJ -.l" progno ... i~. 

I -..:luk"1ium J'-1'-''" n~u.mtlll pc..-rfu,luu im.:t~i w has 
hi~h<.·r ~·n,ilfvil} ,tnd 'lk."CifK II\ th::an Lhallnun O:.cit..'tl ... rudit'S 
-.m tl .llsu pro\'idc~ hltll.'l lma).:.,. qu~tli l). l'<:t.'tllll'liu m ha"l'd 
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FIGURE 2 . Seleaed imagc5 from a nudcaf p~rfusion single photon emission 
CT {$PECT) Slfess study. Sholt axis vicws{Jw1e/ A) of the h-eart with stress (lop rQW) 
!llld 3l1QSI (bouom ros)·}sh<rN a radiotfolC<!tde-fcct in the septum ;,md inferiorYiitll 
thai is fi lled on the fC'SI imJgcs. long-axis vicws(p..1ne181demon.strate em apical 
filhng defect with stress (lop /<Y.'I.') that is perfused on 1es1 Jmilge$(bottom rosv}. 

~lP,Cilh :lrt· l:lkcn u p \oVHh hlood tlow ~tnd <ll'L' bmm-c.l (< 1 I ht~ 

milochonc.lria . allowint-t Ji.•r <.k·l;lytd im~sging. In cont r:.tsl. 
upl;lkt· ufthallium requirt•s :H'tivl• nwt:lholi~m. which can lK· 
tt=;eful to :lsSl'SS myocardial \'iability (Table 3). 

Initial Study 
(at Rest) 

Perfusion defect 

Perfusion dcfoct 

PET Viability Testing 

Baseline 

PEtrfusion d efect 

R<>st Study 
Repeated After 
4-24 h (wrth 
Thallium) 

PE?rfusion defect 

Reperfusion o f 
..lfC;). 

Metabolism 

Metabol;cally 
<;l<;tive 

Echocardiographic Viability Testing 

Baseline 

Wall motion 
Jb;l o rm.ality 

Response to 
Dobutaminto 

Low dose: 
improve~nt of 
function 

High0f dose: 
worsening ot 
function 

SJ>ECT- '\Ingle photort e~~ion CT. 

Interpretation 

fixed defect: 
mtarct, no viability 

Vi-able 
myo c;.ardnJm 

Interpretation 

Viable 
myocardium 

Interpretation 

Biphasi<: rQspoosc 
ind ic.ates viable 
myocardium 

D iagnostic Testing in Cardiology 

CurdiJ<.: PET pmvkk~ l'Xt'l-"lknt (lj,,g;J,(>'>tit· :lnd prognt>S.til.· 
inl(mll:'lt1on lilr parif'nt-, known {)I" :-lJsrx•dt'tt lo h:l\'l' t :AD. t>i-:'1 

pn.wjdt'S h('ttt"r wmpnral and spat ial resolul ion than does SPECf 
im:lgin~. \Vhi<:h is helpful in p;.Ui<:nts \Vho :.m·~)bL"SC or who hav<.· 
nondiag.noslk SPH':"f t'<.'::-ulls. cr !"1\~lY h(' U:-('c.l Wilh Pl~f tn pn I 
vidt· infi)lll1:11 ion em thf• prtoscm'e of cor<m:u v artt'l'\' <-'<-ll<:ificj 
lion. 1'1-:f nu.Liotr.tt.t:rs h-.1\'L' a shorL hair life. n.·su1Uuy, ill Jm,,._.r 
rJdiation ~;.'Xpno.;tm: ;.H1d llf'('t'Ssit:tl ing Hw U')~"' of \':tsodil:ltors. 
\:to::octil:uor "1 rt.•s.<i :lllows lhr as."iCSSJn('nt of' peal\ strl>ss cjt•<·lion 
fr:.wlinn, tiUi.lnlifi(~tthm 4)1' al1'i<>lutc..• mytx:anJial blood now, m1tl 
t'\•alualiuJI I ,rmyt)t-ardial mt>~tholf!.;m . l'ht> uti lily ot'l'l ·~l' im:1ging: 
in (.'~l f<.UJ(' p;Hi('nts is limited hy :mlil:lhility nrt he tt."t.'hnofogy. 

CordiOL'HSculor MagneH(' f?(' ... onunc:x.·lmuging 
C;C\ 11~ inKigin~ io; tl'.t"<i with dobtll:tmilte to asstoss devcl<•pn1ent 
of w:tll mol i{m ;Jhnomlalitk:; or wilh vasod ikttorx to ~I '>St.'S~ 

perfu:slon. Ri~ht :.lml h.·n sv::.t•1ik nmc-rlon <'":1 11 IK.' ;.1~sro;.~ l \Vii h 

~~ltt'•d inu ging. CMR imaging is <--ommontv us<:d to evaluate 
inllmmnatorv o r in HII r.u iw di~"d,'i('''i. !Wrinu1.li;ll tlisl'asts. :~nd 
the: l'Xt<:nt ~md st'H·ril\· of inl:~rninn. Vl;1hi1ity t~ln IW dt>ft•r 
lilim•tl by \'\-':llu.ll ing. IIW (>Xh..·nt ormyn<-·:uclial fibrosis (nonvi 
ahft· myuc:mlhun} \\ilhiu tht.· kfl vc.·ntrkular rt'gion. LMR 
imaging is limit<.·d h~' UJK'Wlor \.'X))c.Th~· . knglh of tim<: li.H 

hua)~C :.K't l lll~ilioll. ~lnt l ;)\':lihlbility Cl 
KEV PO INTS 

• Cardiac stress testing is lx:~t used in patients '\'l.tith an 

interm edh\te pretest probability of coronaty orrery 
d iS<'llS<'. 

• ln JXttients undergoing cardiac stress testing, exerdse 
is the preferred stressor b("Causc- il provid<:-s addilion;.tl 
pro)(noslic information. iueludlng functional cap~city 

and hemorlynami<' response. 

• Stress resting with imaging is indkated in patit'nt~ wlth 
an inability to exercise. <·onu·aindications to exercise. 
basel~1e e lectrocardi<)!,'T.'lphk (E< :G) ahnom1aliti<'s that 
would 1)feclude interpretation of e xe rcise ECG results. 
or indetem'linate findings on exercise ECG. 

Visualization of the Coronary Anatomy 
Anatontit• ass(.·s::;ment of t he coronary arte1ies can be pcr-
1\mnt:d wilh non.inv11~ive <:oronat) ' CTA o r invasive :.mgiogra­
phy. norh 1ests requ ire administration o r t'Orurast agents and 
expose the patienl lO r.ldiation. CfA Interpretation <~m tx: 

limit<.XI in <.-a.'ic.~ of cxl<·nsive- caJciflcation and \•Vith assessment 
of ctlsml ~rte1ies. 

In !-.'ymptom~tlit· poltic."nts with an lnte rmedi:tte ti~k fbr 
CAl>. CTA may be helpful in ruling out CAD. In the PROMISE 
tri:tl, 10,000 ::;ympl<)matil.' patient:; .su~pedc.·U of h:wing CAD 
\1\1-ere ev~llualed with :ln i nlti ;.ll stF.ttegy of :;matomic lesling 
with CfA or fwl<.:tional tesl ing. In pat ients \t\rith an in tennt·di­
are pre test prnhahilily or CAD. t he- compo:-;ik c.:<lrdiovasntlar 
event rate was low (<1% per year) in both groups. a nd 
outcomes (dcaLh. myoc-ardial infarction. hospitali7.:Uion for 
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ur>s~otble anjtina. or rn~jor pnx.-..-durJI complk·•linn) at 2 WJ " 
did nor dfiTcr bt:tween gn>U~ 

CJ W run.lr\' <iA rn.J\ ,ti~J pLw a wk In lhl' c..·v<.J lu~Hiun ot 

J l 'Uk rhl'' l )>J in hi lht' ('m('l')l.t'IR'\· d c.·p-olrtnH.'llt Cl't\ ~~ :lppro 

p ri:lw in i);tl l~·nt~ ,-uo;;pc.>t.1f."ll uJ h.1ving an ~t·utc.· o.mnk ..,., 11 
dromcor .u •mnan·t·rnbuli,m. (»rona(\ ( t\ rna\ b.·hc.·lplul 

111 pmicnt' \\Jih IO\\ ur inh:rm~.:diolh." lil.dihood ol nc • 
Sl elf.."vo\llon ,u·ute L·oron~lf\ ">Yntlm nw \\ h it h .t\V a lm\ 'liM I 

risk Sl'l.tft\ tll~<ll ivc..· tropnnln lcvl'l. or wml~-ht·mic Fe<,. It 
rnay at ... u tw usc.·1uJ In p:llit•nc' w ith an cqulwx-.lJ di:lg:nu~l' HI 
non SJ dt.''\o&llun a("Utt.· ,·nrcmat-y wndrmnt• who ha\l' ;111 
l"lfllh'Olo.tlmilial tropo111n kn·l or sin~lt.· lr lfi'IJOin dt."\,llfun 

"' 11hou1 fun lwr ~;ympronh of '-'lut~ <.:unmarv :\ync.lronw. n r m 
patien ts who have isdK·mh.· ~;;ymptom-. that n•,olv<."d h(lur' 

befon: uudt•n,:oing h."'llllt~ Careful t•on,hlt·r'dliun of p:tt lt•nl 

f<l<:tur-. anu , .... lt,tion nf .rp•pntpli.ltt h .. ""i1ill~t ou\.' t."SSt~n11.11 In 
..VQid a'-tdltiuu,ll unnet-'l">,H) lt.""'Jing cu~ llw ·''"uci;Jil'\1 .. ,11'-1 
J.nd poll'lllial harm...~. 

(Aii'OIMI\ augio~~r:1phv tluriuJ.! .1 t,udl;u,: c..·a llH:tt·ri...::.tl ltm 
proce durt· b .nl im"d~h'l' It''' in whk h IIIHliunit• <.'ont r.l't 
matrri:1l ' 1njl'\."lt•d irllu I he alrunary .u t'~"il"' hJr h~ tt.h' 
~tfh) h\ u'mR kmg. lhin t<Z mnll t-;,llht.'U""' \rtc.:rt•l ott1'--"'' 

i-s ohtaincd h)" using t ht.· h.:mur.ll or r.tdl,&1 ·"''-'1), ami r.nl1.1 
lion C\I"W •:-. I II't' b rcquln.·d. l'his tl'Sl ~hcmhllw <'1m~itkrt•d in 

pa licnt'> who hJvt• 3 hit.th IJI't'k...,t pruh.lhill l\ of oh~tnKt1H· 

CAD. inclutlin~ S):'Jltptom.llk p..1tit"nh \\Hh Jhnormal Jlm 

in~ on nnnlm-a.-.i\\.' fur"K'IItM:'.II nr J.Jl'"Jlnntk lt""tin)! Of''" ilh .m 
ou:uk' tltfm1.1r\' ~1·ndmnw. 

I'IW :lddil i1111 HI' FFR 111 ht\"JSIV<..' ;tngic ~rJph, :~n(l ( T,o\ t..lll 
proYide- ;U,hlltlclll:ll lu n(.' linnoJI infonn;Hinn . induclin~ tlu· 

hffilOc.J~ II.UI1il \iAnifit..Jik\" n l ;l lt.~iOI ;JOel "'t"l-d for intt' l'\ , ·n 

lion. f-fK " lilt' r,JI l u[ hluc»d tli:J\\ dhU tu IlK' , h,_.rlf,-.1 lu 

blood nu\\ pm\lnulto I h(· ~l1IO"'i" :u llLl\1111.11 tlO\\. II b I\ pi 
cally mc.·.tsUJ'l'(l durin~ t·;mlt.l<.' t.'ollht'll'l lt~U ion h_,. ~l:ld•lH a 
prt·~su rt• \\ IH' <K rt~ liW \lcno~b and lndudnt! <."OtHiil inn-. c tl 

111.1.\jl'll~ll hvtx:rc:-ll'lkl. u ... -u~tll\< \\.ilh ad cno•,Jiu:. f+J.< cr t• .11\ 

H>A .1ppnra."-..J d~ms:lk '""'' th.lt pnJ\ Jdc.-...l}l:lth .m.1tonu md 

fum; tion;ll d.1ta; il ha-. lu~~lwr 'IX'Citidt\ fur lhe diagno.~i' n• 
nbstnlllhl' (:AI> than dot~ < 'I'A .11om:. £\·rl• wm~uK·c.· •11 FI·K < T 
is simll,lr w 1H:rlhrm:tnn• 111' ln\'a"lw I· I· R dutl n)~ •mgio~mt •hy. 

The :J\;:lilo.thlhl) orl hh ''"' .md its ddJ \'\.'\1 hlii.' J1lR'L1tion nl.J\' 

limi1 ih u"' in p-.Jtknt' \\ilh 4K'\Jit.' ... ympt~>m~ C] 

KEY POINT 

• CUronary angiO!(rophy and C l' ~ngiogn111hy (CII\) 
provide a1u tomk in(hrrn..tlion reganlhlR t he exte nl a nd 
>t"\crlly ofrornnacy ~nery di'""""-~ 110\,....,.,r.tbe 
dt..gnr~k , aJucofCii\ maybe lint ih.·d 1n c.-.lM'Sof 
exren...-lvc co lc itic3t i~ )n. 

Coronary Artery Calcium Scoring 
\..orumry ant'l'\' c:alc:ifJC;)tlon 11Kiicat~ atlx·nN:k:rosis and ntl) 
l>ot: qu~l'lltnt."ll w ith dL'l·trun beam or rnuttidett..<t:to r tT. 
Aft hough tAC~ring provid~ information reg.1.rding thr-hur 
den of clis(•:l:o;l'. i ( ca nno t de term ine {he dC'J.(fl'c of obstn.1<.1 ion. 
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C.AC 11K11strn>rnenllu' "'''" used fordi:~gnosis 3nd li<l.. ''"'·'' 
mc:nl in both symptom:ltK' .md asymJ)ItHllJ1ic patienb; how 
t'\'(·r, n"'-~'im<.:nl of Q\C in ru.ymplomnric paticnl<i s hould he 

linlitc d lO t hose :lt lntcrmt·di~lt(' risk (uccording to lhl' 

Fnunhtt.:hJm score) in whom risk fl'<--I:Jv.;intou ion will ln llu 
cnt.'t' primary pn.'\.'l"ntton therapy. 

C \C ,)(,.'Or\'"S an- t-:lll-,:JrUl:d as rollo\\s; 0 . no dista'\4': llo 
99 . mild dbease: 100 Ill :I'IQ. rm•lcmlc d h c,oc: 31\d ahovc 100. 
seve•·t> cliM:a~. ·nlt's<-' ... ~wt--s should ht- l nl<.'rprct<..xl iu the ...ct 

Ling o f a~t". t~t hn icily, ~md sc..·x. Spec!Oc nomogrruno;; :lnd 1i -..k 

(·.alculawn,. such as lht.• ME$.;\ risk t ·Jic.\.llJtor (ww w.Jtw."S.'l 

nhlbi.nrg MESACHORi>k \tesaRi>kScnre Ris~Smrc.•>PX). 

c.:an he UM:d fur ti:=:k pn·diclion. The ,\h~nre or CAC lc; :\:-.sc:x:i 

:-Ht.'tl with '' low risk lur <·ordiovasc.:uhtr 4.."\'l' lll~ . 

KEY POINT 

• A'\.~,.,m~nl of l'Otorun artery C'llcilic.alion in .ts)'lllJ)IO 
matilp.ltients shuuld lx• limited to thooc ~lt inrt-rrnt.'tli 
a tt: risk i n whom l'(•('lassi lk a1inn of 1i~ l' \'.' i)l infl uc..·n<.·e 
p rhnnrv prLVl'lltion therapy. 

Risks of Diagnostic Testing for Coronary 
Artery Disease 
O.m:li;l(' dbgnosli<: h::,ling C"arrk-s rhk..::: related to l'),Cfl'i~e: 

ext)()sur~.· to ph:nm:wolo~ic :;trc..·ss t c~;t lng agents. Jildlal ion . 

or coutr.a!l-t agents: :md ,~,,~'tl hJr <l <."l"C\-.\ for invash•e p i'Ol'('­
t.lurt.""'. Actdilicmall}. inJ I)J)ropriatc..· inillll t~ling rna) 1t.-.1d 10 
unne~al) dow-nstrt. .. .an1 tc."'Sling with addc:d phy~k.ll .1nd 
lin:m d:.ll l'U!!ol.s. 

Tlll'te is a very ... mall risk fc )r m)'Ol~rdl <l l i n f:-lt('lluu or 
dt.·~•Lh (I 12.SOO patk~m~) in l,..l ic:nts unt.h .. "'tgoing excr(' i .;;~, ... '>t r~' 

tE"Stin~ Abw lute contr.IUtc.lk"3tions to <•\ t..-n:i....: indude Utl.\la 
ble :.mglna or a<.'UlC: m) ocardial inC;u~,,uon. um:onlrolk'\1 

arrhy1hmias. c.lc..'<.'OillfX"I'\~alt.-d ht.·arl fnil ure. :It'ttk' pulmonary 

t-mboli•<~ l • 01 deep venou-. thrombosis, ;_u: ulc pe ricardHis or 

myoC'nrdltis. at·ulc ..t.otlit' dlssedion. and St.'Vl'fl' sytnptomntic 
aonK: sten osis. Rd:Ui\'f' n mtraindka tio noe; are left main ' 'om 
nMy ~ntT\ 'lmusi>, hypertrophicC:lrdlomwpath} with W\\-n­

ohstmc..·Uon. elf'c-tml~ h: abnvrmaHri<'s, high ctegnx· mrh~tn 
tr icular block. and 0\i l~n ltk:ml arrhylll rniJs. 

V:l-.cJdilator s-1 rec;.s :1gc-ntct (mosl n>mmonly adenoslnt.:) are 

assodal((l will> I he , fde • ITects of cbe<t pain. beadalltc. and 
flu:. hi~ 1\triO\emrkular l~uck and brundro,;po<m mil) ~bo 
occur. ·1 h"'PhYlliM nl.l) lx: gi,·en a ncr 1 he k-,Lto rewrsc lhe-;e 
t>ffet:ls. Vtlsrxti l:l tor~l n:~s tt.•.:,ting is l'ontmJndi<·a1ed in palicm s 

with n:J<.'I ive ain'\~l)"t d l,t>:lSl' wilh .tl'l ive whe<."'L.in~. sy~tulic 

blond pn."\S\ln.· of~-s 1han qo mm J lg. 'kksinussyndn:mK·. or 
high <k1tf\"t' ollriO\dUrk:ul.tr bJock. 

'ltr~I<-Jr str<.">S I<"tln).: w ith SPECT ~nd PET. CM. M·urin);. 

Nn·o nnry CIA. ;,tnl l conmary ,mgi01-,Tdphy all txpose 1ht· tt.Hienr 
1u r.uli;U Inn: hm'\tt'\\.'r, .lth~mces in ll~C'hnl ()lH-'S ha\t rc:sulttd in 

n.·t.lt.K:tinn o f O\'lT.l11 r:ld l.llio n l'xposure. I he Jt"vel of r:~cllalion 
exposu re depend' on lhc procedu re. <-quillment. radtophur 
m~"t-Ceulkotl agent, op<:r.lh lr lt."Chnique. und PJtienr char.lltt·ris 
lit~ (:o.ur h ;l.S hody siLl·). 
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<:ontnl!\1 ;,~gents u.-,..:d in ill'ht~i\e ;1ngiogrnphy. t'Oronary 

CTA. CMR lrnu~lllg. :.nd e<"h()(':lrdiogr:aphv Jb.u pVM: a rhik tv 
lhL· p:.ll h..·nt C\1R jmaging rhat requin::; * ldoHnlum contrast 
rn;ly mrt>ly (-:na~· fl<.:phrog<:nit· systL·rnic 11b~is. panicularly in 
p.;u lents wllh un <.k-rlyi11g kidney dl~(~:l ..,('. lodinatl'(l <:oncra .. 'il 

mtllcri~l l UM'\1 io cr may result in m.ut~ klclney i njury. 

\11c-rolmhbk· t"'ntrast agcnLS an: uM.'C..I tu •.:nh.mce I he endocar 
dial bonkn in <X·hoc:mliogr.lphy >nd t·:Jn ,-,ousc h) J>enseu>iti' 
it.) tt'.K'Iions in rnre inslanl'('S. 

<:nnm.•r.· dOAiogrdphy l.tn tx~ c.vmplk·.ued by vast"tdar 
acct~~ prubk·ms: bleeding complic:ulc•n ... : l'CJmno~r" .artcr') db 
s<.-cfif1r1: uc,nk· t.~tion: and pbqUl' di:.rupt100 or thmmhus 

le:lcllng ro p<-riplwral <.·mboli. st mkl'. ur myucun.Ual infarction. 
l·emonll uflL•ry ;u.'Lt.'SS Cln he romplktlh:d hv rct mp<:riloncaJ 

hl'tll(Jr r iW).!.C, wh ich should be Mls:S)C't'CC'cl In p;lt ients with 

hypnlc'l1\hm. ba( k or llank IXti ll . .Jild/ol' a drop in hemogJobin 
level. ~·u<.lu:.meurysrm; :lt tht> :ut<-rl:.tl pum.lurc s ill'S ot\.·ur 

mon..·l'omrnonly with femoral ::u1ery aU.'l'S): ~' nd lll!l)' m:mift"\1 
3~ 3 lu'}_..tt• t":m:uoma or nc.·w bruit ott ttl\.~ ol\"('("4\'\ ~ile. 

Diagnostic Testing for Structural 
Heart Disease 
l > ingno~LI<.: h:sling tOr $trucn lli.l1 h(•:lrt c l l:-ota:-.~ :ihould h<: c:on 
sitkn:tl In 1)\llients \Vilh a suggt'stivc.: hl$10ry ;\ncl physic:ll 
ex~mii1.Uhu1. su<:h as tho&: with a sy~culic murmur that is 
qrade :i/6 or higher. a l::tte or hoiO')'\.tolk murmur. a dia. .... lolie 
or ('Unlinuuu~ murmur. or a mum1Ur with at'l'OnljXlnying 

symptoms. Routine imaging or knO\\'Il ~tnac.:ttu-al di~<>e is 
UIU!('<('('SS:)rv unless there is~ Ch:!JW In rh~ clinic-al prt-st'llta­
tinn nr t·\~lmin..IIion. A chaJ~ ... in func1tonal status in ~tiems 

\\;lh krlQ\\'11 \lllderlying stnlCtur.al dt...c.l'C w.arr-..utb t.''\~Jiu,l 
tion. l llltlf.Uilg modalities to (._"valuat(' tor <:truC"tur:JI heart dis 
ea~t· an• lh t<.·d in Table 4. 

Th..: nu1instny of noninvasive c.:a l'd lova!)tUlar imaging for 
s trudural nbnormalities is lransthOn\C'I(' e(•hn<·:mliogrt~phy 

('J"fE). 1"1'1-: t·\~dualts ri~hl antllcfl \1CI1lric ular size, 1 hkknl~. 
and function. induding wnll 1"110ttoa1 :lhnorma1ilies. It t'all 
3bo be: U"-'<..1 to obtain inform:nlon on \alvular function 

(indudong regurgiraoion or stc:-no\i,). dla,toUc funcrion. fill 
ing prow~ and the peric:udium. ·rhe- pn'Sl"nl"l' of an intro~ 

C3nlh.tc -.hunt t~lll be t!'raluated with thl' u~ of agit.lrt"d saline 
c.'Ontra<t. Initial ;J~~cs.··anc.:nt for I..'JldOC\lrdltis can also be pc::·r­
J'urnot-..:1 with TTF_ 

rr:u1<c..,oph,i)(cal cclloc.qrdiogmphy (TEE) is commonly 
U'ied IO c.:valu~ll(" tOr the d i:lf.'llOSiS or in f~"\.:UW tndocard itis in 

J)al icnts with :1 high pn:-lcst probnblliry ~11d to a:-.!l.c!l.s for l'Oirl 

plkallcm' of cndcx:arc.litis (>tllh 0< "'"'"'.,;,). TEE m:oy ~I so I><' 
u.<Cd to bc:tter vi<>ualil.e valwiar path<>k))I.Y. p;crtkular!y when 
Ml®c."al repair or pcrt"UI31le'OU~ lnu•n.\'Tltion is plannl-d; to 

t"\.lluoltc 'IM."lirte !it.ru<.:tUies rhar cannul bt: \WII ~l<>u31i7.ed on 

TTE (such :t< pmslhe1ic hc.'lrl '"''<-,) or p.oti~nts with flOOr 
tr.Uhlhor.lcic imaging: to (._'"'..llunte !l<:Urt< .mn ic· ~1bnonnalitil's: 

::111<1 H1 n 1lc.: out Jc:ft alriul thromhu~ hdorc c.-ardio·version 
{Figu re 3). 'I'FF t'("(lui res m od(•r.atc sedat ion and pLJ.t·eulenr of 
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fl GU A: E 3. lrdn~pl~geill ed!CK..o:l!dtogl<llll , ntt ll.:tll~dut.tf is posterior lO lht' 
htart. 61'1d 1ht leh 6lnvrntlA) and k:ft ctlll.:tl apptfldag.e (lAA_. Jf'I'OW) art mort easity 
Sti"tt th..n wrth lro~rblhOc.Ju< cthoc.l•di09'ilphy, shol'llf1g ill ibsenre cf ;hromM 
en lht oppoo>d.gt LV -ldl ""'uido. 

rh~ n~ pruhe in the dosr~l <">>)lh,!JlU< and sroma<'h. 
Cuntf'~lind i<:alions indudt· c.:soph.lg(\11 !;'fricture::; or active 
t.~tphoi~C::'ll \r:lrlces. l·:soph:lj.,'<":-!1 rnjury, indutling perfor.alion 
nnd bkeding. are potential tumplic:ntlons ofTEE. 

kEY POINTS 

• TrJn~Utor..tdc· .. ---cbocardiOR1'3PhV I~ used to evaluate 
potit:nt~ with \'31\'Uiar :thnormallll(...;, ('Or'IJ!t:11ital he-an 
di<;ease. pericardia! dise-•s<>. or k'fl or right '~nrrirular 
d)'funclion. 

• Tr:oJ~><.,.,ph:ige-.ll ectlocardlogrnph) h the most an-umtc 
U.1>t to e\"Jluare end~rditis, PMlh<.:tit· '\'aht"S. and lefr 
:uri~llt hmmbus. 

Diagnostic Testing for Cardiac 
Arrhythmias 
·rheo initial \.tudy in patients" ith .1 hi:.lol) nf palpitations. 
prn"')m.:upc.·. or S,YO('Of* \\hen .1n .lrrh\thmia is ~P.,.'("kd 
•hould be 11 lead resting ECG. The t:c:c; may sho\\ <-.i 
dcncc ur Prt:t'X<.:tl~ttion. C(:lOplc rhythms. alriO\'l'Dtriculor 
bhx:k. or intr.J\'C'ntricular <:ouduc:llon dcl;.ly. provid ing 
ln~ighl into the cause of thl' symproms. E<·hoc:ardiogmphy 
shonld he pt'l'furrnl'd in p.Hknt~ suc;pccted othaving strut· 

rural hc:orl disease. 
Tlw lntermit1ent and nectin,K nnture of .nrrhythmi:Js <·an 

m!l~~ cli;u.(nt~is difficult. Di~i\tit :-,tudil~ are selected on the 
b:"i' uf U1e fln-«'nc:-t' ond fn_-qucn<, of wmptorns aoo the 
duration and timing of the lct'Ordlo1g IT~bte 5). If symptoms 
"'"'" ddil\. ~ 24- or -Ill hour amhularo" ECG monitor (Holter 
moniiQr) mJy hell~- lnfrcqm:11t ,,. mptomatk t"\C'.tUS ft\:1)' he 
l"Jplur~'d with an external patkltl tr{Stgered e\'ent re<:ordC'r if 
the t"Vt>nt la~ls long l'ncmg,h lbr lht: pnticnt to trigger the <kvkc. 
A. l noplng CVl'n( l"tX'Order C':lph,11"{'S SC.'\'l'nll Sttonds or the.: ECG 
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TAILE 4 . Oiagnost•c Testing for Structural Heart Disease 

Diag nostic Test 

Tra~phageal 
cd-.wdklgfaphy 

Three-dimensional 
•<l•oc;><diography 

Rad>011U<:Iide 
angoog<aphy (MUGA) 

Card,.lc catheterization 
Cleh and righll 

CoronaryCT 
i.lngiogrophy 

I CMR omaging 

I Chest CT with cont,..<t 

Major Indications 

Heart~lure 

Cardiomyopathy 

V{l1v~ diw.Jse 

Congenilal hc<lrtdicr:t~u 

Pui"""""Y hypenensoon 

Aortic d•sease 

Peri<::ardi~l dis.eas~ 

Endoeltrditis 

Prosthotoc: valve dyWnctl()n 

Aortic d•$0as.e 

I eft ntrial thrombu!> 

Mitral valve di$CaSC 

ASD (petcvtoneous A50 
closure) 

Evalu.tM>n of LVsystoloc 
functM>n 

Congcn1t,t heart disease 

Coron.vy • .trtcry dis(>aso 

Valve assessment 

Shunt a.ssosS:ment 

Coron~ry ur'tcry diso3r.o 

Congc1\ilJI h~art disoaso 

Congcnitol heart dis<'nso 

Aortic d•scase 

Myoao<d"" dise .... 
(infilttab'VO disease, 
myoc;l)rditis, hypertrophic 
cardiomyop.:lthy) 

RV co<diomyopalhy (ARVC) 

Ou~nt \ilttonof LV mass dnd 
function 

Aort•C dis<:<JSC 

CorONty artety diseas. 

Card1dC nlilsses 

Pcricardwl discJso 

Advantages 

A«:ur.atc diagno$1S of presen<:e o~t\d 
sevetlly ol stnJCtu<>l heart d;s.,asc 

Ou.:.ntilo)tion of LV sizo and function, 
pulmo•\ary prcssurct., v<alvo function, 
and intrJcardi<')C shunts 

Widoly -~able, ponab4<>. fast 

High-quill•ty i.magM, t!spE.>Cially of 
postet.cr can:LcJc str\.K.li.Jr"C$ 

Most det..uratc tcs' for ov.Jiuation of 
endOCi'irdfbs, plO:>thNK valves, al'ld 
lok :uri.Ji thrombus 

lmptO~ tomogrephtc imaging 

USCI'd dunng cardiac: procedurh b 
dev1ce plo)CCmC'!nt 

!rl)proved as.sessmont of LV global/ 
reg101\.tl ~ys.tolicfunction 

Ou..:w'ltrta<hVe EF measurements 

N:r.ur .. tc foc-senallVEF 
mca~uromentS{O.~ .. tO ovalu<JtC for 
C<lfdluluxicity from chgrnother()py) 

Direct measurement of •ntracatd.ac 
preuutes. gadN!nts • ..00 sh""ts 

Contt,nt ang•ogr.lphy provides 
visuvlwnion of complo>< cJrdiac 
anatomy 

ArJ<rNS p4h'OJt..lOCOUS 1n1e-rvention 
for stt'UCtUral hc.arl di ~Me 

Vis~mli.wtion of ('".Qmplox cJrdi3c 
<.ln l)tOmy 

High•f(."'S01utiontomo9(olphic 

"""9"' 

Higl~o~osolution tomographic 
imag•ng 31\d blood flow data 

Owntitobve RVvolumes and EF 

No •on•.t•og radi;:,c.on or conmt$t 
mmol'it~l 

Em~blos three·<hmcn$•on;;.l 
tocon$lTlJctiol\ of aonic Olnd 
COf0'\•1)' anatomy 

High I'CS.Oiution tomogr;;tpl,ic 
imagm 

Enab'cs fhree.c::fimc~l 
rncou:.truction of vc.~:ocufJr structurcts. 

Limitations 

Opermor~peoden1 d~l.l 
acquis•IJOO; mlerpretation requues 
experttse-

Val'i{lbllny 1n •nstrurncnt3tion 

Image q.,.~lity 1imns d•.-9nos.is in 
some P'I'"'""'(COPO. Iorge body 
hobitu>) 

M<ly rcqu1re microbubble contrast 
agents 

Rcqi.Jir'<"~ ~'~.ophage-;)1 intubat•on. 
typcally with consoc:xn sedation 

Adjunc110 two-dimens~na.l imaging 

limited by ovad<>bi,ty •nd expertis<> 

Radi.ltlon exposure 

Prov;de~ nu dJtJ on other Ci.lr'd<J:c 
structure$ 

lnvasive 

Radtatton dod r;)diocontr~s1 
exposure 

I magee: noL to.nogr.oph1C, I1rniting 
evalu:nion of comp!~x thtco 
dimens•ondltmatomy 

R()di;)tion \md rddio~ootto)St 
cxposum 

lr'nage <Kqudltion iO"'ptOW!d wfth 
sinus rhythm aod $lower hc:o.lrt ra-e 

ltmit~d by ava•lability .-nd t~xnertise 

Patient cfif.u~ophobi~ 

May b. conlratndicatNf '"pab~ts 
wrth p..H;em~kor~ lCD, or othet" 
implam~d device~ 

G;Jdolioium is c.ontr-<llindicated"' 
patients wrth kidneyfll•lurtt 

Smusrhythm ano slower heart rate 
Me n~ed for impr~ •mage 
quality 

Radiation <•nd r~diO<:OI'Itr3rit 

cxposurQ 

AIN(. .. .:.rr~ f!Uhl Y(onl'-<.1<4' tJtrdOQ .... )'(JJ>'<My.' ASD- .~.-$$pt;ll dt:-!Kt. CMR .. atdw!l-!l ... !JPM!c teZ:Oilll!"t>• r~: ~-=tliU•1 r, .... ,,.,., lCD - w•pl-';M,hll'! t IM~ef 
~...-:tV·IMI:~ lVff -~~~~f.-.lon · l.ruc.A-MoAlt'!J*'d~ RV rff:#l:~~.,..tnA. 
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Diagnostic Testing in Cardiology 

TA BLE S. Oi;gnost1c Testing for Su,p&"cted or Known C:trdillcAnhythmi•s 

Diagnostic Test or Device 

Rc..,ngrCG 

Atnbulot<>ry ECG (Holter 
monrtor) 

Long-term *Xtornal ECG 
mon•tOI' 

Exorc-io;o I:CG 

Pat.enutiggered evem 
recorder 

loopingtwnnl rccordcf 
(wco•oblc) 

lmpl•nU>b c loop re<:O<de< 

Mobile t.lrdiac ovt:patient 
tclemeuy 

Indications 

Initial diagnostic tust in .:aU 
patientS 

Frequent (ot lco.t doHy) 
J~ymptomat•c or symptomatic 
auhythrrn,h 

Infrequent asymptomatic <X 

symptom.,tac arrhythmi3s 

Ar•l•ylluui..1~provokcd by 
exereiso 

Infrequent s,ymptomatK 
¥1hythmooslhat last more than 
1-2m~n 

lnfrequent.l)ymplornutic.l>ricr 
arrhythmit>s 

SynC<>!)<! 

V~ty infrequent asymptomatic 
or symptomahc arrhythmias 

Cont1nuou~ outpat•ent ECG 
rec:otd•ng fo1 pre-cis.~ 
qtJMtiftCo)tion or Qllptureol 
r.trf" ;trrh)'lnm..a 

Used fO< •nducing. idcnt;f0ng. 
and darifylt'f9 tho m«h,ln.ism 
of nrrhythmi~ as well as 
potential tro~m(lnt(C'.atheter 
ablation) 

>iwiJI b<-fQr< I he d.-'i<.\' is triggered: ft '' u<eful for syntuJX· or 
pROS) '<K1>1lC JS><><:>aloo wirh arrhythmil>. A longer renn cxlcr­
nal ECG monitor or an implanh.'ll kx>p rt"'C'Order may be.· war 
r.lt\t('(l in rxuients with \'efY infrequent t..'\cnls. 

b<•r<:IS<: strt-;; l<-sting is 3lso frequently US('(! in p:Jiients 

suspc<:lt d of having or known to have urrhytlmlia. Treadmill 

Slrt'S:; lc:::ilill.Jt is a n import~mt lOOI l'nr C\'i'llu:U lng chrunotrupit: 

Advantages 

12 lood ECG recorded during 
the urrhythmit~ often idcmtifics 
the speeif1c arrhythm•a 

RacorcJ~ c.-very hc.lrt boJt 
during~ 24· or 48~h penod fot 
latO< .,.,.~. 

Patient log alows correlation 
"'"'symptOms 

Prov~M contmuous rhythm 
reCO<d•ng for up to 30 days 

Allow!i d,ag•'IOsis of cxercise­
cct3tod ;wrhythmias 

AlloW$ .u.~os~mcnt of impact of 
arrhy{hMlol On blood pressufO 

Sma•. podcot·sizcd rcwrdec is 
h<tld 10 the chest when 
symptoms Jr~ present 

Record«! d.'lta are tromsmitted 
to cetWJI monitoting service 

Co•'lt•nuous FCG stgnal is 
u~c;orda<J (will• the ptcvious 
30s to2 m•n s-aved) when the 
pattent aaw.alt.~ the rccotding 
mode 

Anhyltun;t onset lS reCOtded 

tong tO<m coobnoovs ECG 
rnorutonng w•th pati(lont­
ttiggcrcd or hcJrt rJtc­
lri9gered t!p•::.odt> storage 

Spocine h¢ort r-,JtC or ORS 
paromctors am be ~N to 
initi:no r.cording of data 

Auto tnggered o:tnd patient· 
mggcrcd Cdpturo of arrhythmic 
eve-nts 

Up 10 96 h ol rctrievoble 
mcm<J<V 

Origi(l and m~hamsm of an 
arrhythmta can be precisely 
do6nc<l 

LimitAtions 

Most :mhythmias are 
interml\'1cnt and not recorded 
or) ro$1ing ECG 

Not hf:lplul whr.n mrhythmio 
occur'$ fen frequently 

reG INds ~mo p.>OOnt 
~YitaCS 

Adhesive Dt't.Jc:hmcnt to c;hest 

Oetf!'ction ot rhythm 
iibr'c:;~• m"litie1-thnt ¥1l 
asymptomabc or not clinically 
signifiCC~nt 

Phy:;•cinn :oup01vi:;;to1) rlCC>de<.l 
during testing 

Most arrhythrniai a1C' not 
exercise related 

Symptorn..tic auhythmiasmust 
last long enough f<>< potiecn to 
acttvace the device 

Arrhythmt;) onset i.s not 
recordM:I 

Not u:..oful for syncope or 
e~remcly brief arThythmias 

ECG lc.)dslimit patient 
"c::uv•1i~s 

Dovico rcc:Ofds only when 
;w:uv:urd by piltlenl 

lnvJ$IVO proc~ui'C with minor 
nsks 
Device must be expknncd l-<1ter 

ECG lt"Mi~ hm•l patient 
aQ:tVJIJOS 

lnvJ)tYe procedurewrth some 
nsk 

Some {lrrtlythm•.)S may not be 
induCible, pa11•culilrly if the 
pntiul'll i9 sodotcd 

"""""""· bchc.>mi3. one! <'Xcrt:i'iC-indu<:l.'d or .,dr('nergically 
indU<-..'d arrll}~hmia. 

MO'>I paticn" do 001 require dlagnootic ck-<truphysiology 
re;tillj;. Ek-.:trophysiology rcsriOA mJy llC lndltall'd in parients 
in whcun the diagnosis remainsindetermin~teor inselling.."i in 
"vhich <·~tht·lcr bast-d int.:n.-..:mions rnay he needed to trent 
refractnry nrrhythmias. 
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Coronary Artery Disease 

KEY POINT 

Ihc iniiiJ.l s iUdy in p<ltiems with a hbiOI} or palpit:J 
l ions. prt.·syncorx:. or syncope \\1hen :m arrhythm ia is 
~'tlspected should be 12 lcud n:stingelc"<.' l 11"1<':trdiogra&>hy. 

Coronary Artery Disease 
Stable Angina Pectoris 
Diagnosis and Evaluation 
S:able all):ina pectoris I< dcnnl-d..,. repmdocable angina wmp 
toms (cht·!'i· pain or pres~'\m.·) ur:.t IC<lSI 2 lllt)t\lhs' dumtion lh.tl 
are pt1.xipltated by ('XC.'I'tion or t..'tl'IOtion:ll ~~ n.·~l> ~uld have: not 
appn:dably \\urseoed. In t lHilr.tst. unstable..· angina is dd inccl 
by ne\' on'IC."t an._t;na or angina ('I(._'(.'Uni.J~ ;)t a relatively lt}W 
'"'"'of e~ertion. occurriJ-.g .11 rest. or ae<:ek:r.llinK in frect•"-•lt") 

or SC'\t·ri{)~ LnstabJe angina Is U!)!)QCiated \\ ilh in<."'l;';.lSl.'<.l sfwet 
term ri~k for acute myoc:mlial inhttt.·t1oll (Ml}. ;\s !=inch. I he 
t"\'3JU~tion of p.:tliC'nrs with nngln:l should Include a JOC'ul\~d 

histol)' elidtlng I he durJiion of •ym prom<. ·'~""'"'u'* ond 
reli("\ in~ folctors. and wht·lht..T ~:ympCCMns h.rve \\'ONCnc.:d 

.\!though ~1nginJ is cbssi(.,lUy describt•d t.JS t.i:ghtnes.~. h~\l 

ness. or Wil)plng in !he dlt:,l, il i~ imporf:'l nl lo rccogni.{.(' thnl 
dassit' syn1ploms m~y ht· .. lb~cnl. :.l nd S4.Unt· demogrnphlc: 

gtOUJ~ (wornc:n.utd patients with diabel<.'S rm:llitus) ma) h:.w~ 
.uypic:d >) rnproms. indudil~g C\-ertional d)'<flrx.':l. 

Tile: physiCJ.t t..·~mlnaliun :,houkl iocludt> an t."V:::tu:~rton 
of the C':ll'diov..lscular sy:;:tcm and ::\ St":H'<·h tbr finctings sux 
gt::;ting conUillom: rhal mfmlt ar:~,p;ina, indu(l lne hf':trl fil i lur~. 

puhnonJI') hyperten~ion. \13 lvul~r hc:arl d isen.se (particul:lrly 
aortic s.enO'>is). and bypertruphic cmliOin\Oilalby. The fir>l 

'l<i> in d lngno.Uc te<tins: I' h> d~rermine I he pre~ est pn~.abil 
lty (or likelihood) of tu ronn ry arlcry <.lbc,l>¢ (CliO) (T•hlc 6). 
Haseline re-;r in~ dc:<.'lf~.M..'-;'II'd logmph~l (E<:C :) 1:-. rt..'tJui.red to n.11t..· 
out ongoi n~ isdtemia :md fo uuidc;> the c hoice of .s:tn .. ~ ll~t 

Age (y) Men Women M en 

31}39 4 2 34 

40-49 13 3 51 

50-59 ?0 7 65 
61!-69 27 14 72 

(Fogure 4). "llle ""k.'<:llnn uf tests for C\-:tlualing chl">> PJin l< 
diSCU'\.'Io4.1.l in l>iagno~i<' lt"-ling in Cardiolog): StJ('SS tt"'lin~ b 
m ost u~fu l in pali<..·Jlh with an 1ntermt'tlial<: probabi lity of 

CAD: hOWl'VCr. when lh~ pretest prohabilily of CAll I' higla. 

teslinA nM.y provide proRnosti<' infurnwllon. Other dhljiti,Ost-s 
shoukti'W" pursuc..'d in p.11iems \Vilh norm3J findi~on ~1ress 
ll'Siing. lithe srress ll-.t )adds ahnorm:ll results. addlllunal 

t-v:-lluJlion should tx.·con~iclcn·d. 

General Approach to Treatment 
of Stable Angina Pectoris 
All JX.llic.1l~ \\ith aowrw !thoukt n.·rti\e ft\Jkk-'linL""-ttin·t.'tc.'d rned 

k."J.I Lhi..'r.lpy c..vnsisting of rhh factor mnd lncauon. cardioprotl'\: 
tivc nu:dh...;Hions. ancJ :lntianv.i nal nu .. '\lh;ations (Figure S) .. 
litl-stylc nmdinc. ... Hions. indudin~ e-egular physii.·~ll ~\cCivity .. 
\.\t·ighr lo~. tob..'\('('0 <..._·,...atkm. and diet3ry changes. shnulU be: 
<ln>ll$:11 ~llt'OIIraged. :and blood prt'SSUI\:l"UOirol (\\ilh :l$:001 nf 
<130180 mm llg) an<.ldi.lbetcs m.1nagemcnt should~ empha 
l:il7.ed. Cardiupmtt-ctivc l'tl<:di<.:~ltions :1 rc indj~t~cf in p:1ti<:11ls 
with C.AD 10 prevent l hmmhosis ami h;lll fun her pn,.resslon 
of :lthefYl.,c:llroti<.· plJque. Antmngiool m('\lk:Hions n.'\Juce car 

iliac ""r\Jwd or inm-.t.,.;, ~U<.-ardial "">ll'-'ll dcli"C'I). n"'iuhi•IJ: 
in <k."cn:.bc.'d a ngina and impmY't-'<1 funcl1onal capadt). 

Cardioprotectivc Medications 
Asr>irin R.~uces the riSk lhr M I a:mJ f."Jttliovascu1ar dc:lth in 
patielltt; '' ith !1.1abk .ulg.ina. Gu:ideline< M"tnnm<:nd )0\\' dose 
aspirin (iS 162 mg d) lx<:-JU><c il is a<e!Te<.1.lvc in prevenrln[! ~II 
as hiAh " ' ""' llspirin (32S n~gld) and con fer. a lower hkculng 
risk. In :hpilin intolcrunl palien ts. dopldor,rel. :l pl:.lldt.•l P 2Y

11 

rt..'<.'t..'PitH' inhibitor. il\ nn Jl'lX.1>1...lblc J llernoHve. :--J<'ith<'r PI"'.J'-U 
gwl nor tk~\'lor h:as been <1 udk.-d In I he l'Onlext of slable 

angirtj. and thdr rul<: in managing lhi~ rondilion n:m.ains to 
lx: cstnbil,hl-d. 

l.il>ld low-ering lh<·mpy. tll-g<'linA l.l>l cholesterol in por 
ticul:lr. I~ indic~H<.'d lo reduct> Lhl' risk tOr vascular t..•vt•mc; and 

Women Men Women 

12 76 26 

2? 87 ~5 

31 93 73 

)I 94 86 

'£.xh_. rt>pt,... ... nbtf>l: .......... IU'JO.,..,., ~fet-O'Itl•(.,_,lf,..,~""''fdi:scJISC> Uf'lf.oltw-1M~ 

''Notwr" )lt'l.>l f'l'lilr-;l P"' ·o h,n v<'IH nr non~r or tl>'> (nmportoml-.> t. I)'V" ;If .:.'ll'lgii'WI. 

•Atypilt~! ;nnln:. tt.~e t\~U vi th.QIIuoo tOmiJOntofll'> fnr typl~•l '" '9"'ol 

'Typtc-o~l - "'1.\ has l'ltl.-~ '"'"l»flflol'lb.. ( 1) w i'Xtffnl'll rl,._.t 11"'' (If dtt.e,omfortthal'l 0'\ PI pi'OY'Uiv..'l.l lJy o •• 11M\ or crn~.>!.J('Ifl.\1 101to .nd U) ,.,,,,...,..J by '*•1 111 •· JIQ• nirmgtrn., ''' 

~«<~PI"~,._...,..,.,.,.. SO. c.-MJ~ A,N.,. J. Selro~ I( 8laM .,....,JC' .. Cb~AAP. t1..l. ~~;,- .A C..llfdoolo.gy ~ 01'1. 2012/ICCf'A~!IIf:J*/ 

AA:~'VA iC~I~~b' hdoto~ and_,. ..,,.of"*~~ -foo~Gdlo....-.. ~~ o"'1)0ftd ""-"'"-'~~t.,..,~ol C..~~-" 
AMM~;v. t ,_.., /l,~l»ft Td f'\)f'\,.., · "Pndice: Couto.,lo4 ,. iind ct.eAn-•fM~ufH~'""" An.I(MI AnocwiJ&Jn ..... 1hot.w-oe ~ f"t-. ... ~c.\1-,1 
1\..1~"" A1'-«,oJtovo 1 Scxx:":y fot C...t, l~t'lY/~\otlar '"'YIO!il'"'-'t'v ;o.lld ln!lr:IVt:'nllntl">. :on• I .,uu.,.ly "' Thor.lCIC 5Y••I...,.,M J Arn Coli c..r.Jto;>l 101 2:&0· e44....,.111A ~ 1318212'll 
<:bi: 10.101611 ,.,, • 2012.01 .OU C:n(lyf!(111\ 2012, tb..v ... r, 
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Coronary Artery Disease 

Cardiov;:~ so..tlilr symptoms 

Pretctt ptobability (likelihood) of CAD 

I 
l ow High" 

I l I 
N-o ~ddit•(>,·,~t ECG n orm;.1l ;:~nd Medica l the l'apy 

d iagnostic testing :<~b!e to Nt<:-~ci~:? for CAD 

Yc!~ 

! ~ 

I Exercise treadmill stre-ss testing I ECC ~bnorm;;~l ;,nd No ----ab le to exe(cise? 

l M.31*edly 
• No ((~Sp<>fiS(: 1 

Yos therapy 
positive test • Ufestylo-limiti "9 .. symptOM$ 

• Progression t 
Exercise nuclear Exercise Pha rmacologic 

0 

"' \lnst<'lblc <~ngi 

stress testing echoc.afdi<lgraphy StrC$S testing 

M<,ri<cdly Markedly Mmi<<d/y 
posirivt:! resr i X>SJ)i v(! IC$1 j>O.~Iivc~ 11~!>'1 

G ronary a ngiograp hy I 

Svess Test 
Exe rcise treadmill 
Excrciw nuclc;;~r 

Crif(:lt'l for M.'lrkc~dly ~;iiJvt! Tc-$1 
Significa nt ST-seg me nt J, a t low wol'k load, ST·!.egme nt 1', hypoten.sion 

Exereis.e ech()('3rdiogmphy 
TID or lung uptake of thallium, ische mia in >2 vascular d istributioru, Ef ~35% 
£f: <3$% <11 rost, ischemia in > 2 vascula r clistribtl tions, fall in E:F with stress 

FIGURE 4. Diagnosis of coronary artery disease. CAO =- coronary artery disease; ECG = electrocardiography; t f =- ejection fra.ctioo; liD= transieM ischemic di!a~ion. 

'lnlc!flllili.A.e ~~ jl!tib.lbi1ty :lildih OOd} ;t.,ln.\~ dd'luul4\ t:•'!IWI!AIIJ'ti.J!Id 'IU\cr bl.'ttletJI 2~~ .Jftd /!t'J.. 

'~.:~ ~''9 _., pJii~,.l!. w.\1'> hJ)h P•~~1 ,:n>b~l;i!itj (<" ~w:d 10 OI.I!.Ofl l)t(oyloCI'>I>o. t'11mn'*"•l. bill th" •\'>~ ~!O)(.IItl !!\1141\w.IN IO!tW\Iun illupbll'~o~l •~~~:lk.l· lhl'!~lft 

progression of underlying CJ\ Jl Sta tin therapy remains the 
<:omerslone of lipid management for sc<'(mdary pn:venlion. 
as it ha .. o:; been shown lo reduce the risk tOr ML dC;ll h . :.lnd 
stroke. High intensity sta t ln U1crapy (,norvasta tiJI. ' LO $0 
m~/<1, o r msuv:lst:ltin, 20 110 m g/d) d<.:crc<~sc.:s 1.1 >I. cholc.~­

te rol levels by so% or mor<' and is preferred to rnnder:.ne­
inlcnsily Lhc.:l'~~py iu paUenls w ith nooontra inclications to its 

use. In p:lt ients w ho are i n1oler:ml or slalins (:-;uc.:h ~ls I hose.: 
who develop signincam myalgia) o r who do not achieve 
adequate IJ)I. <.:hok·slcrol n:du<.: Lion vllilh sl3Lin Ulcmpy. it is 
reason~ble to ~ddr~~ 1.1 H. <:holesr<'"rol levels w it h non stat in 
medic~tions. i ncluding e?...etim ibe. b ile acid sequcslranls. 
fibrates. and proprolc:in conv~o:rta~t· subtllisin/kt. .. Xin type 9 
i nh ibi tors. M:ln:~gf'mem o f s ta lin thcnlpy a nd nonsh&lin cho­
leste rol lmvering thempy is discus::K·d in MKSAP 18 Gener~1 J 

JntL'rnal Mcdid nl.·. 
ACE inhibitor therapy is ind ic:;lled in p:ltienls \\ri l h stahl<· 

ang.ina if the re is concom itant diabetes. chronic kidney d is 
e-~sc. lcfl venl ricu1ar dysfunction {l'jtction rrJ.dion S40 'X.). 

heart 1hilun:. o r a history ()f Ml Jn thL·sc popuhltion.s:. ACE 
inhibitors have ad.ditiont~l bcudit:; lhat are un related to CAD. 
such as pr~rv:ulon of kidnt>y funcrion ~md Improvement in 
left ventricular function. Angiolcnsin receptor blockers (:\ RBs) 

may 1x usl."f..l as an <.llkrnath'<..' to ACE ittb ibitors in chest~ ~UHt: 

p:l tienl tX,pttl:l l ions. 
Chd.ttion thcr:.lpy invoiVt"S <l sc:rit~ of intnt\•t·nous infu­

~iom; of t.•Lhykn.c d iamin<.: lt'lC.l at c.lk ad d or ~imilar <.:Om 
pounds to bi nc1 (':lt ion.o; {such as cak·ium) and incre::~se the ir 
excretion from rhe hody. There has been no <.'Onvinci ng 
cvidc:n('(' of any bcm:nt w ilh dldallon lhcr'Jpy. and it is nol 
recomnl enciffi for fTf':ltnwnt of< :AI>. 

Antia nginal Medications 
f.)-Hiocker'$ are re<'runmendect :~s llrst line- :)gents in p:ttiems 
w ith stahle angina. P Blockers .simultaneously lower heart rate 
and hlo(x} pressu re to reduce nlVlX .... wdial oxygen C'Unsurn~)­

tion. AU ji-blot·ker.s ~lre etlua.lly eff1cad ous in recludng atlgin:t. 
and doS,\<:<' should be titrated ro achieve a restil\~ beaJ1 rate 

1 5 



Coronary Artery Diseas4! 

Gu.deli....tl..a.d -1 "->py (to ;ndude MO>tyl. •nd risk 
factor modifk•tJOt•l: 
• A$p""(7S.I62 "'!lid) 
• ~locket 
• Sublin9~l n!troglycorin as ne-eded fOf M!JtM 

• MO<k!r:~~te-- to htgh-intensity statin 

Cotnlnuod symp toms 

• lnQ'ea~ dos• of ~blocker (tar9c-t rest ll\g heart nate of 5~/min) 
• Add calcium el\aoMel bloc:keor or long-acting nitr~o 

l Cont•nu«< symptoms and i~ued qv.».ty ot ife 
.-----------~L---

• Optimize Jong .. atng n.tnrte. ft.-blocker. Md a.lck.lm c~nnd blod.~ 
• Conskfer raMI:~:.cin• 

Refer foe coronary t'lnglogrt)phy 

Modk.ally ren-ctory aongina 

FIGURE 5. Managcmemofstab-lcangtna.pectoris 
PO- perrut.IBeOU~ to1onary inttf\Oe'ntiotl. 

~ ...... Ill •o.n...A.t-SQDNP.t>.• ..., "Ow'I$"­
SWW..P::C\-..1~ l~ .. tot-...o.~.:f...,_._._ 
~....a ri•WJttOCIII!-.:IINrt~·--M)••of!_..,......,... 
~--~,_,,,.,.c.~.ti~~~"'C.~·"C...Ob;r 
1-Gullditl(ll'o'MitfiWiH"'""AuoaM~~ kt.oc.-11~ brkr.)()(\vp;~, 
~ntl' ( lllllhftouln llnws/ttscoa:tiOIIII'Soof'r, ct ~Qtl( ~tif¥Jr<:n, kr 
ln!cen~ Xll1. 1)1 IJ~ 4-l ff'YiO·l310S60Sirio•~10 1l1tll000143'9 !~! 
11)-2111211200 00011 

~ anatom.y sui~ for PO 
or surgical te'Vil'SCU~annhon? 

• Extem.l qn~ c:ount~lut$on 
• Sp~ eotd stimulation 
• Tftl'lSm)'OUKial rt"Vasculc»izoK»>n 

lx.1\'lr"een 55/min and 60/min. The chokx· or U-blocl. .. .t·r may 
<k1X--nd on other medical conditions. such os concomilanl left 
wnlrirul:lrd)'Sfunctlon. kklnc') d}>fuoction.lun~tdl_.. and 
•iJ:nilk-ant hypertension, P BIO<-kers <hould oc u .... 'tl with t-au 

r1on in paticnls l;lking nondihydmpyridi ne <.'{'llCium chanm•l 
block ers (Wr:lp.'lrnl l. di ll fazcm ) bccaust· of uddilive negative 

lnotrupiL' and ch ronotmpit· ac:Uons. C.'lllfion shuuiU al::;u be: 
C"XC"rci~ \\ri1 h thL--.c UJ~c~•~ in the ~tting ol sl$40.itlcant con 
ductkm dis<-ase on FCX; nr len '"'nlricul•r tlysfuncrion. Jl, 
!'i<k"<.ti\" ll b~rs. such as metoprolol. <hould be US<.'ll in 
~X&tk-nts with ~igniflt-:anl luns: c.liS<·asc 10 a'y)kl \\'t>I'M"IUllg l'l""'­

pir,\lory fUllction. Reporll'(l side ell<.'<:IS include r •• ligue. leth 
a rgy. slttep d istu rhancc:,. and impotence. 

Calc.:ium ch~H'l nel hlockt'rs can J.xo useful In pntients with 
'-Yn•ptoms despite rJ blod<t~r therapy or i n pntlcnts intolera nt 

ol ~ blockers. Ali tilidum c hannel bloc·kers lmprnw myoc'3r 
di•l oxygen dell>ery by c-.lw.irOK toronary vo<odiiJtion and 

n..-duction in romnar') \.lscular re;isranu~. J\ddition.JJ..I): cal 
cium channel bloc~"" <'all decrease ffi)'tll."rdio~l oxygen con· 
~u mption throu~h fht'ir a ntihypntcnsivc :.lnd negaHvt· 
i n<>tn •pk cffL"C{<;. ' l'he ttOrtdlhyd ropyridinc calciu m d W.tUlel 

hlnckers h:we nt ,g<tllvc du·onolmpic effects nnd lmver hcarl 
mtc. which C'::ln \Mlt'S<.:n I'U.\\rt failur<' and increaM: mortnlity; 
therefore. th<')f should not he used in patit·nt~ with left ven 

1ricular d)"funC1ion. Short actin!: dil!l<'dmpyridinc fonnuiJ 
truns. such :to; ~horl .l<.:ling nifc:dipine. shnukl be ~ided 
be. 'C.\& USC rhey c:tn parJdoxlcnlly worsen anAin .. t by <."'Jusiog an 

~I("U IC drOp in blood pressure. resuHin~ in r<:O~~ I :J<'hycardia 

a nd ln trt'<lsed myo<·:m.llnl oxygt'n d emand. 
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NHnH~ C3m:e c-onm~1ry "asodilation. tll<'tC'by impmv 
ing lll)'Oc,.''3rdial ox·ygen <.k•li\."t"ry. Th~ :tgt>m-. al", dt."Cn:-J.Sc: 
O\')&'"' consumt>lion b) rt'<.lucing preload. "hlcl1 reduces 
\'entrtcul.u wall str~<. Thr hmdicial effects mJ) bt ofrse< 
hy rclkx tachycardia unless II blockers or calcium <·h:mncl 

bl()<:'ktrs an· used. Shi)l'l acti ng subli ngual nitrates s hould be 
J>I'CS<:rlbcd to patie•n~ ·wit h CAD for acuLc rd h.:J' of angiiKI. 

l .no~; atHng n.ixrare<. lndutll~ isosorblde moMnilr:ll<' ur 
dh'UII"'JW and nitmgly<.'\.·rin J)Jich ronnulation~. provide :.1 

ronslanlle'd of\':l<ndil>!lon throughout the day. \ nitrate 
fn.'<: In lena! of about 12lmurs. gener.illy during <1<-t·p hours. 

is needed to :~void dc\dnpm~nt of rtittate tolerance. Side 
~..·m.•c.·ls include ht'adac.:he. Oushing. and hypotcn-,:lou. JX}r 
tkularly with mpit.l tl<:llnp, tOrm uJmions. Cnntomil anl usc 

of 11 itr:ttes :mel p hosph cx.Hc~lcrase S inh ibitors. sn<.:h as sl1de­
llanl. sh ould be avold<"d h(·cau...e of thc risk Jln ')i~tnificant 

hya>c•tcn~ion. 

Jbnola.zinc· dec:n:J.'\(."\ Jngina and mcxkstl) increases 
C\Crcise times in ~tiem ... w11h "itable angina. It inhibits the late 
~)(lfum curn:nl. , ... hkh ln tum n:dm."'CS "odium dt'pcndcnl 
<.11ldurn currt>nls, resulting In n:duced vv-all tension and myo­
l\11'\linl m:ygen l'OJl.SUnll) l ion. Ranolazinc also hu:; ~\ mode.o;;r 
(]ICproloUjti~ effect. but no "'""-rhythmic· c•rl'c<·l hus been 
dill"t'lly :auTibutt-d lO r.mola1jne. The QT intc-rv:tl ~hnuk1 bE> 

monllon.'ll c-arefully "'h<-n other QT prolorl)tinR drugs an: 
mJdmiru>tercd. The typi<-al do<age is 1000 mg lwkc dJily: 
ho\\'('\'tf. I he dnsa!,'C shuuld bt reduced to 500 mg twice daily 
In P,'ltients n·t·dving fll{ld<:mw i nhibitors or <.'ytochrome P 450 

:\/\·1 (vcr.&p:.unil. lHHia7.cm). Ranola.z.in(' should nor tw used in 



patients rcc'l'iving strong inhibitors of cyrochromc P-450 3M 
(darithromycin. itraconazolc.l<.ctoconawlc. scvernlHJV med 
icatinns) hec-:mse st•mm h~vels of r:molazine \'\rill s it.,'llificanlly 

increase. 

KEY PO I NTS 

• Stable angina is char~cteri:ocd by rcproclucible angina 
~·ymptoms (chest pain o r pr~ur<.-) Lhilt a rt p r("SCn ( for 
more· tlt;ln 2 months l-.tilhout appreciable (-\'Orsening 
and are precipinHed by exertion or emotional stress. 

• Ini tial ev:1luation ora pal ien1 wil h :mgin:-l should 

include a fix:used history. eliciting dumtion of symp 
Wrnti. ~\ggravaU ng and relieving ractor.>. and whether 

symptoms havt> \'\rorsenP<l. 

• ,\ ll pat ients \'\•ith coronal)' artery d isease should be 
counsc:lrd <m lifCstyk modilicaUons. bkxx.i ~)n::;:;un: 
COI'Itrol. and management of di:.1hetes mellitus. 

• First line therapy in patiems V•lith stahle a ngina 
includes aspirin (or dopido.~rcl in aspi rin-intolcnmt 
patients). swtin therapy. and jl-blockcr therapy. 

• ACE inhibitor therapy is indic;Jt.cd in patient.s with sta 
ble :-mgina if 1 here is <·oncomilant kn ventricular clys 
ftmction. heart f;,~ilure. diabetes md litus. chronk kid 
Jl(.'Y djse:.lSt', or history or myocardial i.nf~ll'<.:lion. 

Coronary Revascularization 
Decision to Re,':lsculari.ze 
P..nk nls w il h pro:c~n.:ss ivc angintl symploms rcft~lctol)' 10 med­
ical therapy or markedly abnormal ::ilrcss testing resulls should 
l>t cunsidc~<:d for coronary anwol:faphy. Before angiogr.lphy, 
the risks, henefirs. :md altem::~tiv<->s lo th<• p roct•dur<_. should he 
discussed \\'ilh the paLicnL It is aJso impOrtant lodis(.·uss pos 
siblc nndings a1td t ltc thcrapcutk opUons availabk :.tflcr angi 
ogrophy: 'l'he go.11~ of rev:l~cul::~riz:ltion ::tre lo improve !-.)'mp 
toms of angina and quality oflift-. preven( future CAD CVC"11ts. 

• md improve survival. 
O.n'On~1ry angiography with fr.lctional now reservetesring 

can providt· information on the functional signi fi C;:lnce of 
angiot,rr.:~phic:llly in<klt:nninaH· lesions (sec Di<lgnoslic Tcsting 
in Cardiology}. Ddcrmining lhc hcmCKiyn::~mic signitlc.tnceor 

les-ions reduces both unnecessa1y stenting and the need JOr 
urgenl r<.'\'tiSCUiarizal ic)n. Almornml f'r.l<.'tional tlOVI! n:::K'!V(' 

measum; (values -<0.80) sug_~:cst that n lesion Is hemodYnami 
cnJiy signifinmt. 

Percutant.:>ou~ C.OIX,nary Intervention 
Percutaneous coronary intCn'(·nlion (PCI} ~mcompasses sev­
eral diffl..'rcnl cathclcr based tcC'huiqut.'S to inwwve coronary 
blood flow hy relieving coronal) ' obslruclion. Init ially. PC( \'l!'d:> 

most. <'Ommonly perJormed with lxllloon angioplasty' how 
ever. this ttth.nique "<vas repk~ced it1 rhe 1990s \•vith hare metal 
stenting. <:unently. most PCI procedures inv()lvc drug-<:lulinA 

stent implantation. whit'h ho1s ocducc-d the risk for in-stenr 
rcsl(·nosis (the pro(.·ess by \.vhkh ncointimal proliferation 

Co ro na ry A rtery D i sease 

within or adjacent to the frcatcd section of t'oronary artery re 
narrows rile vessel lumen.). 

Dt~"Pile advam:ements in PCI •ech nology, t here is no 

cvidCn(·(' th<lt PCI i::i superior lO guideline directed medical 
thcr.:tpy in the: trt-..Hrncut ofslahil..' CAD. Spccific.:ally, neil her 
the COURAGE tri:ll of p.1rient~ with st:~b le :)r'lgh'l:.1 nor the.,_ 

BAR! 2D trial of patients witb<'Oncomitant Ci\l>and d iabetes 
showed any difference in mortality or incidence of \II 
between lrcatmenl str..Jt<."gies. PC! is indic:tted tbr {he tre.<lt ­
ment ofp~ltients with ml"<liCaUy rel'racwry angina. those \<\>'ho 
arc unabk• to tokratc optUnaJ mcdkal lhempy owing to sitk­
t~ffc<·ls. or I hos(• wil h high risk rcalllres on noninvn~ive exer 
dse and imaging tests. 

Coronary Artery Bypass Graft Surgery 
Coronary artery bypass gr~fiing (CABG) is )(tnerally !<'tom­
mended fhrp:llit:nls \<\ri l h <->xlensh<l:' <:AI) and in cerro in suhset!i: 
o f patienls for whom studi<.->s havc shown CABG to he superior 
lo PCI or mcdkal th(.·rapy. Jn patients with rnullivc.:~sc l CAL>, 
rev:ls<-ulari:t;llion wil h CAHG nosul1~ in dec're::~sed r<:'currt"nC'e 
ofangina. lo\r\rer ratesofr\'fl, and fewer repeat revasculllrizat ion 
pto(.'t'tlurc·s toropan:d wilh PCl. UnUkc PCI, CABG improvc.'S 
~·urvival in p::ttients with left m:;tin or fhree-vessel <.:AD :.wei js 
recommendtod to reduce mortality in these high risk patients. 
Additionally. CABG has an (.'Stahlishc<.l role in n: .. vcJscularization 
or patients with di:lheres an d in tho~e with left venrricul:ll' 

dysfunction. Long term (10 year) follow "I' of the STlC!I rrial 
dc.-1nonstralt'tl <l survival adv-.mlagc wilh CAI3C eomr~rc<l wit h 
medic::~t therapy alone ;:~mong parients Wi(h mu1liVl'SS<.~l CAD 
and severe left ventricular dysfunction. 

After Revascularization 
P·.u icnts should continue n..--ccivingguideline dircc:le<l medical 
thempy tbllowing surgk<ll or peJ'('utanL•ous rc.·v·Js(.'uJari:t..ation. 
although some antianginal therapies may be rcduc""d or dis 
cont inued. Aspirin is r<.'<.:OI11111t."nd(.'d indcllnilcly aflcr r<.."Vdsc:u­
hlri2alion. The addition of n P2Y., inhibitor to aspirin thcr.1py . 
known as dual antiplatclct th~mpy (DAPT). is also indkatcd: 
rhe recomnwncieci rluntion ori>APT depends on many C'linic:1:l 

<'Onsiderations. Clopidogrd is the only anliplatdt'l dntg 11" \1 
has becu studil'd in ~ombination with aspirin after rcvascu 
lmizalion of pal icnts wilh stable CAl). Thc role or newer anti­
platelet :-.gents is unclear at thl• time. 

In patients tn .. o:ated wjth hare metal stent placement. guide 
lines rt'<:ommend a minimum of I month of DAP'f: Sludics ofChc 

optimal duration of DAPT alter dmg-eluting stcnt implantation 
'"""' suggc..,.tl-<1 ,;;lldy aud benefits with both shorter (6 momh) 
:md lon,&ter (30 month) treoumenl c:ourst:s. Cuncnt f:.'tliddin~ 
recommend ln-..tting palicnls with st~ble angin.'l with DAPT form 
lc:.tsl 6 months aO.er drug eluting stem placemen1, with the 
option w c:ontinut th(.'rapy for a longer dunuion in thoSl' wilh a 
high riSk lor thrombosis-relarcdromplicaUons (such as depressed 
ld't. veotrkular f<UK'tion, saphenous '-eio groft stcnting. and dia 
hetes) and o favornbl~ bleeding profile. Although guid<·lincs 
define minimum DAPT dumtion. the optimal duraUon shouJd bc 
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Coronary Artory Discaso 

indMcluali:tk'll 11C("()rrling to rhe [X'Iicnt's ri~ks for rhmmbo(ic arxl 
bleeding L'Ompllcat ion•. 

In JX!IieniS undergoing \ .ABC for <table C~ll. I)Ai'T for 
1:! months mJ) be 1\".lS()Tl:tblc 10 fmpmw the !Xltene)' or \\'In grall'-

KEY POINTS 

• 1\"''C'Ut:U'It..'<.JU' c..'OfO.oary lntervenrion m;.ay aliC"Vi.liC angina 

>ympmms but does not dc~rmse monnlily or risk I« 
J'l"1)1.)(t trdi.l l infarction in pnticnts \\'ith s rablc angin~. 

• Coronary :m c:rv b}1)3ss s;rnfl rcva~'tll:lri/.alion is a~sod 
atc'd \\i th impiO\-ed sun f\'al in patients ' '1th multivt.~ 

sel coronary Jrtcry disc·ol~. di3bct<.~ lfl("llitu~. or ~-ere 
ll"tt Vl'llt rtcul:lr dysfun<.·t ion. 

In paliem"' with stahle :m.gina \-\ihn undt.'f20 f"lt"l'l'Uiane 
ou' coronal) inten ollion. dual anllpl;uelet therapy 
shoulti be ('()nlinu('d for or least I mon1h artcr b<~r~ 

I'IH:tal stenl lmplatlt:ltion n11d atlen~r 6 months :10c:r 
drug t>lu r ing~ent impl:ll'ltJtion. 

Acute Coronary Syndromes 
CJ General Considerations 

\n ,U.ltlc..~·nron.an,,ndmmt (\<:S)n .... uh:oohum~l' Ht'• ·'llh..1 

c.·uh: d isrupt inn 111 ('llffill.ll'\ l )lt •oct flfJ\\o', l ';ltl''nt:o; pn.~·m \\'i th 
~'cUl l' ono:.c..'l l·h,.,, pain 111 .ln :mglna ,•qui\':.llcnl that ()(_'t·ur-.. 

' ' llhuur a dt".lr ')rt-ripit.ml l'nlikt 11hlt an~il \\hK h 
l l\llh't..,. .1 gr.uh~o~ln~trrn\\ II\~ 1n the <.:c•r,m.tl'\· drtl'l'\. ~•n .\(:..~ b. 

t\lll'l.'(l hv :l('tll <.' pkKJtl<.' ruphl n · or ~·n ·~i''" · l>fl<.:n i11 ··wc·t inns of 
tht 1.111 un:lT\ ;.tl h'l'\' w irh mJIU 111 modt'l'<IH· ''"~nc,.._i,, I ht• p i'<..., 

.. :nl.llnn dt•l)l'l"l lb tl ;nt· .,fc·ornrur) tlO\' im1 nl'1"ll,..ll. 

\C ·s '' t r.,.,,int·U ~'' ST dt."\atimt 11'1\•J<.';.uth.ll wtan:lion 
(STJ.' \ 11) o r nun ST d<'\.ll fon ~l('lllt' t•uron~H)' ' \'ll<IJ'olll<.' 
1~'\TF \CS) b;,....._,t on fintlin)~' un f._('(, Cf.iigore 0~. HH' h:l ll 

1\cute c.orono!}' syndromo J 
(STEM I ;,nd NSTE·ACS) 

ST·~gment el t~v.'ltion l 

STEMI 

f l G U R E 6. lli"'lloSis ol ""tt ,....,., .,.tt<><MS. ECG - ele<wuntoogr.!phic. 
N'STE ACS non-Sf «!lt¥t1t1on acutt coronary tytldromt, hSfEMI-"' non SJ..,!mttoft 
myowdial rnfatclion; SU::MI = Sl-clrv~tion myou11dial i nf~r(11fm. 
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marl.. H (, h ·;UUrt'' ul Sll·.MI .1rc: ST '-l'J,tllWnt cll.'\ ,ltlon o l 

I nun 0 1 lllilrt' in hv' ' • 1r m ore t emf lfW<'>US limb or t hc'\1 lt•:ub. 
cxc•t•Jll llf.! k-:Jds \ and \ . S 'J•MI h\ defim.'tl d.S ST ,, .. ~mt·nt 
<..1(."\.Uiul •fl.nnn, )!n~.atc..·ru n ·nand I.\ rn norgn·.lh. 10 

wunwn in h•at l~ \ , ;md V ,. Po..,knor \fl t ~I)Jc·.lll\· tn.Jillf<.-M, :t'i 
S'l '<.'~llh'IU tk prc"'lon r ~rt'n l l' l lh;Jil 2 m m in th e.· ,11)1\'dor 
lt..".H.h f\ hmu}!h \ ) ollt-n wil S'l "'t.>gmc. H dt'\'.ltion In Ow 

infcri, 1r I.Her.tl t'" f, \t"\\ k 11 hu 1c.lh.: hrnnch bloc:&-. I' t•nn 
~idt.·rc.·d .1 S'l l \til t·qul\ .lk nl <lll<..l puh'nl i.tlh n:ll<.'t;h .Hl :u:ul<.' 
ld 't :lllh' l h ar dt~·(·ncflng .Jrtc:rv • K't lusion. 

\'\I \CS i' lurH1t·t <.:.lit -·~uri:t.l-d ~lt n~uhnJ,! In thl' Jlft_.... 

c·n(.'c ol h11 n.ui..t·r ' t .udiat· 1111UI') (tn'"~~ •nm .... lf' JJ 1n I he.· 
..,c.·rum. ~on ST c..·kv.Hion my<K,InH~•I int~l r<.' ll<ul ( r'\ ~'i"I I·AII ) h 
<ldi nt·tl .1 ... . 1 hinnurl.;n J'l<•..,ltl't' p rl"' "'n l. ll lon 1 h:u dm·s not 

Oll't1 c. fil ;a for s I· \tl. l n-.1. hi .tnJ:ina h h~r.KI ~ri:tt'tl h\ 
lit>\\ tir \\ 'N'nin~ .lllg,in.l. with ''r \\ ilhnlll I·~ ( , dl;tnt.."'-"' .and 

w ilhout tkh·ctahJt· I<..'\ <.'is of' ca Hh.ll' mJUf\ m:uk<·rs. Tlw U"il' 

uf lropunin <l'\'<.1\'"- h,l, f{'SUih·d in incn._·;htd d i:lftl'lo\ls ol 

\'l"'f: \t \c.'\\ ~i h ~'II..,!!!\ II~ lnJH!)Uilt '''.,l)-" C.lO tf'-lt'\'1 

t.ndiJt 111111r\ \\ith .,._.u J.!l't":U<..·r WINii\ it\ .111d <.·arltl'r ua lht: 

..,l'lting ul' 1\CS th.u1 jlh'\io us h.''l" Th t>ir d ink;lJ liS(' llhl\ 

l'\petlilt rhk. 'H:ll ll(;J inn HI pal it:nls \\ lh dwst p;.lill hU 

OU\ inc. n..l-.c.· <1\·1' .. 1 11; ' • 1'111n '' s f.'\«.'Jlf, .tnd t"tm'«."<tlu 11 

down,Ht·.nn tl...,l i n~. 

ST-Eieva tion Myocardial Infarction 
Rerognlhon 
llR~ f~Hht~gt.·nt...,J\ 11l S 1 I ·.MJ l\-JIIl.elly invo l\,;:oo p l.tt)llt' n1pturl· 

within ;l \:utonary :ll"krv. fill' n tplure c.:o.li.L\l"\ pl.u{~ lt' l :ldht ... lon. 
,,<.1i\~lliun .ul€i .lt.,"1-~n~11on. n"'ullin~ in .t hrum1)(N."tJ nu·o 
nJn .1r1t"n .md .l<Uh.· \t...,.">t·l «"'>\IU,lOn_ !ht· 'lt~.kk.'n 1)!, <)I. 

t•nn•n.uv hlucltl no\'- kouh lCJ tr.ln:oomurJI is.<:lwmc;l ofchl· 111\o 

<'al'ilium .e nd rlw H :c, tn~lnif(.>...J: Itlon of ST ..,, 'J,':mt'n l d <.'\ ';ll lon. 
H.t.x-au"·cl\\)..'t.'n dda\li J"\ o lh'l' tHt'C.-wd .:an~,_•n ~~ ;\f,·u d' ilnd 

\'tlmp{ .. ·r~,_h oh•;:tnJ ft'\1. pn mp~ n'\~~niliun md initidttun nf 
fl'l1t:rlu,l• m tht·rap\ .m: viral (l,.igute 7). 

All houl.!h lht.· PI t''t ·n1:JtiUI11•I·s I'FMils t 1l h.·n c..l r.t11'1:11 h aml 
dt.~dl "" r.U. diag.~x'-"4: lJil mmti" 'tTE\11 Thl...,,. di<.;t'".l"'' ·ut r 
l l<.....,Ot' loht.•da,lillKt:J.htl<."tllnull STE\fllomrniml/c.· .11 ·nt 

han n. t\1. uh• pt1ie.u d 111:-. presc nl ' ,., llh :lt'lllt' thc..·..,l p:tin, .Ill-)\• it 
pa in "irh .1 pi<.-UJII k ~md pc,...i1iclll.lJ nahut· .. uld Sf 'c.·~nll·n1 

c•lt'\:ll Jll nw S'l ' t1 nl ell'\. lion uf pt>fit:u hll' tt~llf lu h~· 

dirfLN' .1nd c.·on~.t\<.. I 1\\t"\t' 1 1 111 he<. ·*''I' mi,inh.·rprc:lc."t.f 
li 11" STFMI on EO.' ( 1-l~un: ti) I \•rkanlitJ' t•an J l'lon he loc..JI IIl'<l 

nd prt'SC.'l11 with fl'\'ll 111 tl Sl M'' 'll"-'nt d'-"\-:"illnn_. ')Uc.·h ,,.., in tlw 

lnft.""li•• lc..kl'- \h•}l n rdh' n ulling In n1 \aro~l inlt'1 11~ 

Ill' .. HJIO llll11lllll" '( nhtic ~ C.OIIIl,IUSC' card!.Jt t'tll\mt.• n·k.ht" 

fu11 lwr ,.,mht,in~~ l hl' dlnk-~ 11 pkhm:. A 1 hom ugh hc, ,OJ, .1nd 
p lwsil.llt. \,unin.al r (,)mbin("t.J 1\'ilh rt..'\il'\\ of lhf' H :{, lh1tl 
11~m..a\hdptli n: &. ·1~ .drh<lf'b,.. 

J.d t wnllil ·ut.H ~\IK'rtn•rh\ lnduct~d .c.c . <.:h:mgl'' m.l\ 

also 1ot•k 'imiJ.n to Sl :-.('1-l,lll<.' JU c~ tcvnl ion luju rv L'Urn.·nts : 

hm'\('Wf, thc.··•o(: d1an!..: Jrt.' 1~ ( llv conc.J:\t· in apJlt .. H.tnn ... 

t .J»ttlp.ni"llll ''it IK\."\ hJU_' 1, 1 .. ~lis,, 1·h:lp1ul tn ·"'<."''lng 

tt,r al·uh· < lungt. ..... 
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Co ronary Artery Disease 

I STEM I I 
~ 

(vith.t<lt$: 
1. Tim(' from on$ct of symp toms-
2. High~risk featucesb 
3. Timo to d cvi<.:c thc-r;;.pywith PCI 
4. Ri::ks or lhtotnbolylic th.ct.:.py (conttitindications) 

~ 
Init iate medical therapy: aspirin, B·blockor, nitr~tes, 
hep<~rin (\lnfr;:~ction..,tcd or low•moi¢<:Vt..~r-wcight) 

I 
~ l 

PCI·capable facility 
I I Non-PCI~p\lhl<.: fa<;i lity 

! 
Tr:lnd cr for pt ima ry PCV 

l 
Administe r P2Y,J inhibitor'' I Thrombolytic therap y 

! 
(g~l s30 min ftom atrivalr 

Administe r d opidog rei 

PCI (!=MC·to·dtviec go~ I: .s90 

I 
(300-mg looding d ose) 

min for prima l)' PCI) I 
! ! l 

long-term medical the rapy; I Thtombolyti<: failure I Successful reperlusio n 
aspirin, ~locke-r, ACE inhibitor, 

.statio, P2Y 1: inhlbitot 
y ! 

I £m$ rg e nt tr.msfer I Urgon t t r.,n:;fc r for 
fortescue PCI tot01'a ry a ngiography 

and possible PCif 

I 
F I GU R£ 7. M.:t fiag~met~tof ST elcva6o.n rnyooudial infarction. FMC= fim media l <ontaCI; PCI- petClllaneous (Oronary mtervemion; 
STEM I=- Sfelc•tation .nyocardial infarction. 

if 4 « lllll'e h:i:r'li lu1t: e\1~d :inr: lYIIl?'J:l!l w~l1,. I'J iS pl~!ltd . 

111111 nd: irMur~. \lith I$QttliDS~If.( \tJO~l"''~ ~~l hilut~. ~01 fO. 

•rue. to -:bm•("tto:t lll--hlll t>:n"l9u.d fuc ~U!ilrtS ~iug ll;~fl\ku~d fut plltm!)·l'(l it~ S(o)(l .lS pOSSiblt Jnd .._llll ml~utK 

~f'2Y ~ lfr~tt!O!S dt~~d091('(, ~.)S~ftl, IIQ!IIr;ftll. 

'l'.ll~!IU,.ithSitUI(WS('"Cill9»1~Spr!.!l "itht~>~~PCJr~il!l'$.111 ~ 10flDIMim!bt' lr.t~dtoo~K1·Up~~(~tllldund~f'O.J:hll110mi!'Jn.SQfiU(('@r~fOOn 
M1'1'1 sb.:.uld ~ ~~d 1011h ¢'ronbni~ ~~·'1"1 ,.ithin 3!1 minut~Sd' h~taf p~ll~tietl l"d00t40-lll'tdlt fifl'#l liSt ~s qo.i ll>"<<esslt!fl)Mt-)1,11r thi'IJP1 ~ t!llllr.llldnttd 

'In p;c('MS auth su:wM.:I ~llu;..;n .Jitl'f tlu"m~:4)1it lb:t~, it ~ tt~.~~~ II) ~nder tlJ£1(' pm~111~to .l PO·att•lllr ((fit~, tot tttly..eqltl'llt <omnll)' M!Jilql'~~hf .ln!Jin7il~lrt ~nut! 
r~l 00 pcrflltmod wein '! 111 3 llrur.!4ltl';) lht~mbC.::,•:udtru!i11f.>!ien bU! is ldro•v pcflctrr.ad l'lt!l!ln '" bour; 

~~mt!>:bti:-..."1~ 'bo!Y.d <fl O'C>.It~ M, 1:~1 IG-,1\sc~!m 01>. ~ny ot Jt (f'IINI "'(,.(k-tcm:--;.t.\(t )!; Moteliwl (J~IIegr. ol c..tiok>:JI r uuf'd.:ltion!'Atlt0!iWII Hllo)tt M!.a!i.viun tl\1. 
i~o .. il.YJi<(oCo..id<'IAes.20lJMC~,'»hiquitl<'lntltt lhtm~m(!t.(o!Sh~et-,6ott~rdi.tint.uniM.IttC:(!OtlClf~(lflll!'i:'.,. C('II~~Urdu:ieoJf«<fldil.lefM~~Wl ~., 
A1SOO.r.ien T;.:st: FOt!f'(lll Panko: (u;O!h!'l!:~ CitMnirn.10 1 l; l71~ .4'/.;.IIWO. 23<!<\ 13!}11 dO• 10.1161 lt:tlf.(t()l3('.lla2 N206 

Rcperfusion Aoni(' <lissection can (,'<}lJS(:' sr S(."~!ll<.'ll( t'k1t·ntion if the dis 
.;ection involves I h-e: lcfl or right <.'Oron~ll)' artC'I')t (n th\.."'Se c:.1s<.>s. 

the ~~ SL'gm<.~nt C'lev<'ltion ic:. due 10 lr.msmuraJ mvt.x:an.lial 
&h~rn.i3. Aortic dL~ction is: :1 ~·tugil'·a1 t'ln<.Tgcn<.y ~lrtd must he 
l'l"Cngnir.<'d early hLX.'<utS<.' tn..\U ment par:.-1cltgms are dr:_-lstically dif 
t't'ft'nt.l >iagJtfm!lt dues lll!ll help ilifn.'TI:'ntiah.: lh<.· LV\'() <.'tmditiun~ 
UlCiude ditTerential blood pn~1.lrt~ in thl· UJ)JX:r l'Xln.•mities and 
medi<Jslinal widening ou dK·st rmHugmph \Vith :~o1i ic dissc.•cHon. 

Upun ~'TEMI rl"<.'i.,gllition. 1vpt"rfusion \vi£ h thmmbol_y1k 
,\S,mto::orprim:u; 1'<:1 (I'P<:I} i' llL't:css<U)'. I 'I'CI is I he pn:krrt'<.l 
nw1hod of n.·pt·rrusion in most t:.lSt_-:s. 

Scv<-rL' hypert:.llCt'Jl\in may l't'Slllt i n Sl sc::gn 'lcn l ell·vuti(Jil 
that nllmks A< :s~ llow<.--ver. other llndings indwk n short QT 
tntt>rv:1l and naucn<-xl T wavc:s. 

Thrombolytic Tlwrupu 
'lluombolyfic th<.·r..1py b 1\'('oilunt•ndt?<l f()r pa{i('nt~ with STE~U 

when symptc •Ill OO!,t"t is within 12 h.ours a nd PPCI is not ~1V<li1 
able \"l'ithin 120 mlnules c)r fir~l medi<:al t>tmtacl. If s)•mpton1s 

heg.an 12 to 2-1 hours hefore pn.'SC..'nt;.~Liun ami there is t"\·idcnce 
of l lL'mcxl_yn~•mi<.' i11stability or slgniDc-Jnr lllYOc."tl i\Uum ::It ris~ 
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Coronary Artery Disease 

F I GUR £ 8. lop p;Jfll.'l: E!cclro<.ardiogl'llm ~howing findmg~ <.on.sistent w11h an .)CUte interior S1·elevallon myocardri!ollnfMalon, Note the ST segment 
elevatiC>n iso1aled lolhe inferior and la~en~ l p•e<.ordiallead~.wh•Ch is<onsiSiel\l wtlh a sinC}Ie coronaryv.asculardistnbulion (lhat is, lhe rig hi coron61)' 
'"""in~~~~,.,.~ 8«rMJ p.wllle<JIO<ifdoog,.., -~ .. unq arute pc<oCOidltlS .. 111 d,f.,. Si->ogmenlti<Y•'"" and sloqht Pl!-.eg..,nr 
dep•ession (,.. ltod I) ond "''~''""" Pl!~eg,.tnlc..,..rion('tnudlt "9"1"' ltld •VII(""""') 

Cl (" rch .r< wilh J nlcrfor ~11) . rhnmrbolytic lh<'ropy '"'~•kl he 
con~ldtrt·d. Ch:mu:lc.: rl~tlc-s of tlu,: V3rious th romlx)l)•tk :IJ..'<'nts 

CO!Il. ar<' pr.-..·nled in T•ble 7. 
In ;ukfilion It~ 1hmmbol)1k lhtTdJ')} :111 patk"ntco \'\llhuut a 

~TK'<.' IIk n mtrai nd katiu n :,hou1d n.'\-eivc :tltrJdingdosL' tlr il'Pi 

rln Hh2 'tl!-t mg) :\'- \WII as inlr.w~·nous f·w parin . t'110XilfMrin . 

20 

.,r lnnd~tJlallnux.. Cltlotlidf~'TCliooltli has bc.'t"n Ut.'monstr.sh.-d 
to im·rc:;l~" LIIt" ofwssd JMienC'y :rmJ i.-, also n·c.·ummenrkd in 
Lhi ~:-.c.'1 1 ing. 

..\flc• tlu. mhtl}ti( 1ht-raP'! I~ dminbtt•n'd. lht.~ f.Ct; 
..,hould he.· monitnn'tl .11 tlO minllll~ .tnd QO minutt::s tn con 

lirm ar 1<.\lst so·.t lnliU'O\t'Olt'Ol ln ma.xlm:Jl ST s<.'gmt•nL 



Coronary Artery Disea.se 

TABLE 7 . Chara-cteristiCS of Thrombolytic Agents Commonly Used in the Tr•.-tment of ST·Eievat1on MyoQrdilllnfarction 

Characte ristic Streptokinase Alteplas. Reteplase Tonectoplase 

Doso 1.!> rnogaut\its ove( Up to 100 mg in 90 min 10 uoits x 2 (30 min 30-50 mg based on 
30·60 min (b;.scd on wcightr apart), each over 2 m1n weight" 

Bolv.$ i)dministrJtion No No Yes Yes 

Antigenic Yes No No No 

Allf'r9.c: rf".lC'Uon~ (hypotension Yes No No No 
most common) 

Syslornoc fibonogcn dcplctioo M••ked Mold Moderate Mll"um.a:l 

TIMIIIow g<.-dc 3 -30% -SO% -60% -60% 

TIMI flow grade 213 -55% -75% -83% •83% 

Ruto of IOtrdC(~rebral -0.4% -0.4%-0.7% - 08% -0.9% 
hemorthago (I 00-mg do>o) 

Fibrin spociricity None .... + H+ 

Fibrin .)ffinity None +* + Ill! 

C01t ~r re-commended 
Ml dooe (U.s.r 

$562.50 $34()4 /8 $2872.50 $2917.48forSOmg 

'8ultA IS .,...,.~.0./S ~,. JO,...f....._"-"""'" !1011191. fw.n05fn9o'lcgnortnt"Yr.-t l~ _..,_ ~--.-t60r.. to....,_,..,_......,.. of 100My 

10rragt.• _ ... ,... ~'-9(1321bl.h'WI9b 606t•vtl:i:" IS1b\40mglot70 'N~U,.,.& 1741ht.&\ ti!W'lfot eo-8?\-g(l76 1961bl. _. S0""9'· 90'-'; '1'18.,)01..._~:. 

~~I'll t ..... lth¥td ~ ~votAn'. Oil ul "-t•·• I "' C_......r.lil. Red Doalc..XJOS A~l ...... -" Nl,pt.Jibo•l llh~-90"/~,.._·doaJrodbool "'R~tJool:.t;.20201))_pdf 

R.poodo..c l•d ,.,,, IA"""I-~ irorn Sodc, ... \vt, t"911: ... (0... lkJl" ca. ~Ofl ~.'llo:"!l"'" "' :l(•lll ~1- ._,,_,. "''~" cnyoc:~l lfli.tt:llf.ll\: .t~ Ul ·~··' ...... '""¥1.' 1\_'V>(.-ol 
col'ltQ'mpe>rlllty l'll.:lnllgel'r.!Clnr nptoQI'(.. JAr" (..oil (....,r~.l+i,rl 4!00/.~. 91/ 29.1f>MID: 171651171 Cor¥"t'~M '007, A'U"Yo~ 

("l<~vallon Om.· qu~lrlcr to one lhird of p:tl lt•nrs dn not 

arhkvl' 1\~pt•rfu..::ion. P~'lrtkularly If tlmt• from -..·ymptnrn 

on~tl hi rcc.:cipl ur thmmbol)'tk t lwt.lp~· 1 ... lh . .'hlycd. 0\\iing 

tu thl' IH)h .. ·ntial for thrombolytic f:tllur"'· p.llknt ... with 
~-TI'Mitrc.ott•<l "ilh rhrombuh li< lhcrJJ') should ht- suh<;(o 
qm·n1ly lr.ln,rt~rr~ to 3 PCI c.·J.polbh.· hu,pil:tl. R("S('ue PCl is 
~!1-odah.-d with impro\·t"d ouh ~nh'' t•omparl·d ''ith l'On 

'c:rvOJtiH' m.m<tAt.'rn('nl in the t'\<.'nt of f;1tlt"C1 ~petfu<;ion. 

CorotMr)' .ln~togr~lphy l~ gcncroJIIv rct·omn)(•ndcd in aH 
pJ.Iknls hi.~rhre disd1arge. ewn ~lfh·r o,m·<..'l'S~ful thrornboly 
sb. PnO.:nls with STEM! who pn,~·wnt with lwnrl t:lilure or 
C'ardiOAl'lli<..' ~hock. or "ho dc:vclop thc:s<-· tumplications 
,tfl<'r rhmonholytic therapy, .u-c ,1 p;ortlcularlv high ri>k 
grour (murr>lity r:n• >SO~-) ,tnd 'hould be imm<-<li;llcl' 

tr.>Mkrn:<l lu a I'CI capable Ct'nll·r. 
\llh<>UJ:h lhrumbol}tic lbcr•J') h polcnlialh·lifc saving. 

11 t·arrh-.. ~~~nlfkant risk<;.. prlnuril) rdatt.'tl to bl('(·ding. 
lntn1n.·n·hr:1l hemorrhage is 1 he mn:-..1 cotllqmphiC" mmplic-a 

tlnn of chnunhulylic: ther.lpy -.~ml «X.'t:U~ 111 ;.lppm\imatdy 1 ~. 
of pat knr..::. Ut:l:l l i\·\" ~l t)d :~ho;••luk (.'<>n lr~llndicHions lo lhrom 

huh lit t )wrapy :tw listed in Table 8. 

Primor11l'<:rcutoneous Coronar!flnwn•enrlon 
PPCI rt•ft.·l' to thr pro('t.'S.IO hy ''luc..·h ;Hl cm<..·l').."t:nt·~ mt.-dil-.al 
pn>\it.h.:r olt:li\Jil'S 01 IL'am of pmvidt•" In lniti.1tt' t'mt"rgt'lll 

romn:u) .ulgtc~t:.tpll) MH.I Pf:f In fJ;.Itil'Tlh \\ilh STEMI. 

Jd<.·alh. tht- time fmm first mt"Ciic.1l nmrau until PCI k k...,, 
than ~o mlnutl ...... 11u-amounl ofm\'"()cmH.II '11\":H~i<>dirf'Mly 

1\'J.Ht•d to ht:hl·mk time: thcrt:fon·. thC'quit~cr I he at1ery can 

bt• OJ'>~'IWd. I he h(•Uf;r ' h t" llnal oUlt()Ull'· fk'l'~lll\(.' I he: r-.llt.'S of 
c~t·hh:vlnJJ, vt·sst•l p~tlency a n-o h*lwr :uHI mort~ rt"lhlhlt' with 

N<y ptovious onuacerebr.tl hemotrhage 

Known Ufebrovascular lesion (e.g .• :trtcri~nous 
nvotlorm.-mon) 

IschemiC stroke within 3 mo 

Suapoctcd ••ortic dissection 

Activ~ blct: .. ding or b leedmg dtathotus (ctxG-Iuding fYlenscs} 

$i!Jntficant closed hct>d or faciat tft)um3 with1n 3 mo 

Relative Contr..indication.s 

H•story of chronic., 'SC~(C, pootly conttollcd hypertension 

Sovt'te-uncontrolled hypettenston on pr~"tabon 
(S8P>180mmHgor DBP>1 10 mm l lg)' 

H•:..toryof ischctnicstlokc (>3 mo). detn~l4. or known 
intracnnt~l abnormality 

Tmumat•c or prolonged (>10 m tn) CPR Of m~;o-1 :;.urgcry (<3 wk) 

Rcoent (wtthtn 2·4 wi:) 1ntemal bleeding 

Nonc-.omprr.s..-.ihle vasc:ulnr puncture" ..,tiO 

F'or strf!ptokmase/anis-treplase: prt-vious expo$u(O(>S d) or 
pfcviou~ alletgic f~action to th•~ .1gents 

PrcgMncy 

Actrve pepnc ulcer dr:se-ase 

Cunon< use of anricoagulan"" 1he hogho-• <he INR. the highc< 
lho bi.OO.ng n>l< 

l 
CNt < •llioapulmnnaty ...-..o;rrt~or>n; Ot.P .. di."t lollc llood p!~SUfe 
~IW .. ~lolo10 hklOd ptf'>z..ure 

•llwc,wnl,.rulyln. II'Wapy t¥1 be-consr~d rf 561" ( lit"! b. rAdu rAoiiO <1-40 "'m HIJ 
;Wid I')AP 1<1 ~ o)if>1 H!.t Yf>lh ""t<.otl !!I'"I.IOII•IIIwr.:.'fJ)'• 

21 



Coronary Artery Disease 

CJ I 'l!'' th.1n wilh lhmmbolV"'.I'•. ''I"CI h 1he pn·km'tl mc.·1hod 
Ill 1TC~l1 in~~ STEM I when th<· patiem rn.~nt'l co a hn\Jlll~ll 

cord ('apablc."' of pcr(()nnln~ PCI nr tan he.· trnnsfl'l'l'l'd from tlll 

h'kh:X ho.ptlal ro 0.1 pr:J C'3p;l'hJe ('cnh.: quid.!) (tim~.· frt~rn 

fil""t mt'th~:al cont.ld tq PP<:I of ~110 mintth-s). On<.'(' th'-· 
J)ath.-nt Is in LhC' t.."'~thl·terlz:Uiuu suitt..", lht' inilhlliOcus is on 

lJUk'kh n"tori~~ flow 10 the.· .Kutch o..' luck-d ~lrh'n: Tht· cis 
ongoing <h:batc a' In 1hc timing ~uld puknli:ll tx·nefit of Pel 
uf nonC'ulpril ,·es.wl\. 

P:t1i<:OI\ undt'J).."''ing PI'CI should n_'('ei\t: .•~pirin :lnd 

heparin hdon: thn>mbol}1ic thernry llurinp. the pnx-..'tlun:. 
patknh Atncrallv receive lntr::t\'enou.., ht!p:uln (with or 
"tlhout ~I cupn>i< 11 lib 111:1 blodwd<'l or btv.Jiirudin. Mt.,l 
path:nt" undergo Menting and rec.:ch"" I<Mdlng rlo~" ur 
additional ,mtiplatekl dru)l.s (P2Y11 lnhihitors) tl'able 9). 
C lnpid<Wt~l h~ hi,lori<.'ally tX'en th\" most rommonl~ pn: 
'nibt."<l P:l\ 1..: rnhlhitur. Cump.t.r't"(l \\ith dupid<~rcl. pr:.hl..~ 
r\.•lls morc potent ha~ a quh.:k~r onM,'l or acl ion, :1nd ha' a 
)lt\\"t>r nsk for lhn•mhotk <l•lllplic:<.Hion': hov .. t'\Vr. pr<.hUgn:l 
h ~Jlso ~l<.<.;od3h:d '" ith an hl<.·re;ht:d ri<.k r.,r hfet•tling 
Pt,\SUgrd o,hould nUl he ust'd in p:ttil'nls with ,1 hi~lm y of 
ln,ke and I hose a~l·d 75 yt':lrs Jnd oltkr. :m<.l do~ing ll'lw .. t l')(: 

.tdjusl«l for thost· "dp.hln14 le<.< than (>() '-!; (1:12 lh). 
l'kag:relor .. 1 nonlhknopyrldine P2\· *·' inhibitor. also h:t' 
~~reater (\(Ht>n<.y and f~sl<'r t)l\scl of J'llatdc:r inhibition thJn 

dopid<JI:f'<'l. In th<•I'I.ATO trial of p.11icnts \\ith ACS. titll;rt' 

lor trf.":ltnu:nl resultl'<l in si~nificanLly lmwr mortality r-• .He.:·s 
c.·mnpar<."<J With c.:Jopido~rt.'J_ l'kagn•Jor <.'ollN'\ ~Ub.)t"<·th·e 

tfy"ipn<.·.t In \Omt' ll;lli<.'nb; I hi\ ~1 mprnm i~ u~u;JIJ\ ~If lim 
itcd but o<.·~.:;.l:;ion;llly <.:aust" dn.1~ di~<.·<mtinu:Hltm. 

1\lcdical Therapy 
M<.·di<.<ll lhtmp{es thr the m·~llmL'Il1 of $XIIiem:-. \\ilh A<~ urt~ 
"um•naritA.·c.J in ·rablc 10. 

\II p.11 it>nb p~l~nun.:" ilh STI~ \tl 'houlrl rt.'<."\'ht• ·''Pi 
rin :md Jl1tkoa,qu1;ltion tlwrapv. Rl'gardles.o:. of 1hc St>lt"(;tl'd 

I Oopidogr•l Stable CAD treated wilh 300600mg 
PCI 

ACS 

I Toa>grclor ACS 180mg 

Pr3Sogrel ACS treated wrth 1'0' 60mg 

"li(.(l:)froll)t shou!J bA tnc.r\1 w th ;,.spotn•.~1 mg!d . 

....,.~..,. tlhuuld "4)1 bo ~ ·ufXtt,..,u·l~oro ...,,~erm;loOA( 

n·11c.:rfu~; on ~tr.llt'~'· ~lJtj,~ms ~hould al~ be..· 1 t'\'ated with a 
p·.zy,z inhihiwr. Uop•dogrd b indic.:~Hcd in p:tlil~nts ret"t.'i\ 
iu~~ l hromhnlyl iL· llwrapy. wlwrca.., d~)piciogn:l. pra~ugn:l. 
:lnd li<..lgl"l•lor ~trt• option\ ror Lht)\{' unUtr~ning I'PCI 
tswTahi<· <l). 

~ Rtotl..t•rs <k"(.:l\'<1:-.t' m)Oc:lr<li~tl O\)o'}-,'1.-.n clL'Ill;Hld. n.xlurt· 
I hc inddl'l1l'e or \'t•ntril'UIJf :'lrrh~ lhllll;l'. and illlpro\'<: )()llg 

tt..Tm ~Un.l\od ir' p.ul<.,.ns \\ilh !-,'TEMI. Curt("nl guidt:line-o. '"K 
~t\•,t initiating 1 h<."'-' dru~.;; ·within 2·1 hours ofpn.~·m:~rion. lh(.' 
(:< )\f~irJ ( '(__;$ 2 tli!ll dc.•J)l(}ll,IT;tl<.•d 11U1 inlrclWilf)US ml't«l))rf) 

lui redut.'\."\l lh(' C.lrt~ risk •r reinfJn:hon ant.l \(.~nlrkular 
Jihrillatiun in path.·uts wilh .1~·utc Ml Out also n.·suhed in 3 
hi~her r.u~.· of <'.:lr'diog'-'lliC ,)l(x.k. 13 Blod.ers ~.;Jmuld not he 
W\t'f1 i tht·rc. is l.'\ hk:llC't' u h~ polt"ll\:ifHI. <'3tdiu,.,.._,ltc "I'W)(k. 

fmlmon,ll')' t•ungt-,lhm. or atrim<.:nlti(,'Uiar bln<:k. In th~·s<.' 

<.'J."'l'~. jl hlockc:r.., llld\ be ,,·Uhht"ld lnlliaJiy :ltld introchwt..'t1 
Ull<,.'("thl.'J' it."Olh'll,lhili7ti. 

ACF lnhihilor\ .m: imlktltl"ll in Ult"l patknts with STf'\H 

~•ncJ pa11kulMly In po_~tl<.'n l~ wUh imf)alred lrft \'t'ntrln11~1r 

hu•<:tion. IJt.·.ln l:1i ue. or ;lnlt·r· r \\J.IIm13n·f n ARBs Ola) 

tw LL<;<.·d II' lhc p..llh'nt is intull'rJnt Hf r\(J~ inhihifors. 111<.-sti 
··~·nts h:l\'t' sho"'' ' ignilk:mt t·arly hl'nt'lif and <ihouhl he 
.ldministcn..'\1 \\;thin ~ fir'>l .! 1 houl"o of presentation. <.l'-SUm 
lng thl-rL' ;lrt> no i.'IHltr.tindic.:oltinns. 

Eplen.·nunl'. om :.~l<.loo;;feronl' anl~l~Oni~l. has proved lwm: 
1('1.11 in JU1ienrs \\tlh S"l ~'41 \\ho ••'1\\.' om t"jc.."'c,:Uon fradtun 

lt·ss lh-<-tll ()f l'qllal (CJ f()',,. and t'ilhl"r ht'.ln railun.· or diaht•ko;;; 
hm\t'\\'r. I ht•lrt'.llllll'lll dl(>{'ls Wl•t(' dt•monstr:ltc.'<1 only wht'n 

·plererc: "1t.' \\-:'IS in1t1Jted \\ lthin t \\t"c.'k nf Jm.··seni:Ukm. 
Pol.&s..<.;ium ll'\'els musl he <.·ar'-·fully monitored. p:.lrti<..'1.11.Jrl\ in 
p.llknt~ with pn.• l'\isting kidney thlsfunctioll and thnc;e 
f\"\.'\."'i\·in~ \CF inhibitor... o-r .um ..... 

lligh infensil\ st.llin th<.•t.lpy b inc.ltt'diL'"Ci in P•ttienh \\ llh 
~n EM I. Chokst<.·rnlll'Vt.·ls nuv be lr.llhknUy lnw('l' ~1round lhl' 
tune ,f\~ .11\d a~,.., I f>l. dlf•il,teroJ h:\,·1 shoukJ no1 dis.'iiH<k 

dinici:m~ lrom prl-....·rihing si.Hin">. 

75mgld 

90 mg twoce d.>~y' 

10mgld< 

lno-eased 
bleeding n:sk 

loae.a.s.«i 
bkedtngnU... 
d)"pn<>a 

lncreawd 
bleeding nsk 

Known allergy to the 
d"'9 

Kt'lown a11ctrgy to th4:" 
drug. J)f'H)r transient 
is.chem,c ~ttack/ 
stroke. <"~t!A >75 y 

I 

·rT~ 5""9'11. ~tit! I.OtKotfco_,,., lhosoo-... ~fe,c "" .. 60t-g(132~)0Jal ~r~U~.J...--~hioi.JI';Mk b ~k:.9-PifN'nl1\'rlh~~ ~ 
"''l'l.'hfmcu\1) 
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TABLE , 0. Medical Therapy for Acute Coronary Syndromes 

Medication Drugs in Cl;,ss 

Antipl~t~lot Medications 

Aspirin N/A 81-162 mgld 

Clopodogrel N/A 7$mgld 

P'n!sugrcl N/A 5-IOmg/<l 

Ticagrelor N/A 90 mg twice daily 

Cardioprotective Medications 

Jl-Biockers 

ACE inhibitors 

Ang1otensm 
r~c0ptor blockers 

Aldostero.'le 
inhibitor 

High intensity statin 
therapy 

ModcrJtc intcMity 
statin therapy 

Atenolol. rnetopro1ot Vari,3ble 
~arvedilol, nebivotol 

Benazepril. captopril, Variable 
cnal.<~piil. fosinopril, 
perindopril, trandol<-lpril, 
lisinopril. ramipril . .quinapril 

Lo~rwn, valsart-dn, Van(tble 
olmesartan, candes.art<'ln, 
irbos~rtan, tclmisortJ'' 

Eplerenone 25-50 mg/U 

AtoNastatin 

Roswast.attn 

AtONJStJtin 

Rosuv:astatin 

Simvastatin 

Pf.w;•stmin 

lovas-t'ihn 

FI~JVastatin 

40-80 mgid 

20-40mgfd 

10 20 mg/d 

5-10mg/d 

20-40 •>gfd 

40·80mgld 

40mg/d 

40 mg twice daily 

Antianginal Medications 

Nitroglycerin NilfOSl<:ll(Sl ) 

N itronal (IV) 

OAm9evcry 
5 min tor a total 
of three doses 

Init ial IV infusion 
r."!te of 5·1 0 f.191 
min 

Indic-ations 

All patients with ACS. un1css 
intolerant or allergic 

P2Y 12 inhibitor in 
combinotioo with aspirin is 
indi-cated in all p.:tticnts aJtcr 
ACS ror all(!ast 1 y 

P2Y 1 inhibitor in 
com&iot.~ti o•l with aspitin is 
indicated only in patie•'ts in 
whom PCI is performed for 
Jt lc.Jst 1 y 

P2Y u inhibitor in 
combination with aspirin is 
indi<:Med in Jll p~ticnts Jftcr 
ACS fo1 alleast 1 y 

All patients with prior Ml or 
LV systolic dysfunction 

All pattents with LV SY$tOIIC: 
dysrul)('tion. hypertCI)Sion. 
diabetes mellitus, or kidney 
disoasc 

All patients with LV systolic. 
dysfunction, hypertension, 
di.<~betos, or kidney d isease 
who are inLolerantof ACE 
inhibitors 

STEMI pt.tients with LVEF 
$40% ;;tnd either d inic31 
heart failure or diabetes 

For all patients with 
evidence of coronary ~rtP.I)' 
diSCilSC Jnd Jgc S75 y 

For all p<lttcnts wrth 
cvid~n<:~ of <:O!Onary <.utcry 
disease and age>7Syor 
othcl'Ytisc intolcr.;)nt of 
high-intensity statio ther7J.py 

As part of multimodality 
tre<)tment for o-ngoing cl'u~st 
p;;tin 

FoJ" persistent chest pa1n 
followrng three SL doses nnd 
.as part of mullim<>dality 
treatment for heartfa•lvre-, 
hypert<:!-I)Sion 

Coronary Artery Disease 

Comments 

Clopidogrel is recommended 
as an alternative for patient$ 
with intolc-fancc- of allc.-rgy to 
asp1nn 

COiltrai•,dicatod w ith .:age 
>75 y or history of strokerrtA 

Dosage adjus-tment to 
S mg/d sh~ld be considered 
for patients weighir.g <60 kg 
(132 1b) 

More r-apid Ol'l!>et of acliOr); 
dOP.S not require first-pass 
hcp.:~tic rnctaboli:.rn: no known 
9(,mebc polymorph isms 

Decreased dfc-ctivcoc~s 
withaspinn doses~lOO mg 

Avoid in patients with Qlrdio· 
genic shock. hypotension, or 
conduction disturbances 

?ae1icvl¥1y bcncficiJI io 
pat.iCEH:> with antenor Ml 

Should not be used in 
patients atrcady taking an 
ACE inhibitOE 

Caut1on •s ,advised in 
patients with <:hfonic kidney 
d isease or hyperka1emi<t 

Avoid withSBP<90mm Hg 
or ~30 mm Hg below 
baseline. brodya~rdia. 
tachycardia, TN infarction, 
F>OE~S inhibitor use within 
tho los1 24-48 h. HCM, or 
severe AS 

(Continued on the next pt:tge) 
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Coronary Artery Disease 

Nond•hydropyrodone 
c;nkium channfll 
blockers 

Poticnts wnh NSTE ACS 
who ~tl iOtof.ef.lnt of 
P-bloc.kcfs or wrth .mgin.l 
fcfr:u·tory to l)itfJtCS and 
jl-bl<><kcrs 

No bcncfn •n STEM! 
pat•ents 

M dy w Of 'iOn d1nical StJtU~ 

with co!ocnJcnlJI hr!an 
l.lilure OC'" LV dy.ofunttion 

AVOI'd with CVtdcnce o( 
heart failuw, CD1diogcnic 
~hock. Of conduct• on 
.Jbnormal1tir.-t 

ACS -~~CUU: ::v•OtU') ~ndru...,..; A~ ~tor.*-' ....... HCM • ~ w~hy: W • ~'" LV- k4;- ,.l..tw; lYEf - ._.,_ .. ~~ e,e<111Qrl fr..;,ciQfl: 
M l .. f~<l•d•OII rnf~«.botl. N/A "' nol ~~~f.ili{dbl"': N51C /It;.~ "' l'l<lf'l ST ~.111¢tl aG~I.tii"<IIQI'r•y 1ynoif'ntM., (1(.1- ~VUtll'>()rBC'OIOIWf)' onlt'h'"'C!nllofl; POt: .. ~~~;..ho:f~IIH .. r .... 
KV 11Uhl \'cntfitulo,, t.BP"' toy:otok 1,\IQQd prc::::ltl'<l, St.- •,ubliogu.rt ~ltMI .. ST elev.rtrun f\'IV\'1('".1rdi;-ot nllo~r(,Uv", TIA- nan'iler•l iS(I\(-mir. Ml,r\..k. 

CJ lntravcnou-. nitmgl}<.'('tin L<m lx.• U:\4.\l tn tno;&t po.lti<-nh 
\\"ilh srEMl antllwpc:rh:n..,IOI\ <>r ht:an l'al lun.·; ho\11;('\~·r. thl'rt.: 

CONt b OfJ n,)(' for the nnal ine u~ <lft,rJ.I nitr-.tlt~ tn the c-cm\·J.h.·St't'nt 
pha"• e>f!>T£\11. (,llcium ~h.lnn<'l bloc:kl'o Jnd r.mol,l7in•• Jbo 
h:l\'(' no role inar~·•.1ting JXlticnts w ith STFi\U. 

Complication~ ofSTEMI 

-\rrhvthutias c·ummonl~ n("t'Ur in tht" pt'ri inf.u" l \4-'ctin.~. 

AI riJI 11brill:nion. '"'hich :-~rfl't.:t~ up co 10' . lo 20'::, of pJtknt~ 
with STEMI.complic<!l<.·s JnaiMgemc:nt and ll1:1Yt'<~llM'Iwmo 
d~ rumk in<tahllil\, \i.'nlrkular lad>Y<'Ordia an<l llbrillalion 
ma\ ,II~Jt•<.:curc.lunng Ml or aO"·r rcperfu,ion. Rept·tlthc: ~rnd 
su, t;\hwd houh ol postinf.trr.:t w:ntric.·u1~lr ;lrrhythmlac; m:Jj 

wilrrant cunsu11:tlion wilh an cl<.·c1rophv.,.iolc~i:tt, ~h pn·<H!i 

d>•l'l:<· impl•mahk cardlowrt<·r uclibrlllotor ll><r.>i>) .,.., a 
role.: in lrt. .... Jtin;g latc:<tHhyrhmi~l~('omplicJbngSTE\11. Romine 
supJJr<.':')simt ol vc.·ntlicu1ar tl'V'r>Y w ith :tllllarrhythmlt agrnts 
1s ~~t-nc.·mlly not J~l'OI\lnwndcd .md i' assodalt·d w ith 
incrc..~J-.c.."<.l ri-sJ,., l'hr '-t."lUrk--ular urrll) rhmioc;. In p.lrtil·ul:.tr. 
;,tl'\.'t.'kWtL'd idt0\c..'ntri<.'U1ar rh)thm. \\hll'h rommou1) olriscs 
:.lfkrn•(wrfu:-;ion, isg<.·nt•r.lll\' hcnign :.tn(t t ransi<·nt, n•quirin$t 
11CJ lrf..•JtlncnL ·\trhJ\'l'ntril'ulnr bh.x·ks, hwluding \V~,.~nckcb;lC-h 
Jlld '-'umpktc hc:-J.rt hlot'k. m.l) ()('Cur after inferim \Us. 
renti)OftlTY lr.IO'\\>\.'UOUS ~Cl.'lllakt"l'l 3fl' 'l()nletimC.:) f1t'('L"S 

sar). htll perm;)nt•nt pad ng 1 ... rard) required. Bc.:nip,n Ibm•" 

of \':1J.tally nl("(ll3h.'ti ht"~ln b1o<.:k mu~t tx· dJOert>ntlalc..'tl rrum 
\tobttl type 1 "-"'''r'k1 degn,· .ltri<J\'t."ntrinJI~Jr block. which i:-. 
mort· lret.Juemly ohM.'r\"~'-' with Jlllc.·rior infJrc.:tlon -.met 
d;lm,,gc to t h e.• <.:omluctlon sy,l<:m. Mohlti. type 1 hloc..k may 

pmgn·,~ to <'ompkte heart blcx:k and Jl(.'l'eS.~it:H<.~ p.:rrn.a 
nc..·nl p .. ldng. 

<:an1iugc.:!ll(· \hock is :l <'tnnmon ('tJOlplic~ttiOil of :-.1 EML 11 

1yp1c .. lll~ resull' from a larKt.' ;mtt'rir'r t\•11 clue to M:·ven•h• 
n.·c..Jt.te.,'tt left \l'lllrk1Jiar \)'\lulk furK·tion ;md <.-arrk-.. a mortal 
il) r-.uc ttfSO lo KO' •. P.Jtk"'lt' ''ith C'.udi•~nic 'huc..k. par 

ticul-trly thost' \'uUnf,ter than ?S year.-., h.t\'t" a highc,.'r ml<.' of 
:-;univ;,JI if the.~ r<'<'('i\'l' CIUl'l'gl'llt r('\''.l~('UI.Jrii".:.H.ion . In thc...;e 

<.-a-..c". an intr~l .tnr1k:.lxlllonn pump (IJ\IU'} or lefl \t.·ntricuJou 

:t~i'l <.k.,.ire tTU\· l)t impl:mtc..'tl te-mpc•r.arll~. JJthouJdl Jimilcd 
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data 'ol.tJ)pon thdr hc:m:Hts in (;.tl\lingenit.· ,,, x.:J... Onu; lhc 

po.llh:nt b \labiUt..ed. \\<.'<.'ning the.· p;Hienl from nlt'C'h:J.nicul .. lnt..l 
inotropk. 'llJlJlort :md ).."t'fltle uptltroJHultol :llkriC>ad tvduc:1ng 

~l$;!l."tlb .... uc:h a~ C".l!)!t•a~ril. can lx:· .ttlc.:lnpted. fl UcM..:J..e~ 'N»Ukl 

he: a,_uldt'l initiaU~ .mciL~Jn lX' intmducx'tl unc.:e;> the p;.lllC.:IIt '' 
~t:lbilil<.'l-1. Olun•tks \tumid h e• U\t"tllo tn:~u pulmonary V;l\C.U 

t.1r OJll~t"''l ion. 

-\vi ruximat<.·l) 10 to:_)(} ut C' JSCS of anh .. ·rtnr ST1· \U art· 

l'f10lplic::a14 .. 'll h) ldt \1.'tltri.l'UI;:tr <l(1il-.JI thrumhu .... Although not 

s upportt.'tl hy rigomu:-; ~tudie.. ~111 lkuaguLH ion with \\'arfnrin 
is h'<:Ul'l;lll~- n.'COnuJlc. Hlt-d fur .u h:.t ... t ;~ mo111h~ to redu(:t.' Ll\<.' 

1:-.k for:-.' l\.'1ni<: "·mhnlizalion-

I{;H<.")HI mechJnh.:al c..-omplit.'o\ttons :tth·r SI'EMT.In(.'lud 

in~ kll \'t•ntricular 1ret• wall 1 upture. righl ventrkul~tr 
infarction. \Cntrkul:u·~ptal deh-«:·t f\'SU) •• ultl.lC'Ult' milral 

t."r.Uf'gitat111ll. :lrt" lu\\; luJ\\t.'\'\'r. dinitiJ.n' nl\lst l:x: dhlt.· tn 

n•<.·ogniZl' tlwse <·omplkation~. •~lvc.·n 1 hc,:ir hl~hly morhid 
noJturt•. l· tl'<.' wall rupture: prod1Wt'\ suddtn o n,._•t ch<.-sl pain 
ua S)"ll<..'tJ~J<C wilh mph.l Jli"'Wl"""'ion to J)UI\.I.·k .... s ck·c.:trk·al 
a<.1i\-il) I i' mon: <.-.munon in nkk .1dults. \\omen. p:~rtc..·nh 
,,·ith :tnlc.·rior MI. those rt'<.'<'ivlng nnli inn.&mmatoT) ag""''"· 
aud J).111C:nb \Vlth :1 'fgnilk';lnl tlt·lay in rec(•l\·lng rq.R·r1U\km 

I hi-raP\ ( ll hour; I SUI")!el) !'>buuld Jx~ l'(m,kJnt.-d. hut mor 

ta1it~ rJic.". t'\cn .un~ ~ those.·" h11 ._.ltrvi"-"' tu the opcro~lin;~ 

mum. :ln.; vcrv h Jr. h. 

l{i~ht Vt.:ntrkul.u inlan:Hon. t'ypkall\ lndk:-Jicd hy 
!)T sc.:snwnt t:K.."\01 n tight 'ldt."t.l 1-:C:C k' 1, (\' and\' 

1
R). 

~.:an <.:umplil'att.· right t,,n,naT) .trtl'I) fx,.''tiU.,.Inn. It pn..,t.. nts 
v .. ·Jth h}'ll•llt·n.,ion, l.'it'\\.ltc."d jugular vcnou<> JUc.~~ure. :1nd an 
.Jhwtx'l·t•l lindinJ.."" or lung aus<:ultotthm. Hight \'l'IHridl' pump 

<h!)futx.1iun t."".JU~' n.Kkqtul<' Oiling ol tt· lt"' \'t.'fltnc. k 
Tl~UJfill;.! Ill -.tuxi... I r\'atruC:111' lt\(,.'1Udt• '\H(Un\t: n.:Stt'SdtHion 

:.tnd posllt\\·lnotmp.._ . ., (dohutamin c.• 11r dopam tnt') to bridf,tc tilt' 
tit:,hl "~·nuit·lc.' to ll't'U\\'1"\. '"h1< h g'-·nerJlly Llk('\ 1 tv ·• tl;1\,. 

'\ltr.th .. ...., .arc c..-omr.m <1tt*'d .x·..,~lC>c.:· lht.., 11\3)' \\ '"''" 

ll\Tfl()t<.'1l,ill11 h~· n:Jut. 111~ pr<:load. 

Al't.p.lircd VSP h om S<.'pt:ll \\~)11 rupture~ m:1y cmupllt".llt.' 

utfenor ur auterior S'lE~IL \I'Hh mli-rior SHMI. llw \'Sil 
h."'lCCs to br: kK':lh. u h the ink 1•r h::t~l "', urn. wtx-n.~d-. 
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Coronary Artery Disease 

. 

1 
High risk 

(TIMf 5·7 ot 
GRACE t •1 ·372) 

T 
Eat1y invasive s-tr3tegy 

{within 24 hours) 
• AntipiMclc t the rapy 

(aspirin plus ei ther 
clopidogrel or 
ti t;tagr¢lor\l>) 

• A1Hicoagulao1 
therapy: UFH or 
lMWH; <alt ernatively, 
fondaparinux 

• Urgent/immediate 
d ia!Jno'Stic -coronary 
angiogr!tph.y<-

Non.-ST-efcvatioo .xute coronary -1 
.synd rome (UA/NSTEMI) 

! 
l lni ti<)tC <)Spirin. ~blocker, ni trates, statin l 

T 
Risl< stratification I 

! 1 
Intermediate risk l ow risk 

(TIM13·4or (TIM10·2 o r 
GRACE 109· 140) GRACE 1· 1 081 

1 ! 
D~layed inva'Sive Ischemia-g uided 

strategy(2S-72 hour$) strategy 
• AntipJatel~t ther.Jopy • Antiplot¢lct thcr<~py 

(i!sp irin plus either {aspitin plus Qith~r 

d opidogr¢1 0 1 d opidogrel or 
ticagre lor"'~) til;;&grelor'1' ) 

• Antk-wgulant therapy: • A nticoagulaot 
lJFH Ot lMWH: therapy: UFH or 
alternatively, LMWH; ;.ltcrn<~tivaly, 
fond aparinux ro,l dapa.inux 

• Con.sid cr d'i3gno~c 
corona')' angiographyc ! 

Stre$$ t(l$1;ing 

~ 
N ormal or low-rtsl< stress 

t¢$t 1¢$Uh$ ~nd n (,) 
rec:u.rrent <hes:l pain 

Abno!l'nal stte$$ tert r~.s1.dts 
or recurrent symptoms with 
so~ctod cardiac etiology 

l 
[);scharge with 

follow-up 
CC)(On<:try 

angiogmphy 

f IGURE 9 . Initial management of ooo ST c!cvahon acute C01ou~ry :,ymJ1om~. LMWli - lo•v·mole<ular·we1ght heparin; 
tJSTEMI = non~ST·ele\'a tion myo(Jrdiaf infiliCtioll: UA= unstable angin<~; UFH = unfltJWorMtt!d heparin. 

'C~{lid~l Of !i'~gt«Ot lroJ !1.: 61\td 4! ~he lllr~ llf flo,.pi! fl a:lllffi~ita JOd d~~Y, Ql ;x,l,ltl) «1~)1)' $'1~ 

111 «:IUtUI'J li'ltrj h)pli~M S'l'.lfliog i~ r.:q1ucd, 11-.(.idogd Ct :lt,)lJftiOI~IIId b~ S!~d..~nd SUftj(lf1shot1\d b(l d(4o)'~ for~ iHsl ~ dily>.. 

\ I !hr dl'l:in:n "m~dr IO • ilbhdd,) f'2''1: tnlut.to~ Ull!llllt l!mtd Ofl9+~p~ ,)l'l(j i !'(( u ll'h~IOfoS d!swd, <~d~. l!wgtcbl, Ot po.l~ugu!l Ml he itlili.lll+d 

t~r.:mmr.noi'l!>:m i:n-.ed .:n ;\nv;l,euUm {A. 'lkngtf t~(. Stln~~ ~G.~ tl(Jr, ~lli.IU 16. HolmtS Olt .\.tlil. NJ.f.VV. r.)$1¢ 1-Q((l> l..let'b!t~. 201-4 foiWACt 9-J!dtlif!l: fut at.: 6 ti\I!Jl' 
t'-.<!11! uf t>Jiitflb-.,;111 ll':lt·Sl·dt>uliun :o:11!1.' tllltc:o'Hp~me;: l!llo:tlllt~r.swrtnMf. .1 :!f<~U d thrlimen(;~n Gel!~ qf (.}ll)IOI()C)'j!A~., lifitU'U~UI~~ f.)$k Fo«~ on Pt~tf' 
Gu;.ielifii!S. CiKII'..lti:n. 2()14:1 )tl.l3Wi-t (l'l.l li); 2S?~9X~J~; 10. 116 lolCitOOOOOOOCOlOOO 133 

Cl lrcalrnc:nl o f l his <.'ondit ion. Nut~lbly. lhrombolyt ic l hcr.1py i~ 

nn1 henetid al in p., rilmts with NSf E ACS and is no l r<.:·c.·om 

CONt mended. Medicnl t he rapies for the treauucnt ofNSTE ACS ar~ 

or tic:a}4l't·Jor 1 herapy is recommendt>cl for I )''e:lr a fkY N~'TE ACS 
PT<.'~t·nt~tliun. n-g;.u'dless or the trealment straH~. Pr..lSUgrd h 
intlkatt·d only it1 p;.~l it.·nls lR"'.l.k'tl wiLh PCJ. 1-.vidt•n<'t• snppons 
<'<mtimling I )AJrl' tx.,nnd 1 ye:tr in p.1tlents at ldgh rh;k (br n..><.:ur 
"-'Ill \'<L<iCul:.tr t~~nls {.\uch as 1 hose with de:presstxl ldt vc .. ~nuk·u.I<H 

1\ulttion. ~tplwnou.., \~In ~mn slcnling. or d iJbc:I('S} in v;hom tlw 
hl11c: fil ~·xtx.·cds I he bk'L'<.ting risk. 

~urnmari t.<.:d in Tablt.· 10 . 

J\llflplawlet Metlkution~ 

A,.,pirin (162-~25 mg} ~houW lx· :.Jd mi nisLLnx l al prt'Sl'nhHion Lu 

''ll l>.llienrs \\1th definite or likely NSTE ACS. followed by ;1 daily 
dc.;c ofSJ to 162 mg. ~:1m· clopirlogrel lmdin.g has IJe('H recom 
mcndt·d in p:.alit:nls wiLh N~1'E.MJ: hoWL·vcr. Lhc oplimal timing 

for lo.1din~ of orher oral Mllipk\tdd ~lRt"nt:> lS undt-ar. Pra .. 'illg.rd 
lo:ldinghcthre<'Omt~uy ;tngiogr.•phy is 1M lx·ndidal. Clopic.ll og,t·l 
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The usc of lnlnwcnou' glyt·oprolein llbll ll• inh ih itnrs 
kptifih,Ujde, timliban) h<b dt't:lt'<t>eti """' tht past tkcack. 
Although lhe<ic.• dmgo; h :~d been shO\vn to improv-..· tJut<.:om('~ 

in pa lk nts with NSTE ACS ([Mrticularly high~r risl-. and 
1J11pmJiJ1 J)< ~:;itivc p:.1fk11ls). :;uhs<:qucnl s.lmly ckmonstr::el t •d 



CJ Iltl hc·ndit ••I lll.,....rre:tm gfyrnpnllt'fn llh lila ~od.;;1de ;tnd 3n 

inrn::ls~o.·d n-.k for hlet•cling. ~ n~"l'nb om: J.."l'Hcr-.tllv rescrvt"tl 
rnr U:-.t' durin!.! I'CI: ho\WWr. ~iVt.'ll tlu,• Jd\'1..'111 of quickl'f 

<u:cing ;Ultlmnn.• pott~nt Ol':tl {'IIHlpklk'lt'l nf,.•nt,, admln islr:tcion 

of gl_vt.:oprutdn Hh ·'111:-l inhihitnr' In 1 he.• S<'ll in~t of Pet h:ts also 
'ignllkanlh tktlilll'tl. 

Anllcv>uJ:ularu \fedicatiotL~ 
P".Uk.-01' \\ ith dellnite '\~TF AC:S ,ht,UI<t urtc:k>l')!f• ;.lnti<'o:lgula 

lion. lnlr.m:nous unfrnclion;ued hcJlelrln and suhcubneou.~ 
t."fl()\;lflarin Jn.· m<~ c.:ummonh ll"tl'tl lmr..a\l'flouo, hl·1~in h 
pn.:k·ral·d ln J};.lll~m.., \\~ith kidnt·y d~·"iiUI'k.lum het..· .. tuweno:xol 
p.\rh1 .Hhl similar .tge nt<; ~tr~ ~trlf;.tlly \.'k-.trcd b) the kidneys. 

·or p:allcnt't JU'f;c~o.·cding to thL" <:<.U hch.:rt1at ion l .. ahor.aLory, .mti 
:0~\~ul:lnl ther:lp) should b<.· provldt•d u ntll r-c:.·'~"'C'UI;lriY.Mion 

w11 h I'( :1 oJ' <:AHG. In n"!edic;llly 1rc~tk·d JXUh:nts. ;.tnliroaguht 
iC)O 1\ f\."C,:Hm1m:m.kd (Or ilt f<:JSC 1S hour~ ami j~ g<:m:rally 
,,mhmt·d unrll dtsd1:trge. 

\ nti<111J:Inul \kdiculiorn. 
RIO<·kl'f'.t 'flOUkt be ~minis.~>d wirhfn :l.-1 hours ot 'i'STE 

S bc.:c:ona-.c: tht:sc a~tt:llb n:c.Jun· \~:lllri<.:UIJr Mrtr. thmi<1~ and 
~n~ h.:rm mort;llity. I:S-Biocker... ;lrt' nnt apprClpriJte for 

•.Hknts with c.•vidcm.'t!' of hct:trl f.1.ilu!"l; nr shock ~It presenla 
tlon. I u,(,.'Wil'i<.'. I h<.~.' a~<.·nts should tiOt h<: gh.~..·n lo jY.tLk·nb 

, ... Jth hnHiy-.·ardi:t, hf':lrt hlc"':k. nr :1 P~ lntt•rv~ll gr._:~uc.~r lh:tn 
:/10 m ... un Jo:CX :. 

( .. tldum t:hannd bloc.·k~:l'l ~1n· 1\.'t.-"<nnnu.·ndc.·d for pa1knh 
\\llh N~1·E ,\<:S ultoJermu ofJ} hlo<.:k<.·r thet.'l!)) or irtfJ:.llic:nP.. 

"Hh ,UIJ~in.l ') mptom!> dt~Pilt' lh<.T.tJJ} wilh nHr~l1<.."\ 3nd 
ll hlndC<·r.. Ill<· nondill}dmpyridlnc roklum <il.mn<"l bl<x-M-r. 

redu<:\.' h\."'Jrt rJ.U.·. blood pn·ssun·. and cJnli.<K' t.'Ontr..t<:hlity. 
tht.·n,;h}· rt.·duunJ! myo<.:JrdlJI H\H~l'll dc..•mJntl. UO\"\'"<.'\·('r. 

hct·.lli \.C.' ol' 1 ht"'><' lwnm dyn:lmic· <'tlt'('IS, lN.' uf I ht•S(• 3J..'l'tlls is 
a)S<.) t·(mt raiudil'tlll'd in t he s<'lliug ol' l)hot·k. pufmonjry 

t.•dcm~'· <>r :-:lgr1ifkant <.·onducti(l11lli"'(',lM.'. lnlpurtantty, shc)rt 

auint: d ihydropyridine C'aklum d'l:liHWI hhx·kt>ro;, are c1m 
tr.tindic:;lh:d, owi~ 10 their :1hili1y w :lcutdy ](lwer the blood 
p~·;un• .md r.Ji~· lht• ht""art rate.:. 

\Ur.ah.-,. an.· prwl<lrily tbt."lllo O\Jtl.lJ,~ ~m~ln.a o>ympfom~ 

w '""""" '"'h ~~Tii t\CS. Suhlin~tu.>l nilr•les should b.:! 
..kfminbtt'n.'\1 al pn.""iC.'fltalion lO n:lk.'\<.' c.:h<." J,_un. For pJUCnh 

wtth J>C..'f!loJ!)h.:nt chesl pain d~pltt" t~ hloc-t...~'d(•. imn\enmh 

nUro~lyc..:c..:rin rom allevi~ue .S'_\'ntpcoms. r>ar1itu1arlv in thos(' 
w hh hyp1,•rh•nl'iion. P·.llicnts I'CL-civlng nitm~lv<.·crin lnfu:sions 
tor a prulongc.:tl time: ·will ufkn n•quin: inc·r<."OIS<:d do.~ due:.• 10 
lhc.: Uc:\clupu u:nl c.f nltrotc: tokr.Hlt't', Nilr.Ut.-s should he 

ol\'01dc."<l in p:Uit'nl~ who havt.~ had r~,·,.·t·fll C\IJ!IJ..,ur~: (wiJhin 

24 -48 hl)W'!<.) lo phc.bphod.tt~h:r;.&!K' l~"f~.· "' inhihilOf". qJC'h ;1.-; 

slkknafil. 
l~u k·na... ' ' ilh l'"lk.'Sl l);lin n·rr.K.:hM'\· tu .uubn~in.alrut.-..lka 

tion" 'tt.KJkllx.· t"\alualt"<... fOr norl<.:ardi.K.· t:.u.a~ ol dl("';; p.1in 
aru.J hicuuarf;.<.·r dl"-~lton. o' \\l .. ll ;.lS ,.,, Ill,· pns.\ihility of se\·ere 
unc1c.•rlylng ( ··"\1 > or t' l<-'<"iro<':m.Jiogr.lphh:.llly ~ilcnt <:oronan 
1 hromhosls. 

Coronary Artery Disease 

1./pi<l Lou <?ring Medicutions 
StJIIn Uu.:r..11~ rt'tiutc:-. mort:.llit) .uH.I ac.h·<:l"'\<.' dinic..M.U <.'\cnl 
ratt"'i >lllc:r A<5i. ll1gh inten<>it) \ l,ltln lll<:rap)' 1s rccumm<.·nc.kd 
ht.:t:'lu-,.l• it impm\'CS oulcom~ <.·,,mrxlrl·d wuh lo\\·1.:r int~..·n~l1y 
tn •afnwnt. lniliJting st:Hilh in llw lnp:llient st>11ing i<: :1ssorl 

akd wUh gu:ah.T mc..·dil'<lti1m <ldlu.·n.·n<..'l'. Furthl.Tmon:. sl<ttin 
prt.:lo.;lding 0Ch1re PCI h:ts ~·n ;l..,..,ol. iall'd ,,·it h lov.c..'J r..ut, ul 
J><.•lipn•:c-dur~l MI. 

lnvasi\"C \ersus Ischemia Guided Treatment 
lrnnwtkatt im:.si\'t" tn>;llmt"lll (\\ llhin .1 hour">) 1.;, r<.'"om 

Jt"K'Il(.lc..-ll t~Jr p;1t ients \\'ith \JSfE ."\(-'\ whn hil\t' lwmoclynamit 

iust,Jhlllty. rdr.tt'hJI) d lc.."'it paan, h(.·Jrl fallun·. or vcnlncubr 
:lnohythmias. In p;llif'nts \\llh .. m l'lt•\:ltt'fl d ink;.\1 d.:;k stnn:, 

sig,nllkanL ~~ St"}tnl<'nt deviation. or t.'lc..'\'UI!.:d cardiac biom:.rk 
l.'r'l. \·•n.JI.a<.· GHhctcrit.o.Hiun h thU;J1lv pcrfurmt-d within 
'J 1 hours of pn->st>nl:ltion. ·rht• l\'JW nf' ..'"t"\.;l'<"UI.lri7~1Tion pn 1cr 

cJun· (ltc:·J or C: \8(;) d<.,x·nc.ls on flk' n."'ulas of ;:mgic~p)n~ 
.\n 111\,l'i\c..." -..tr.tl<.."g) illlJUU\\...._ lhc,"l'Oili)MI..,i(C dini<.-a) <..11d 

puinl t,( dt~.ath. n"l"Um"nJ \II. ;llld h'pc..-.lr hr"pitJii:t..;Uion <."<>f11 

~n'\.1 \\ 1th an L'>'.·hcmia ~ilil'll ::.ppna.Jch in high risk ::md 
lrtJ))OIIhl J)H")itht: J.Mli<.'rth \\ilh t\'-11}. 1\CS. •\n i ll\'3SiVL" ~lrJI 

tt\} f... 1 hl'" l. tvurt><l ~lppmadl, \1\tll h rlw t>xn:ptiun l)r p~11l<.'nt ... 
wflll \!xknsiw 1mnc~trdht<.' co1norl)lcJ t.:<>ndition:-. (such as <';.ln 
<.\..' l}, lu w lhJIU lh<.: dink;JI bc.:ndil-.ul f't\'J<;<.:ulariY .. alion nl<l) he 
lm,\·r •• mel p:tlit•nt.f\\\'ithJC"ukdWo,;11).\ln uniJJ...d) to he,.~ rd:.\ll'tl 
IU L\ll. 

Wilh .. Hl hdM:mid ~uKkd lrt":IIIHnH ..,lr<~IC."g\ . JXUiclll~ 

unc.k•r»• nunirn..l,n,l'" stn..-...-... '"'"flt: ht•hn"\· llf~ilal dbl_ilaQ...lt': 

<~n.Ji .• ~~. l.llht1l'fi'l .. Uion j.., n"-\C."'f\\'\1 lor llJlit-nt.., with .K:li\·<.· (Jr 

IOil·nnlll<."nl i.schl'mia. hlt:lut.Hng lhu...._. \\ilh .Jnf!im dt"">pilt• 

llh,"tlu.·,llllu.·ral)) nr t._"•vic.knn: c•l l'ool hc,;mla c 111 -.ln·~ ll-sling. and 
p.nh.~IWi .ll \\'1) high d ininll ri\k h;l~·d hll ri ... k "'><."'Ore-. Thl.' 
isda:mk1 guic..l c..-d appmad1 b .tppn )prlah.· liJr low risk pa l icru ... 
(TIM I <.;('Wt· <!or (fi~ AC:t-: -><.·ore•.: I 1)()), CJ 

KEY POINTS 

• In p;.lli<..'nts with a non S'f <'IC'\mion ..K.'Ut<..' <.-oronary ~)Ill 

dnmw. initial risk strJiirtc"~lk>n with 111<- TIM I ur GRACE 
l"l>k ><.UI\"l> :li<ls in di:lgll<l'>li< ond lhcrol><'uli<· decision 
nuking . 

• fhrumbol\tic thcntp\ b notlndh..:<~tcd in patients \"·ith HVC 

non Sl elt'\1ltion ••cute coronary syndromes. 

• 1'hc dc.."Ci.sion lo pursue an hw:.lsh•c UJ>PI"Oal'h wrsu~ .. ul 
l$(hemlo-gulded oppnx•ch In patient• with o non 
S'l' eleva1ion acute comnnry syndrome depends on the 
paUcnt's risk for d inieaJ l'\t·nts. 

llual antlplatelet rhernpy Is lndk'alt'd lor ar lea<( 1 }"<"Jr 
aflt!r a non ST ele\-alion acute <.-oronary ~)·ndrome 
(1\STE ACS): dopklogn.-1 Jnd lk.l)t!"<'lor niJ) he us..'d in 
all p.1rl~nrs with 1\STF AC~. whe=' prasugn-1 may he 

used only in patients rre:ned with percuraneou:;coro 
noary intcrvcnl ion. 
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Coronary Artery Disease 

[::J Acute Coronary Syndromes Not Associated 
with Obstructive Coronary Disease 
Elt.>\':llJ<,I~ in C':lrcll:u .. · <.'Ill)' tnt.~. p:lrth,:ul:.lrly C':lrdlm: lrt>ponillS, 
("(nlpk'\.1 \\ith FO_, dlOlJl&(S prn' !t.lt.· t.'\C.~llffit ,II.J.~no~.rk <li' 

c-rimin tlrut for \(:S. f ltr\\t"\"Cf. cnndttion.;. nc11 t.-;au~-d by xuk 

conm;tr) ptaqw: mptur<• <'an Pl'\''1.'1\1 with ~inul.1r nnding-.. 
and t r<:~ll llK'nt of lh<.'\C.' t.·ondlricms '"'·ith ~tuljrhft) IHbotit ;.lgt~ntll 

and rt.'\.l'-C"U1Jri.J.ation ;, not benc:JH.,1.11 or n.·t.·ommt•nderl. 
r•ut..·nls \\Jth .I 't"t'kratc.xl IJ)Jll"nension. ' :nilk-.ml .. 

\"emrit ular hyp<.:n rnph;: ~md c.-;ln.hom\t>JMlhif.~ m.1v pn.")f,.·nr 
w ith fhc.:~t pain anti c.:lc:\at<."tl canli~l(' tropOJlin It"\·\' I-., t•au~td hy 
ek•uh.'t.lldt \C.'Olric·uiJ.r H.lling prt'''UR"\ ur w.tll u:nsion r.ltht•r 
1han Mue ruprun.•. n,._. EO~ Onding"> are (,{Jt:n ahuomul in 

tht.~ Jl.lli:ot.'ors. J,J.th..·ul-. \\ith 'UJ'r~'""-~nrricul:lr lOI<.~'(';ln:li-ot,, 

which m.1y ;1lso t..lrJm~ati('"..llly in<:'ll"~l~ the r.uc Pt\'"Un> pmd 

Ut'l. ofkn present with dK-st IMill, ST segmt·nt dt'pn•:&.'iion,, 
dOd C'lt"\OUl.'d <.·arda.tt t llZ\UIC Jc."\t.~l, t'\CO if OIJ C \()is pct:S<.'OI 

(.UrUnaJ) \:,l.c;c,.._"'l';.l\ffl b ..,Ulkll"f'l (..''UilstrkticJO nf d t.'f..Jon)f);;lr'\ 

:.uu.•n-. H m~tr ut·...:ur spontant'(,w;ty or folio\\ u~· nf illi<:it ~uh 
st~mCt.~ (mcthamphf.' lamilll:l>. coc.ttnc:) or J)rt"\C'ript iun t.hu)t' 
(5 fluorum---~K·il. bnnl\n<.:riptinf'). 1-J f; JhnonnalilK~ U41} he.• 
nono/:d.-.· or mimt<. \IE\tl fX!Ttcnb C.:.Omtur"\ '"'""'~n..,m 
a di.~gru"i' of cxtlu-,ion. Unk-s'l- tht: p;uiem ha~ 01 his.to') pf 
\ "J.M.t-\i);hm, patknts ollen umh.:rgo coron~tr\ ungiograph'r. 
''hkh may re\t.".;JI nnnnaJ fimlinl>!' o r slmH•d t:omnary no\\ 
lt"\UIItng tmm m1o1 f\ao..cular d) 'l-fun~:l ion4 lltl r\1" .11 i\--e- test in~ 
c.tn I')( pcrfonnt'1.1 hut h not u~u..~ll\ indk-.. U<.'\1 ~·Jtit.·nL.., 'tJ' 

pe<·wd of hJ.vin~ot \,ls{)spasm (ur tht n:latt~l mkmvasntLlr 
d~ .. ,func·tion) <Lt~"" U'IU.llh trt·at<.'tl t.•mpiri<.:ally With nilr:Ht·~ ami 
orc:Jklum t.:h~nn~..·l hlot·kcrs. 

'1akobubo c.~.1rd m1\Up3.tll) ... ltcm.ui\,·J) tc.·nnc.-d o;,tn.~' 
canlioni\OjXtth)' or ;.l.pic.al b:JIIcwmln)t '} nUffml(•, Is a n.:l;lti\f"l' 

uncummon tOnn of ·\C'S (~ l lc~111 1--Uilurt>). P:ll k·nt.-. prt.-....c.•m 
\\ith 3<-.'Uh.' dlt'St PJIIl. FCG chan,:. .. ..., c •• nc.·n ST S4..'Jr,tl'll(,'lll t"lt•\';l 
rion: ). J d elt"\4tt.-d ...: .. udi.ac enzyme.• l~"ri"i. llknc..uhu ('3rdiu 

m\'np~Hh~ nlOSt L1m•monly f><-cu" 111 \\'Omt.·n. ;.lnc.l then: 1-. 
oft~n. hul no1 :lh'l.':l>y,, un ;,U1le<;cdcm P'>YC"holog,i<:oal ur physit"JI 
srnos···ur r.dk"nb m;.t\ ulitially b(.' c.li~1gnosed \\llh STFJ..H hut 

fhund tu n.J\~ nu "~'Hii(-ant romniJry .;;;tmO'\i' d rn- timt.· ol 
c;:mJi.u· f..ltlwrf!ri.L.;_ttuut Systolic.: Jptt.·,lt baHoomn;; .md noldhl 
sparing ul thc bJ~'III the htar1 un c.•C'hoc.:arUio~tl.lphy or \t<.'n 
trkul(J).trJ.PhY -.~re C'h.lrJ<.l(.'ri,.ti<' of 1 his S:'t ru.1ronw. 

t ~ll'lli;ll !>)ndl'flnk· X b3 J)I'Mn1~ tld'iiJl'ti <. uldittOn c.:h.1rac.· 

ll'fiZt"\1 tJ\· J.Ogin31 c.·hl.~l p.lifl in lht.- pn.'"::teflc.~ hi .\ng_i(»gt:.l(lhi 

c.:ally normal <.'Oroll.ll'',- ark~n~ nr in,ignifi~.;._Jnl C\D (..::so··. 

~tc.·no ... ls). ( ::.utti:l<· syndnmu: X is :l fn."Quc.•nt <·:m,c.· ~)r drt·~ p:1i11 
~-ll(JnJmt-..m w~:tmcn. and p.1rit·nh uftc.·n prest:nl ''-lthoullr~t 
ditiutu.l r1-.k fa<.:tof' fur C:\ll X"\c.T.JI hypolht.-...c...., h.n-e bt·,~n 
prop-cl-.('d ro explarn lht" p;.tthc.)h't.'lll .... h of thb) ')~ ndnnnc. Oltt.'lll 

Lht.• m11~1 nc<"eptt:d U'lllt'rs on mirrn'v.l:-i<.'ular Uy~l'unction as tlw 

l .. .tU"'<.'. J\Hirnts nu~ ht• tr<.·att.-d wllh f\ bh.x·kt:l~. ('jkium c.:ha11 
nd hi11(·M-r... an<.lrulrJ.Ics. 

Patit.•nts \\ilh c. hrnnk.. inJtunm.uon mu ..... lc. dise-.bl"' or 
neunm1u'(:ular diSt';l:-.ts ma} h;l\\.' dc\'ak'll k\ds ol c.lrdbt: 
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tm1x)·un T due to C.':\J-11\"-'tnn ortlu-. \"ffl.)~le in sl-.t:k1.al mu~.:1t 
llt<-~ t":trtli~•~.: troponin I k\-clls nomul in tht":it' tJ.'(''· which t'<an 

he." hc>IJ>f ulan d itlt:>rt-ntlal i ' '~ A<:S frn11a lht-~ othe1 (•nlil h..·s. CJ 

Care After an Acute Coronary Syndrome 
All p:llil'nb with ACS s hould rontinuc aspir.n , prefer-.!bl) 
SJ mg/(1. lncfcfinilc:ly. DAPT is re<.·ommended Ihnat lc.'illtl l yc:u· 
(see Tabl~ 10). Tlwrc Is some evidence lor exwnding IJA J>r 
!x.1<.>1l<l I year in stcnt«! and m<'tlically trearoo polk-niS: how 
'-""''· tht· d<<:ision 10 pmlong ther-~py \hould be indlvidual.i?.ed. 
w ith the risk tbr blc:tdh~ \.;eighed :lKiJinst the 1'1~k fbr th rom 
l>Osis. Sta lin therapy should mnlinuc indefinitely. ~-Blockade 

and ACI; inhibitor t~rapy should also be t"nlluu<:d indefi 
nitely in JX1tients with ll"ft vemricular dysfun<"'fon: t.•onlinua 

lion of theNe tn<.'(li<'3tlons is n.-....lSOn:.tble in patients \'tith nor 
m:-.l l(•rt vcntrku.lar fun<.;tion. Cuhk li m--s rc:commcnd avoiding 
NSAIDs If possible. <>wlr~ to the incr~·ased C:ll'<1i<>vascular risk 
.rssociated with !he«> drugs. Paticlll> should be rcrerred for 
cardi:1t ~habilitation. • medically oh.<-rved cxcn:ise program. 
to i mprOV(' funclional cap:.lcity a nd risk factor prnnl<.:s. 

Management of Coronary Artery 
Disease in Special Populations 
Women 
Oini~l PresentatiOn 
Women \.t)\.t.llly dt"\tl4 'fJ axh(.1nk hc-.u1 ~De .u .m nklc:r ..in"-" 

than llk'll and mon.· tom lnonl)· pn."-C.:nl wilh ~~lhh.•( ·\D than !'In 
.-\Ci In \r\nnk·n with typiraJ a~'in:l ,·nnpwm~. nonc ,IJ~tntcti\"C 

l'Ofuft.U\ '4-Ukbc.."'.> an l>tl."'it"nl nn c.1Jfhl\il!)~ a.ngic.)):mphy in mnn.· 

rfun so· ~;f..,~.uxt ntK.1"r""3SC:ul.lrc.h ... rw .. \ Hl ( ·rldolhelium 
<k1X'fl(knl or t·rKlothdltl m indt.'J.)l1l(.l\-nf) rs thOtlAhl to bt.• :."l pn• 
dominan1 t':.lltSe of ''' llll)tonn:. in lht''<' patk·nl'i.. Jn wonwn with 
JC.Utc.: MI. I Ill• prt•donun.llll <;):tllplom ts li'x"'Sf rutn or pt\~<.\Hl.~: 

ho\'t"\' '· \UJlTIL'Il t. ~•ftt>n ha\(.' rvpK'31 '"mp:. Ill\. ·~uch a_, 

I:tU}-,h' th.'Pil'l.':l. nolU....,~I. ur .llxlomln.11 '"mptonb. Cl 
St:V\'ml uniqut! m::t nifes1alion\ ol' cardiovasculm:- dise:l~. 

including spontant.'OUS coronary :'lne-ry dissc<:li<m. lakots.ubo 
caniiOill)'OIXllhy. >nd <uronary \'3.o;ospasm. Ottur primarily in 
women. Spon~ romnary art'-"f)' dissection b a oommon 
cause of cht.-st pain 8nl.(:)ng yOtLng('r women who present with 
ACS. In m~ny t'ascs. ' i)On.taneous turonary arie l")' lliss<'ction 

occurs in 1 he perip:tnu m period and is though t ro he caused 
by hormcm;rl change.-.. although tht true <.'<IU><' is unknown. 
Given the preponder.lnct• of young ""umen \•1tith this condi 
tio n. mhllmir.ing rmJiatlon exposun: and avokllng lnv:lsivc 
:u>Rinr.rnphy an- ret'OnHnendcd. Thl< ~an lypitally be ach ieved 
with the US(' or supporti'" eare \\1th or withour <:T angiogn~ 
pby. In ~vere <.-a~. ve--,.'\C.·l occlusit>n <:aLL'ioeS STEM I ::md m.u-s 
sil:."lf{"$ t:n\crh'4.:1lt rev.tscuJarization. 

Evaluation and Tre.~tment 
NoniO\':'l!-l.i\'cst~ l<.~lng for Lbt: C_.4\"3fuation ofCAO sym(Xoms 
h<lS" lower •cnsltlvlty .md sJ)l'<clflcily in women than in men. 
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:md ST st!f.rnwnl devh10on has a lower reported at<:uracy in 
\'VOmcn. Tht·R·JOrc. stress LCSting vvilh im~lging providts b<'tLc·r 

ac('ut~K·y in vvomc-n (S('(' Diag.nostic 'f('St..ing in catdio)ogy). 
Oespire these ditferen<:es. I he s:1nw guideline re<:omnwnd:l 

tions apply to both \f\iumen and men. 
Repo rts rrom ob::;crvalional studk::; and sub::;ludk~ of 

1"3ndomi'lf'd <'onrrollt'd trials suggtosr thai w·omen h:1ve \V<>nw 
outcomes alk r STEM! prescnt•llion. The cause of these 
\II.'Otst· oul(.'Ollll'::i is thought to b(' delays in rt"t.'X)gnition of 
CAl) :met longer overall ischemic t ime. Compl i<':ltion ral<>s 

are also reportt·d to bt· h igher in womcm who undergo rep 

erfu•ion therapy for STEMI. Tlo<· COURAGE t rial demon 

su·ared rhat :unong p;uients ""ith stahle an.t,Jina trea red \vith 
revas<.·u1arization . VI/omen had lower ra tes of ovemll morta l 

ity a.ntl nl>nfalal Ml but a high(·r rate of tomplkation::; t·om 
pared with rnen. Ovenlll , trea rnwnt ,f;.'llidel ines do n ol differ 

for men :.tnd \NOmen. 

Diabetes Mellitus 
Risk and E\'llluation 
Diabe tes has heen p roposed as a< :AI) eqtJivalent hec:1ose age 
a.dju .. '>'ted risk fo r CAD events is lwo to threefold higher in 
p:.\th:n t::; ' "'ith d iabtlc:s. Cardiovasnt1ar morbidity and mortal­

Ity are :~ lsosignificanrly higher in 1his popu b lion, especi::elly i n 

patients v.rith type 2 d ial.x>tes. Much of the risk has been atttib 
Utt."'d tO t he h igher ineidC'Ilt'e of known tardiOVdSCular risk 

f3<1ors; ho'".re-o.·er. evidence s uggests th;;tt underlying v::ts('UI:lf 

dysfunction may play an important role. 
P..Jlic:nts w ith d iabt.•t<.-s. may prc.'M:nt with utypka l curdiac 

symptoms. such as dyspnea or nausea . requiring a lllgh index 
of suspicion for C1\H d uring thci.r ev·iiluation. ·rhc diagnostic 
a<:cur.:Jcy ofnonilWtJsivc sl-rcss tesling in symptomali<' patil'nls 
with di<lbC'K'S is simliM to th<1t in pnrie nts without d i::sbetes. 

Although u~lilitional risk f\•ctors for C.:AD s ltoul(l be aggres 
sively m anag<.:d in pati<::nt.s w ilh d iatx:lc:-;, screening for \.AO in 

a..'iympLOmalk persons is controversial. and tOllrine stress test­

ing is not l'<.'<·orrun<'ntkd. 

Medica.l 'l11erapy and Secondary Prevemion 
f\·l edicall h<:rapy (hr paliC'n(S with d iabc:tt•s and CAD indud<"S 
aggressive risk f<lctor reduction. gh1<.:ose controL and 

antianginal thernpy. The American Colle-ge of CanUology/ 
Amuican HL'arl Assod alion r<'COJUJll('Hd :Hllihyl)('rtcnsive 
treatment with .n t:uget hlood pressu re b-t'low 1~0/80 mm 
Hg in patien ts wirh diahetes. In cont rast. th<:' Amerk an 
Oiabct('S Assm:ial ion rcl·ommcnds a syswl ic b lootl p n:ss url" 

goal of b s lh,w 1~0 mm llg ~nd a d iastolic blood pressure 

goal ofi<'SS t lum90 n1m l lg for most patients. Lower systolit· 
:md diaslo lic h lood pr<:s.s:urc targets may be ap~'roprialc for 

ind ividuals ;)1 h igh ri~k for (':trd iov:lscul:ll' disease, if lhcy 

can be ach ieved without undue Lreat menl burden. ACE 
in hibilors and AI~ B..~ arc p rd'l-rn:d in Lhc sc:UiJlg or hyper 

tension bet<\ use of thei r _kjd ney- prote<:{ive eftects. ttigh 

intensity sta tin t her:1py is indicated in most patients w ith 
di::tbelcs rmd C:\ I). 

Heart Fa ilu re 

Aspirin is rt.-'<~ommt!nd~l for secon dary prevention in al l 
patiC'nts \'l.tilh diabctc,_--s: and CAD. Primary p n:vt·ntion is recom 

m<:'nded for patknts wjth diaiX'tcs with a 10-ycarcardi<>va..~u­

lar risk gn->:lter th:m 10~. or one :ldditiono£ r isk ft\ctor. 

Tight glycemic oontml redLH,:es microvascular com plica 
lion::;; howt.:vc:r. it doc::; nol n:tlut'\.' the risk for r\•11 . In ~l r<X't:nl 
study, lir:1g:lutide. a. glucagon like peptidc;-- 1 :.m~ logue. v~t'aS 

associalcd wilh n.-dut't"tl 1isk fbr cardiovascu lar death in 
pati(·nt::; with lYPt' '2 diab('tt·s anti h igh cardiov.tscular risk. 
lnilial ~'hld ies suggested t hi:lzolidinedion~s. specifically rosigl 

Hawn<:. were associated with an elevated risk for card iovascu 
tar t•v·<:nls. although a sub::;cqut·nt clinical tri ~) l dcmonSIT<IIL'<l 

no el~tect risk tOr Ml or death. Conseque11tly. lhc:- FDA h~1s 

removed the restriction on rosiglitazone use in patien.tS with 
lyp(• 2 diabl'tt·s anc.l CAD. Mt·trormin docs 1101 have any cardio­

V.IS<1ll:lr eftf"<·l's. hut r:lUtion s hould he exercised in P<ltients 
undergoing <.'Oronary angiography. patients \<\lho ha\o-e had an 
MI. and palit'OLS w ith IIL'atl n'liiUfl' l>L"t1UISC or (.'()fll't:rn for 
potenti al ly fh lal l:l<'tic :wido~is. 

htvasive Treatment 
The choice of r~v:lsculnri>ation s trategy !PC! or CABGl in 
patients with diabetes is hased on many factors. including lh~ 
sc..-vcrily and ('Xh:fll of CAD. cornorhid (•Ondilions. and dcgr<'<' 
of athernoclemtic n~rmwlng of sma ll. distal VL'S&!.. Morlalily 
rates are sinlilar hetween the t\.vo procedures; hOWC\'Cr, CABG 
is ~i.."rK·r-.tHy prt'fcrn:<.l bct'ause il is assoda!Cd wilh lml\.rl'r r:li<:S 

o f repe~t rev~lscula rl7.::ttion. In p~lti("nts \'\1hO undL·rgo PCI. 
d rug eluting stent p h1cement is re<:onunenclc.:d to rc:Uuc.:t· lhc: 
oc<:urn~ncc ofhn'g<'l ve.o;sd n .. '\•ascu larization because of higher 
r<ltL'"S o r rt."'St(·nosis in patknts Wilh Uiabctt.-s. 

KEY POINTS 

• Stress test ing is not routinely recommended in asyrnp 
tomalit' pm ic nl:; with d iabct('s mdlitus LO dl'H:<:I sub­
clini cal coronary ~rtery disease. 

• Coronary anety bypass grafting is the prek rrc'<l mode' 

of IT·v.lS<'lllaJiz:JI ion in p<llit'n ls with diaht:tes melli1l1s. 

Heart Failure 
Pathophysio logy of Heart Failure 
Hean 1\Iilurc is a clilllcal syndrome ch<Hacterizcd by signs 

:md symploms of fl uid overload and dccr<:>asc;·d cardi::~c· oul 
put. Hearl (hilure can n.."SLtlt from systoli<' or diastolic dy::; 
function. In c'ascs or systolic dysfunction, multiple causes 
r<'sull in r('dU<:cd ~troke volunll' and cjt."CI ion fraction. lc rml'tl 

ht·~lrt f<\i lure with reduced eject Jon frac(ion {It !+'rEF) . 

Common causes of II FrEI' include coronary artery disease 
(CAD). my<x-:mJiHs~ va]vula.r hca rl d isease. infi hralivt· p ro-­

ccssc.-s. anc.l hypcrK·nsion. Diastolic dysfunction is usuaUy 
dtaractcrizcd by a stiffem'd left ventricle wilh abnonnal 
rel:.n:~ltion during di:-1s10lc•, rc~-:ul t ing in ;m in('rto;~s(• in lt·ll 
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Heart Failure 

\'enrrlt:ular pn:loJcJ. Ejec1ion frJC'tion cl;,w .. it·alJy remairu. 
norm:tl In this ~ning. knO\\ n as he1rt fuilu~ \\;th pn.........,'t'Vt."d 
eject ion l"rttction (Hf.pEI'). < :ommon causes of I I f.pEF inclucte 
hypertension. (lj:ing. obesily. di>betes mt'llltus. •n<.l <;AD. 
Oft<"n. patients With he:tn railun.· h.tve concumitant ')'-IOiic: 

:md d i~l~tulic dysrunction. 'l'he outc.xmu: of hOih pmn·sses is 
incre3~1 fefl Yc:ntrtcu1ar fllliug pr~..;un.:s. w hi<.:h arc 1 rnns 
mined to the lungs and 'ub:.equently to the right \cntridc 
:md the body. Th t! incrca~ in pn.:~::.utes causes the {'l:lssi<· 
l>igns and S)'lTipl<un> of he3lt lailure. indudin)( dyspnea. par 
o~·ysm31 nuc:turr\.11 d)"l>ne•. orlhopnc-d. penpheral '-dcma. 
crJcklcs on pulrnonary ~\\11\C'U lmlion. ck·vmcd Jugular , ·enous 
pressure. and an s.J. 

In patients\\ lth hcort fail=. compensatory mt'Chdnbms 
:K'Iival<.: lO atlapt to the r('(iu<.'tion In t:.m.tiac nutput and ele 
vated p~c;ures. llll' h<'3rt dilates in ,·esponsc cu an inl're~to;;e in 
prelo.'ld to impro"e lll)OCJrdial contraction (l'r.mk St•rling 
mech .. ml~m). Tocombal lht: incrcj:..c ln wall stress that ()(('urs 
with dilarotion an<.ll\i.gh filling pressure<. the llli'\><'YICS hyper 
t.-uph~: initially reductnl( "all stn'S'S but C\'lntually le:>ding to 
reduced left \'entrkul:.lr cnmpliancc. TIK'SC changes impro\'e 
or maintain st-roke volume at llrst: hO\r\t'ever. in thl· Jon~ term. 
tbey contribute 10 '"orst.-niJl.J!. wrd.iac run<.1i0n. 

Another compt'DS:.llory mechanism is the uprr-gul~tion 
of th~ renin-augiolcnsin aldosce-nine systl'H• to produ<.~ 

.wgiotensin U and aldostc:runc:. An~k>tcmin II Clll"i(~ vdSO 
(-cmstriction, which improves hlood l)n:~u re and stimul:lte"$ 
U1irSl. Aldoslt:11Uil' incre411\es tlnid retenlion by inerco\sing 
MXI.ium resorption. fhe ;-Kfn:m:rgic ner\'ou~ system is ,fimu 

lated. n::.ultin~ in release vf epinephrine. norepinephrine. 
;md va~vpressin. 'l'hc hormunes causr :lr\ ilwn.:aS<.' in heart 
r .• ne. ront r.K"tilil). and \':l"'(.:ular n..--sistance. :m<.l va~pn.~in 
C'\llJSf'S nddition\11 \o\"'.ltt·r retention. Th'-'Sl' mech~tnl:;ms 

improv<.: hi noel prt.-,sun.: a1 '"I rorwmtl now I nit i:IIIy: however, 
.,,,.,,,.tin~. rhe)• bc.'COme ddetcrious. The in<n':lse in blood 
pressurt' <":J lL")c.::~ un incre~1sc: 10 :rfkr1fr.td. leading to mluced 

~troke volmne :lnd incrc.:u:;ed vcntrkular prdoad. The 
intn>ac..(' in '-olun'le rt'SUJt~ In an incl\.·asc in preload !llld lefl: 
\'~ntrltul.1r disrc:nUon, foiiO\\'t~d by !'I rfse in pulmonary pn.··s 
t>urt·:, and enlar~c(l he.,rl size owing t<> both myocylt: hyp4:r 
rroph) and dongation. Flc\':lted k.·vds of neurohormnnes 
also rat"e my<><.')'tc injury and ad\"t'rsely 1>rumote remulli•­
ling. The n.:suJt 1~ a (·yclc.:: llf'.slowJy wor:,enlng lcll w ntrh.:u lar 
t'unclion with decreasing fhrward 11uw ru1d lnc.:r('asinn pul 
mon.ary ~nd fillht-•ided P"""-'ures. 

KEY POINTS 

• Common C'~ffie'i orhc:~rt rdilu.re with m:lu~ eje<ctlnn 
fracl ron incl1.1de <.-oronary ancry d ist·ase. myucarditK 
valvular hc:.trt d isease. lntUtrotive pnK't'ssc:s. o.tnd hyper 
tension. 

• 11<•:\rl fa ilun: \Vith prCM:rved ej<:c.:t lon (r.\Cllon is <.-om 
monlyc::msed by hypcnC"nsion. a~ing. o~llv. dialX'Ies 
mdlillL~ or t'Oronary artery di!ll"':l"toe. 
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Screening and Prevention 
Pmient' .u risl.. foJr hcan f•ilure (such as thn-.t· with h) per 
H:nsion. UialX'tl~s. or '~~·ular disc~1se). hut wilhoul hearl 
t3ilurc 'lmJ)toms or left 'c..·ntrictll:lr d.ysrunc:lion. should be 
scm.·n<"\1 with II type nalriurericpeptiddBNP)orN terminal 
~ro II type n:llrluretic J'l'plidc (NT prol\NP) measurement, 
foJIO\\~"tJ by early ini<TWiltlon \\ ilh approl>rldte theropy in 
those "ilh ck\;ll<-d i<~·cL~. KNP ''-""'}'> are typical!) u-...'d to 
establl<h or exclude lw,n-1 failu re as the c:>usc of dyl;pnea. 
Small 'ludies ho\'e shown th.1t •lllUCSsivc ~:uJdetine based 
m<-dieal thernpy In patient' "ith ck~Jled II\ I' or i\'T· proB:-11' 
k'vl.'ls cnn ht-lp prevent t\1lurc ld't vcnWculnr dysl'unct i(ln or 
rM'\V-on~t hl·art fl1ilure. AdU11ion:tl n:"!!ean·h is 11t'\-ded to iden 
Ufy the c."Oet.1s of 'lO.'•.:n.ing on mortality 3!'\ \WII as the t"()e)l 
dli..""Ctiveness or SU{'h int<-rvt:r'l tions. 

l-.\'l<ll•fK.'(" h.1s shown I hat hean failun: inc:ldt·nce can also 
be rt'du~ by 'i~tnifllmlli) lowering blood pr,...surc in Jt rbk 
Plltients. The Ame•i<""' t:ullc~"'ofC::•rd iology (ACC), Ame•i<:an 
ilcart A,wdation (AHA). mld t leart i·:1ilurc Society of America 
n:rommend taJ}Min~ an uptint3l blood pre<.<ure of'""' than 
130/RO mm Hg ror he:•rt fl•llurc pt('VI.'nlion. 

Diagnosis and Evaluation 
of Heart Failure 
Clinical Evaluation 
{:lini<·:ll evaluation of patients suspt"C1't*<1 orh;wlng IK·atl f'tli lure 
should inciud~ > mmprch,·I\Si\'e hi<1ory and phy<ic.11 <·xami­
nation. 10c.1tSillg on aSSCSSill<"llt ofOuKI :lJ1<I perfusion '1atus. 
Mosr p:nknls wilh hl·an f.11lurc prl"M'Ilt with volum<: .,,vcrlu;.uJ 
~• nd norma! l'ardi:\f' output 111e st'\.'Ond most tonm1on J')f"t'st!n 
tation t\ low c:~rdioK' outpul wilh \(>lurn<.· cn~rload: rurely. 
pntients hav~ sign~ :.uld symploms o f low r-:udfuc output with 

vut volumt~ overload. Volume overlood is a~soci:Ued with 
t•r.a.d.k~. jugubr 'eoon~ distention. peripheral ed(oma. 
increa<e<t abdominal ginh (a>;dtcs). dy,;pnea. orthC>P11l'3, a nd 
v..uo~y~mal n ocrumal dy,pnl·a. Pmlents vl'ith he\ln 1;1ilun: 
typical)) dl..,"<.'fOp e>ertion;ll d)'SPOC":I first. folf<Med by Ortbo· 

pm.-a :lnd p:aroxy:..mal nocturnal lly~pnea. l·.lcvatt.'tl ju$tular 
' 'cnous pn:ssur~ and orthopnea a1-e mosl p redlctiV(· of an 
eiC\'<ltt-d pulmon3n <"dPiiiM) \\rog<: prtSSUre. which St~s 
lrft-<1<1"1 h<"drl failure. Signs of low cardiac outpu1 include 
low pulst· pressmv. l'OOI t:.xlremities. and reduC'ed t.'Ognlliun. 
Althou~:h worsening kid11e) or liwr run< 'lion may be a ~ign or 
low C'flrdl:1c nul put. t:nt.l o~n dyslun<tion C"dn ~1 lso be c:lu.sed 
by \'aSCUlar l'Oil~l"~rlon . 

Diagnosis 
lnili~ll cli:t).!nosfil ll·'lting ' h•m1d lndudt• dt:ctnK:an.JJo~otr.lphv 
u t"\"ah ' "' lOT rt"rni:t .u I .tril~ ~mb. c:hc......- r.ld ingi"'JJ)h_) 

tn exdudt· pulmnn~ll) c.::t ust·~ of d\'lj}nt-a • . lnd a B~ P o r 
NT pm BN fl :l!-.'1:1\ lo l">Whllsh tl1t: Jlrt"Sell(.'(-' and st"vt:rhy of 
lk"drl allul'l'. In llk-nb \\lth d}"J ·•:a. B'\P <:~n ellt"\11wl' 
~ liltt-..rc.•nttah: <.:;Jn.h.lt from pulmon.l l) <."J.usc.:' H'lP lC\ c.•l~ are 
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CJ ckva ttd in patk'nls wil h incrcast'd right or ldl \'Cntrkular nu 
ing pressurt?s and ~:srolit nr d iastoHt heart lhHurc: {typkally 

.lNl >400 pg/ml. (-100 ng:tl.l>, vv·hereos BNP level.;: :'l((' lov~o' to nor 
mal in ~lli('nts vv'ilh pulmonarv di:-;c~~sc (typk~JIIy <100 pg 'm I. 
[IOU ng.'LJ). Studies h:wc shown that ~n dtv:llc'<l BNP kvd h~s 
~sensitivity for hea rt fai lu n: ofi)5'X. (() 9/''f., ::~nd a n~o.-galiW J)rt.' 
dictivc va1uc of90'l .. to 97'X .. Bc..·hv<'<.:n 100 pg;ntl. and tiOO pg, 
mL 1100 tOO ngil.), I!NP concenrr.nions ~re neither sensitive 
nor sp<--'dlk for exclud ing or ronfirming tht• d iagnosisoflw;n1 
f.tiJun:. Ot her ih<:tors that im:n."'.t'iC RNP lcn:ls includt• kidn<-') 
l<•ilure. olde1' ~gt. :md t<.>mak s<·x. IINP lc\·ds arc rctluc,·d in 
patients w ith :-m d ev.-tted BMI. 

lahomtory a:-;s<.'SsnK'nl should also indudc a <:omplctl" 
blood <.:Ounl. s(·nun <:k~trolyt~"'S und kidnt·y fum.tiun k~ts. 

ghK·ose and lipid k•velo;. li\1"r t hemislry t..:srs, ;lnd senun lhy 
mid slimu1alin.~ hormone level. Thyroid stimubrin.~ hor 
mone mc..~aS\I remenl is indic:.Ht"'d to tvaiuale IOrot t ull hy·po or 
hyperthyroidism as :1 r<~versihle CiltlS(' or he3rt f:l iiUrP. In 

hypc:rlhymidism in pa rlicular. thc predominant manifcsla1 ion 
of t11yroi<1 dysfuntliot1 m:ly h<: turdi;l(' ~)·mptom~. whkh wUJ 
ahatt• '"~hen rhe hyperthyroidism 1:;: tn.•;1red. 

EchocardiOh'Taphy il'i the primary diagnuslk tc.·:.;t in the 
evaluation or lu.·;.\rl failurt. An t:thocard.iogmm providt·s 

lnf() rm:Hion on he:nl size. systolic and d i~1stolic function. 
regional wall motion ahnorma1itic:~. and valvula r disc:Jsc. 
Findings on t'('hocartliograph) cun provid<: in lhrm~ttion on 
underlying causes of hearr failure as w('ll. RegJon::~l wall 
motion a bnonnalilics sug.gcsl CAD. and c hanges in the 

myocardium <:an sug,g~..·st conditions sut'h as carc.Ha<: amy 

loid. E<.~hocarcliogr~tphy may a lso provid<.~ prognoslk in lOr 
matlon, pa~1itul:lfly in l ht setting of severely depr<·ssed 
~jf."ct icm fraction. 

Evaluation for Ischemia 
AD is the kadin_g t".lUS<.: of h~"drl failure in (h<: Unit<.:d St:.llt'S 

··SO% of P<lticnts) and should b< Mnsidcrc'<l In all pmk'nt< 
\llh u<.·wJy diagnosed heart 1:\Jiure. The de<:i~ion to t•v:-t lu:.Ht' 
•r CAD c1(>pends on lhl" pa liPn!'s symptoms and 1i s.k factors 
tamHy history. male sex. d iabetes. hypcrt~nsion. tobacco usc}. 
.u!dilimMLJy. Jindings on ('h:<.:trot·ardiogr;,lphy ~nd t·thoc.ar 

JiOgtaphy lll:ly $U[!g\.'.St :m is('h<'ll"liC' C:lUS(' ror len v<~nt ric:ular 
l\'Sfuncr ion. Pali<.~nts with L'XCrlionaJ ch<.ost pain. history iJf 

myocar<li;ll Jnfarction. Of' othc:"r symptoms "uggestins.t CAD 
hou.ld under(.!o furrht'r evnluation w i l h stre:;;s It-sti ng or 
ardiac cat heterization ~ts clinically a~>propriatc (sc<: 
Jfagnostic Testing in Cardiolo~~). ldc:nlifit•:lt ion of siR.nitl 
mt CAD is important. as left , ·entricut:or dysfunction 
.u.:J'i:ec.l hy ischemia may improve or resolve wilh percutane 
1us o r ~urgical r<.'\ltlst'Uhlrizut ion. CJ 

Classification 
The severicy of hearr l ~ilure is categ<ni 'l..ed :1ccording 10 the 

~ew \~rl' Heart Assod ation (NYH A) fu nctional dassifit;.Jlion 
'Table 12) a mi the ACC/ AHA heart rai lw~ s tage• (Table 13). 
PmJems can move h::~ck and fOrth herv.reen NVIIA c l:lsses 

Hea rt Failure 

TABLE 12. New York Heart Ass0C1.atton Function211 
Classification 

Class 

II 

Ill 

IV 

iliA 

1118 

Description 

No limit;,tions of physicCJI activity 

Shght limetat1on of physi<;alactivity 

M;:~rlt'cd l isniwtion o f phy$i<::.:JI olC:t ivity 

Symptoms with less th;;n ordin;:try activity 

Symptoms with minimal exertion 

Unable to <:arry on <Jny physical Jctivityv .. ithout 
symptoms 

TABLE 13. American Colleg• of Cardiology/American 
Heart Association Stages of Heart Failure 

1 Stage 
1 

StagcA 

StageS 

St<>ge C 

StogeD 

Description 

At risk for heart f3i lu fO but without structural heart 
<:hange!;{e.g., patients with di~betos mellitus. 
corOJHlJ)' aflCty discttso, hypertension, or vascular 
d1sease) 

SltuClu~<JI heart disca~ (e.g., mduc:ed eJ~1on 
fractton, left ventricular hypertrophy. chamber 
Qnlargement) but without heart failure symptoms 

Strvctvral heart d1sease with current or prior haar'l 
raiture symptoms 

Refractory heart failure tequiri•'9 advanc<E!d 
intervent ion (e.g., biventncular p.<'lcemaker, left 
vontrk:uiJ.r assist device. trJns.pl.:~nt.atioo} 

lnl(tttl\;lhllfl l10mllun1 SA.A1mth.-wn WT. Ch•l\ UIH, Fflklm.."lnAM. Ffo,)oc'IC<S G'i, 
Goltlli.:l~ iG, t~l ,JI, 2009 r (IOJ:lo~ uptbl(! inOOI'pC>r.ll(!d intt.l the-AC.GfAH;..200S 
QvtJc!ono;.'S IIJ• tft(: J""~ynu:;b ..tt~J no,.n'-lgc•WJnl of hc;ttt railuiC: ifl ,~, tit~ n rcp(ltt of 
thot.AUI<.l< >~.<l" Cul!o.tijl.' u1 COi•\l!ol<>gy h>ut>d~•on/Anu.•tkollt ttc.IO't A$1$tlciolli(ltl i.~k 
rorv:A nn l'rM.1i('A ()o oo~ ! ... !o~; ~·~~ ;,, 1 ,,lf..-..lov•"l•v"v"l,l\ dtt:• h lto:•no~tov<'ill 
$oc:ictot for Hc..,rt ..,nd lung Tr~n:-.pl:~r'lt:ttion. <.ireul:.oon.2009;119·')391-4i'9 
(f.'MID~ 1<)3?4966)dui; 1 0.11~1/CliK:utAI IONAIIA.lO'l.l92065 
-- --------~ 

dcpc.:nding o n fluid status and pf<l)grt·s~ion of hea11 fa ilure: 
however. they may only progress inLhe ACC/i\HA stages. BoLh 
t.he pati<.:nt·s ftUJ<.:lional dass and .stage afl<:ct th ~o.· c hoice of 
rher..tpy. 

KEY POINTS 

• B-type no.\triurt•lic pc.--plide measu.remtnl is a S('ru,.;tivt· 
and specific test for the diagnosis ofheat1 failure in 
pa licnts wilh dy~lmt"a. 

• In paUcnb:i suspeded of h~wing h<."art I~1Hure. t'<:hocardi 
ogr;lph)' should be J)<.'rformed Lo assess eje<tion rracLion 
am1 ic1 t>ntity possihle- c;1uses of he:lrt fullure. 

Medical Therapy for 
Systolic Heart Failure 
The fr(-alm<'nl. o r patil'nts wilh HFrEF (systolic heart r.u lu n:) 
ind udt"S treatmem or acutt ... exa('(".tb<ltions fOHowcd by long­
term thernpy to decrease morbidity and mortality andunpro,'e 
~)'mptoms in p;.Hienls with chronic hear1 f;.Ji lure. 
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Heart Failure 

c:J ACE Inhibitors and Angiotensin 
Receptor Blockers 
r\( .Einh1hiwrs n.·thtn· morhitUty ond mcmalHy1n patit•nh with 
IFrFJ. and an.• tht niOK"f'IUIW ofk)llt• h.·rm thc.•mpy lor ~Jih 

'Ymptmtl;Jik ;md :t-., mptc.nuti«.· patlt·nt~. \(f inhihito~ bit,.,.-~ 
lht· L'OilVt•rsiun ofrtnRhHt·nsin I t()angil ll<.·nsin t1, inhibiting the 

UJln-gulathm of tl"-.· J.Jdo-.h·mnf.' parhwa~·. Tlw ATLAS trial 

t'\aminc.."Citht>efTc..'t.1"10flo\'\ df)')C.' \(>1".11' high cJcN. ,\CEinhlhl 

tor 11wmpv llisinoJ)ril) in P\11 IL·nls \VIlh systolic ht·an t~lll\1 11.' 

md fbund no difft·n:nt~ in nvt:r.UI mo•l•llity; ho\\'c,.-'\'t'J', high 
de~ lhwopril \\a' ,l'SO('i:ttt•t.l ''ilh ~l 'lgnific.~tnr n..aducltt•n in 
I ht.: c.·on"'posilc c..·ndpoint of nu,rt:.llily :md huspilalit.aliorb from 
K•an t1ilun: ,uld lnr am t.:·au•a·. < )n the..· h.•sisof tht-~ t~;..;;uh-.. lhl· 

l!t•nc.,.-.11 om-.enstr... " (H uptltr,ltc.· AU· inhibHnr.. to m.J\Hn.ll 

dns<.'S or unt il (hl· OllM'I of :-.ylllplnmal it hyport·ll'loiuu. 
'lllc.' primary ;1tiH.'TSe (•tlt't.l.,. as."'l(·i;Jtt'<l with t he u-.c.· uf' 

.\C£ inhihitof'io an· kidn4.."\ d~'func.tion. \(} inhihlfn 

lu<.lutt?tl <'iJUgh. and angiot.><kma. AU hough AC .E inhihllor~ 
'houkt lw c..t•nsirl<"rt'd in c.~ ~·ry p.alit·nt '"il h HFrf·.t·: c:k'\tation" in 
t·n.-atininc k-\elsm.., J)l'e\l"nllLWofnl;l\imaldcl~"'\. \lam Jlll) 

-.kt<lllS do nut r4..>.c:ommcnd lu,;n,>asing Chc.· (lns:J.~· mK't' tlw < n· 
;Hi nine..· kwl rL~ 10 2.5 m~ ·tiL (221 J1nlo1 •1.) or tht~ t"Siim:\lt·c.l 

)-'lllnt-'1'\IL\r liltr.uttm 11e f311' bt•lrn-.. :1.0 mt nlil 1.7:1 m· r1w 
t•-.lim~lh·d ~lom ..... rul.lr filtm llcm r;lle ..,Jwulcl ht· nwnitorc..><l for 
c.Jc.-x:lint· during upllhation nf '\CE inhibitor o r ml~inlt•n,ifl 

rt·(•t·ptur hlorker (.\RRJ lht:r.ap\ 3f'k, 'lwuJd he rt'Chc..•c.:kc."fl 
hdi"'• distnnlinuali•m of lhc.·,t• cfm~. d!; olfwr to11dit1on' nr 
(II I IRS flU\ c..un10und Utl· ·""'l'SSITIC.'Il t of kidnc\ run(·tllm. 
h·perkllcmia m .• l~ abo rt"'\1111 from \CE inhihitor or .\RB 

tht.TJ.P\ i11 pa lienls "" irh pn.· t'\i..,tiru~ ~·hrunit' "hhwy tl i \t.\l~t> 

and lll:ly rt-'Qttirl' dosage n.•ducl ion or· di~t'cmliuu.)llnn. 

l,._"\\"~pmt:r\1 (lf \( .~ inhihih•r indun.'(l <'Ough ,, rhe plim<~ry 
n·ason 10 \Witch a JMtif'nl ln,m .u, ACE inl1ihalnr to an ARB. 
..\!though tt'\\'Cr ttll.) SUfJJ>ull lhe US(,' or ARH ... in :bylllplu 

mJtic p.1rk·nt' "irh a n:dun'(l4..·jc.•ction traction. tht.·re i-. ~' 
t.•rnl <"onwn-sus lh~ll <.lll ().ltit•nts who c:tnnot toft.:"r.lt\: AU• 
inhi hitor lhl'r.lp)' \hould re<· .. ·h·t an A I~ It P·.aticut' who dcv(:lop 
. lngioc.'tl( '1"1\. whil4-· ddn!! an \( • inhibitor an~ c ll"Tl !>"'''114.. ''wd 
It) an A~B: hO\\t'\·cr, tht'rt' .m· r.tn: n.·pons of :\RB indu«:t-d 
.m!~iocdt·ma. ~md pntknt~ ~hould he lnlbrm<.'ll ullhis risk. 

Angiotensin Receptor-Neprilysin Inhibitor 
'he3w.:ic: tc..·r'bin f('c.\'J')tr)r JWpril~-sin inl1ihilor (ARf\ 1) \'<ll~trl;ln 

''('Uhitril hrlnng.., lou retali\l'l:~ ne"\' clnr~ daS'i tua <..um l nt..., 

an t\RH wit h a nt.•prflysin l nh ihimr. \lcprlly'hl b a ru-u1ral 

c.'IKlopeplldas.c.· lh.tl dt-grJlk-. SC\t:m1 \'ilS0.1tli\t' J)t>'piJU~o~. 

lndudiO)..' IMiriun:lic.· pt"Jllidc.•, Jl1d hr:r<h-kinin lnhibil101 ut 
I'IL'prilv-.i n incrc:.1'<.'~ kvds of rJwsc..• sut)Stant'l'\, kadinJ.~ to 

c.·nhant.•uJ t.liun:.",i\, n<.~triurr~l .... :md ll"'~ll<"aJ'di; ll n•l:t\ation In 

lh< 1'<\R.\OI<>M Ill tri;d. p;Uk·nts \\ilh >YrnJllnmati<· ht";Jrt 
l:tilurc..· kl~·\-:lled RNP nr 1'\T p10HI\P lc.:wl or :l hco.lrt f:1ilun: 
ho~pit.:lll/.:.ltion within 12 mcmths) ~uld an lit"l:ti()n fm~o·llon 

I>.. "' .• m were r.mdom~ a~igrt«.'tl to nx-..~h't \-aiS;JriJn 
sacuhi11"il <1r the AC:I· inhihilor en:1bp1 il. Tht• patit:nt." \\o·ho 
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rt'(..\"[\'c.xJ \;llsarun ...._wuhitrllltat.l a n·<lut·Hon in morbidil\ .uu.l 

mottalit) II. Me,'\, 1.? •.) J lht"T'IIs \\ 1lhdl'\"l\\. hnm IlK' triJI 

during the.· run h1 pha..w. p1 im;lril)' I'I<.'GlUSe nl h.YJJUlt.'lhinn. 
ki<tm·v u, -.htnt1 irm. l'C •u1~h •• 1m.J h, J)4.·rkal<·mla. I >urinlt lhl' 
I rial. 10.7 (. ~~~~ '' hatl ~' mptnrn:'ltk~ ~llUit•n, ~n. ouxJ m 
1$\. of p.Hicnh. ,·rcltinim· lt"'\d im.'ll'<-ls.t't1 lu higher tlwn 
:!.5 mg dl (221 ~mol 1.). 

( ;ui l•.:linc..-s\-urn·mly n-\' •Ollllt'nc! n_·pbcinJt.m \CF 'nhib 
ltt•r o r ,\t<H with \:11-.:.Jrl:.m ,,1c·uhilril in ~XUi<-'n l ' with dll't 111k 

wmptom;Jti{·I IFrFF ,,Jl<> wlt·r.atc: A<'F inhibitor ur -\RB 1ht'l' 

.Ill\ \\\~1. c .. tullon ,h,1uld .,._, 't..--d '' (.'n initi.dltf ~ thisc.lnrJ.:, in 

tMtic-nts ""1th hypCJI\·n..,ic)IJ or 1\idm-"\ intt.hlimlf'nl. and k1dney 
lunclion 'hould lw tOIIm\'t'd do'«.'l\ ·, \'alsarlau "-"1\llhitrU 
r>huukt nut fxo ac.luun .... tcn>d \.1UX1Jm:ntlv with ;m \Cf: inluhi 
lur or wlth[n :1t) hour, of lht· last tlir-.4.• of .111 A< E inh1hitor 
ovoing lO the• risk lor ,_mgiot·dl·m~•. 

P-Biockers 
il Bl•><·kt·N should tw iniliall'l in all pJlil'nts with 111-'I'FE 
tJ f'kx·lt"' IOlf"rt1\ n•nlCJtl• ing. ilK t'l" ejt't-·tkm rt:".c-Unn. 
and fl"dun• hnspifallt.Hion and nlc.Jn;\lily '"ht.•n ,,ddffi to \CI:: 

lnl1ihirnr and dmlt'tk therapv. Jn c'OIUta~l 10 A< :E inhihil•>r\, 
ht> tx·n4.•0t... of I} hlc-..:kc."f lhn.•m-· do nut ;lppc:lt to bt· a d;t. .... , 

t'llt"(:l, illld one of tlu: thr<-'1." ~~~<.·ms 'huwn to h.wc.• ,l mort~• Iii} 
IK·•H:Iit (hisoprulol. <·an't·d ih •L nnU n~t·topmlol sutx:in.,ald 
h<•ukl bt: u ... ,l. 

~ Rf,w:k<.'T'S olrt )..'\'lli:r.lltv \\dl t••h- ~l lc..·cl. bull tu.:y o;houtd he: 
iuillah'd onlv V\IWn Ill<' palknl io; <'U\okmJc 111 nt'arh• tU\' 

ukmk. hc-.,.c.• ~·m' ha\t: 11 ~:.;ui\-e lnulmpic Jln>pc.~rtic.~ .md 
nuy ex~Jt\'th.Ut." ht•;•rt failun.· 111 palil'nh with vnfuml'm~:rlo<ld. 

( :onscqU<'llllv. ~1 hl• •tkt'rs s hould IX' in lttltt'd tU low (los<.·s and 

\lo\\~· uptHrJh:'t.l CJ\\'T \\t"t·l..c. fnol t.l.1~-.) tJnlll the p.Uic..~ni 

.whie'\'t"S .1 lw:.lrl r:tt\' .,f .mmml 60. mm or h:h wmpwm.dil· 
hypult'lhinn (Tabk 1-1). In t.tt-'11\' ml, hnsl)ICalizt·d p:ltients s ht•llld 
lk -.l.lrt<.J un Ji hl1)1 kl:r lh ·r. P\ ht'fon· dl~h31'g(' Jn flJIIt•nts 

\\ilh rt·:tdl\'t~ :lir\\.1\~ di't ur COPIJ. f\ hln ~c.:r tht.·rdjl} 

~hnuh.J uut lw initinlc..'d i f tlw patit.•nt h.as bmnthnspasOI or 
'\'klt·l'k.'t" of an c.·x. vrhalio11 •' puhnun.;&r\· di'>("";l\4.' • 

Initiating and Managin9 ACE Inhibitor 
and IJ-Biocker Therapy 
\C:F. inh•fltlor; and p hl<x.~~ are i 1c.k~led In ~~a ~~ h'IH' 
with llhEI·. 1•1111<'1'\Jn,g tn;lV lx• ulH\Ird fiN. Studios h,l\t' 
'hnwn lh3t p.'lti('lll' ~t·~o-e-i\'ta .:addith~ hc:·ncfit from llw '*'("<lOci 

TABLE 1-t. Therapeutic Do~ge-s of I~·Siockers for 
Treatment of He•rt F.aifurw w1th Reduc.cf EJec"'Jon fr-iction 

Agent 

Me1oJ>'<>Iol 
wcdnatP 

Bisoprolol 

Targe-t Dosage 

2~ mg rn.ooe(!a;ly(SO mglW;eo d••ly if 
we;ght .S5l<g !1871b D 
200 mg do;ty 

10mgdao1 j 
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Cl <lJ,.)('rU n.:gardkss of whi('h agcnl is slarl('c.l c<&rli('r. II is reason 

;;~hie msdect tht> first agt~nl h:~St""d on p~uienl f:lrlors. For l"Xam 
or. pie, a [l hlo<'ker 'hould he initi<lled first ill ]Xlticnts with CAD 

or atrialllbrillatiun who n.:quin: hcjrl r..tH· contml. <:ct11W1~t->Jy. 

au ACE inhibitor~huuld be starh.'tl first in palients wilh di:~he 
1es for !he addilional rc-·n~ll bi..'JH..'til~. Rt,:g .. tnlk~ of the: :.ljo,'i.'nt 
tirsl iniliaH.xl. th<.· !)(..'t'ond dmg shonfd be sl:llied lwf'hn· the 
dns<>ge or the f"lr.<t agent Is maximJud. esp<<cially iflhc patient 
has Jow blood pressure or is at rj~k (or bypul<.'tl~ioo. 

Rc<.·cnt guidd incs recommend 1 rearing to :a sysroli<· blood 

pr('ssure of I~ (h:lll UO "XO mm JIg in J>:.J(it'nls with HFrEF. 
Although mndomizecl <:nntrolted trials have: nul ~JX'<:ifkallj 

t'\•\l.lu~H<xl a go.al blood prc:·s.<iurc in pali<·nts wilh f U:rFI·: stnrlie.s 
haw· shown that patkn ts \vith loW<!r blood Jm.•ssure have 
fewer acivt;>rse c~1 rdim-ascular event~. 

Diuretics 
l..oop d iuretk.s nre tlw nMinslny nf treatment tOr volume over 
toad in palicn1s with heart thilure because of' thl' incw:l.sed 
poh:ncy uf tht~· <~~wuts compar<.'tl with other t.Hurcrks. C)f 1 h<-• 
tour loop diurt;>tks, furosemide is most conunon.J} uSt'tk how 
ev<-·r. S0111{' swdks ha\o-e- shmvn torsemide to he more effecl iVt.:. 

which may he ••llributabk to its incn.:a.~'tl bioav'dilahility and 
~nger half l ife. ()('(':'lsionaiJy. loop and thiazide diuretit-s an: 
t.umbined lo potentiate d iuresis. The lov'it:St dQ::.;.lgt..~ tha1 
.ach.ic\'<.'S t uvok'lllia sltould be used . fhc primary side efft't:ts 

include hypok:1temi;:~ and hypomagnesemia: t.hcrdOre. dt'<.' 

trolyte levels should be monitored. 

Digoxin 
/igoxln is 11<\~lln patie11t~ with II FrEF ;,md <..'on<..·omitanl atriotl 
'1hrillation for r.tle rontrol ~nd in p..uicnts \\'h<> <'ontintu .. · lO 
h.m: syrnptnms of heart failure d c.:spitc optirnall hcr.-tpy with 
\CE Inhibitor an<l ll bloc-k<'r thcrapic·s. D>go., in n:duc'--,; the 
risk th r hospimlizal ion in pati('nts w ith heart f.'lilurt. :1nd irs 
Jiscontinu:Hicm is associated \1\'il h worsening h<·arl f:1ilurP 
!!>)'mptoms. Unlikt.." nturohtmtoml antagonists (im·Juding ACE 
nhjbiturs. ~ blcx:kcrs. ~mc.l aklostcwne antagoni~l->L t.ligoxin 

doe<> not improve .::u1vival. The U~(· ofctigoxin in patlenro; with 
heart f~1ilure has del'reased on•r the past 20 ye:lrs. primnrilv 
because of ils la<:k of ITUirl<.llity lx:1u:fit :.tlld lh<: dang<..·ruu~ ~idl' 
t'ffects :1SSOci:lt("cl v.ril h ctigoxin tm:lc.·iry. Digoxin ~houfO ht" 
mana1-,.'<--d <·arcf'ully in JXlli<:nts \Vilh impaired kidnt')" fund ion. 
olc.kr ac.luh~. ~md women. lt shuulc.l LM.· c.l(JS(."tl to adlk'\'t' ;,1 

serum lt'\·el of less th3n 1.0 nglml 0.28 nmoiJI.). 

Aldosterone Antagonists 
A1d<)Sferon(' antagoni.s~ {spinmol:.ltWtlc. t'j)len::no Jld n:duo: 
mmi:11i1y ancl h(':lli l~lihm.· hospita liz:nions in [Klti<'nts with 
symptomatic heart J<•ilurc (NYHA flUK"Iional da.s II IV >·ymp 
toms/ noel patients with he:>n J:\ilurc after an acute myocarcllill 
inf.·uHion. D~:<.pitt• l lwir pmven (.>ffk:wy. they are undenlst•d. 
pmhahly be<..·m.tse of t.'(>Jl<..'cms of hyperkalemia and associated 

dc:~tth rJjM'tl by ub:R·rv~Uional studk~ of ~pimnotaetotl<..'. Both 
dn1gs rc•quire 1 h;.JI p;ll it>nls 1w monilorecl for h~1wrk.1kmia. 

Heart Failure 

:md th(-'Se :lgents .;hould lw uSt"d carduUy in p.Hi(.·nts with 
kidnL~'dysfunt·Lion.ln dini(.'altria1s, potas:,.iwn :,upplcrn<..·nta 
l ion \'~.'aS routindv diSL'(mlinucd at tlw l'x>ginning of thempy, 
and ~'lt"<"tmtyt<:" mt.•:l..;urt'nK·nt \\~ts rqx·awd within I week or 
i ni tiation. 

Although spironol;ld<m(.• :tncl eplewnone are bv{h d'1<.·<· 
rive. 1 helr diffC>n .. n<'t~ may gutdc..· dn1g st•lt•<·tion. Spimnol:1 c.:l ()ll~ · 
is ~~ nonsp<.'<'ific ;ml:l~"''mist th:tt h~l'\ antiandrogcn and unl ipro 
gt..~tt..·ronl' sidl' dft-cl'>. II b cxl<-·n:-;i\'(·1\ n'lf't:lhoii7t"d ill the li\'t..'r. 
;1nd the lu lf l it{' ca1\ in<'n.'ns<· iJJ llw setting of hepatic con~~ 
tion. Eplercnone is: :l selt"('tive-;lnt:.lgonjst th<tl is m<..'tJb<,JizLxl by 
<.:)'lndmHTK' P ·150 i<KK'llZYm<· :~A·1 {CYI ':'~A-1) ;Jlld is subjt•Ct lO 
suhst;uu i:\1 drug inkrJ<..·tions with both inhibitors :1nd indue· 

ers of thi~ isoenzynw~ 

C.urrl'nl guiddinL~ n·commcnd tlws(" :1gents <lS t1rst lin(' 
tfwmpy. :1long \\'ilh A<:E inhibilorsand I~ blockers. in p:-Hient.' 

with symptomatic hean f:1i1un>. C<.>n<·r.llly. the: doses ofbolh 
till' ACE inhihilor ~nd J\ blnckt..•r shnutd h(• uptiti':JH"d to m:wi 
m31 levels hefi)re spironol,,('tOnt or t•plcrenone is :lddC'd. 
Aldosterone :mtagoniqs ~hould nol lx· <..'fm~id<..·rt·d diun:l ic 
tlu:mpy. and 1-Xlli-cnls wilh volumE> oVt~rlo:ul will aJw Jl('(·d to 

ht> treatt>rl with a loop or thiaz.idt• iliun·tic. 

lsosorbide Dinitrate-Hydralazine 
ls(•svrhkk d initra1c- hvdralat.inc: is supt>rior m p1aceb<) In 
reducin~! ho.;;pi1;llir,.,·Hion but inf(.'tior LO ACE inhihifors thr sur 

vival benent i n p.1rients w ith -,ymptom<tlk HFrF.E ·n,(•rt'fon:. 
lhb t:mnbinJtion ~hould lx.· t..•onsidcrt'<l in p:ui~nts intoi('J"nHt 
or ACE inhihitnr~ <lnd ARBs. l~l)C..'Cially those v;ilh chmnic 
kidney rliseJs.e. Jn hlaC'k patk•rus \\1ifh N\'1 rA Junclion:11 d;JSS 

III Io IV symptom .... is()sorhi<k <1ini1 r:ne hyc.1r.:\lazim· :;hould be 
uc:ed in t·ombination with opfimnl therap\, indudin~ ACE 
inhihiwrs. ~ hlock<'l':S. ~wd alt.luSlt•r(tnt.• ani~IJ:..'flllbls . to rcdm·(.· 
rnorlalil)~ I k •;.td:l<·h(• i~ :1 <'()Inmon :u1verse enec(. Bt'<'<lUSC' 
rll~\ny patknt~ will not ac.lht·r~ to the: <los;.tge r<..>ghnen of three 

doses <bil~. dinidans ... hould slrongly cnl·our.Jg<..· palicnL~ w 
comply. 1'\unadhPn·nce i !-.S\Ws m:l)' prompt dinltianl'l w C'Un 
sic.kr .:.'\"t'ikhing the patit'lll to onc..'t' daily nitra1c th('nlp)~ bul 
onn' daily thc..·r.tpy ha., nol hc."l.'n \lu<.HcJ i n d in ic-.11 trin)s to 
pmvt· simibr e flk:tcy. 

Calcium Channel Blockers 
The nondjhydropvrirl into calcium C'hannel hloC'kt-rs. Vt' l ~~pamil 

anti dil1iat.C.:m lx)lh havt·c.klrimt·ntat dfccrs in paHc.·nr~ vdlh 
sy.,.tolk~ heart fl.lilurc.\ prob~lbly rdaktl to ncg;Jtivc inoL.ropic 
t'ffl'tfS. and the:,<· ;~'-·nts should not bt u~-d. Atllludi~)ine and 
fdodipinc have shown 1withcr tx·n<•nt nor h:mn in patlem~ 
with he;,\11 f~ulurt' Th(.·rc.:fore. lh<:~c two dnag,s an: safe bur 
should he u.~->d only in JXlliems wiih h)'ptrtenc;Jon dt"'f)ill' 
th-<.:mpv with other ~tgent'> ~nmaximal dosage. 

lvabradine 
h•abr.ldim.~ is :.1 sinnmria.J node moduhltor th~1 1 ~(~kt..•tivt..>l} 

inl1ihils the l1t..·um:nt in thl· sim'IQlri;.ll node. c..<lU~ing ;1 rcdu<..·­
tion in h~rt r.-ttt .... It ha<> no neg:nhe inotropk cJfcds. ln 

33 



Heart Failure 

Cl p;lli<mts with chroni<: symplOmaUc ht·art failure omd left w n 
tric·uJ:lr ejel·tivn Cr.lttion lc~~ than or t•quallu .iS':-t. who an: in 

com. sinus rhythm :md t:-~king m:-~'Ximally tolt>rtlt("(l dosf:'s or tl 
1$ blockl'r. ivnbrudim.· r<."<..uces heart fililure associ::1ted hospi 
l~lJiZatioilS ~tOd thl' <.:otnbin<.:d cru.fpollll o r rnorlalitv ~nd h<.-;.lrt 
(hilure hospft:ltization. 1\"<lhr:-~dln<" h:ts h~"'n :1ppmvt"cl tOr use Ill 

the.· Unilt'd States ~md should be: <.:onsidt·rt'<.l fbr p;-ltients who 
IK1\·t.' an <'1e\~ttx1 heart rJtt~ (~7o.:mjn) in sinus rhythm <.lt'Spite 
m:lximaHv loh:r.ll<.'d dc:>S<.'S or~ blod;,er I twrapy. Cl 

KEY POINTS 

• Guidelinc.'S c urremty f{'t'Omm<.:nd rt·pk~t·ing an ACE 

inhibitor or angiotensin rc<\'Plor blocker (ARB) with 

valsanan-sa<..'Ubi1 1il in patients wit h chmnic; sympto 
m:.u ic he:.\rt fililu re \\rilh r<·duet."'<l cjc."'<.'lion fu'l('tion ,,vho 
lolelllte ACE inhibitor or ARB then>py well. 

• P Blockers are generally \'l.rell toler.:-a:ted in p;ltienl-s wirh 
h eart failure. but th ese agents should be initialed only 

when the pat ient is euvolemic or ncarJy <.:uvokmk. 

• lvahmctine ~hould he considered tOr p~tients with 

symptomat ic heart failure and an ejection fract ion less 
ll1an or eqnal lo JS'}(. who have: an elevated heart rate 

(>.70/ min) in s inus rhyt hm despite maxima lly tole!llted 

doses of~ blocker the rapy. 

• AJdo:=m:ronc antagonists reduce rnorlalily and heart 
t3i lure hospitali7..1tions In pntients wilb symptomatic 
heart fa ilure. 

CJ Management of Heart Failure 
with Preserve d Ejection Fra ction 
Tlw proWiypical pR'S(.'nlalion or lll·pEI: is :m t'ld<.·rly woman 
,,·ith long stand in~ hypertension a:;:;onakd \vHh k:n vent ric.· 

u lar hypertrophy~ ho\'li'CV('r. p3tienls with Ct\0, ctiab<.•tt'S. kid 
nb: disease. or (Jih<.·r <'cmdilion..<., may al~o prt'l"<'nf with .si~"i 
and ~·vmp£oms of hc:~rt i~tilure and a nonnal cjt'<'lion fmc.·tion. 
The primary tlu:mpi<•s t(Jr HFpEF arc dit~n..•lh:s to l'onlrol 
S)'tnproms of volume m'erl<xlc1 ::md .Hltlhyperten~ive ~\.*'m~ fo 

rar<Je1 ;l systolic hlood pressure ofte~s than J ~m mm llg in the 
~cuing orhnl<:rlcn~iou. In pali(.'Ot~ with WO~<.:ncd ~yrnptoms 
of ht"an t:1.1tnrt- :m<l .ttri~l l rihriii:Hion, rt"storation { I f sinus 
rl1ythm or t-ate control n1ay rcduct.·synlptoms. 

D<.:sph<: ma11y studks of thtTJp"'·utic :.ij,J.t.'nts. no drug lla:) 
heen shown to teduce morbidity or mort~lJify In p~tltmts \•Vith 
J II' pEl-: whid> may rellect 1he lteter<J!.,<eneity o r e tiology. The 
rt'<.'t.'nt l()I'C:\r t1ial shovv(.'d nodiffcrcnc.:c i11 t ht• primarv<.'Onl­
binc.·d t•ndpoim of de<lth. :.lborted clrdio't(' 3rrest. or h<'31'1 l~lt l 

ure hospitali7a1 ion in palienls t re:ucd with spironolactone 
compared \Vith those.· who n .. '<.'t'ivcd a pJ .. u.:dxJ. In rt:trospl't.:tivc.· 
nn:llysis. I here w:.1s a nlortality :~dv:1 nt~1g(~ with use ofspimnet 
hu:tont• in the Unired Stat~. where:.u.; in Europe. evidence 
showt-d spimnola<.'tonc In lx· k~s cfftx:live. f io'v\rcvcr. tht· c.-lin i 
t'~ll t'h:lr~tc.·tt~ristk's or lht' enrollt·d p3lk•m:,. \-verc statlstit::ltly 
d ifJCrt"nt in 1 hese tv\'O region'>. Sonle clinitians h:.n-e suggestPd 
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th:Jt spironobctone should he used routindy fOr this c.·onc.ULion 
\'l.•i1l1 nu oLIIc.-r proven ln:atmc..:nl~; howt~·er, spimnol::t<·tOIW 
therJpy t(w I IFpEF i!> not supporlt'tl by t·urrent evid(>nce. Cl 

KEY POINT 

• The primary I hera pies for heart ltliluf(' v • .tith prcservc..xl 
cjC:t'tiOn fraction an: d iuretics to control !'>)'mptoms of 
volum(• overlc>.'1d ::md antlhyperteJlSivt'" agents to target a 
systolic bhx>d pressure ofle.<s than 130 mm HI(. 

Device Therapy 
Implantable Cardioverter-Defibrillator Therapy 
for Prevention of Sudden Cardiac Death 
Arrh}'lhmias an·:1 common t-ausc.·uf de-.tth in p:ltientswith he-Jrt 
thilure. (ll\d implaJllabk l<.H'iliovcrtcr-dd1blilhuors {ICI >s} 

improw surviv'JI \\iwn llS(.'d f'hr both prim~lrY :tnd St"<:Ondary 
pre-a .. 'ellllon ofarrhylhmi<lS. Curn:nt guidelines recommend IC:t> 
pla<.--emenl in p(llients n.'('e[vingguitldint· ..Un·c:tcd ml'dkallhcr­
apy who h<tVt' an (it•dion fr.wlion lt--soe: th.1n or t."<JU311o :~5<1;. and 
\l\'I IA ftmc.·tiona1 dass II or IIJ hc·art f:tilure symptorns. l';ltil'11lS 
\·Vith class IV \ympron1s ':ihouJd only um.ll'rgo lCD placement if 
they are t';!ndid::tiCS fhr lwan rr:mspl:lnt or ldl \clltrit·ular asst>l 
dt"viee (LVAD) plat'(·ml.'nL It is import:ml lo reasst•~ hnth E'jt'\ 

cion fraction and ~·ymplr)mt- .tflcr guideline.· dirttlt'd nwdic:-1! 
therapy (-10 d:t)""S .tfkr myrK·:mJbl lnt;\1\'lion. 3 muntJ1s in aU 
Ofh(:rs). Man} JX•lknts vdth new onset he-.111 faih1rc exp~.:rit~,. c.·t~ 

subst:lntial hllpn)\'t'Hlt:tU. ... -tjn t•jc.'<J1on frat1icm with mc(lit'<ll rhc1· 
apy and may nm n:•quin:· or ht·nt>f11 fmm lCD insc:nion. 

Cardiac Resynchronization Therapy 
Can.liac n.~} nchrunizat ion lht·111p\ (( :1n1. or hivt.·nni("ub r p_."'<· 
in~!· im.:nlvt.-s trodirion;tl p:.l(''lng <)flhc.' right vcntrk·ular apcx and 
padng of llw lefl ventricular l.tter.ll w:.lll vi;t ,} k;ld JllM'rl(.'d 
l1 1rut~h tJK·l''Of'Ofl<lrysinus into a lalcml <.~rdiac vc:in. In p::~ t iPm~ 

with dy~sync·hmny (ctrmonstr..lted in mos1 Lrials by a wic.kncd 
QI!S interwl or 1<'0 buncll<.> hrJnch hlod. lLBRB]). CJU h;ts 

iJllflf()\'t'<l t·jt't·lion lr:R'tiun. n·duct·cl he:n1 t:liJtll\' •;ymptnms.. 
~nd n:dut-c:-d rnort~llity. Rl'lrtliStJCdivt• analysis uf manv trials has 
shown tll:-n p:tticlus with I.BBB an• mo<>t likely to l ~<.·ndil frunl 

<:RT. &tset.l on tht':W llndin_g.". <XI' is indkatt-d 1n p:Hi<~nls with 
311 eje<"linn f~l<"l ion lese;, fh::m or t"()Ual ttt :{s<K,. 1\YI JA func.·lion:d 
dass I I to IV ht.•.art f~tihiT!' svmptoms des-pile ~ideline dirccfl'>ti 
rnnJic:al thc.·r.Jp\-'. <>intt" rh\1hrn. anti LBB1~ \Ni1h <1 <~RS complex 
of ISO rns nt g,rc.'<.\h:r. Patknts \Vith no LBBB but a QRS t'Omplc.\ 
of J50 m-, i)l" gl\';ltt'' n~lY <.k-ri .... x..· .1 lc..~·r bc.·ndll rrum CR'f. Cl 

KEY POINTS 

• Platcrncnt of an implantable cardioverLcr-dtfihrilla t(>r 
is recommended in parient-s with heart fh llure who hove 
a n ~jtoclion fraction less than or equal to 3S~. a nd New 

'.l>rk Heart Al..'l<><:ialion functional class II or Ill >ymp­
toms w hile taking guidellne-dire<:ted medical thcntpy. 

(Continued) 
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lEY POINTS (c~ntlnutd} 

• Canll•c rcsynchr<,.,il.atiOn therapy i> Indicate-d in 
patient.) with ?n l")l"Ction fnK1iOn lo~ th<.m or t-quaJ to 
35~ •. New York I lean Asso<:iMion runctional claSS II to 
[\' heart t1ilun· 'ymptoms de'J'ite !,'llideline din•<1<'<1 
medi<.-al thcr•py. ;inus rh) thm. and Jell bundle br•lll·h 
block with a QRS complex of 1 so ms or greater. 

Assessment of Chronic 
Heart Failure 
..lients " i th chroniC heart f.lllure <hould he ser~1lly a<.<esSC(I 
-progrec!Sion of disease inthenutpatient setting. f.:'lch follm\1 

vi.~it should iu...ltu.k c·vuluatiun of <.:urn.:nt sympwnas and 
nctlonal cap.1City: a'>'ll:'SSll\ent of '"'lume status. ei«tmlytes. 

'lid kidney function: and re\'lew of the J:r.ltient"s medication 
~mtn r.n a<kquJcy (both J pproprMc do,.,'> and t he appru 
ate medlc:ltinn~ rt(i he:trt t~llure progre,..::es). Of equ.:11 or 
~er lmportanc« l< repeated patient education. Including 
-minding patil:n'~ w takl' thdr mL·llicat ions <lS t>rcscrfix:cJ. 
>G~sure their weight rl"lly, avoid d iet01y lllldlum. wmch their 
:lid int:lke. and exercise reguL1rly. Patient< who appropriately 
..r their ml-dk:'atlcm~ and avoid sodium and ext.'\.~ fluid 
a.ke con greotly Improve theil· funclinnnt ~wtus . 

Sleep disorder~ frequently occur in potienrs with heart 
h1re .lnd are o0t.'11 und<:rtli.tJ:IlOS<.'tl. R\."(.~nizin~ th<-'SC di.'t­
~ers nnd distlnguic;hing hCt\'-reen cenlr:~l ond ob~tructlve 
'eep apnea •re imptll1ant for improvln!l quality of life in 
tienl\ wflh tx.~Arl f';lihtw and ror polt:nll<~lly impmving ht~rl 
lure related out(.'Offil"S. Current guidelines support obtain 

~ a t()nnat sh.·cp as::;C'sstni..'Hl in palitnls with symptonlatic 
.an failure (1\ Ylll\ function.li d:.s.< II IV) and ext'"-';,,., day 
""ne sleepin(>$ or those who :tre sw.,x."t.1cd of having sk·t.-p 

.mlen:d b rca tllin}\ {see MKSAP 18 Pulmonary Jnd Critical 
.....re Medldne). Treatment w lrh continnous pn...,ilive ain\ny 
=rn: in patients ";th obstructi\'C ~leep apne:~ lmprm"" 
~qua lily and rt'\lutx·s the :l[)nca- hypopm:a index. In con-

'":l<l. therapy for ccntnll s leep :lpnea wllh adaptive scrvoven 
...1>"' has been shown to ClUSC harm. 

Serial B-Type Natriuretic Peptide Assessment 
leasurement of BK£> bd.s ls helpful in dctenninl.ng whether 
"''nca l• rc:latc'tlto hl'".ut failure or • di!Tcr(1lt <:JU>C. For out 

io.lticnt!l> '''ith chrnnlc he:lrt Qlllure in whnm volumr ~1atus is 
'tlrertain on physical examination. RNP level can he usefu l In 
..ag:n~lng fluid (7\'l--rlood. 8\1, ~~un:ml.11l in palicnts '' ith 
-:>hie heart failure also can pi'OVide inform.orion oh<>ut prog 
~Is ~tnd disea"c severity. I rowever. serial mf!'.Jsuremenls am.l 

-atmcnl h&'ll m~ BNP k"'ds h.Jv<: not be.. 'CO ~bown to redu<.'e' 
..6pil31i7..!ltiooc: or mona1ity In JX'tit'flt'\ \-'\rilh ht-:ln railun:. 

..J.Crenl ly, BNP rncasureme11t should he LLc;ed to nid i n Lhc 

.JgTlO..'JS nf hc.arl rui lurc un<J a(.'U(l' volume ovt:rloat.J. but il 
llnuld not be uS<!d serblly In the lnp.1tlent or nmp.11i<'nl 

l&ting to guide C<>te. 

Heart Failure 

Echocardiography in Chronic Heart Failure 
Echc.x.:Jn.liOgr.aphy is the: must l"Ommon method Cor aS."'i(.'S,•\ing 

le-ft \'tntricuJar function. for paticnb \\ith Dt'\\ onset ~n 
failure. p,uidclint:S sug.;-:cst rcpcalinp, J,.,\lo:;."ncnt n f left vcn· 
tricular function afler ()ptimlz:ttion of medical thcmpy. lf the 

palictt!'s ~1ion fr•.:lion I> lloss than or equal to :IS'l.. the 
patient l'nay be \I <.:andidate fw· ICD or bh•t:ntril"uJ~Ir JXK't'makc.:r 
phu:cmcnt. Cum.:nt guidelines rct.'<)mnwnd rotJtinr echoc~rr1 1 
ogroph) C1/Ct) I to 2 )'C'.Us m slabk patients or when clinic:ll 
Slants d~•nges: llO\''-'''er. routine edooo;:udiogmt>hy <'\'L'fY 3 to 
6 m onths is nut lndi<:ated . 

Assessing Prognosis 
Mauy l>rogno:,llc nuxlds h:.1vc lx-.:n th.:vdopcd lt••''i;<i:ist in pre 
dieting morbidily :md mortniHy in p:ltient~with ht-nrt failure.:. 
Th= models ore usual!) derived from re!TOSJlC'di\'C anal}= 
of cltnic.:al ll'"hlh or )Jrgc ,tc.lmi~"Sion UJtaha .. \l'S, lh some extent. 
1 he models rcnt'<'l 1 he un ique p;Hicnl population~ enrolled In 

dinkultrials. "hlch lend to hJve fewer comorbld condition<. 
Unfortunately. no mu: tool ha\ tx .... n rc,und to lx: mnrc pn.·dlc 
tiw 1 han 1 h(>' ol ht'rs, :mel qut>Stions remr~1n regordlng the- u tili fy 

of lhese models for the individual patient. It hJS been ~u~ 
1\<.'>ll'<i thJI the"" tools lx: u..._-d in .Jddllion to. not in plan· of . 
the rllnlci"n·s judr,menr for heart failure l'llana~cmenl. 

Clinical ind icators associated wit h worse: uut<:omt:s in 
the flO 2 )"<""" Jflcr di<•l:"'"i' indudc l1<:art failure hD>-pilall 
1.1tion. poor exe~lo;e tolerance. lCD firings. serum sodium 
level less than I~S mF.qfl . (1~5 mmoll l.), wor><:ning ki~ucy 
funtllon. ce~rdi:J.c cachc:da. rL-quircd diun:tic' doo;;es <)f mor~ 
lh.an I mg kg. and ~) mptomatic hyputen.o;:ion necessitating 

rcc.Jm:liOn jn the liUS3~<.· uC hC3:fl fl'Jiun: nR'lliCJi ions. 1h:Url 
faHurc hH.')l>Halhmt ions aJ'l' n~socialcd with a mort:~lify r;~ te- of 

10" 10 :10-.. 0\cr the ttcM 6 month>. ln palic11ts ";th poor 
prognosis. a frank discussion of advonoed tbcrapics. such "' 
I.VAI) placement or heart IJ'j.nsphn'lt:Uion. should oe<·ur. Hn· 

patients who arc inelip,lble for or <tninterested in sueh thcr• 
pic~. end of life ~s ;hould be <lli<u>'S<.'<i. and l>.illiato": <:Jtt 

or hospic-e shou ld he con~lc1ererl. 

KEY POINTS 
• Serial B type nalriurcllc peptide flll'0>11tl'f1lCrtts should HYC 

not be used to guide the care of patients with ctumuc 
heart failure. 

• Ech"'"'3Idiograph) should be P<'fi'Otml'<i <Wf)' I to 2 
y~:.·ars in ~lJbk paticnL;.; \~lith h carl fa ilure or when t'llnl 

cal status changes . 

Inpatient Management CJ 
of Heart Failure 
Acut e Decompensated Heart Failure 
l lllliotl m.J.u~~c:rm.·nt of p.;.tlit:lll'> hrJ\plt;.lli.z.c:d lhr at·ut<: dcc.:om 
pen .... ,1~ llc:-Jn r.\iiUft.' 'huuld f<X"lL' nn identlf)ing the t"JU~ 
of the heart t:uh.tT<" ex<Jcc:rbntion. c.Jt.1crminin~ 1he patient's 
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Heart Failure 

CJ fLIITent physiol~i<: state, removing flu id to improve conw.--s 
tion, and opliln.i:tjn~ mL'tlka1lhc.T.t..PY bd<H't" dlsC'h;uoge. 

CONI. l>c.·LerOlini~ the tause of acUle he3rt lailure- can h(• t h:ll 

kngrng. Common c:;~uses inc·lude nuid overload in the setting 
ofnon:ldherenct• 10 dit·tarv fluid or sail intake rc<..·ommcnda­
tions anc.l rt'"t·um·nt is<"hem1.a in pmic.-nts sos-JW<"ted or h:winr, 
ischemic: c:lrtliomvo(Xltlty. f·1uid overload ca.tl sometintt-'S be 
rt'lat<."C.. to a:n uninlcntionaJ im.•rcase in lboc.ls witll ltighc.·r salt 

Lurtttnt or an inability to roler.ltc.~ previous lt·,'(•fs or lluicl :md 
.... ur lmake due to pmgres.~ion of left ventricular dysfunetion. 
( )ther caust.~ uf Ucrom)>L'nsalion indudc.· llyp<:rtc.·n:-.ion. <.·ou 
L"urrcnl iUnt'!>:>. ~utd nonadherence to m<'<lic~ltion regimen-.. 
ltlcluding but nollimited LO d iuretics. An understanding ofth<.' 
C':lUS<.' ol" th<.• dt'<:Oill})Cll<:ialion 01<1}' id<.·ntify oppc.u1untlit"!!. lo 
prenmt rccurr<'n<X'. 

P:Ui<.>nl:) hospit;:llizcd for hf'an f<1ilure should b<.' evaJu 
at<:d for volumL' ov.:rload. Typi<.:al ~ymptoms iru.·lutlc orlho 
pne-:1, p:uoxysnul noctum:'l dyspnea, pc•ripht'nl l cckma. 
w<.>ight gain. :md progressive exl"rtional dy:-;pnc.·~t. On phy:-;i 
<.'UI examination. j ugular ,.<.·nou.s <.H::.>l<:nlicJii IS usu;.~IJy J)l'l' 

... ent. POlti('ms m:ly h:tve cmd.:tes (which ar<• muc·h mort· 
likely in acute Lhan duonk hearllaiJurd. asntc.'S. ur peri ph 
c..·~;.t.lt.'dtUK\. P<.•rfu:;ion ~hould ;;tl~1 bl~ .lo;scsst:rl . and pa1icms 
may be classified as -wmn- (adt·qualc. perfusion) o r -cotcr· 
{inadc.·quatc.· pt·rfu.)ion). Sig_.~ IS <Ukd ~ymptorns of poor perfu 
l:>I0£1 indue.!(' cool ('XI remit it'S, :t na1Tm\r pulse pressu n'. poor 
ment::~l ion. and worsc·ning k idnc.'y fund ion. I nt 1~vcnous 

inotrop..:-.s or oth<.·r adv~t n<.'ed lht·rapies should be <.~onsidered 

in patk'fll> with >igJlS of poor perfusion to help improve 
c·:1rdi:w funC'•Ion . 

J)iuretic: ther.JpV is the p rind pal trcatm t'nl lbr patit•nts 
·with dccompc:ns.a(l'd he..·arL failure JSld fluid tJverloa<.l. A 
re.. .. <.'<.~nt <;tudy ("\~lu:ttt>d diiTt~rf'nt <>tr:~tt'g:i<~s for diur~sis. 

including var ied diuref icdos.<t,ges and bolus vt'rsu.s continu 
(Ill~ thc.·mpy. Adrnlni:;tr<ttion ur hi~h <.lost" c.liurctk s (2.5 
lintC.., lht' Oll{p:lli('nt (lr._ll d:lH)' dOS:lgf•) W:lS :l.,SO<'i:llt'd wilh 
incre;,lSed diuresis hut also 1 r:m~ien1 worsening of kidney 

hnwlion. ND cliffcrcnct~ wc.·re ohst:rnxl hdw<.'t'n bolus aud 
continuous intravenous in fusion groups, :-~nd 1<:.-ngth o r .:.uy 
did not c.lirft:r rc.·g~Hdks:; of the.· o;tnHc.f~Y used. Providing 
etTecriv(• diun•sis is: t>SS("ntial and otlen require!l- inlr-.Jvcnou:-; 
~dministr.H ion. If t he curn.•nt dosage of loop dlor<"tiC' is 

in;,\d<.'QUJte. fnn<'asing rlw rlo~ge or adding a t hiazide diu 
relic: m:1y h<• considered. Notably. administc.•riug IO\\ <.loS<.' 
dopamine so improv<.' diurcsi!> auc.l pr<.'Sl·rvc.· kidney fun('1ion 
offer~ nc) h<:ncrit. 

In patients wfch :lCUtt:' kidney dy~fun<'liOil at the lime or 
admission, it is .still impoliant to treat w ilh diurdi<.· thc:r.1py. 
'IlK· m•)st likdy cau~ of tht' ti)'Sfun<.:lion is. poor kidn~ perfu 

slon <hlP to v:1.S<1ll:trcon!-.'<':-il ion. and kidm:v function will ofkn 
improve wilh diuresis. In c.unlrast. \'1.-ithho!din.g !\CE inhibitors 

<.tnd aJdosltn>m.' anta~oni~s 1\L.W bi." f(':1sonahfc until kidney 
fun{'l((ln improves. If :1 (l.'Uient receivin}t diure~ i<· lhcrapy devd 
ops worsening kidnev fund ion vvhc.·n ~lpproat·hing c:uwkmia. 
withholcUng diun:li<." f<•r l <..by lO allow extr.lV3Scular nuid to 
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r'('·rl i~rihurt .. inlo lhl" \'ac;('ul:u ~p:tcl .. ~houkl ht> c..--onsiclt>red. 
Once euvolcmia has been achit•vt:d.,. <'realinine often also 
in<.:rc.·ast'S. '"·hith may indicai<.'U<.>t:ongcstion. 

St,Hldard he,>rt failur<' therapy, including ACE inltil>itor 
or Al~l\ thcn1py. ~ hlod,ers. :md :lidostcrorw '"lt"gonists, 
:-.:hould eilhcr bt• mainhtincd throughmu hospili!lii'.;ll ion or hL· 
~f:lf'h"d hf•fhrt• dh.c h:lrge. lf 1~ hfO('k<·~ :ltt~ di::::t~on:inut'd 

upon :~dmission h<•c:mse of signs of lou· c:Jrdinc- Dutput. 
cJu.·r.tpy ~hould nol h<.· rdnitiatc.·d unlillh<: P<Jfirnl nl~Jr'it.'UV 
okmhl.lflhc.~ J}..'ltient Is admiuc.~d with voJumeovL'rload v.:ith 
out signs nf low carcliac oul put. 1\ blocker 1 herapy c:;ln usu 
:.~llv b L· lll<}inlainc.·d at I he same.- or a 1owc:r <.l o'><J.~t' <lurin.g 
ho~pit~ll i7.:.Hion. 

BNP IM"1!1 should lw me:1sur<...od upon admis..<oion and hcfr11'L' 
disch~rgc for progno:->tk' purJX)M.~ b<.·caust· high lcvds arc 
linkc.'tl with in<.·reased mortality :1nd rdw~pital izalion. 

l.ikt~wist?. patiems \<\'ilh H•'JP levels that faii IOdi!'Cretl:..L' during 
:.m :..u.lmiS.")ion h,t\'<." a higher rnur~tHt_y r:.lt<:. Sc.·nun tropouin 
nw:lsur('menltlpon :1ctmission <':m :llso he US<.'d tOr prognnstl 
cation: patienL'i wilh elevated troponin levt.>ls h:lVt' worse din 
icaJ outcOIH('" and a higher ri,..J.: 1\wckath. Curn:nll): thcr<.: a rt: 
nn :lhsoh.lfe<·utt}ITv:'lhl(''\ l(,r tlws(' hi<)lll:lrkt~J-s, ::tn<lmeasure 

menl data should l>c! uSt"d in <'Umbination \\rith d inical judg 
lllCtlt in a<.hi~iJI.g the patk•nt with he..'art l~lihtre. 

Cardiogenic Shock 
Clr<liot:teniC' sht)('k i.; t:h:lr:lCICrir.ed hv si~ns ~Hld sympiOfl.lS or 
low <'~lrdh1<' output and (·n<l organ comp romis<·. wil h :J<'UI<' 

\\'OTSt'nin,g or JJUnev ~nd H\'t'f function. Patk'nts vvilh <.'ardio 
~nic 'ihtK.'~ oflcn n:quirL· intr.wcnous i notrupk' agcnls lO 

impmvt> hemocl~•n:1mic' st :ttus~ inc·!tJdint~ incre:1sing , . .ilrdi:w 
output and urinL' output (Table 15). Routine use of invasivt• 
pulmon:u)· ~\rtt'J) <.\~lht.'t<.•rization h> tnonitor lh:rnoc.lynarnics 
d<}("S nor improvt> '>'llrvivaJ or n•ducc fulur(' ho~11ilaliza1ion in 
patients with dt·<:ompt·nsatt·d h<.'<ttl tailurr. Thcrc.-fure. pul 

muuary artery. or "'right heart ... c;ltheterlZ.."\tion shoult.l bt· 
u<~ed only wht•n h('mociyn~mk :md volumE• '\t;1tus is not c.•\i 

dcnl from pl1vsical examination findings or other ncmim':l 
siw h.."St-s. or when hcmod\ nam it· dat:.l m~•Y kad t<> .ldvant'l.'d 
merh;:utir:tl dr<'n l:l tory suprnrt or <'Onsidemrion ot h("art 

transplantation. 
The.· U!>t' of ptr<:,•tanc..·ouo., mechanical suppon durin .. ~ 

:1C'Uit' t~X:l<'t'J'bation ha., gn:allV incrca~c.·d in the past f<:w 
years. lntm aortic balloon pumfn>. jX"rCutant·ous \'<.'ntrkular 
a~sist tkvk't'S. and t:x:tra<:orporeal me,nbJ-.snc {IXygc.>nator~ 
<.·an h<.· qukkl~· platrd to ... upport 1-h~ criti(':llly ill p:uieru. 

Tre:11men1 hy a h•am composed of a heart fuilure physician. 
nilkal <'an.· phy~ldan. and <.'ardiat· ::;urgc.."'m is sugge:-;h.:d Co 
r:tpidly d<~ploy IIWr.lp)' and <":lrt> l'hr ~he- palic·nt in tlw roll ow 
ing days. Decisions rcgar<.Jing IOI'lg<T term options fu1 
ad''<mct'tl hc.•arl r.,IJurc.· (hearr tnmspl~wlation or fl<.'rmatlc?lll 
or "deslin;lti<m- I~'AD} :m.~ an im}X)rt:mt :lS[x>et in tlw US(.' ol 
mech:Hlic-a1 support in the :tcute S<>tting. In patients \'\'lm du 
noL shnwdink.li impmvcmcnl. thc.-rc.· ~houltl be.· d~tily distu::, 
:::im1s ~1hc1uc rrt-..nmenl op1inn.;;; :1nd g()ats of c:ux•. in('ludin~~ 
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TABLE 1 S. Intravenous Vasoa<=tive Medications Used for Treatment of Cardiogenic Shock 

Medication 

Milrinone 

Oobutamine 

Ncsiritidc 

M e-chanism 

Phosphodics.tCf;)SC inhibition 

f\1.1\2 Receptor <~go.nir.m 

Nall'iul'clic peptide l'<.o.c:cptor agonism 

Nitric oxide prodll<.tion 

Nitric oxide produdion 

lnotropy Vasodilation 

.... ~ 

++ (1 )(otlow dose) 

0 

0 

0 

- (v.~~.cx:onstriaion, at high dose) 

++ 
-t+ (mainly venous) 

Sodium n1tropru~ide 

Nitroglycerin 

Vasopressin 

Dop.Dmino 

Arginine vasopressin receptor (V receptoi'}<Jgonisrn 

Oopaminergic receptor (0 receptor) agonism 

- (vas-oconstriction) 

+ -(vasoconstriction, ;;thigh dose} 

p, Re<:cptot ~gonism al icHCI'rncdialc dose 

~ Receptor agonism at high dose 

Norepinephrine a 1, u.J Receptor agonism grc.:~tcr than 111 teceptor 
agonism 

+ - (vnso<;onstric:tiOf'l} 

lr:msphm ta lion, penmm<'nt <l~vice pla<"'em<>nl, or p~lliatlve 
l'3r<..' or hospkx:. 

Strategies to Prevent Readmission 
lhe fi rs t slep in prev<•nting he:1rt r.'l ilure rt:<\dmission is to 
twal a ny rt'\'lTsible c:austts of the ex~1cerlY.1tion. Medic--.. ni<m 
;e(l)J.1Cili~1lion bcfOit.• UiM:h~tr~"<.' "ihould c no.;u n: 1 hat the patient 
" taking a he.'" :tppropri:ltc:~ medic:.trlons. particularly lhose llwL 
~uce mortali1y a nd morbidity in hean f:.l ifun~. Patient:; 
~hould not hl' dis(:harg<-"<1 un l ill hev h:we :whit'v<~d envolemi:t 
\\ith dlurl'Sis. P..tlic:n~ ::;huuld l><: <·dut .. .tk-d on heart failure 
1;1hysiology. the i mport:lrH.X' of m<."<-li<'~Hion ami dit,:l~to adhc:r 
mcc. signs :md svmptoms or ,.,:orsening he:lrt f.1: ilure, :mO 
\\ht·n to l'unta<.t a physidan. finaJJy. an t•arly follow up 
.ppoirurn<::•\1 (\'l.'i th in 7 d .,ysJ ~ltuutd bt· ~du:duk<.l w n:vk"' 
t,e medic:1tion lisl, ;J~sess the p;,tHf"nf s volume statu-.; :md 

.adhere nce to dit~t ~md medications. :1nrl reinforte p;l rienl 
:tlucali<m po ints. Cl 

KEY POINTS 

• ~lanagement of IXltlents with acute d ecompensated 
hea1t failure focuses o n identifying the cause of the 
heart failure: cxaccrbalion. determining (hr pati<'nrs 
currem physiologic state. treat ing fluid overload. and 
optimizing medical thempy before discharge. 

• In p:ttients hospitalized with acute h eart f.;-.ilure. sche-c1 
uling an l'arly JOLiow up appointment (vfilhin 7 days) to 
r<·vicw lhc medication lisl. assess lhC' p~~Lienl's volwne 
stalus and adherence to d iel and medk~ltions. :m el ndn· 
force p;,tUenr education poin ts reduces the risk tOr he:.lrt 

fuilure re<lllmission. 

• Routine im'3sive pulmonary ::111:ery CJtheteri7.-t''Hlon tOr 
hemodynamic moni1oring is not recomme nded in 
rxni<:nLS w ith d<:l'<)I'JJpe nsalt d hL'<lrl fc:~i lure. 

Advanced Refractory Heart Failure 
Once h eart failur< ha• pfOl!.rc:;scd to ACC'J AIIA st•ge 0, char 
aclcrized hy persistent sevt>re ~·ymptoms dC'spitc maximum 
therapy. adv.lnt'l'd treatmenl< should he cons idered. Cardiac 
transplalll\ltiOH tl'U)a iH'S lhc gold standard t h<.:rttpy (or p::trients 
w ith end st::tge heart failure. UntOrtl.Hlntely. bct~ms<' of a lack 
of approprime donors. lc,.wr lhan 3000 heart tmnspl<Ultations 
are performed in LlK· Unitt'() Slates each ye-.Jr. Jn<lic;;~Oons tOr 
tr.mspl::mt:ltion gene1-aJ1y include· age younger t han 6.5 to 
70 years. no medical contr..t indications (such as d iabe lcs with 
t•nd organ t'Oin plic<ltions. malignancies within S years. kidney 
dysfnn(tion. or or her C'htolli(' lllnesst"S that \'lriJJ decrease sur 
viva!). a nd good social .supp01t and ~dhcrence. Tht· usc o r an 
LVAD as '\lesOnation Lhcr.1py'' should be considered t()r 
patient.<..; w ho nre not tr::mspl::mt C.1ndidate:;. Many patients 
a\1\raiting transplam also requjre an LVAD fi)( supr>ort unliJ im 
organ btx:omt-s av·.-.ilablc. IIO,\l>i('e may he <"'nnsfdered as an 
option io sh~lr('() dedslon-m:.lking discussions. 

Mechanical Circulatory Support 
Jn Lhe past 10 Yl~lrs. d inkal Oulcomes of patient~ with 
advanced hean failure h<l\'e marl>edly improved with lhc " "" 
of I.VADs. Wilh newt>r <'Onlinuous flow devices. patients have 
1 year su rvival approximating that of cardiac transplant re<:lp 
ic:nls and substantial impn>Vcmenls in fun<.' licmal capacity :m el 
qu::.l iry of lite. 1\ecl\lse thE:"SE" devices provide continuous How. 
most pa ticnls no longe r have a palpable pulse, a nd hlood p res 
sure must be measured by Doppler. Typiml Lher.tpy includes 
antil'('"'l~:rtJ iat ion to pr<.."vcnl pump lhro mbus formntion,comin 
ued beart l<lilur<' therapy with ACE inhibitors (or i\ RR.5) and 
P blocke rs. and mHnag.:mcnl of JluicJ bvcrload w it h diun:l h.\o;. 

IliA l>s ore associated with Important eomplk:ltions 
related to hoth the driveline, which passes through the skin 
~•nd t'<mw:cts lht" inlerna l pump LOa po'h"(tr source. and I he 
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pump ilsclf. M~jor <."'mplkations include hemoJThaA,ic nnd 
lhrombolic <m>kt-s: skin Infection-= pump thrombo<i>: ""d 
gastR>intestiml bleeding, which is usu~lly .t.,.,ociared with 
sm:111 hnwel arh.•rioYenous malforrn:ltions. Desp1te these t.'Om 
plic:ttion:;. LVAI), haw been assod>lt-d wilh <urvival of murc 
th~m 10 years i n some~ttic.:nts. 

Management of Posttransplant Patients 
MO<St patients whu undctgo be:~n tr.lnspL1ntotioo quid<!) 

rc:tov ... ·r physical nctivity and have norm:.tl q ualil)1 of life. w ith 
:1 men..n -rurvivJI of more lh:.'ln IL years. 'l11e most frec[UCJtt ( . .'0111 
1>li<:ntion wirhln the fttSt year after tr.msp{ant is infection. 
Cyt<>mc-gJ.lovii'Ull (CM V) ink•tlio n is <-ommon, and patients m 
modcmte risk (CMV positive donm'/CMV pOSitive recipient) 
and high riSk (C~IV-posllivc donor;CMV ll<'!>llivc n'Cipicnl) 
often n.'('l.'i\'e anlll.'iral prophyla.'<i• for 6 month' lncidentt' of 
n·jec tlnn is highest in lhe f1rsl 6 rnunth~ after rrnnsplanlatlnn. 
Bt--c3use most pa1icnts wllh n.·jeC"tion :.an: asymptu m:.tt i<._ l'l"gu­

l>rty "'heduled t-ndomyoc.u'di.'ll hiop>i(s ,,, on~n performed 
[0 dCCect TCjt."CltOU for thC tlrsl rl 'W years after IJ'·dn~pl,•nt. 

Severe rejtction is cha.raclcri:a:d by stgns or acute IR-:.lrt f.1Uun.· 
and •trial arrll}1hmias (tyt>i<-al.ly >trial nuner) or t'OOdll('LIOn 

nbnormaJilit~. Early eomplication.\ related 10 fmmu~up 
pr~<l\'e thernpy include hypertension (0\0I'C than 90'X, u[ 

pallcnbl and d iabetes (IS'i,-~o·x. of pallenL•). '""'!: term t-om­
pU<-:Uinns after transplanmtion indude Q\D and an inci\."J>ed 
incident"C of malignancie~. indud lng skin cancer (common) 
~mel B ceil lymphoma rchlletl to immunosuppressive thcr:.apy 
(le<s t'Ommnn). 

When n<·w clnJ~!lo ate added to a trJrbPiomt p:.u ic.-nr& 
meclicalion reg.hm:n~ c·:m .. ·fu l attenllon is e-ssential to avuld 
~ drug inh.·ractions. <.:yc-Josporine and ln:('mlirnu.'\, l"\\'0 

agents c()mmonfy usc.'tl for immuno-mppn.-ssion. an: mel:abo-
1 I7NI by the CYP3M system. Many drugs iltcrc'"~ or decrc:>se 
the mebholism of cyclosporinc and tacroHmu~, and t'On 
' "'""ly. these~ntsma) a her the mt'tahulisrn ofothcrdn.g>. 
An exlensivi.: list of drug:-. Lhal c.m intern<'r through the 
CYP3114 isoen'l.ymc can be found " l rued iclnc.iupui.cd u/ 
c:linphanntddl>. 

KEY POINTS 

• Patients with st.·vere heart failu,·e symptom'-. tkspite 
manmal medk-altherapy are candidates for 'l<h'3oc'C:d 
treatment, Including placement of a left ventr icular 
nss1st dcvit"C and hcarl trans:plnnlation. 

• Qudiat·lr.lno;plantation is lhe flOid .tandard th<'T.lpy for 
('l:llicnts w ith c'tld-sr:>j,'C lw<trt fullure. 

• Endomyocm'dll>l biopsy should be routintly perfi>rmed 
~ner hean tl':lJ,;plantation to dial!fl()>e rejection . 

Specific Cardiomyopathies 
for :1 d iS<:ussion ofbypenrophic cardlomyofl'llhy and r<"'tric 
t ivc cnrdiomyu)XIthy, n:r('r to t\•1yocardia1 Dis<':\~. Pcrip\ll'l u m 
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<-:trtlimnyop:Uhy is disc·u~scd in Prt.ognuncy and Cardiovascular 
Disease. 

Takotsubo Cardiomyopathy 
T:'1kotsubo cotrdiom)'OP,.'lthy. alsu known :1s ~Ire!\:::: canJiornyo 
polh) or apltal IJ.'Illonnln)( syndnnnc. iS J dinical syndrome 
<l~:,ociat<.'tl with r(·dut'\'1.1 ejection fr:lction. (.'ll'\l3ted cardl~r 
~n:r.ymc level~. and ~lp,:ns of ist'llC'Illia on c..·IC'ctroc·..Jn.Jic•p.mphy. 
It typiC311) oc-wn. in nltlcr womt'n and is uwally preclpilat<'d 
l>y a sn essful physieJI or t.~molional even I, :-.uch :lS the dt·:.lth 
nf :1 lovi.xl one. sudden surpri~e. o r other <l C'Utf;' slrcss()rs. ·n1e 
C'X3C.'l Dl('('h;lnisnl Of lakotsubo ('OirdiOnl)Op:J.1h)' is unknown. 
hut the condl!lon h l><~tulated to resull fn>1n J rewr.;ible 
roxie <:frl.:cc of very hiV.h c-:Jll'choltlmine Jewl~ on I he myocar 
dfum. On f':lrdiac i.J.n;ag:Lng. \\"'=lll mol icm <JbnormaliU~ 1 h:H do 
•~>I foltm'' J «>mnarv J rtcl)- tetTIIOIJ' (rypk:.lll). apiC31 dys~; 
IW!oo; S u r b.1IIOOning) !'If(' o rtc ll found \ \'ith preSCI"'\ J liOn of 

b:.1.s:tl w~ll motiuu. Because th(•sc :ltutc cvrnts often rt'Sf.:mbk 
an Jcute <.'Oronary !1.-yndrome. C.."'lle"rgenl (.'()nJnary angwgra 
ph) is oncn perromu:d and d('monslral~ nonohscructi"ve 
CAD. 'l're:umcnt .i.s hll'j:!,ely supportlvt• ~Ulc.l ls similar 1n I hal ror 
nthcr heart loilun· 'Yn<komes (diuretiC'<. ACE inhibitors. 
P block«>). Most pali('nt. willrc.·cover <."ardla~ function over 
rhe cour~f' of a f<:w \-\'Ceks to monlhs. A~ with olhtr fnrms of 
new onsel heart fa ilu r1..·. repeal c..·c:hoc~rdioAroiphy should be 
pc."riOrm..'tl in 3 to 6 mnnths to c..'"\,aluate J'C('UVery. If a p.atient 
h:as re<"Ov<•ry of funcrlun. it is nndt .. .tr for how long m<•ttical 
thcn1py shouJd he c1m linued. bul mos1 cllnidans conUnue 
therapy for Jtlea.•t 1 yc.'ar. 

Acute Myocarditis 
MyocardHb J:, a dinit·~l l syndrome of acute onset he.lrl fuihu-e. 
<:1uscs include' ir~ b:>cteri:ll. or other infooions: IOX"ir<" and 
l rruntwolngi<.' synrlm m<:s. The <;·lassie form Is vi.ml In o rigin 
~nd is usually prttC<i<.'d by a IYI)ical uppe1· rt•sp ir•tory tract 
infection C':IU!Io<.-d by adeOO\ri.nJ4i.. , ·dxwirus. or coxs:'IC'ki(·'Virus. 

Although the path<lg<'llt.,is is not t-omplerely undc'I'Stood. it is 
thuugh1 ti"Mt at:ute viruJ infeciiun causes enrly ctestrultlon of 
lhe nl)'O<.:yt~. follov .. .._.d by an Immune rt•sponse thai r:mse.o; 
further desrrut·tion. 

Clinically. pn.tit"'Til 'S may I>L' a::;yrnptomilliC' or have J viral 
pmdrorrt(' wll h rC'\'l'l', myalgia. ~nd muscJc SOI1."neAA. I ~Hienb. 

m~y also present with acute hean failure symptoms. 
Echocanli<J!(r,tphy L• u~tul to a......-.s for other caUS<.,., oC hean 
f:.ilure. DeOnilhll: di~nosis may rt.'quirc card iac llktg.netk r<..'So­
n.1nt.··c illl3ftlng or endC)myoc..'3Idla1 bio~t t\nli-intlamrtl:.ILO.ty 
ogl'll!< arc n<>t of benefit in the ti\."Jtmen< of :><:ute 01)<><.-.udiris. 
Stnnda.nl. thtrapy for hl!art f.l ilurt· is rcc..'ommended. Prugnosb 
<l<..1x:uds on lh(' c-llnkal presentation. 

Giant Cell Myocarditis 
c;l:ml c('U mvucatditis Is Jn aC'ute and freq\Jt.:ntly fatal IOrm of 
rll)OC~rclill' th.lltypically occurs in )'OWlger pc;r;ons.ll Is oRen 
rJpidly pi'Ofll'l'SSi\'e and <-an calli<' huth Jell .md right \t'lltric:u­
IM d~runC11on. Glan1 <·<:II myocarditis is ~J,o assod:ned with 



an inCn."ilSL'() i n<.:icJcn<:C Of high -grade atriOVt:nl ricu}ar blOCk 

and ventriculnr ;lrrhJthrnias. Onlike in acute myocarditis. 
aggressive immunosuppressive therapy has some benefit and 
should be in itialed in these patients. For this n~son. J><llicnls 
with acute hcan fail tU"(' um1.:sponsive Lo usua1 care or with 
~CC'Oinp,Hlying arrhythmias should undergo ~ndomyocardkd 
bi opsy for diagnosis. Initial bio~)' findi nJ..,'S may he negative 
because of the patchy nature of the inllammation. P<nients 
with giant cell myocarditis often requi.re percutaneous or sur 
lticai venlri<.:ular support unt il t hey recover o r nee<.! h<::<nl 
trnnsplant,ltion or LVAD placement. u· ghlnt tt·U my0<.1mlili• ili 
>USpectect. prompt rr~nsfer to a hospiM cquiPPt'<l with 
mech~mi <.:;:e l su pport should bt> con!-.iclerffi be<~use p:Hi enls 
can progress from fe-eling well to moribtmd within hours. 

Tachycardia-Mediated Cardiomyopathy 
Tachycardia mediated c:mliomyop::-11 hy has been :tsso<-i:.lted with 
both ,supraY\'nlrkulilr and vcntri<:ular arrhythmias. R<.·vc~iblc 

c:tuscs of tachyc'llrttia, such as hypcrthyroi<tism, should be tl~L'<l 
out. lmport:mtly, he:1rt ra te con trol improves fefr ventricu lor 
function in these JX-lli<mls. The primary treatments are medica 
uons. such as ll blockers. and L'3thetcr dirL-.:Il'd <tblaUon. In 
JXttients ,...,il h atrial tlhrillalion :-lsscx·i:-liP<1 with nlpid ventricnbr 
respon~c. U1<.Tt' is 110 <.·vic.kn<.'t' thal conv(.'f1ing to sinus rhythm is 
more emcadoll.!) lhan L'Olllrollit-.g tht htart mtc.Jn pa(iC'nc.s with 
rem;ricular arrhy thmias or frequent prem:1nm·:o veontri('l.JI:lr con­
'lllttion~. canliumyopalhy is generally thought to develop when 
lht burden of premalurt· v(l)tricul..'\r tomr..ttUons is rnon: than 

.OOOiday; :1hla tion. t*Spt-ci:.tlly if the prem:.tture ,;·ent ricul::&r 
'>llffilctions are unifocal, should be considered. 

Arrhythmias 
Introduction 

!Thythmias are tnldi tionally categorized as supraventJicular 
ventricular hased urxm simpl(! c.·l<->cln >c·;lrdic>C.Jr..aphi<' {I·:CG} 

~ings. Suprav<:ntti<.'ttlar arrhyLiunh1s originate from lhc.· 
Tium or a triovcolrku.la r (AV) uodc· and at<.· charatt<:riu:d by 

.dltlal-:lppi:';:~rin!! QI{S <;ompiC:"xes unless C'omplk:lted by "" 
~nt ventti cu)ar <.·<mdition. Ventrk ular arrhythmias o ti,(,.oi 
tt belov~.r Lhe AV nod<.· and arc eharJctC'fizc.."\1 by abno.-m<ll 
"')earing :md prolonged Q I{S <·ompl(>xc.->s. Disruptions in 
t hm and rate occur in seven lx1sic pallcrns: early bt~lts. 
~tinal beat~. grouped heats, pattS(.'S, bradye:.m.lil. C.l<:hy<:ar 

and chaotic rhythms. This section pmvides :1n :1pprn.1ch to 

.....Jycardia and rachycardia and discusses the d iagnosis and 
n,agemtn( of specific rhythm ditiOrtlc:rs. 

Approach to Bradycardia 
Oinical Presentation and Evaluation 
~'C3rdia (heart rdle <60/minj m~ly bcasyrnptomalicora.~)­

..0 wilb symptoms or lighthendectness. syncope. exe11lonal 
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intokr.:lnct, c.Jyspnt'"d, and fal ig:uc:. II can result li·om d ise:1se in 
the sinus 110ck·. AV node. or J lis-Pu.rkinj(.' ~)<stem. or from dys 
func lion of the autonomic system. 

Diagnostic evnlu:ltion consists of a thorough history. 
ph)"'ical examination. focused laboratory testing (e lectrolyt~ 

lt:vc:ls. lhyroi<.l function k'Sling}. and R'Sling 12 lead ECG. It is 
importan t 10 iden tifY severe or un.stnbfe conducrion ~1bnor 
In:llilicS th<U req uire.: urgen t i ntt'n'ent ion. The evaluation 
should ;.dso inc._.!ulll' ilwc:st~ttion lOr extrinsic and rcversibl<:: 
causes or hr:.Hlyc:ardb. including ischemia . myocarditis. 
c.·nduc.·arditis. h)rpothyroid ism. electrolyte d isturbances. and 
m.cditalion u.s~ (L-specially p blockcn; and d igoxin}. Clues 
from th<" history ann physical rxominnt ion m:ly suggc:;t Lyme.: 
d isease. elevated intracrnn ial p ressure, or typhoid as otba 
pol<:ntial caust.·:; o f brady(.':.\tdia. Additional !(.'Sling may 
ind u cfe exercise- tre:H1m ill testi ng to .::~ssess ehronotropi<: 
com pcten('l' and ambulatory ECG monitoring (see i)iagnostic 
Testing in Car(liology). 

Sinus Bradycardia 
Sinus bradycardia is detlned as the presenC<' of sinus rhythm 
wilh a heart rate below 60/min. Sinus bmdycardia lll.1Y be 
approprialt.' in lr.ainL'tl athletes anc.l during slct.-p. Inappropriate 
or p:llhologic sinus hr:~ctycardlo Is most rommonl)• caused by 
sin u.s node dysfunct ion due to age related myocardial fibro:;ls. 
L(."SS c.:omrnonly, sinus nod<: c.Jysfunclion may n~'tll t from 1ight 
corrH1:-~ry ischemia; intracranial hypertension: po:>to)X'ralivt:' 
scarring or fibrosis from cardiothoracic surgery; or in11Urativ~..· 

or inflarn n·1 ~1tory disorc.kn-. Su<.'h as sarc.'Oidos:is. The most <.'(>m 
mon extrinsic cause ls medic<ltion usc·. 

Atrioventricular Block 
AV block may be classified as 11rst degree. S<'<:ond d<ogrcc. o r 
third dc.:gn::L-. First tlc..1-.~C AV block is dcfinecf hy a de by in AV 
ronduction (PR inteJ~'>ll >200 ms). In large cohort •tudies. 
fi rst degree IIV block has been associated wiLh an increa. cd 
risk for a11ial fib1illation and a ll-cause mortalily: 

In se<.·onc.l tlt.ogrcc AV block. on!.;' some P '-'\'<lVt~ conduct to C] 
the w mrides. MobiiY.typc l >~cond degn:c (WcnckdxKhl AV 
block is char.u:tt"'ized ck-ctrcx:ard iographic:llly hy a PR interval 
thut progrt-ssivdy prolongs tmtU a b~at is dropped (Figure lO). 
Mohilz type 2 " '('Oild tkgrL'f.' AV hlt><"l< is lypifkd by ECC. Jlnd 
ings <lr grouped beating and progr<-"S.\ivc shortt'ning of the ~H 
imcrvals (Figure U). The· PR interval dOt'S not lengthen in 
Mobilz rypc 2 b<.'for~ noncond uc-ted ,uriat bc,ll>. lNht·n 2d 
hlocl\ is prest•nt. rht> Mohirt. type <'tlnnot ht> detennlned. Mohitz 
type 2 AV block usuaUy oc<·urs bclo\-\,; the AV node and h~ts a 
higher risk J(>r pr<w~c.slon to L'Olllpll'te heart bloc·k. 

In lhird dekrrt->(!' AV block. also 1cm 1ed complete heart 
blo<:k . no P ' "'':.l\'l"' <.:onduc·t to th~ ventrklt~ . ;\V c.tissoc.:hHion is 
obse-rved on tile I!U; (Figure t2). 

Treatment 
In P"l it:nl' w ith symptommk bradycardia and hc:muc.lyn~uni<.­

d istress. a tropine should lw oclministerect. If atropine I< 
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FIG U R E 1 0. f lec:troca(diog(Jm shO\IIing Mobitt type 1 SIH.Ond degree atriovcntncult~r block (Wf!rl(ktbadl blod:). which manift1t5 6-S a pri)CJress.ve prolongatacn of the PR 
h11ervo11 unhl I her~ is a d(opped ventricular beat. 

Fl G U R E 11 • Eit<tJo<>~ognm .-ng Mol>ttlll'Pf 2 socond4<gree 
llnrxt~Ln blocl PwateS ••e blocked flllefln1~tly, Jfld 1he PRinterv•ln 
fi:ccd Nott tht mde OR$ s:omp~ wtltCh •~ ~tso more ((JftS:istent wttb block 
b{'lo·N ttlc tompw atnovenln<ul.tr l'lodt. 

Cl illd 'l4..tt•li\V. dopaminc: ~~r cplnt•phl illl' in fusi{JnS <.'i.m be: r,i v~:•n 

unl il l ransc:ut:.u1t"("'US ['t.'tdll!~ or ;I (<.' l'll por<-IQ' pat.:ing wirl? (pre 
00111 R·ll\'c.l) r an he: p1Jtl.'cl. ICmpomrv P~ttlng Js inclic·al~:d in Ci.l'l-L"\ 

ul h<.·ant~<Jyn:unically un,labk h r.u.l}·";ardLt o r a5;~~iolc.ln sonw 

uniqut· dn.:umstall<..X'S. pruphyiJ<.'Iir kmpnrJn padn~ m.ly ht."' 
t"un,itlt·n.'-'. iocludill$t in ~rlt.·nh undL"')r.."Uillg ll":'lfKl':Jtht·tt.-r 
;Yin ;c \alu: repl:lttll'Wfll \\ ilh ht,th ri .. J.. rc.·:nures (or hc;trt 

h~><'- ("'' h ·"right bundle'"""" h llhx·k). 
In hcmod\uamk311Y ''·thlc p;.1llc.·ut~. rt'"\·ersihlt· ~tnt! 

t.' \ ltUI\u,: c.:auses of hr.tdyt·an.lki "ih1111hJ ~t1WJ)"S be addn .. -...:M"(I 
hchu~ ll)o n.: invasive mt'<-bllrc.· ...... m·h <'S pen11an~..·n l Jl<.lc.:ill)ot. an.­
t.•onsickre<l. t A:unmon indkoHIOil\ tbr p<.·nnanc.~m rudn~ 

fr,<.·lud<.• lhl' t0ll(r1 .. vlng: 

• Symplomoltic bm<.lyt·Mdia wlthr1ut n'\l...'f!'ihk•t':.lu~· 

• ·\~·•)·mplnnldtk brJd~'t--ardlo.l \\'ith ... ~rg.nitic·:mt pau"'--.. 
1 "'(."("''ds in sinus rtwrhm, ur h.. "an r.ue less than 10 min 

• \t .d fihriii.Jtion with (X-1\I"'it"' c•r .c; '"·omb or lol'l}.~·r 

• Aht:rr-Llting bundle hr.md1 hlud·• 

• I\S)ll1.ptommic<.'t>mplct<' lw:lrt hftM.:k or \•tobil/.lvpc: 2 ~'l'l.rnd 

dt•gr<.'<.' 1\V bloc.:k 
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'I h<.' v .. 1riuu., t) pc."' ofilllJ'll.lnh.·d ('_.Jrtliat elc<.·t romc (,kvln•s, 

tht.•tr function...._ ;md thdr ~'l·ncralutcJK:~tlion::. ~m: re'\·k-\\'l"'tf In 
'r.lble 16.1'alicnts \\llh left hundk• hrall(·h hkx·k or ri!:hl hun 
dlt• hr.1och hlcl("k \\ ith ••r \\ 1tl'1•ut a pn)longed PR int(.T\.tl do 
r•ut R'tJUIIe pc:nn..1n..·nt ('Ut1n~ h.."\.-ausc.: intr:[\t·ntrk1.atn lUfl 
c.fudrou dd,l}":\ h:n.-c d lm\ rhk fur prngre>...;ing 10 c:ompldt· 

ht'"rl block {1~. :l' •1"-T )<'If). CJ 

KEY POINT 

• Permanent padng is indlcult.'\.1 for ~ymplomatic br.ady 
c:trdi:t with no underlyln[.t n.-'\1\'l'Sihl<· <-ausc and in 
a:-.ymptomatie palicnts who have atrioventricular and 

infr-.modal ronduction clhturh"net-. that ha'<e a high 
rbk lOr progressing to <Utnplete heart l>kx"k or a.<ystolc. 

Approach to the Patient 
with Tachycardia 
Clinical Presentation and Evaluation 
l'utlents with tachyca rdia (heart rat~ > 10 0/ m in) may be 
asymplomalic or experience I:Jclwpalpitations . a sens::nlon of' 

skipJX-'<1 beats. lighthf':ld<<lnc"'' ur <liuiness. chest d io;romlort. 

d) >Pnea. exertional intolmlll<'<'. f.lll~·- pn>J(rcssiw heart fJil 
un:. rt<.".tr :s}n<.·ope .. or "'yncopc.:. In asymptom:ltic p:lli<."nts. 

t:M:h)<:ardia may he di"-'"<-n.'d i!l("identally during roull!l(" 

ECG. monitoring in lh<' >;enlng or hO\-pitaltr..ttion. o r o ther 
mt>dit .. dl can.-. 

ECG documenration n f tou . .:IIYC<.lft.lia and correlation w ith 

syrnplonlS is the key component of the diagnoslic' L"V.tluation. 
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fIGURE 1 2 . In d•~ elecli~Xclrdiogram,lhe P.,;aves(siiOII Jrm•vs) ancltheORS (Ompfc.x~(/orlg JftO•rS) ar~ not asso(iatcd with each other, indtcating1hc pu~ctKC of 
iOmplete he;ut bh.>(\:. 

TABLE 1 6. CardiaC Implantable Electronic QQvices for Treatment of Cardiac Rhythm Disorders 

Functions 

Dovicc Components Indications Pacemake-r Antitachycardia Defibrillation 
Function Pacing 

Transvencus Pulse generator ar'ld Sir)uS r'IOd~ dysfunctiOr), Yes No No 
pacemaker intravascular leads atrioventricular biO<';k, 

(singte- or du()l-chamOOr) nonreversible 
symptomatk: bradycardia 

lcadless Pulse generator with tir\.es Atrial fibrillation with Yes (ventricuiJr No No 
pacemak~1 impkmtcd directly into br:ldyC'.ardia, paroxysmal sensing and 

the cardiac chamber; no sinus node dysfuncliOI) p~cing cmly) 
leads (C.~J .. brief sinus pauses} 

'mplantable Defibrillator and Monitoring and treatment Yes Yes Yos 
c.:tfdioverter-- intravascular leads of ventricular ;arrhythmias 
defibrillator (single or duDt·chamber) 

Sutw;utaneous Defibrillator and t1 single Monitorin~; o:md treatment No No Yes 
tmplantoblc lead that Jrc entirely of ventriculi)~ arrhythmias 
carc:fioverter- undet tht} skin 
defibrill<ltor (extravascular); no 

transvenous leads 

Cardiqc PulsQ gcnorator and Restoring electrical Yos No No 
rosynchfonizJtion intr:was.cular leads, synchrony in paticr'lts with 
the19py-paciog induding a p.Dcinglcad in symptomatic hean fiiihue 
(CRT-P) the coronar; stnus to (left vcrllficulaf cj~ction 

paco the- lcftve.ntricle fraction :05%i)nd left 
pundlc branch block) 

Cardi-ac Defibril13tor and Restonng ~k"t:tnca1 Yes Yes Yes 
resynchroniz.:ltion intriivasc:vlar leads, synchrony between the 
therapy-def.brilhltOr including~ pJcinglc.:.d in ventricles in patients with 
CRT-D) the coronary s1nos to heart faiiUIC; mooit01 ing 

pace lh~ left ventricle and treating ventricular 
<~rrhythmias 
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After a thorough lili.lOI'} and phyo;ical ~xaminallon, a 12-lcatl 
F.CG should be ubtained in all pati•nts with >t~bk wchycordla. 
A 12-lead !;CG r~corded <luring syrnptun1>, uhhough oOcn not 
possible 10 obtain. i> far >Uf)<"rior tO rnO<t fi>nn' of !lmhulatOJ")' 
monitoring in t<'l'Tll> ofdiJgnoslic value (.ee Or.JgtlOSticTesllng 
in cardiology for c;tr.Jll"Rk~ for :.ch."tlln~ an approprLlle moni 
toring dnire). Thyrc.ntl function tt<t1ng and cchcx:-•rdiOf(rdl>h) 
may be co"'i<l<'l'ed in selected p.,.lcnts wilh IOCh)~rdl:l. 

Sinus Tachycardia 
SinU> tachycardia (sinu' rhythm wllh J hc-•n rJtc >100 ntin) is 
the """" l'llDlDl<>n tachycardio and Is typical!)• the resl>ll or 
phyo;iologic demand or dis<l'l'». lndudinjl exercl<e, pain. flwr. 
anemia. or a.nxlety. l>lag.tl0\11<' ('\Jiuatk)n an(.) 1f\.·Jtrl'k."l'll dte 

guid<'<l b) the underl)'ing cause. 
Inappropriate sino> t;illl)cartlh> (lSI) I< a dlsordl'!' ch:>t"Jl' 

terized by an elevnted n....ting h(>:lrl n:Jh .. •. wilh L'X.1Ml't3led 
inc-rcases in heart rate with light :.letJvlty. The 1\lnu..; r:tk typi­
cally dttCrea<.,(-'S durin~ ~lttp. whith ('311 he documentttl with 
ambulalory ECG monitoring. ISl frt.•{IUtnlly J)rl'sents in 
\\'Omen in {heir seamd lo lburlh lh..·Ctl<h.~ nnd :.lppe:u'S H_. be 

more common in htallh <.:un.: pro(('SSionnls. Syrnploms v"Jry 
~nd l.'all inclucle p .. 11pil:~tions. llghchcadtdru.:ss. syncul)l' {or 
near syncope). dyspnea. <>nd lallf(ue. The d iagnosis nr 1ST is 
baS<.-d on lht: CX<..'Iuslon o f ulJH..'t' C.\LISCS or tachycardia, ~1.tl'h HS 
hyperlhyroidism, n nemi:l. pht•()c·hn)tl1f1C)'tOmu. und !'lt ru(·tur..l1 
heart disease. First line lh<rapy I> r<:ill0\1\11 Of arJ:r.IV3tlng 1\oc 
tors and cxct"Ci~c thtrupy. lu p.illt...·ms w ith M thersome and 
persistent •yrnptoms. phn rmnoolngk >ht•r:tiiY wit h 1\-hluckcrs. 
calciurn c hannel blockers. o r iwi'>radlne (In rcrrnctory cases) 

can be rons iclert'd. 
l'ostural orlhostatlt tachycardia syndrome (I'<YrS) is 

a nolhcrcondoliun Uwt oflen pre<ents with tad1ycordin. POTS 

is a form of d)'$.1Utonomi.1 chanlCh.:rt:.a.·d by onhOSt.nic imoler 
anre and exressiV<: toch}'C3rdla. p.1rtkularty with .aanding. 
()iagn<tMic criteria lor I'OTS indude an In~""''"' In hean rate 
of 30tnun or more. or an ln<n"'dSC to gn::.Hcr thom 110 ·min. 
within 10 minutes or Slandl"'!- The tlial(rl<Xl~ I< ofltn <'OR 

litmed with tilt tJblc K..,ting. Bdwvioml 111()()1flc:ltion. l'Onl 
pression shx:l<l~S. e\ercl«- training. and h>u'l.-a"'tl Ouid 
intako: an: imponant component> ul lh<'l":lll)t \ledll':11thcr•~ 
ror POTS is hi)lhly ,ariJblc and may indude. hut Is not limited 
lo, p blod«.'t'S. Oudm('Oni'<ln<. wlccll\t: o;cmtonin rrupmke 

inhibitors. rnitlodJ'ine. and pyrldo>LIIt>nine. 

Supraventricular Tachycardias 
Parox)rsm:.U ~1.1 pl"J\"t,.~ru riMJI:tr f-:lC'hyc:an.Jt;)\ (S\11\). induding 
.JlriU\Cnlril'UI3r nodal re4!1'1Lr::mL hl C'hyC':lrdl:'l {AVNl(l'), .U .. 't.'<."\­

'101) ' pathw•y-mr~i.\lctl Wchyc~rdln<. and atrial lathy<?~rdla, 
are fret)ll~ntly 'he (':JUSt' of palpitntion"' in yottn~c-r pCA111$. 
Thl' .l<..'l\.~ry p;.11 h"'-ay m~ly t\.':\.ult fron1 ttntemgr:1Cic conliUl:­

tion, m;Jnitbting as u dclW w.avc un ECC.i or rc1 l"tl{r:"Jdc t'Onduc­
t ion (so called <'Oncenled ncc~ssury pathw.oy). Mana~<·mcm o f 
lhc-sc a rrhythmias is discussed l :>t~r In t his chnptcr. 
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Other Tachycardias 
Older p.u ients with p:.tlpit:ltions arc mun: likely Lo havt.• atrial 
librillation. atriallluner. onentricular tachy<-anliro (VT). often 
doe to underlying cart1lO\'aSCuLlr di~a:sc.·. \7 b ollco ~l~i 

ate<! \\ith hemotlynamic compromise; howe\..,r, som• vr "'" 
be '"'" tulcrated. particularly in patients with norm:d wn 
rricular function. 1-:\"'idt.:ncc: of tu:moti)"O •. unk lvmprumio.,c, 
including >'}'DCO[)e. may al"' he prest'nt in p.11i<'llts with ••rl•l 
W.chy:urhytlunias. l-Or funher discussion or I be dlnl<'d pre. 
ent<lrion and ma~mc:nt of th\.'S(.' (..\Jilditiun:,. n:fer to the 
Atrial Fibrifl:ltion. Atrial Huner. and \entrimlar Arrh} thmia> 
sc.·t.:tions btC'r in the chaJ)ler. 

KEY POIIIT 

• !>1nus tachycardia is the mo.t <'Otruoon tacb)..:ardia Jnd 
is typically the resllh of physiologil' demand or dis! res,, 
including exercise. pain. ft"'\t·r. :1nemkt or anxie-ty. 

Antiarrhythmic Drugs 
Anti:-1nhy t hmi<.: agcnls a n: ust.."'.llo Lrcat am.l ) UPPl"CSS urrhyth 
mias. Tb1.."Se medic::tt ion~ h:l\'("" traditionally been <n){anl:r.cd 
"J<.:t'Urd.ing to printaJ)' mechanism of adion by using the 
V:lughan -Witliams: classiftt-nlion sy::;tcm (Table 17): hmvcver, 
most a ntiarrhythmic dru~ ~X(>rt their t>tT<~c·t~ through scvc-rul 
me<:hanisms. 

Ch1ss 1 a mi class Ill ~IJitiarrhyLhmk drug:; arc the most 
em:t·liVl.' :.mti~lrrhythmi(' dmg-:;. Cla ... -s lA ag(~nt~ .111.' indk:al~d 
lor specific conditions (see Table 17). Theso medi"lllun:. how 
been assc)(i:Ht'fi with ventricular prnarrltythllliU. ~Lu.IUcn 

death, and increased morlality In pa tients wlth cnmnar') 
arl<."ry disc:a::>t' or sltul"turJI heart disea.~. Class II n~«.·nts 

(Jl-blockers) and dass IV agcnl~ (nondih}drovyrldinc <:Jltiwn 
channel block<:rs) arc commonly used to inhibit arrhythmia 
induction and AV conduction in patients with ~1.tprJ.\\~ntrl<:u 
lor or amal arrhythmias. aass Ill agents >OtJiol and dofetlll<le 
are used to tl't"'.lt atrial and \'enmcular an11ythmi:>"' C...., Ill 
antiarrllythmi<: thcr.lf)) should be initiated in an in p;tU<'Ill 
setting. With regular OS.«'SSll1Cllt of thr t'>m'<:tl'tl QT (QTd 
in ten-at lbutilide is an inl.r..\"\\."'110US cl:.ts..s Ill pota~sium thanncl 
block<'1' that i> US<.'tl for pham>OCOiogic cardioR'I'S1UR ol" atriJI 
fibrillation. 

Amiodarune is among the most cffccth'\.' .md tommonl~ 
usc'tl antiarrb)1lunic drug.<. This multicbannd blo<·ker Is frt 
quently used to rwat pa1icnb with 1\."\.Vffi."flt vr or aerial 
librillation. Amiodarunc has no significant risk for pro.rr 
rhythmia but is associated wilh lh}'11>id. liver. lung. and <')C 
loxidlies. :.l:$ \\tt>ll :'IS neumlogi<.: :->ide dfects. MonitoriJ~ thy 
roid and l i\-er function ewry 6 months i~ m·ommcndcd In 
palic:nls Tl"<..,..:-ivirtg am.iodarone. Patienls shouJ<..I :.l.ISO unde-rgo 
annu::ll pulmonary function ttslin.g and ophthnlmologlc: 
examination. Am.iodarone inter.l('t'\ wit h many dm~~. lndud 
ing Wtlrf~rln, stat ins, and digoxin. Oronedarunc . nnoLhcr mul 
tkhannel blocker. c-an tw used in p:.HicnlS \Vith itltl'l'mitt.:nt 

atrial fibrillation and no overt heart !allure. 



TABLE 17. Antiarrhythmic' Medications 

Classification Mechanism of 
Action 

Closs lA Sodium ch~nnel 
blockade with 
som~ potassium 
channel 
blockodo 

Class iB Sodiurn <:hannel 
blocl<ode 

:assiC Sodium <:h<-)nt'n~l 
block ode 

ass II ~-Adrancrgic 
blockade 

~Ill Pot3ssivm 
chafu)d 
blockode 

...-HN Calcium 
chan,,cl 
blockade 
(nOI)dihy. 
dropyridines) 

channtl Several 
<ers mechanisms, 

including 
pot.:assium, 
sodium. aod 
calcium channel 
bfockad e 

Individua l 
Agents/ 
Example s 

Ouinidin~. 
procainamidc, 
disopyr<:~n'lide 

lidoci)ifle, 
mexiletine, 
phenyto in 

Flecainide, 
.propafcnonc 

Mctoprolol. 
propranolol. 
ct~rvedi lol, 

;.tcnolol. 
b1soprolol 

So1alol, 
dofotilidc, 
ibutilide 

Verttpamil, 
d iltiJzem 

Amiodarone. 
d ronedarol\e 

Effects Usc 

Decreases Preexcited 
speoo o f atrial fibrillation 
dapoh:uizatiol\ (procairUJmida}, 
an c;:J prolongs Brvgada 
t(!opolc.ui2:<:~ tion syndrom~ 

(quinidine). 
SVT,atrial 
fibrillation, 
ventricular 
3rrhythmias 

Deere-uses Vt:'r)tricular 
speoo of arrhythmias 
depolarization 

~cteases Atl'ial 
speed o f fibrillation. svr. 
depolarization v'<H"'triculat 
and shortens arrhythmias 
tepolari2:ation 

Occtc-~scs Rate conllol of 
S)'mpathetic atrial 
torn~; arrhythmias, 
S\.•pprcsscs SVT, v¢f\tricu1Jf 
<lU!OITliltlCit'j, arrhythnuas 
sinoatrial 
conduc,tion, and 
AV <:onUuction 

Prolongs Atrial fibrilla~ion, 
dCtiO~) attial Outter, 
potential ventricvlar 
durotion arrhythmi;..s, 

pharmacologic 
ca1diovcrsiou o f 
atrial fibrillation 
(ibutilide} 

Supptesses svr: mt& control 
t.inoJtri.;.l of Jtria.l 
andAV arrhythmias. 
conduction triggered 

arrhythmi<ls 
(ou tfk>w tract 
VTs) 

Multiple Atrial 
mechanisms, arrhythmias. 
olthoco9h they ventricular 
act principi;illy arrhythmias 
by extending 
repolari.z.mion 

Arrhythmias 

Controindiutions 

Anticholinergic Ischemic: or 
effects, including structural hot~lt 
irKrcasud heart disease, second- or 
rate, dry mouth, third-degree AV 
uriru:uy tetention, block without a 
blurry v1sion, afld p~cemakar, 

constipatior1 prolonged OT 

lupus-like 
interval, advanced 
kidney impairment 

syndrotnc 
(procainaroide} 

Headtachc, Advanced liver 
dizziness. o r othet disease 
neurologic 
symptom~. 

S~izures (lidoc.'Jine 
to'Xidty) 

Headache, Ischemic or structural 
dinincss, or other heart disease, sious 
I)Curologic node Qysfunction, 
symptoms se<:ond orthird· 

d egree AV block or 
bundfo b1-anch 
disease without a 
paccmaket 

Fatigut!, Severe <~sthma, 
drowsiness. cardiO!=i&nic shock, 
diTZiness, ht~ ir loss, sP.<:ond- orrhirdfi 
cold h3nds .;.nd dc:-g•<---c AV block. 
feet, depreSSion, preexcitation 
ere<:tilc 
dysfvnct•on, 
broncho:>pasm 

Headache, diuiness, CrCI<40mU 
brad)•<::ardia, fatigue, m•n/1. 73m2, Q Tc 
dyspnea (sowlol) intof"Jal >440 ms, 

Headnchc, dill.ines.s, sinus bradyC<trdia 

d•arrheQ; rarely, 
<:50/mif'l, ~cond Ol' 
th ird~degtee AV 

torsadcs de pointc-s block without a 
(dolerilide) pacemaker 

Dizziness. Significant sinus 
constipation. node dysftln<:.tion, 
dependent SCC:OI)d Of lflifd 
edemC.J, nausea degree AV b lock 

without a pacemaker, 
preexC"o~tatlon 

Fatigue, di:zzlness, Advanced liver, lung, 
<lJUSN, vom;ting, or th)1roid d isease 
constipation or (am1odarone) 
dial'rhea, tromor 

Advat;tcd liver 
disease. permanent 
atrial fibriHation, 
recent 
dccol'npcnsntcd or 
~dvanced heart 
failure (NYHA 
functional dnss III-IV) 
(dronoclt:uonc) 

(C()nrinucd nn the next p;:,gc) 
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Arrhythmias 
··---------------------------- ---------·---------------------------

~to sodium 
channel 
blockers 

Adenosine 
teceptor 
Qgonists 

CordjJc 
glycoside 

l ate sodium 
channel 
block•de 

A,~f'OCCptOI 
agonism 

lncrca"Ses vagal 
aclivily 

R.:moku:ine 

Adenosine 

Digoxin 

Shortens A trial 
Jet ion fibriiiJtion, 
potenlia! vct•lri <:uiC~r 
dufation and arrhythmias 
prev~mts 

Co)lcium 
ovetload 

Slows. or Termination of 
blocks SVT 
sinoatrial and 
AVnodP. 
cond uction 

SlowsAV Rate control of 
node Jtri.:;l fibrillation 
conduction 

Otuiuess, f)ausc-a, Adv<mced livet 
hc;;.dachc, dlscJsc, uso of 
constipation, suong CYP3A4 
hypoglycomi• •nhibli:ors or 

induCNS 

Ru shing , dyspnea, Severe asthma, 
chest pait\,. ca(d iac 
hypotension. transplantation 
di:z:ziness, M.lus~a 

Nausea, vomiting, Advanced kldney 
d inincss., bhmy impairment 
visiOt) and yellow 
halos. 

(lequi(~ dose 
adjustment) 

thl'ombocytopcnia 

/I.V .. 011l"iowtntrir.ul:.r;CrC.I • (;~::t.linin~dr...";mcc: CYf'3Aol - CjtOd-IIOII!c P·1~ 3A·': N'I'Ko\- N.-:wY(Ifk, H!?<o11 A$~l.OI\. Of1. ... ((l(o t>e;'ti'd Ql, SVI .. S\IO.I(d"(!ontftt\Jido t.KI'Iyci!to.!ld, 
VT • 'O'el'llfituhlt tad•yu.~<Ji~. 

Ranolazine, digoxin. and adt.>flosin<: ~lr<: <.'x<.·luc.k <.i from 
tht Vaughan-Williams d assific:uiou. Ranolnine is used to 
(regt ~ngin;:~ :-md de('re;-lS<'$ the 1isk fo r alli:-11 fibrillat ion ami 

ventricular arrhythmias. Digoxin is a positiw inotropiC ;lgen{ 
tha t also incrc,.s<'S v.•gal activity. leading to a lower resting 
heart r.:t te. It can be used for r~te control in patienrs ,..,tith at1ial 
fibrillation. Adenosine is used in th~ acute t reatm<:nt of 
:urhythrnias to intc rrupl AV l'OnducUon and te rminate SVT. 

Administt~ring ~1c1enosilne ~n also help in determining the 
type of a rrhyth mia. 

Atrial Fibrillation 
Atrial fibrillation is defined by th<: pres<:n<:t or d isorgan ized 
atria l acttvity w ith a n irre-gularly Irregular venrricu.lar 
r<-sponse on ECG (Fj_gure 13) . .II is the most common 

F 1 G U R E 1 3. Electrocardiogram demonstrating atrial fibfillatiou. No dea1 P w.1ves arc sct-n, and the Yl'fltricular rl'Sponse is irregula1 

44 



-ned arrhytlunJ~l. affe<t lng more lh:-m :t'l mil lion l>t'rM 

worh.l\"ridc. l .ifetime risk for atrial fibrillation is 25'X, in 
"fll~ older than 40 yea rs. lncid<.:ntt ts strongly associated 
.md in<.T<.'<.lS<'S wirh ag.e. Accordingly. ::nrl:JI tlhrill:uion is 

&CU1arly t·omnwn in Lhe elde-rly. occurring in JO'X, of per 
lder than SO years. Atrial fibrillation is as...<.;odattd with 

••,creased risk for ndvcrse cardi~lC evenr$, indud ing ::t five 

ncreased risk for stroke, as \"-1ell as increa~d risk l'or 
:t1 failurt: and demcnlia. Among pali<.·n ts ag<.:d 55 years 

lder who have a cryptogenic ischemic neurologic evenf. 
as a strukc or tm nslent ischemic anack. occult intermit 

.arrlal tihrilla lion is lhought to be prts<.:nl in up to 25~~ of 
,... and 30 day ambulatory ECG monitoring is ind ic~ted 

~rection . 

-\trial fibrillalion is usually Lhc: r<.'Sult of long-standing 
factors. such as di<llx'tcs m<'llitus. ob<.~ity. hype-rten~ion. 

mry artery disease. hca11 failure. and o~Tructive sleep 
~-It may also be caused by n:vcrsibl<.: or a<.'uiC' phy':'iiologic 

.... Its. including t·ardiiK' su rge-ry. pulrnor\~\ r'y ernhol i~m. or 
nerthymidism. \Vbcn c.hcre are no identified risk factors. a 
:disposing geneliC' background is on en prc.scnt. 

Oinical Presentation 
n[s with atrial llluilbtion m:l~' be asymptomatic or cxp<.' 
l.' TXllpihtlion~. lighthcad<.·tln(:S..'i or (.lii'.L.iJ\<.'8-'>. Lly::.l)Jh?3. 

orcist' inwlerauee. dlt'St pain. ne-~1r synropt>. or, r:ndy, syn 
111 scmw <.:aMos, :ltrial fihrillalion can lead to h<.·mody 

lc cmnpromiS<.'. <."SJK-"<.' i:liiV in P<llknlt> will! .u.h~Hll'<.'tl 

toljc dvsfwu:lion or n:slrkt iVt' <:ardiomyopathy. Pmient~ 
1.1tri<1l fibrillation ull<J,IIl lllltllil.Y pn.:S1..'111 with l.l('bycardio 

.ut'<.'<.l cardiomyop:uhy. <·h:tmcwrized hy a!)').:mptom:ttic 1<.-n 
'ricuJar d~-sfunction or ovtTl hc~1rt taHur<:. CJ 
Atrial fibrillation is <.'al(-gori:tt:d a~.x:on.lll\g Lo its du ration. 

aroxysm:.ll ~rrin l t1hrill:ltlon stops spontan t'<msly within 
days of onset. whereas persit>tent alriaJ fibrillation l:lSfS fbr 
days or more. l.on.g-standing p<:rsisknt '-iLriaJ fil>rillalion is 
mtinuous. wilh a durltion of more (h::m I ye::tr. 

Acute Management 
m<-'diate C"'.:trdio\'t'niion i~ imli<.·atL'tl in JXllic:nb wilh hypo 

'"ft'ion .. a<.'nt<.· myo<.·ardial io;('ht>mia, (;r <k(•ompcnscut·LI h<.'oJTI 
lun:. R \'\':lvc synchroni:t.ati<m during canUo\'t'l'l:>i(•l1 h. rlt"N>e; 
ry to :l\'oid an -R on ·r <.·v~:nt ;,lulljJr'Uvoto.Hion ofvt>nt rkuhtr 

mllation (VF). Cl 
In s table patients. the primary goals oftherapy an: lo pre 

~t stroke, con trol heart mlc, and rn inimil'.<.: or d imin:.ue 
"\mptoms. Upon di~tgnosis. reversible c:~uses must he 111k-<J 
mL All pati<:nlS should LUldergo thyroid function tt>sling to 
t'\alunre tOr hyper1 hyroidism. P'dlicnts wiUl risk fitt· lors for or 
-.·vmptoms sttgg(."'Stive of sleep apne::t should uncltrgo tcstin~ 
sec MKSAP !8 Pu~nom>ry and Crit ical Care Mc'tlkinc). 

Ethocardiogr:tphy is ind icaled to <.'ViliUat<.· ror pot(·nlial va)vu 
iJ.r o r other structur..lJ h('arL disease. 1-:('hOClrdloer:lphy c-an 
;alSQ be used 10 <.L<;sess k ft a tria! size. which helps ctetenn in<.: 

Arrhythmias 

rh<.: severity or ttu: Ulllkrlyinf!. al rial myoc.:a.rdial dy::;l'unction. 
Transesoph;t~eaJ echoca,~llogrophy Is often used l>efore ele<: 
tivc u10nemergent) c;lrd ioversi(>n to exclude the presence of 
Jtol) :lhial t hrombus or lcfl alrial appendage lhmmbus if th<.· 
patient has not tt'<."<.'ivxxl at.kqmlk' :mlki.XIgttl~ltion thcrapy 
(3 wc·cks· tlumliOJl) bt:lorc lhc pror<:dtUX'. 

Anticoagulation C'J 
l11 IMtk'llb '"JJ<> aJc..' Jl<>t tWdt~l'g(Jilly. G~ltUuvt•• ~io•' · illlt:.-tVt.'IUIU.S 

:HlH('O:lgul:Uion is lhlt:ltl~· unnct't"S">'!lry: howt>vt•r. nr:1l :mtko 
agul..;.ltion should be inilhttt·d if Lh<." pali<.'nt ha::; ~'lll1kit:m risk 
fil<.' l< n'S fbr ~ttt>kt'. The- mo.,l ('unHnon Hh.·thod of a!)Sl'.s~ing 

o;tmke risk in nnm~\lvul:lr atri:1l librill~11ion is hy C'akul:lting 
the CHApS, V:\Sc score· (Table 18). l~t!ienls with \ctlvular 
atri.'ll Hhrill~Hion {rntl.:hanit-..ll pm:-.th<.·~is ol' rh<.·wn:ltit.: rnitral 
c:renoc;i~) n•quht· cm~l anlkn:tgul:tlion n·WlrdJtoc;s ol rhe ))l'L"\ 

cnt-e or al&'lll'l' of oth<.-r rh.k !~t<.'ton. 
If t.m.Jio\·t.·rsion h phuutt .. "tl. 1 ht.· dur.ltinn .,r ~tl ti:ll J1brilla 

t ion guide.:-. tht"r.lpy. Palicmls wilh :uri:tl fihrill:ltion with a 
known duration of l<.:ss than IS hours ha\-e a lm\ ri'ik Jhr 

t hr()mlms lbrmation and ~UI)!'.It'qltc.'lll l:>IWk1.·. ~nKt pJ<:pnX.:<.' 
dur:1l.mtkoogubtion fs not needed. In pa1ients in whom the 
dumlion ol' a lria1 fibrillation is nndt•ar or in \"<'hom al 1iaJ 
11bri 11atioH ha':i l.lst<.·d lougt.•r th~ln IS hour:,. anli<.'Oaguhllion 
tht"!":'l.PY for :1 \\'<~~ks is reqnirt>d ht>thn" (':'!rdim'\"rsion. In 1ht> 

~bsencc of prcpnx:cduml :mtkoagulation. Lmnsesophagea1 
cdtcl<.'arLiiogmphy tall he: pcrliJfHlt't.l h)t..•xdudt• the pr'l":iL'Il<.\' c1r 

TABLE 18. CHA,DS2-VA5c Score, AdJust•d Stroko Ratos, 
al"'d Anth:hrombotic Th<!rapy Recommendations 

<::HA,DS,· Incidence of Is-chemic Antithrombotic 
VASe Score"' Stroke/1 00 Patient- Therapy< 

Yearsb 

0 0.2 None 

0.6 Nooc or .. )spirin or 
OAC 

2 2.2 OAC 

3 3.2 OAC 

4 4.8 OAC 

5 7.2 OAC 

6+ 10.3 OAC 

0AC • or11l ~nti~gu!;rliun. 

·'(IotA. 1D!':o,.. VAX ~rtng (m.'lximum 'l po!rlb): Ou~ vvinl ~h i$ 9ive<1 k)< h"'!lfl 
kulurc, hypert.,.n-slon, di.>bt:w~ rn•.-11!hJ'I, v,o•,r• ol.~d<(ol>,-w< tfuinr !ti)'<X"~lrrltM 
inf~r<:li<XI, p.,.oiph ... ~<ll ,nt.,.f'J d'WIIS<'> . .-.(Ift..r pl.~voJ. f_,rn,ll(' •,c:x, ."l!lld 11qc 6S to 
14 .,..._'lM Tw<">pc;urw; ('4'rh :!It' g• .. '('n foe peM~:;IJ<lk<!I\Hir<~t i::~;he-nk: :m ... ~kl 
t'hmmbomnb<llic:di~~ l'!nd ilglt ~7S}WI!.. 

lf)."'l.l from rritxtt~ l, ~)'li'!n!'IY+:ol M,lip<...Y. tvo,~luo~ti<.ln <)( tbk ,(o.oti(!W!,OO 4(h~<')t~:. 
I<• i'.<Jt41.'f"il. :.lfvke $1<) l.olt'lldt~I<J ul 162 lo78 l '~lo;:!('II'J Wolh 11t,<o1ll iohl'lll,ltl<lf'l: lhc 
5w(o(.lo~l' Al• '"' I ol" oll.ll~#l c-Mon ~wdy Cvr liNrt J. 20 11;33: 1 SOO 1 0. (1\\IIID: 
2224644.3 I doi::tO.I 093/eudle;,vtjleh••I!IS 

'R9-(.()mfn;);J'Id;)1ion~ frorn J~nwry CT, W<1n11 l '>, Alp!efl J'>, ('~!kit'" H, C'i.'Jilfl'< o.\ IF 
CIC'VeiO'Ind JC Jr, et ;sl; ~o\C.CINIA f¥-sk fvlc .. Mf>!'l'b"'•S 2014 AHAIACCJHRS 
guidelir•e f<H Uw n·•<~• :..11Jt"<l'l .. r•T oi p..u.....,«. .... 'ith .)fli~l fitv.lL,tinn· ,, r<~p:vt nf ell" 
P,,.,.,;~.,., ('~o! C~k>qy/Am<:>ri0'n-I-«Mn A~;~oci;.t<)JI T,Wc ruu:.~o" 
Pr,, .. ll(t'l Go!!rl(llinl'\ ,,nd the Hc:ut Rh>•IJtm !i<1<~y. Cii(.Ullll<>.~>. 2014; l le>:o:l~ 
2t.1.(F'MO: ?4681J4/Idl)i: 10.1 1bi/CIIt<l<Xl0000<l000000·11 
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A rrhythmi :.s 

Cl l<il ~llial.lfll><"rk1;1l:(' 1hmmt>us and f.lctlil31e Ufll'"nl <:~nlimvr 
'ion. ltt,..nlk.-.s nf I he dur.uion or miUre of alrial Ohrillalk>n. 

(()Oft 
J.ll p;,ath.·nho \\hu und<."1"'glJ <.OJnliO\t."r;;km mu~t 1\_'"<.'\."i\\.• .a.ntku 
~uLUiun 1 ht•rJpy ~i1r J( ~J"I ·1 \\'e(".,k.-s following the: pmct•dun· 
uwin~o: tn ;lll lm 1'\~J"'-d Ti<>k for thmmhoemholir \'\'l"fll\ aflt·r 
''"U" rh\'lhn'l i ... n. ..... torcd. Cl 

CardiO\'CI"510 n and Rate Control 
PharmacoloAIC or electrical cardioversion shou ld he pur 
sued in p~lllcnh w Uh Sign ifica nt symptoms tii.'XJJfh.: nHc 
control. ln p:'ltit.'nls without structura l henrt dlse-aS('. c l:ls..<: 
IC agents or ibutlllde can he considered for pharm.lcologlc 
cardi<>vcr-,lon. l~uicnts treated with ibutilidc should he 
monitored on 1elemeu·y for a minimum or 6 hours or until 
the QTc return~ to baseline, owing to a small ri~k for tnr 
o.,adc til' ilOIOil"'\. 

llt:lrt r:lte romrolls ne<:ess:~ry in )Xltlents \\ith ropld •en 
tricular rnte> 10 lmprm-e: cardiac function and alleviate ~ymp 
1om~. -\l"Uid). the JlWI ht-art rAte should be bc1\\~'Cn 6(1 min 
and 110 min. Commonly used medications include AV nndal 
blockers. such ::t~ metopmlol or dilriv.em. l ntrn.venou~ nr ornl 
adminl~:.trJlion may l>l' .. 1ppropriatt: der~:-ndm~ o n .. 1 p;_lth:nl's 
srmplom•. In patlenr< \\1th left ventricular dysfunction. cal 
cium channe l blockers should be avoided.IJigoxin <.-an he used 
~\S ~ldju nctivc Lh~ . .'rJPY lo impiTJVt ' rate <:onlrol. <.:Sp<.:dalty In 
palittnto.; w11h h(·:H1 f:1ilnre. 

Long-Term Management 
An licoogulnlion 
;\rtcrlalthromhocmhnlic t..•vcnts arc the most M'rill>U\ "'-"'mpll 
<':Ilion ol ,urial fibrillation. ln nom:llvlllar atrnll ObrUialion 
f)lllknts. tile ab>Oiutc risk for stroke is approximltdy I' per 
}l'ar: hcJ\\l ... "C'f. the pn."SL1X"C or romorbi.ditK-s (~ch ;,\!) hc....an 

failun:. hyp<.•rtc..•nsion. diabetes. or \'"J..S<.'ular d&"'JS(.•) (.<m 

in<.·~~.>~><: l.lle ri>k 15 to :10 fold. Uypenension is aswc:la~ed 
wilh .111 h1(1'\':l""Cl risk fhr bolh alriaJ fibriltalion and ... lrukc: 
tlu~relor~. blood pre~"!\ure<:ontrol is t·ritit'al in tht·nmn:.1gc.:mcn1 
ofnlrlol nhrlllallon. 

Cl .su·ok~..· prC\erttlon "''lth ~mtithrnmbotic lhrraph ..... Is 
dt'llt'lldl·nt on tlw 1);\licnt's ri..,k fbr strokc ;111d risk fhrhh.'t't l 
ing. ,'\Jihou~h l'!(,'Vt'l':.tl ris" stratifkation ')l't)fl':-> .u·t• ~· vo.til,thk, 

c..urn:nl ~ufddiiH.~ n.'t.'Ollllllend tht• u se of the CIJI\,I)S, VI\Sr 
..,rorc: In r.Hknt~ with noiW'J.Jvular<ltriaJ fibrillation. Ac.Jju!')h,"\1 
._lrokt' f'JI\.'S .lnt.l rl"LlHnmcndaliun~ ror al\lithtomhutlc..lh~:f.lfl} 
W'l'\l un lhc C:IIAps. VASe score .U\' <hown In Tahlt• IR. 
P .. ttknh \\llh nol\\.liV\ILJr atrioll fibrillation who h,t\t" ;.\ 
( II.\ .HS I \IS..· .. wn- or 2 Of hi$cr should "" trc;llc'\1 "llh 
anhtwgulatttntlu prt."\1."nt !>t.rokC. P..ltienb with \,11\"lllar :urltl 
fihuiiJlklll h'IH:um.uic hcan disease. mitral steno~is. and 
val\1." l'l'f'l'l;k1."n1t:nU 'buuld n.-cci\t' warlJ.rin. '\on vltounut K 
antJJo,•mht ol':ll ;llltlco:mulants l'IOAC<) ,,,... nul oppn"''' for 
ll"l' in \;1h uiJr ;1crt1l nhrill:nion. llowevcr. patienl\ with <tlrio.tl 
nbli llatiun and nt ht:r Vollvuli.lr k siono.; (aurtil' valvt· Ui'll".l"'l'. 
milrJI l't'KUI)l.iloltlon. and trit·uspid regurgit:.1tlon) oH\' ~~liltlhh• 

lor NOAC th<'l :II)). 
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llleffiing <n>res. such ·" lh~ \TRIA. I .\S BWl. and 

ORBIT ""'nl'\">. ma~ he: tN."\.1 tu idt-ntih J);.llk-nh '' Hh ~i~nirK_-dnl 
ble-eding risk lr.lsed on patient dul':l<leri""' lndudlngane 
mb. hyfk'nrns.ion.lahlk> 1\~. ukkr ;1~. ktdlll'Y in..,1.tJfK'k"lll1. 
and lrt"JIIncnt \'\ ilh antiplatdil.'l ml"tliGilion,. Ut'\l"t"'iiihlt" ri...;k 

tiH:tors for bll"t.-ding .should be ~tddrt·sM .. ·d In 1>.;11 it..•nts n_.wivin~ 
:mlit'():!~'ll l~mts. Coru:mnitant <U11fpi:Hdl·l lht-r~,J~' ~hould be 

avofdtd unles..o;: the..• j).1licnl h:\'. n,•n·fH Jtlh·c.: c.:umnary art~ry 
.. use.\se (acUlll•<'Oron:.:uy syndromt.• m n."\·;lsculnriz:llion with in 

1 ht· P<ISt year) 
St.'veral oral ant icoagulants arc av;.lH:lblc.• fl >T !')tfOk~ pre­

\t>rlli<ln In patients with ,1trl.1t tihrili~Hion. Vitamin K antago 
nl'm with dose ntlju!')lt't.l \\arfarln ban c0t."t:lh"·· lnw <'osl 

tlu.•rJ.py: ho\\'t"\l'r. warfarin ha.o, lhnlt~uiun .... lndudin~ the.~ 
nt..>t.'tt rur rn·qut"'lt monitorin)! ;~nd onlju ... l mc.·nt ami numerous 
food .mcJ dru~ intc:r.wtiun .... The ..... \fc.-1.) o'lml t'ffil.ll) uh,.trfa 
rm I h.-ropy d<'J)<'rklon th<· tmwlllt' )Xlhl'llt 1> In I he lher.<peu 
tic rdni(C {1\R 2~3). 

Four NO:\\.s are apprm'<.-d for I he' pn.~l·nttun of Mrok\"' 
in atri:'ll fihrill::ttion {Table 1~). p,,higJtrJn. an oral dirt."Ct 
rhromhin inluhilor, i~ sUJl<:rlor lo \v;.lrfotrln Jur t h~ preven 
tinn ofistht·micstroke a nd resull.., ln h:s\ intr;H·r;tnial hlet:d 

I ng. Pat iems tak i ng dahlf.!o' l r.1n ha\t' a hl~tht·•· I' Ish. lor gaMro 

lnt.,•slin:ll ble<·cling rcl:lltvc h• w~•rl;l l i ll .u1d m <l}' t'>.J>t' li<.·m 'i:­
dy~pcpsl.'l. Rh'aroxaban. a Ull-cc.:t f~ldor X:1 in hlh iwr. is non 
inferior to warrarin in l lw prcn·nllon o f 'lrol.;.~· or sy...,cemil' 
embolism a nd is :lS:I;OdoliCd Wilh kso;.lntr,ltnllll,lJ a nd f;.ltaJ 

hle<dlng. i\s w ith d•ll>rgatrJn. P"llcnh l••klnJI rivaroxaban 
han.· a h igh<.·r risk rhr ga ... troinlt·,tln.al hh't'ding <-'Onlp.1red 
'' Hh tho"e takin~ \\arf.trin. \ph.aO.m •• morlwr orJl f.Ktur 
\:l inhibitor. b o;;upc:riur lo \\Jrl.uln tor thl· prt.'\t"'ltion of 

''"'J..c .a.nd t-cmfcf' lt"S' n ... J.. for major hk·l'tling. inducting 
intr.l<:r.lnial bleedin{!. 1-.:cJcnaho;~n ;, nnnfnkriClr 10 warf3rin 
for ..,lft)kf' prt'\'filtinn and h o&~'4K'l.lkd "lth l~o;; m:ljnr 

bkt·dinr.. All or alw :'\0,\Cs haw sh•>rt<•r half hH'> 1han 
warfarin: howeYcr. then: .1rc nu tJuk'"-. n•adity •JV:Jilclble 
st•rum :-Jss.1ys- to !l<·C"ur:twly dt-lt•rm hw ;ml h;o.l~ul;~nl J<"l i\' 
lly. Rt\'<.'N II ~~g~nt:-: .and ,u Jiltloh:.., nmlhJHt" to ht: tlevdopt'd 
h.)l t ht·sc agt•nl!>. :\ndt'.\OIIltl ~lila b IJl'lng cvillu.a.tcd fOr 
rc\·cr,al of fat·tor X~1 inhihH iun, fm• uwln ywtkncs l rt."itlt'd 

with rivaroxab:ln, api x::~han, or t•dox~lh;m. ldJrut:itumah i~ 

:1 d.lh1galr:m rto>\·ers-'1 ;lgt'nl J.\·ailahlr tfu l'lllergt•Ol)' inva 

"ii\(." or ">U~kal pruc<.·tlurt.'' or ln "''·'"l'' of unumlrolk-<.1 or 
lire threatening blcedinq. 

\l>pmxlmateiy 10~ 10 2.> nt JXllk-nt< \\11h Jtri:ll r1hrill.l 
tkm hd\c t'mlrailldk.tlu•lt' to ••r.al Ulllk.UI):ula1h•n ur di~un 
linuC' th(T.J.PY for \-arinm. lc:;J-.tJn~ im:luc.lu-q( blt.'t."ll.ing l"\<.'nb.. 
In p;Uic:nts who an: 011 moc:kr.lll* to h~h ri,J,. fC•r stmkc 
(CIIA_DS, \ASc smn· .,-3). l<ll atn.1l 3jlJ>t"nd:~~oc tx:clu.<ion to 
l'lr\'\t>nl srmke and ~-...H-nlk'l hnm1hot•mbt1lhm t'an ht" t•onsid 

c:n:U. Ol:c::lu ... ion uf tJw tdt ~HIJ.I.tjll ll' l1d.t•~c t';Ut lx= ~t c.. il i<.:vt.'d 

pert'ulaneoush· with a sdl l'\IXURIII\K tk'\'k'l" I lui is implanted 

ln lhe leh atriolappvn(!;~ge or wllh ' ur!(it';JI clo<ul\'.l.~fl otrlal 
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.\BlE 19. Anticoagulants Approved for Stroke Prev•ntion in Atrial Fibnllahon 

'A rfbrin (vitumin K 
n~agOn•st} 

~b~n(dm!a 

11\tombon onNbitor) 

~aroxabln (factor x.a 
:lub<or) 

Aptxi'!b~n (f~ctor Xa 
nhtbitor) 

x-bor (locto< Xa 
br.o<l 

Frequoncy 

Dos•ng adjusted 
to iNR 

Oncodaily 

Twice daily 

Once doily 

TypeofAF 

Valvula !"' or 
nonvalvvl.ar 

Nonv.:slvuiJf 

~Uol,L."l" cx:c:tu ... ion has a lowt•r rhk lur irur.M:r.mhtl hlt·cding 
•n'<l "ith dusc adjuSied '"lrf.mn. Cl 

~e \'ersus Rhy thm Control 
.Ui~ hO\C not tlcmonslr.lled 1 h:lf sinuc; rhy l hm rt~loration 

<~perlor ro rare ronrrol ".lone. Consequcn11y. rhe decision 
inillnle a t'n1e or rhythm com rot :,l rtl.tcA)' is predominantly 
t«1 on symptoms, patit•nt :tge. and p~llcm prefC:'r<:nt-c. 
e <.:ontrol C;)n be ust>d to manage asympto mali<: paticnL';~ 

J rc~i nJ;t h~:arl rat<.' goal of il'.!-os t han RO/min. A go..11 ot' 
rh~n 110/mln may be C'Otl'-iden..J in select patients w ith 
ldt ventricular d}-sfunction. ll Blocker.. calcium chan­
hlocJ..cr-i, Jnd digOxin can tx· U';C."<l ro cnnrml rhe \"t'"n­
o.~br r:nr- In p:lt ierus w ith ntri~l l flbrlUation. Combination 

T.tpy may be needed to adequa~cly eonlrol hearl rate. 
Je (rom rcsl in~ h ... ·arl r.tlc as.">c~smtn l. ev:lluarlon ofrhe 
~ nuc w i th ~C't ivicy. such a:.; with a 6 minute Wtll k rest. 
"~ tcs1. 0 1' 211 hour ~unbut.\Lory ECC numiiOr ing, should 
·.crformcd. 
,\ rhy thm oonrrol slr.tlt'g)' can lrnprm-e qunlily of life in 
~t\ whoconrinue to ha\e S)•mptoni~dC..'SI,itt:adcquatc rctlc 

;.rol. lk'<.'alfi.C: the long-lcnn cfft.•(_'t, of r.ne control :u~ 
~·own. rhythm rontrol is oncn pur.iUcd In )"Unger patients 

d <SO year;) with minim.ll symptoms. Rhythm conrrol 
n"<lUirc <.-ard ioversion in add ition lo :mtlarrhyttunic thcr 
Anll;lrrhYJ hmic drug :;cltoction is g uided by rhe patient"s 
H'bld c.:ond ilions 3Ucl safely <:unsktcrut lons. P:-llicnls with 

cautions and Dosing 

Avoid In pregnancy 

C;)utton w ith idtop;athic. thrombocywpon•c purp\•ra, heparin 
•nd,JC'(\d thrombocytopenia. hver dts.t;:!M. protoitl C o r S 
dcfocioncy 

Many drug interactions 

Cluoon With P-gtycoprotetn m,lout>tOt:. 

Rt'duc..dosew$00 15-30mV,..ntt.73 m' 

Avotd wnhCrCI <30mVmin/1.73m• ,mod.,...atolrvc..­
lmpairmont, sttong P-slycoprotom •nt'libttOrf>, .and SlloAg 
cytochromf! P~SO indvcc-• 1> and inhib•1ors 

Rodv c:e d ose with CrCI 30-SO ml / min/1 73 mJ 

Avuid w 1th strong P-glycoprotcin tnhibttors or ~trong 
cytochrome P 450 inducers and rnhit·utors 

Rcduc;e dose with two of the follow•nq cri tf'na: cm;mninc 
'1.~ m')ldl 133 (V.moVl). age >80 yo.,•. 0< w<>ight ;;60 kg 
(132 b) 

Avotd with sttong cytochrorre P-4SO •ndJCcrs bl"'d inhibitors 

Rodue<t do<e wnh C.O 30-50 mVm•n/1.73 m', -..ghl ;;60 kg 
( 132 lb), or concomitant use of ver~a~m•• or quinidine 
(potent P.-glycoprotcin inhibitors) 

infn•tntnt alrialllbrillalion "ho ha\'e no struuur.1l he-drl dis­
t':l!i<! or cnnduerion <.fu<.-'""" on"' l><:ndlt fmm a -pill-in the 
pu<k<.1" "I'I"""""- \\>1th this <fmt(f(). polients take a classIC 
drug <0~1nide or propafenonel a1 rhc on>el of :m t'Pisode of 
atrial flh•11h lio•l- Tb<-s<- patient> should tx• r<'<-eiving ~-blocker 
OJ' c:alc:ium channd bloc-ker tht' li~PY ()r ~hould take oneofthcs~.~ 

nu<llc~rlons before hiking the "pill In 1 he pocket. • Pill-in-Lhc­
pockcl therapy should be initiated In a mcmiwrc• l ,;ening to 
cn, un.: pal if.•nl safety. 

Nonph3rmacologic Slr.l.tcgics 
()dthf.·tt·r ~•hbrion \\.'lrh pulmonnt) \\.·in Isolation is an ('ff("(.: 

live rh)thm <.-ontml therapy in pal K.•nb '' ith n.-current symp 
romatk JLrial llbriUaUon des1>ire antlarrh)1hmte drug ther 
J .. py. Catheter ablation is m~ ('ffc.•(,;ti\'c.' in patient~ w ithout 
SJStnlll<:!lnl left a trial enlargrm('nl and mul1ip1<.' comorbid 
con<.! it ions. St·vl'nly pcr<..--cnl to 90'-"• of pntle-nts with paroxys 
n1:1l n!l'l~l tlhrlllarion arc symptom free I year a fter the pro 
t't.."<.lurc: h<>'l.·vever, success mtes v;..Jry. Complications include 
thrumhocml••lism (0.5% n rhk).tumponade. und vast"lar 
t•ompll<-:ulons (su('h as inserllun h~m01toma. p.~doaneu 

t)Mn. art<.·rio\'enous fJSrula. and n.·tropc.·ritonl.".a.l bl<•<..-din_g). 
Loll.JtCr 1crm tumpli<--alions. wch Js pulmonary '\'tin Sleoo 
~l'i. ;ln.' uncomnlOn. 

AV nodeahlatioo jsao uplion in IXllicntswil h :ttrial fibri l 
lnlion who huvc continued symptnmar!c tachycardia despite 
rote ancl rh)•thm t'Onlrol Lhempy. '11Jempeuric ablation or the 
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/W nud~ l'l't(ulre< impbmation of a permanent pae<.'fll.lkcr. 

Tho.'>C p.llk~•h n.'llUin in atrial flhrillalion and >lill n•Juln· 
3nlkna'-t'Uiarion. 

KEY POI NTS 

• lmnK'<liatc C3rtHo\'ersion ro sinus rhythm is indic;.llc..'ll in 
l').'llitnl' with atrial fibrillation \vho htlvl' hvpmc:n,ion. 

aculc ln)~X'ardi:ll isrhemi:l, ordecompensnted h('(ltl 

f:\Uun::. n."J(Unllc..~~ of at rial fibrill~1tion duration. 

• Curr~nl ~ulddim:s r<:comnlt'nd cakulation of the.· 
CIIA,J>S, v,\Sc <cort> tor stroke risk stmllticnlion In 
patler11C\ \\-ith nnnvnlvular atri~ll fibtilhltiOn; p..nu.:nts 
with J < I Lo\lJS,-VAScscore of2or higher should IW 
tre;utd wllh or:llnmlco:>gu~1tion to pn"'<'nl>trukc. 

• A rll\1hm control <tr.llegy can impro-~ quality <>fllfc In 
p.&ti<:nt\ \\ Uh ollrial nbrillation who continue to h:n.~ 

<ymptom~ despite adequntc heart rJic tun trot 

Atrial Flutter 
Atrial Oull('l' I~ nn org;.tni.zc'dnwc..·ro rl'L'nthtnl t..ichycJrtliJ wll h 
c;.li~crctc 1'-''J.tUiar :1trial :wrhrity on EC(i. usu<1lly \Vith tl mlC oJ 

:150/mln tO ~00/min. Typical atrial nurrer is ch.lr..lchtrizc..'(l 
elcctmcn rcliop,mphi('ally by .. 1 savvtooth palh.:rn wilh invcret'tl 
llullcr \"f..IV\'S in lt::uls 11, 111. :md :1VF :md positive tlullCI' w.tves 
ln iC;ld V1 (Figure !4}. Typil-al atrial flutrer i< the r<'>lllt of<'llUil 
wrdoc; kwi~· n.'\.'llU'}' around the: lrku~pid annulu!". In atypk'<.al 
nuucr. tht· C'irt·ull c·:m rr:wel in :1 cloc~·wise din.··<.:tion ur t:otn 

ot'<'Uf in oi!KT loc-dtions in IIW rlj(ht and left atri.a. Alypical 

llun<'r may oe<:ur a fter ablation or aRcr rongenital or valvular 
cardiac surgery: 

\fdll.J).!COK•nl of Jlridl nulh"f j, \ln11l.lr 10.:ttnal hbtill.ation Cl 
nun.IJ...-.:nll'Tll; hm"'l'HT. a rlwthm com rn1 "'' r.ll l 'R_\ J\ fJ\1m:d in 
:UJi:ll flutter lk\.";ltN: ~o~h.· •.:on I rol nt.ty ht• tHffi<,Jh :mc1 oft t-Il 
rt.'tlll ir<.'' h igh do\.1.''._. of mon.• I tun mw A\ nndotl b lo,·ker. 
Latlwwr ahk11lon n, lht..' dc:hmll\t.' U'C;JI J'IH:nt lur lypkal J lrial 
flut tc.'J'. m~~oring to :1 very hi>th ' llt'l'\"\\ r ,til' ( :-QS'.~,) and low t.•om 
plic..'~Hum rdlc. OrJI anticoagul.tl inn in p;Hknl ~ wilh atrial flut 

h•r i"> :tppw.1dl t"'\J in lhl' samt.· mannc.•r a\ in l);ltlt•IWi with atri.ll 
llhrill:Hion. P;.lt it•nr.. '' llh ~ltr i ,.t.l lluth:r .md sul'ndt•nl stmk(' 
n ... k H 'I IA .. Us:o \.\.")(.• S<'Ort> '>)) R'((Uirt• nr.1l anUt'OOh'lll:ttion to 

P''"""t ... rntl..r and"}) "}tt:rrtit.: <.·mbullsn CJ 

K£Y POINT 

• Catherer ablation is the definili\c tn.-JIRl<'Tll ofoypic:JI 
dlrial fluttc-.-r. owin~ to a \'\"f) high q~~ r~ne (>95'%>) 
and low complkalion mtc. 

Supraventricular Tachycardias 
Clinical Presentation 
SVf~ arc r.tpid hcarl rhythms lh,ll a11~· I rom I he :Hrium or 
n•quirf' conduction through th<.· AV node. 1\t rlnl t1brillalion 
and o1triaJ flutter are technic~lly SVTs. ullhou~h I he lc.•nn gen 
cr"IIY pertains lO paroxysmal SVIk SVI's C~l1 ;\lkCl all age 
!,'YfiUP.,<; hut frequently occur in younger J'mt lcnt~. Pr"'~\len<:c..· i::; 
higher in women than in men. SVTs uo;uully ()Ccur in the 

FIGURE 14. tn 1tlis clectrocatdiogfam demons.ltating typ!UI alfl.ll fluUCf', negnhv('ly dlf@<!ed o;awtoolh wave-; are seen m lhe IPfenor leads, and posit•ve waves ilfescC'n 10 
let1d V1, tn the bonom rh1thm strip, 2:1 and 4:i conduaion patlcrns :HCSC(If'l, 
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absence of s tructurJ.J hc:.art d isc:ase , allhou~h t:chocard iok,...d 
phy should he performed to exclude underly ing ea rd.iac 
dysfunction or structura I defects. Patients ofh:u havc 
repea ted <.~pisotlcs or tachycardia and may report p alpita 
uons. o sensnt ion of pounding in c.hc neck. fatigue. light 
headedness. ch est d iscomfon . dyspnea. presynC,)JX:, and . 
;,c.ss commonly. syncope. 

Tht> En; t_n)kally demonsfr.Hes a nnrrO\V <.:omplt>x 
ch).-ca rdia: howcv<•r. wide Q RS complexe-s (>120 m~) may 
pr~enl isl c~l~..:s <)f l>uncJJc hra nt·h b lncl-.., abc:rrancy. p:1c 

·.g. o r anterngr :Hie :tC'<'t>~sory p:lthway condut·( iun {ant idro 
mit tilchycardi:lL SVTs may be d~ls:iific.:d d<.•c:tro<.:artlio 
.,-o~phit:uHy accord ing, lq ~ he rdation~hip or 1 he P w:wt> :'Inc\ 

he QRS mmplex. Short RP l<lrhyt·ard ias (RP in terval <. PI< 
ntcn1a1) ICaturc a P v· .. ~ve thai closelr fo lltJ\ \'S t h<" QRS t.:um 
ole}\., Wh<.'H.'.t:> long I~ J · tadly<.:ardias rcatun· ~- p \'\'aV(> thai i!=: 
-ttore t h:m h:1lf rhe <li~T~ll\t<.~ hCl\"-·l'l'n lh<.· RR intcn-.ll (RP 
mterva l > PR in te rval). Sho rr RP ta<.'hyC3rdi;ls jndudc typital 
1.\WRT. AVRT. ;lJ)(J junttional rachvcardia. Long RP l;l{'hy 

""Jrdi:t.s include .nypl(':ll :-\VN I~T. si tlus l ~H:hy<:ardia. and 

.Jtrial tachycardin. 
Vag;.~l JOan<.:UVl'r:-1, including the Vals;alv:t m:tn(·uv~·r 

henrinn dm":n), l':l rntit.l sinus mas:;ag<.', or fiK·ial immersion 
n cold water. a re Orst line thempy tn 1\:St( tf<.' sim.t') rhythm 

pa rk nt:-. "vit h S\.'1'. :\ (k nosinl" can he us('(l to Jt>rmin:"ltt• 

\ r and s imull:111("0USiy help di;tg,llOS(.' it::. (.'<!USC. Tachy<. .. .Jrdias. 
holt tennina1e with adenosine ~l f(' typi<~ll ly AV Jlodcdt·lx:lld~ 

nl (AVI':I(r and AVRT). w hcre1s mnlinued anial ac!h·ity (P 
.we-;) during AV hiO<.'k is <.:onsist<:nt with at r i:tl flutter o r 

trial tachycardia. 

Atrioventricular Nodal Reentrant Tachycardia 
AVNRT <K-coun(s fc.Jr two fhinfs of :~~1 1 c:lse-; nf.SVT. nol iJtc.:h J(Hng 
<":1 ~'1) of ~Hrl:.ll J11Jrillation and nutter. AVNI{f is the rc ... uJI of a 
n::•enrrnnl dn..''lti1 '""ithin 1 ht· AV node: tha.t USl'S both 11w t.1st o.md 
:-;low pathvvays. Typi<.-:"11 t\VNRT invol\'t..'!> <:ond uc:tion down I h e: 
~lo'" ~>athwav and h;oack up w the ::Jtrium OVN the llL\l path\o\'<l\' 
{slm\ f'hsf). Thh c.-cJtHhu.·tion pallt..'lll n::o·;ulcs in a shon RP inrer 

val "'·ith a rctrot(">'f'.lll-t-> P WJVt' inscriiX'<.I vc:ry <.'lost• to the (~I{S 
etnnpkx {Figurt·lS). ALypical AVNI{'J' oc-rurs whc..·nthL' impulti<: 

tnl\'( .. )sdo,vn lhl? J~l~L pathway <.1t1d rt..•turns !o the :llrium via th<' 
~low pathvvay (f<lSI slow). r(~1lhing fn a long RP interval. 

AVNRT may be tenn in:tt<."<i \Vii h v·Jgal nMnc:uVt'r.> or a<kn 
osinc·. AV llcJda1 bl<x:kii}g lhc:rapy with ~ h1<>('k<··rs or calcium 

th<tnncl hlu<.'k<·~ is usc.->tJ to pl't~\,Y"IH rec.·un-c..·nl AVNRT. In 
11.11 ient~ with rcntrn·nt AVNRT and J1<ltients ""'ho do nul wkr­

:llefJr pn•t(•r to ;MJiLI hll11! lt''''' rncdicaltht·rapv. <·arhewr :lhl:l 
tion should be <'On~idl•red . C:1thf'tt"r ~lhlalion of t\V).JRT has :1 
high "'ll(1.'l~:s rate.·. ;.!It hough il is associ:Jil ... d wi1h ..i 1'!;, 1'hk ((>r 

injury to rht: AV notlc: Ul'c.'t.~itating pa<..'l'm~• l,cr impt:m lalion. 

Atrioventricular Reciprocating Tachycardia 
AVRT is an at~'t:.!>.·.,.orv path""Y (hypa•-. tr.>ct) mcdial«l ladl\~<lr 

d i,l i h~ll j.., unc.·u ol~·nc.."ll <t."' poccxcilalion on ECC (f-igure 16}. 

l·:arlv H·nt ri<1 Jiar a<:rfvarion {J\'er the."" an'<.'ssory path\"-"'.lY c:1uses 
::.hortt·rting oll.he I'H interv:.Jt and tht"' inlhaJ J.Mrl of the QRS 
c.·ump1t.:X i~ ~lun,.·d I tt'(.~J:usc of pn:m<Jlt111.' \'{'ntTic'1abr rlepotari 
i'..:llion i n tlw myoc:uc1i:ll lissut• :lc.ljo.\C..'t.'nt to th<' accesson· path 

\\'O.ly. lnt\VRT. the tadwc::udhl c-;m <'OildUCl ;,HHc.'I'OgrJ.d l· 0\l'f the.· 
A\. noc.k (mthodn:nn ic A VI(!') or anh•n~gr:·uh"" ow•r the accessory 
p:~th\\':lY (,liHidmmk AVRT). Orlhodromk: AVRT i~ r h~.,~ 1\lO~l 

F"JGU R E 15. Elecuocardiogram :showing atrioventricular .nodaJ tccntnnt tadlyc..l tdia dtaractcrizcd by a shorl RP in;erv.1JI y;flh a ie-Uogcade Pwave mse~ibed \•ery close to 
_,.ORS complell~ wfl ich is best seen in V1 (.;ppcaring: as a pseudo ( \vavr: r.mam}~ 
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fl G U R E 16. Electrocardiogram demonstrijting sinus rhythtn Ylilh precxcilation as indiQted by the presence of a delta 
wave.1he sluuing of the ORS upslwb repr(tS.P.OIS prem.aturtdepolariration of the ventriculartissu eadj.,ttniiOthea(Ctssory 
p3tlw;ay 

Cl 
common lypc of AVRr. ~lccounting tOr more th:.m qo•x, tu 95% 

or t·a=>t.'S. This type of :\VRT has a narrow QRS t·ornp1ex. OV\·ing 
thC'ir frequency increases w ith age. During ambulatory ECG 
moniloJing. only 1'-1, or pcrsOtlS have no PAC:;. High PAC bur 
d('n is associmed \\lith incre:1st"d 1is l.: fbr :.ahial fibriiJation. 
Symptoma tic Pi\Cs are l)'pic<>lly treated w ith ~ blockers or 
c·alcium channel blockers. 

CONi. to condudion O\'cr Lhc :\V mxk and till' Hi.:: Purkinje syslt'm. 
Anlidromi<: 1-\VRl is ch~lracterized hy :1 wick. s1urrt'd QRS l'Orn 

pic..-..: resulting from oonduction ovt-r tht· bypass lract ~md :lC'ti 

\':Uioll Off he \'L'llttic((.' Wil hOLI( USl'Ofthc Spc:·d._\lit.ed ('()llcfUdiOil 
sv:-;tt-m. :\d(.'rtO~ine can lx- giw:n w lt>rminate orthcxlromi<.' 
AVIH: (lc)\>\:"C\'i~r. adenosine and other AV nodal blod:('r:-> are 
t<mtr.lindicalt:d in t~l~(·s of antidromk: AVR"l: 

Wolff Parkinson Whit(' (WPW) ')11drcmw i' dcOnnJ by 

syntphJ.m~tlit· AVRTwHh C\idenceofpr<.'t'xC'itationonr<.-sting I·"'X. 
(d'""lt:l \\':We). It is of\(.'n s<.-cn in p;.tli-c.:nt:; w ith Ebsldn a noma!): 
1\tri:-ll fihrillati<m <X.'t'tu-s in up co on<. .. third orrxuients \.vith \VPW 
syndr<m1t'. Rapid t'OJtductiOtl over :m ae<.'t-•ssory pathway in atl'ial 
fihrill:ltion c:m n>tmll in VF and suddt•n c:ardiac: (.fc~tlh (5'CD). 
<llthough this <X'L"llr'S in IC"SS rhan 1':'$. of cases of\.VPW !'Yndmrne. 

In J.XUicnl:. ''"'ith preexcit:nion on ECG. sm:s .. «; t<::;ting l'~tn 
effectin~ly risk stmlff)' patients; P'dlknl') in '"'horn pn.oexcit:t 

tion is lost during <.~xercisc."' :~re gener.llly :H low risk for vc.:n 
t ric::ul:.lr arrllytltillia and SCD. Eh.'etmphysiology Cesling, is also 
hdpful in delermining the risk for SCI> and in loc~ali1.ing t ht.· 
pathv.-;.1y en f;.lt.~ilit:lte catheter ablalion. Cathl·kr ahlflfion is 
first line therapy Jbr IYJlit.·nts '''ith Vv"P\V ~;yndrome and ha~ a 
hi~h SlK't"C'Ss l'ate~ howevt>r, ahlai ion •mcx:css is di<.·tah."(ll.>y 1 ht..• 
location of1 he bypass lmd. Allliarrhythmic ther:1py is c:onsid 
crt-d Sl-contl lint thempy. ln patients \•Vilh a(.'<."t"S.-<;or')l {Xlthw'i.ljiS 
dose lo the AV node, anti~lrrlwLhmic drug tht'J':.lVY is p;:lnicu 
l~lrly useful beC:.lUS(.-' t•uth<·lcr abi:.U ior\ t';Jrrit"S :ln lln:HX"L"Ptabk· 
rL'k for ialrog<·nk heart block. 

In asymp1om:llic patients with pn.'t.'x<:itation on ECXi, 
tn~\n:.tg('menl is eontrov<:-rsiaL lnv·..t:;ivt· t<.'Sliltg is general ly nol 
n:quirt.'ti. unlc~~ i lK· pmicnt hasH high risk occupation. such 
<.lS<-l t'Oitlmerci:ll :1irlinc pil<)t. Cl 

Premature Atrial Contractions 
and Atrial Tachycardia 
Premalur'(· ;lr.riaJ contmctions (PAC :~) an• early isolated lx.:aL~ 

thnl arise from the at ria. 'M1ey are exceedingly t'Om.rnon. and 

so 

AtriaJ ta<.'hY(.'~Lrdhl can arise in the presence o r ::thst>nre or 
st ructural heart disease-. j) Blocker or calcium chann el hloc.:ker 
1 ht-r::tpy i.$ fi rst line treatment ror symptomaliC ;Hrialli\<.'hycar 
d ia. Se<.-ond line tr<'~ltnlent con sists of <.'::l t heter :1hl:ltion or 
antiarrhythmic drug then1py~ Ahlation success rates are gene:r 
:tlly 1ower in pa tknts \•Vilh atrial tat h)tetrdia than in paricnts 
w ith other SVTs. 

Mullili>cal " tri"l t" d l)'cardia is tyl>ified by three o r more 
P-wave morphologies :lnd ::. hc-..lrl rate greater than 100/min 
(Figure t?). [t is usua lly s<.'(·n in p:.HicnlS \>Vit h end-stnge 
COPD. 

KEY POINTS 

• V.tgaJ maneuvers. including th.c VaJsah~'.l mancuVl."J', 
<."J.rotid sinus mas:mge. or foci a! immersion in cofd 
Wdl('r. may restore sinus rh}1hm. in patients ""ith 
supraventricular t•t·hycardia. 

• Patients with recurrent atriOVC'ntricular nodal reentrant 
tacll)l(.'<lrd ia are lrt"3h.·d willt atrioventricular nodal 
hlocki11gag:ent·s (J\ blockers or<.:a1cium cha.nn(.'l block~ 

ers) or catheter ~lb1ouion. 

• l:irst-line Ll1e~tPY if'Jr P<ltients with Wolff Parldnson~ 

\Vhitesyndrome is catheter ablation; antiarrhyLhmic 
therapy is reserved for se<:ond line therapy. 

Wide-Complex Tachycardia 
A V\1fde eompl~x L:lchyl'·mdia is anv t<JchyC':Jr<.Ha with ~' ~R~ 
<.--omplex ol 120 ms or gr<.:;.tt<.·r. l>lnerenti:.U diagnoses indud~ 

SVr \Vilh alx:rt..tlll'Y· I'tCl'M'iled laC'hycardia (;lnf idmmic tachy 
t-:lrdi:>). wntrlrtl1ar J»<.:<'l rhythm. and 1"1: 

In adulc patiems with slruc.·mml heart di-sl·tlS<:. 9S't of 
widr- t:omplex tadwc-ardiob arc VT. Scwr .. d ltnportant dioi<':ll 
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FIGUR E 17. Clcctfe<afdiog(am showing mul!ifocal alJ'1aJ tMllytilfdia typified by three or mo1e P·wa-re m01phof1)9ies (attQv~). 

"ld ECG ft:aturcs can distinguish VT from other cond ilions. 
ldt <:mnplc.-.; t,t(:hy<.:an..li.l:, lh~ll arl' fJ<n>iliVl' in k·ad ;1\'R, h;J\(.' 
QRS morphotoro: ih:ll i~ t·nnoord:mt (aU prt•dom!n::mrfy pos 

J\'t' ur nc.:g~tlivc} in IlK· pn.·cordiaJ k·ads. have QRS morpholo~v 
h..:r lh::tn lypk·~tl rjgh1 or h .. ·l'l btmdlt Ur.mch blvd,, ~md 

..:xhihil extrt•nw :1xis devi:-Hion ("nonh\'l.'est- ~~xis} an.> usually 
1. :W dissociaiion, fusion hc::t[S. a nd Cilplure heals a rc aU 
ghly SLIJ:t~"Slivc or VT (fi~urc 18). \Vhc n th.: o rigin or a 
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wide complex htchy(·ardia (':mnm bt:· ddt~nnhwd. VT !lhould 
he assmm:d until t.•xpcn consultation c.·an he ohta int>cl. CJ 

Ventricular Arrhythmias 
Premature Ventricular Contractions 
Prematltre ventricular ronLractions (PVCs) o<:c.:ur in up 10 7S% 
o r healthy persons. !>ymptoms include pa lpilalions or lhC 
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FJG U R E 18. Electrocardiogram demonst1aUng a regul;,u monomorp~ic wide-complex tach)'<(lrdia in a lett bundle branch block pattem, The p•esente of atrio•;entricu1ar 
lSOciation confirms the diagnosis of \'entrirula• tadtycardia.. the anows idfntify nonconduttmg P waves. 
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perception of skipped beats. f'o rcefu l heats a re caused by 
inc reased <.:ardiat fil ling during the p·:lusC fo lJowing lhC PV\... 
PVCs are more co mmon in patlems with hypertension . left 
vent ricular hypertrophy, previo us myocardial in farct ion, and 
othl'r fo rms o r strutlur'.U hean disease. such as non ischemic 
cardiomyop;lthy. 

Jn the absence of hig h risk features (syncope, a family 
history of premature SCD. Slruclltr.al heart d iS(.-ase). ll!'.L.~ur­
an<:e is a ppropriate man::.gement. PVCs requ ire t re.(ltment 
when ,!)ymproms are bothe rsome or frequent (>10% of all beats 
or 10.000 PVCs per d ay). Tachyt~mlia-induccd cardiomyo pa­
thy may result from frequent PVCs (see I lean: Failurd . 

First line treatment for PVC suppression is ~ blocker or 
calcium channel blocke r therapy. ri-Biockc:rs arc: prcf<.-rr<..od i n 

patients with ventrintla r dysfu nction. If PVC.< pe rs ist despite 
fl blockade or calcium c hannel h locl;:ade, antiarrhythtnicdrug 
Lhcrapy may be used. The: sd c:<.·tion or a n antiarrhyth mic 
medication for PVC su pp ress ion d epe nds on m:;my f:~cror~. 
includ ing kidney function and oomorbid conditions. rn young 
h('althy palicnt:s wilhoul slrucw ral hc:arl d isease:. da.~ IC 
drugs are usually effective. Amiodttrone is most commonty 
used in patients w ith s truc tural heat disease, pa1ticularly heart 
railu rc. Cal hc l('r ablation sh()u ld he {'()OSidc:red in p3lic:n ts 
\\1th continued frequent PVCs despite medlc:ll therapy. those 
who cannot tolerate medical cherapy: and patients \"-•ho develop 
PVC r<:-l:l.tt..'<I LC'ft v<:ntricular c.lysfun<:lion. 

Cl VentrictJiar Tachycardia with 
Structural Heart Disease 
In iS<.:ht mic and nonjschc:mic cardiomyop:Hhy, 1 he pn-M-·nn.· or 
myocardk1L S<:~1r 1 iS~U<: facililal<.·~ a r<:('nlry ('jr<:u it and th<.· 
d<..'\J'I.~lopnl(·Hl of VT VT is usu.~Hy regular and rnonomorphk in 
paliento.:. with venlri<:ular sca ning . .S:ust:·lined Vr (~:~o S(-><:onds} 
<.':m k ad Lo hypoh.:n~ion. syncope. VF. an d cardiac arrcsl: how 
'" 'Cr. shon episodes of VT (nonsust~iJ >ed) or stow sust;>in<XI VT 
m:1y he \•veil tolcnued or c:tuse no sy rnplmn s. 

Evaluation wilh n:sting ECG. c xc n·isc trtadmiH L<:st ing (to 
provukr arrhythmias}. and canJiac imagin_~ (tu idt•nli(y stnK· 
tu rn! heart disease) is lndicatt'<l in a ll parients w ith vr. Pnrients 
\\'ith i<.:('"h(•Jnic cmdiomyopalhy \\1hO present wirh vr shoulct 
be -c.·<m:<;id<.•rcd for ang:iogmphv an<.l rcvt~scuhtrizat ion ir appro 
priat('. C:.\t( li:lt m;lgnt"'tl<' resnn~nce im:1ging <:larifies lht:- extf"nt 
and pa1ten1 of myoc::mHa l scarring. which can be helpful in 
refining the causl' or lh<: <..-ardimnyopathy and <.·an a .. ~llil in 
dt·tcrmining prognosis. for t.""X:.unplc. p:.Hients \•lith !l hfgher 
burden of myoca.rdial SC'.;.lrring h~n'"e hi~her risk for re<·urrent 
arrhyl hmia. 

II Blockers and ACE inhibitor,; red uce the risk lor SCll ln 
patieols w i(h l)rior tnyo<"ardjal inf~rctiOll ~tnd cardiomyo{">ilthy. 
In !hose wil h recurn:nl VT dt'!>Vitc fi btock<.T lhcmpy. antiar 
rhythmic dntg Lheropy \vlth ~1miod~1 rone m:~y he consid<~rrd. 

Carhcterabt~lt ion should be consider<.~ in pa lienis with rt.'<.'ur 
r<·nt VT d(>spiu· m<'tlicHl llwmpy. lCD phtc't'mcnl is indica k-d 
ror St'<.'On<.lary preve ntion ur SCD in J)<lliCnlS wilh Slrtt('l Ur..ll 
h<.'<trl d i:;c:asl.' or t :.3rdiornyopathy w ho h;~we sustained VT/Vl-~ 
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provided Lhat rt.'\\.'fsihle <.--JusL-s have been exduderl {such as 
J<:tth.· roronary L\.<. l)(.'mia ur <.'i.x:aim.· ingt~lion). 

Idiopathic Ventricular Tachycardia 
Id iopathic VT (so c·>llc•d norn>;ll heart VT) o<x·urs in lh<· 
absc!K't' of stru<.'Wml h<. .. Jrt d i!<>L<l'>('. lvpkally arising from rhc 
out now lt:Wb, t~,~~i ('l('-.. and p.tpillary musch.·~ . P·.ttients ' "rith 
idiopnthic \rJ usu:llly present vdl h patpH~ltjfms in lhc thin! In 
nfl h d<.•<.:ac.l<.-s of lif<.·. t-:p i~O<.k--; of syncope .m.· uncommon. 
Arrhythmic events a~ often lriggen·d by !-~.Lr<::;s . t·mo1 iun. or 

exc rds<•. These t3chvr:lrdias are rcsponsjv(" tO adt..'Jl<),!)it1(', 
Calcium channd hlod ... c~. l"ipt.'"<' i:illy \ -ernpamil. :~nd 

~ hJol'k<.·r-s: :\r(;' first Um: lrc:atm~.·nt for idiopillhk V I: Catheler 
ablat ion can be considt'ret.l if symptom:-. <.·onthmt.• (k:spitt.· lh<."S<.' 
lhl'r..tpi<.""i, JCDs art· <.'ontmindicatcd in pilli<.->n ls \Vil h ht•mndy 
n:un lcttUy swhk" id iopathic v·J: owing lo thl' be nign prognosis 
a nd e flkarv of ot her 1 hera pies. Cl 

KEY POINT 

The prim<try I reatm<.'nl ror patients Wil h premature 
ventricu la r contractions (PVCs) w ithout h igh tisk fea 
tures (syncope, a family h isto ty of pre mature sudden 
<."ardiac: death , sl ru('lu ml he-drl d isease) is reassurance~ 

£reatment is r<.--served tbr th OS(' wilh bothersome symp 
roms or frequent PVCs. 

Inherited Arrhythmia Syndromes 
l'atiClliS younger than ;~gc 40 years with u nexpla ined SCI), 
u ne xp lained near d rown ing, or recu rrent exertional syncope. 
who do not have ischemic o r other structural heart disease, 
should be.· (.•valua l<:d (hr inhl'ritc:d an·hythm ia syndromes. 
Additionally, unexp lained premature death (ag<' <35 yC;lrs) or 
sudden de~1th in a fi rst degree family member (age <40 years) 
should rais(· su~pidon. 10r an inhcritc:<.l arrhythmia syndromt..' 
and prompt n.~tt>rrrl l lo a <-:m1iov:lS<'UI:wsperi:~ l ist, w ith genetic 
munseling and ge net ic testing as indicated by clinical find 
i ngs. The d iap;nosis of inhtriCC'd arrhythmia syndrom~s c:m ht> 
complicated been uS<' of variablt' ptnctrnntt a nd e xpressivity 
o f th ese disorders. Chamcteristic findings an d treatments for 
chc:sc: syndromes an: rc:vi<.·,wd in Table 20 . 

l.ong QT ~'yndrome is among 1 he most common inh~ .. rited 
arrhythmh1s. afJt>cUng be l\'"t'<.'<.'n 1 in 1000 a nd J in 5000 per 
so ns. Prolongation of lh<.· QTc interval ha::; many caust-s, mosl 
o fwhich ~ue acquired. such as 1nedication use. s tructural he.arl 
d isease. and electrolyte ahnorma lit ies. L>rugs that have been 
implic:ak'd in (JT prolong-.al ion indudc: a nLialThyl hmic <J~cnts. 

;lntibiorics (including some macrnlides a nd lluoroquin olones). 
a nt ipsychotic d 11lgs, and a ntidepres.<ants. A list o f d rugs cate 
guri'l.<..'<.i by lhc:ir lXJlCnliallo <.-au:;e QT prolong.alion is tl\>ailabk· at 
credihlemeds.org. The presenre of " prolonged QTc intel'\'lll 
(>440 ms in men and >460 rns in \1\nmen) alone is insufficiem 
to d iagnose long (.,lT !-l.yndrumc. DiagnosiS n.:quirt..'""i lhc pr\:Scnct' 
or a Qlc interval greater tl~~n 500 ms on repea ted 12-lcad 
EL\:s accompanied by unexplained S)'llCO;>t or vent.ric<dar 

--
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TABLE 20. Inherited Arrhythmia Syndromes 

Disorder Presenting Symptoms and Characteristic 
Findings 

Treatment" 

lo~g QT syndromo Sync::ope, Ole:: interval usually >460 ms. 
tOfs.Ddes de pointcs 

P·Biockers,ICD, exercise restriction 

Short QT syndrome Syncope, QT interval <3110 m~~ntrml 
fib, illation. vr, VF 

lCD in all patients 

Sync.ope. VF, c::oved ST-:;egment elevation i1) 
c~dy prccordia11cods (V 1 through V 3) 

lCD 

CilC'ChOf.)r'flin.c-rgic polymorphic Vl Syncope, polymorph1c or bid1r~ctionat VT 
du1in9 ~xc:tcisc oremotiof"'al disUc% 

a.oloders. verapamil, fl e-cainide, lCD, exercise 
.>bstincnco 

Early rcpol~riu:.tion syf'ldfomc Syncope, inferior ;:md lateral early 
repolatization on ECG. VF 

lCD 

AfWC/D Syncope, pQipitations, T-w<~v~ inversJon.s in 
!cads V 1 ttuough ill Jcast v.,. mor'lomol'phic 
vr, abnotm(ll signal-..averaged ECG, 
frequ~nt PVCs. and <:~bn·ormal right 
vcntricutJr size 3nd fun<;non on 
echoCiltdiogfilphy 0 1 CMR imaging 

lCD, P·hlod:efs, antiarrhythmic medications. 
exercise .:tb&tincncc 

ARVCID • .... rmythr.1ogenk right vel'flricukat ~:~ttdiQtnyOJ)illhyf~S•<I. C MR .. < ;)l'(!•.'lr rn.")Qnr-nc r"'innMire: fC(~ .. ,.!r-ctt'O('~,,diagrnphy; K:D unplt~r.t~blo! c11rd'~er 
ddlbtil!dlo'l: I'''JC • ~" ... "-'' VI'>'• ""'l'l!fo(\11•'' ( o"'o\tl'lln.nn· OTr ... Ull(l'<lt~t1 01~ VF .. ventl'kubr fibri!l:totion; Vl .. V<!flttkul.w l.l<~::onJia. 

-Ttelltment «:'ttofl''tlt>!!<.idtiOo·.~ tf,r IC(>.l; ,,., '''"""'1"'!1 Mlhy;hmi,,. "'Y"i"'lomM.~M guodM hy ri::k ::trnt>fiClltiQI'I with t:litl!tl:l t.hal aot: <>ltcn d•':l~:a~ spc:dlic. Additi<Jn:tl'y, ~ltti;w--rl!oph111i(; 
drvg~ Qo e-olf.<~n f('t'JI oirl"d in ~v<'l111 t:vnd~t: for ov::rWI('Ill vef\ltiool:~r ;11rhy1 l\ll'liw.:. 

arrhythmia. Palicnls Vl.rilh a Ql <: i n t<.'Jv&l gr<.:atc-r than 500 ms 
Jre at gr•alest risk for SCD. [l-Block~rs a re fi rst-line The r:1ry; 

bo""'<:Vl'r. palit•nls \'llilh cardiac arrest or thost> who have recur 
rem event!-; (synco(M" or V'T) refr~clory lO ~-blot:kcr lhcrapy are 
1.:3ndidates tOr lCD plact·mcnt. These patients should not pnr­
ti(.'ipaiC in con tpcli tiw athk t ic::s. 

Shorr QT synd rome is a rare and genetically h<'t<:ro~.~cnc­

.,us disorder cha rac1eri1.ed by a short QT interval (QT <340 ms 
r QT(' <~lSO ms). ll is inhcrilcc.l in an autosomal dom.i.nan.l 

pattern. Patients can presem with ::~ rri::~ l ;and V(•nfri<'uhlr 
.urhyLI:unklS (including atrial tihrillalion. polymorphi<: Vl: and 
\.f) :md syn<.'opc. l"dl i<:ncs wilh shorl QT syndrome ::uc consid 
ered to be at very high risk tor SCO: therefore. lCD placement 
is rccommcru.letl in aU patients. 

Bn1gad:.l syndrome is distinguished hy right pn..."Cortlial ECG 
.abnormalities. including ST segmc.·nt covi.ng (ronct~ve or line::tr 
downslopingSTscgrnt:m) in kads V1 lo V3 "''ilh or w ithout right 
bundk'br~nch block, VEandcardiac:am:sr (Hgtn·c 19). Brugada 
synclrome has an increased pr(•vtllcnce in men :llld per.:;ons or 
-\sian dCSl'CnL Arrhylhrnk <:V(.'lUS in pallents with Brugada 
'S)'Ttdromt· ar<' more common al nighl during sk<:p. 
\bnonnalitics on ECG can he int•n n ittent and may b~ elicited 
by tever 1)1' pharmacologic ch;.llk'ngc \·ViUl sodiLUn channel 
blockade (suc.·h ~lS '"tith pmc::'l in::~midP infusion}. P...tlienls with 
~11cope or vcntricu hlr a n'h}'ih mia should undergo ICD impl:.tn­
tation. Quinidinc m~1y be bl•ndki:.U in patients wilh recurrent 
ventri<'ular nrrhythml:.l$ :lnd /or I< :1 ) shocks. 

CalC('holaminergic polymorphi<.' VT is a rare disorder 
chat11clerizt:d by inlr.KX:llular cak:ium overloud. polyll101Vhic 
\'entricular an·hylhrnias. and c::~rdi:.l <." :trresl. The :-lrrhythmias 
.ue usually triggcr<'d by h_igh adre ne rgic states. including 

::;troi\~ cmulivn and <.'x<.·rd~e. Th<'se arrhyl.hmlas l'3H also b<;~ 
provoked \\rith <>pinep hrinc i nfusion. f\ Blockc·r thempy and 
TCD placc:mcnt arc: tr<:almt·nls. Patients with catccholnntiner 
Rie rx>lymorphic VT should avoi<l cx~rcise. 

Early T("pol:uization syndrome should he stmngly sus 
pected in patients \•Vith u n explained VF arrest. particularly 
when provoked d uring <.:x('rd:K·. Early n.:po)ari?..alion (J. voinl 
elt\::.ll ion) i.s" cnmmoll ::. nd usu:tlly benign ECCi tinding; how 

ever. rhe presence of in ferior and lateral early repolarization or 
mon: Chan l mm in a IY..tlieut with VF anc.l/or cardiaC' a rr<.-sl 
~hould l1t" ron~ic1ertoc1 early repolariz;ation syndrome. ICU 
implantation is indicat~d in patil'nts with VF o r cardiac arr<."St. 

Hyperlrophic <.'tlrtliom_yopalhy or arrhythJnoKenic riRht 
vcntJi cular cardiomyopathy/dyspl:t.<ia (ARVCfl)) ~n often pr~ 
sent as SCD in young perso ns. l lypertmphic cardiomyopathy 
and an hylhmic risk stratiOc.-atiOtt arc d iS<:ussL'<l in Myocardial 
Disease. Most patients with ARVC/11 rresenl between puberty 
and young adulthood; ho~-ever. it can <ltso occ.·ur in older {lgc. 
l'al icnts willt ARVC/0 u::;ually present wilh frcquem ventricular 
<.'Ctopy and/or 1nonomorphi(· vr. a ll hough S(-•verc caS<.'S can 
pr~s~ut w ith heart failure. The diagnosis is e;tablishcd by ECG 
:~hnoml:tlitks. family history. l.hc pn:scnt'<.' or arrhythmias. and 
slntclUT.;'Il abnormalilies ot't he ri8ht ventri('le. ( :'1rdi;J<' magne1k 
r<.'SOikUK..'t: imagiu .. ~ can demonstrate e nlargement (segments of 
poorly contrdding hc:--J.rl musdl'). JOcai 3Ilt·urysms. and WtllJ 

motion abnormalities in t he right vcniTiclc (hypokinesis). 
ARVC/J) is usually progressive·. and palicnls with 1\RVC/Il 

should abstain from vigorous exercise. P.atknts v,rilh ARVC/D 
an d cardiac am'S! or risk factors (nonsustnined Vl, indncibl<' 
Vl) shou.lcl be offered JCO implontation. jllllockers are fi rst line 
ther:1py fhr ventricular a JThythmia. ahhouA}l anliarrhylhmk 
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FIGURE 19. Electroc~J•d•ogrJm d-emoR\II.ahng .l type 1 8ru9.1~ p.Jttern. ~'J mm J po.nt eleVcJt•o•a. Sl segment cov•c.g (concave- or l•ne.11 do•.mslop1nq ST1e9tnen1) 
(ilrTOI'III('h(J$), and l-W()IIC: II\YCI5iORS in lead~ VI 10 V3, 

tht:r.py " i th sol31ol <>r amiodarune or catbc.1er ahblion iS oflm 
required fur n."'Currcnr VT. 

KEY POINT 

• Unexplained prcm.uure death (at age <.35 }cal'>) or sud 
d<~• death in a lir:<t degn:c family member •llould raise 
:C:Ut-;pi<:ion lOr ;l n Inherited a rrhyl hmia syndmmc and 
p11m1pt reterr.:al lo n cardiovn.s<.•ul;tr spech1list. 

Sudden Cardiac Arrest 
Epidemiology and Risk Factors 
SCD i~ defined :tc; an instantaneous fa tal e\'cnl or oollapst 
\\ilhin 1 hour of>)'mptom o n S<1 in 110 apparently health} IJl.'r 
son. In p.11icnt::; in whom dt·<Uh \\':1~ unwiltlCS.~. SCJl fs con 

sidcred tu have oc·<·url'<.'(.l if the p:liiCnt \r\1':-ts knownlo he aliw.~ 
and \ \·tll with in lhC p;lsl 24 hours. VT and VF :ln: th<.' most 
common <ause ofSCU. 

In the United Sl,ll<'ll, more 1han 350,000 <1>1-.odes ofSCD 
O('NIT CtH.h year. The nnnu:1l 1isk lbr SCI> is 1:1000 in I he gt:l'l 

era) popul:~ lion. Tlu..· highest in C'iden<'(' OC(.'U fS in r~aUt•nts wil h 
1m: t.·xi~ing structurnl ht."'.ut c.liseac;e. although left vt.•nnicubr 
fimCl k>n .. normal in 010$1 pali<:fll> experiencing sen. Risk 
r~.K'lOr"S Include ht·an failure. d imln;-;ht.'(l left ventrkul::tr rune 
tlon, pr~vious rnyocartliaJ in f.·u'CIIOn. uncxphahH.'(I sym."'pe. 
IE"f1 vcntricul:lr hyper1rophy. nonsus:Wined v<·nt rk u laJ' 
arrhythmi.l. chnHik: kidney disea"·· and >leep apnea. 11 b 
impunant to d i-;tinguhh b('t>A"een myocardi:ll lnf~ut•tion and 
SCI> wh<'n a fumily hl>lory of C'drtli.>c d isease iS ot>toin" l. 
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Acute Management 
< :ardiac.: .lrrt.ost n€."C't.os, ... it;llt."' immt'd i.llt.· (.';..lrdiopuhnonar)• reca1~ 
<"itation (CI'I~) and udv.mct>d t:anliJ<.' lit<-- support l-kisic life 

-.;·uppon ~~ui<.lc.:lim-.... t'lllflh.t.-.; iYJ: Ilk importan t't.' ol fmmcdi;th.·. 
r:~pid. and 'U:Slaint-d chc."" <"'mpn ..... ,ions in r-arh Jot fOr indi 
\idwl' \\ ilh cardiac: .uu....,l. 1-i)IIO\\ InK .H. ti\':uion u the enlt!1' 
h't'rll'Y mnJic:aJ :sy~wm a nd n.·tlllt."'l fur a n a uiOnl.lh.'d t~xtcm~d 

defihrillalur. lhe P"llmt', pul-;e 'hnulu "" <·h<'<·l,t'tl immed l 
atd\. < ht...,r t'ompn. ..... ,lull.~ should hl• initiatLxl Jf rKl defin ih' 

pub" I' <1<1<'<ted '"lhm 10 ""''""'· High <JU.Iiil\ CPR (:jl) 

compn...,,um' :.111d 2 hn .. ·.1th;; per tjd(.• if nu ;,ldV:ltH;'t.'d ail"\'\:oay j, 
pres(•nl) lndud(•s adl'qU;.Ue depn.~\lon ol1he low~.:r :-.:tl'rnum :ll 
3 n.Uc nC ,\t (<•ast 100 I'Onlprt..'SSiOil\ JK'r mi11Ult' \\llh _.ldCQU;.tll• 
limt." tor dl(.~ ~..- ·1 lntt"m.JJ'f u' in dll"""SI <'ompressJon 
sho uld tx.• minimizl·tl Once a.n o.ll l'\\~1)· h;1.-.. b(.'l"ll 't'Ct.Jrt.'(l. 

brt.'i.I(J\S shou(t( l)e (Jt>lht•f\.'t) J l J n\tC Of J bn:;."\1 h j)\' ( b St't'1.Hlll'. 
(H) rn in) to nvnid hn.>:tth 'tacking and lntrea<>ed chom<.:ic- prt."\ 
sure. \\11 ... h impt'tll" 1 .1rdiac oulput. Defihrilt11inn ~houltJ 
na:ur '"" v.-,n as P'"'lhk in pallt'nl' wilh a ~1(.1\.;lhll' rh) th~ 
bt:>('3UM' limt• l<> tlt.·tlhrlllo.ltiOO is ;10 impurLJ il{ dc,~tl'rmin .. \nt ot 
tht..• lik('(JhcK>d OI"<;UI'\'I\'<Jl to hospil;tl dls('half,JC. 

\c.n•rding to lht· 1015 :\nwrkan lkan -\s~odation 

ad\,"lnt"t: ~.:;.~.nhnv311;f...1.1 r lire snppun )(uiddincs. the: p~«· 
nr ab~c.·Jwt of a shod.; bit· rhythtn ~uides m .. tu~t·nu.'nt aftl'r 
CPR 1M~ twc..·n lnitlah'it. In l);)th.m1s with asyst(llc.• o r pulscl~-.. 

elect ric:al Jtlh it)·. <'PI~ ls l 'Ontimu,:tl with n .. oa'~""'menl or 
rhythn. 'l<~luc; tor 1 h )("kablc rh) tllm e\\."f\ J minurC"\. 
Fpinr..11hnne '>hould t- · .•dmini'ilc.·n.-d intrnn:noll'l\ 10 irx'Tl .. d.'­

t'Omll:lr'): t"lt:rfusmn \.lS<>pre:s~in b nu lon~:r t~·c.·ommcru.lc.'tl 
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Cl ht.ocause it provitlt-s no advanlagC!S ovc.:r L'J)intphrinc.:. l.ikt'v1.'isc.·, 
atropine should not be used for the treatmern or asystole o r 
pulsekss elcctricitf activity <:trrest. Any reversible causes (such 
as tamponade) sbould bt· idcnl ifi<:d <lmiLrtatlxl. 

Patknts with VT'VF should be shocl;ed. followed by 
lm.rn<:di;,tu: n:sumption of CPR and reas.::.('SStn('llt \tf{ht.• rhychm 
in 2 m inuH.>s. Epincphrim: should hr.: achninbtcred :Jt\cr the· 

>econd shock and every 3 to S minutes thereafter. i\miodar'Oll< 
should he given :.ts <1 holus if VT/VF continues dL>:s:pite three 
shocks and cpinc~hrinc aclministmlion. A M.x:und close of ;.uni­
odarone can be given if 1rr/VF persists. CJ 

Device Therapy for Prevention of Sudden Death 
,., ICf>s h:..rve <lemonsl f:l iL-d dnc:l<'Y in the prim:tr.v :mel St'<'Ond:U)' 
11111.11 Prt'V<..'ntion of SCD. P:.1tk:m:, with :,ustaim .. xl vemricul:.lr c.UThylh 

nlia> (>30 SCC<Jnds) or c;udi3c "m.-st without a rcwrsibk c'tluse 
have :1 da.~ I J'(X'Omm<:nd:.uion lhr sccoruhny prevention ICU 

platx.:m<.·nt. P...tlic.:n ls wilh heart laillm: who m<.'L'l sptx·itic t'lilc:ria 
should und~rgrJ !CD placenwnt liJr primary l''"'"'mion (sec l loart 
J~ai!Ul'l"). l~ltients Wilh heart CaHurc and inlt·•rvt:ntri<:ul:}f ('OlldU<' 

lion ddix:ls (pmlomin:lnUy Jdt bundk br.lr~t·h block) otkn 
ben~lit from CH"<.li:;u.~ resyn('hronization thL~n-\py or can.J.i;)c,: n.'SYJ' 
chroni'lation tlwrapy in combination \\-ilh :1 delihrillalor. CJ 

P.:ttknts 'vith LCDs need to :avoid strenuous upper ext rem­
ity exercises. including weight lifting. bec~1use of concern for 
fea<l si r{;,.~ :md subs< ... 'QtK:nt fmclu rc. lnappropJi:.He <lctttl ion of 

VT/VF and shocks can result from dcctrom•w•clic interfer­
ence, U1crcforc. paticnts need to avoid de-vices that pose risl;s, 
~"tlch as :-lrc: wdding t•quipmenl and high vohage rnachincry. 
P'dt ients wilh TCO:-; who ::Jre undergoing inva:-;ivc pro<.:edurt-sor 

surgery should be.: <.:vaJu..'\le<.J by lh<.·ir deelruphysioJogjsl f<Jr 

device repmg111mming recommenciMion!=:. 

In rhe past. ICI)s were implanted almost exclusively by 
using a Lr.tnsvenous approa<.:h. New h:chn iqu('S allow fbr 
implantation of detlhrill::ttor.:: i n the- l:ltf"rnl chest :lt rheo mid:1xil 
lary )i ne adjtlcenr to the hea1i with tunneling of the lead undt'T 
the skin ncxl lo the slernum. Subcutaneous d<.·fibrillators haV<.'" 
severaJ advantag<.·s. ind uding n._xfu<.·(XI risk for device infect ion. 

KEY PO I NT 

• Implantable cardioverter clefibrillators are effective for 
prim:1ry and st:condary prev<:'ntion of suc.lc.kn cardiac 
deal h. 

C] Device Infection 
Device inJections h:J\'emanydifferent tbn ns. ranging from po(.'l«:t 
nfections to cndo(.'~u·dilb. Mo~l inrn·lious ar~ due 10 
~mphyiO<.\XX'US t•pldermldJs ~md StOJ)hyl()('(><t·us aun.•us. 

Symptoms of cardiac device infection indude fever. t•hilJs. 
malaiSL-, l:rssiludl·. and railuJ'(' to thrive, J>.lrlicuJ,u·ly in Lht elderly. 

Physirnl ex:l min:ltion of t he pock<•l m:~y reve.1l t.'tythcm;;~, 
.. wellio~. dn.linage, or wound dehiscenc(•. In patients sus 
?E'<'Il'd of ha\·ing <.kviL't' intCc:l ion, .:;cvcnal blood t·ulturcs, :111 
<'f)'lhrocytc ><.'<limen!,\llOil rate. and a C~ !'<'aCtive protein le-•·1 

Va lvu lar Heart Disease 

should be: obt<."linc:d. A lrous~nphagealt'(·hocartliO}.'T~Jm should 
ht> oht:linerl to ('\':llu;"ltC tOr intracardlac or k'".I<.I Vl"}..lt'lati.ons. 

Aspirating rlw device pocke1 is never indic:1U.'d b(."C'.ause 1 his 
<.'~m <.larnag<.· th<.· 1-. ... uls or inlrodtl<.'C.' inf<."<'lion in :1 sterilt.• or 
uninl<:'t•(c.."(l pot:kc..·t. Pf:."f cr ean also idcnlif)' inf("CiiOll or the 
dt•\'i<'(' pndzt>r <11· lc."!lds if HI her l<:~l ing, is in<:ondusiv('. 

l'r<'<IHm:nl of c.:ardiac· tk•vke inft>cHon includes tomplett' 
extraction of ~lll hardw.lre. clebiidem<:nL of the p<x:keL sus 
tainal :ml ihintic tht"f'.lpy. and (('implantation trt ~' HL''*'' lot·ati<m 
after inf<.:(.'tiOIJ has lx'<.'n cr.tdi<:alcd. CJ 

Valvular Heart Disease 
General Principles 
Valvular h("<.\rt distasc (VHf)) is c.:hamctcJized by underlying 
fl1nction:ll o r !.lrl~1(ornic !.lbnorm~llities i n thl· c.trdia<.· vah't-s that 
result in regu1~~itation or stenosis. VI II> is ronuuon. ()("(;Uf .ring 
in appruximmdy 20 million persons in lh(.' Unil<..'d S:t:-lt<.·s. 
Although rhere orecongenlwl fonns, VIII) ls largely age depend 
enr. and 3'l'. to 6')(, of rhose aged 6S years and older "realleetcd. 

A thorou~h hismry and physi<.:al examination :~re essen 
th11 in e\>':.'l lu~\tin.g lOr VI I D. Many hear t valw k-sions are sl o'YV})' 

progre~sive. and patients m~y unconsciously lill'lillhcir :l.('Ov­
ity in n:sp<mst· to a \>Vt)~<.:n i ng of und<.:rlying Vlifl ·rhe mosl 

cornmon symptom is exert.ional dyspn<.·a. Othc..·r ~ymptoms 
include angina. syncope. palpitations. lower exLrcmily <:<lema. 

and ascites. <lcpl'nding on th<.: lesion and seve1iry. Typic::~! 
physk ... l1 ex;.lminoltion findings tOr valvular and other cardiac 
lesions are described in Table 21. T'""'""-k'ld ckcLrocnrd iog­
raphy, dwsl r.uiiogr:1phy, ::~n<l 1T:1nsthor:1CI<.' echoc::trdiogmphy 
(TTE) with lwo dim<:nsionaJ imaging may be performed to 
evaluate for VHD. 

Fbr d inkal monitoring and liming orintt•rvt•nli<m, VIII ) is 
d•ISSilied into lourstag<.'S (A toll), which (>Onsidcr !h<:pt'l"&:ru:c of 
symptoms. severity of th~ lesion. \<eutrirolC~r fl'SP\)llsc to U~e vol 
urne <)r pfe!,.-c;ure overkx.td <':msed hy the lesion .. effect on rhe 

pulmonary or systemic circulation. and heart rhy1hm changes 
('fable 22.). Survd llant'(: iutt'r"ms for t.-x:hocardlographit· <-valu.a~ 
tion ho~ on di.~~seo se\tt"rity are listed in ·Jahle 23 on p.1ge .~R. 

Surgery can be a life saving int<.:rvt.>ntion in select CJ 
pati<.'Jtl~. ~tnd surgkal risk l'~li<.'Ul~llion b :.1 k<.·y c..·wnpoJlt•nt of 
the- p~t1it>nl t>V:llu;Hion. S'urgic-.11 risk is de1em1ined through 
an asse\."<imenl of the patient's agt'. morbiditie'i. fr.Jilty. and 
impc..·dim<:n1s :-.pt~il1c: lo the ptocx:durl' h<:lng <.'Onsidcn:d (tbr 
c. .. ~:unple. prlor c-hest r:~di:11ion rherapy tOr tl sternowmy 

:1ppro..1ch). Hisl\ ralculalors derived from n:11ional dalahases 
<.:an a.<i..'iisl in cstimatin~ ri:->k lbr morUi<.lily and nmrlaJity tbr 
various surr.kal \':.1lve- pmcedurt>S. One mH·h c-aknl:nor. tht' 
Sociel}' of Thon1<:k Surgery AdulE Cardiac Surgery Risk 
Cakulator. is availabk at rbkc;.tk·.st:;.<>t_R. ;\It hough risk (.'aku 

l~ltors <.'Oilt!.lin many d;1U input fields, ir is irnport:l nt to note 
that frail tv and some other important patient and procedural 
(.'hara<.'lcrisli<.-s an: not part of Jht"SC online as."'il."ssm<.·nl wols. 
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TABLE 21 . V•fvular and Other C.rdiac LeSIOns end Therr Associated Eumir.ation Findings 

Cardi~c Char~cteristic Location Radiation Associated Findings Severity and Pitfalls 
Condition Murmur 

Aol\ie $tenos•s Mid$ystolic; RUSB Right dnviclc~. C!llatgod. nond isplaccd Severe aortic stenosis 
crescendo- ca1otid, Jpcx o)pic;)l impvlse; S_v bicuspid findings may include 
decresCGI'IdO vutvu w•Lhout calcification decreased A1; high pitched, 

w1ll have systolic ejec;tJQn loto--poalung murmur; 
cltel{ followed by murmur dimon<>iled ond delayed 

c.rot.id upstroke 

RaOabon of m1.1rmur dcwn 
the descend.og tllota6c 
M>na may muntc mitral 
rc.-gurgitation. 

Aon•c Diastolic; LLSS (volvular) None En1 .. uyt:d, di~piJccd .:.pic~t /\cute wvcrc rogurgitJtion 
regurg Wtion decrt'!Sc:Pndo or RLSB impufse; $JOt $t IOCrflilSE!d murruut m<ly OC fr'I.!Sk~d by 

(dil.,t('!d .1orta) J)ulso pressure: Oul)(ling tachyc;:~rdia and short 
(hoord bc<t C"Motici :1nd periph~ral du•o)tion or murmur 
S•tting "nd pulws 

Sovlmty •n chronic l('t:ming 
fo<Ward) rcgurg•tation is difficult to 

\:;$.('SS by auscultation 

Mlt'al stenoois Osastohc: low· Apox(hcard None loud 51; lapping Opel< bea~ lntet¥1), between S, and 
pitch«!. besr an left opc,;ng snap .r. ... s, If op4!'tung snap Is short in 
decrescendo litter_. .. aflets ~, negutar severe mi'tr;J:l stc:'lOSis 

decubitus pylw ;t atrial fibrilotion 
lntonsrty of rnu.rmur pos.i tion l present 
corrciJtC$ with trt:lflsvalvular 
grad•ont 

P1moybc loud if pulmonJry 
hyporlonsiorl prewnt 

Mtr~l S>ostolic; holo-, Apox Axilla or back; Sy:.tolic click in mitral vi'llvc /\rut,.. .. ~em r<"gllrDit.'ltion 
regu•g,l.;)tion mid .orl.)fe OCC.')SiOn<JIIy prolapse; S J; ni.Jy huvc soft or no 

systolic ,:tnt('riOrly '0 aptcal tmpulse holosystolic murmur, mitral 
ptCCOfdiuf" hyperdynamic: ond '"-'Y h<o nUow rumb&e, or 51 

d•<pl.>eed if dilated le& 
vontridc; in mitral vaJve 
prolapse. Vatsafva maneow~ 
nK~Veso onset or dicks ..100 
murmur closer to s.; 
h.lfldgrip maneuvc< 
•nC'.H'la~es murmur intens1ty 

Tnr.vo;p•d Holosystohc LLSB LUSB Merged .and prominent c Right vontricular impulso 
rcgurgilJLIOI'I and v waves ir~ jugular I'K"Iow ~tcmvm 

VOI''Ious pulse; murmur 
Pul!.a1ila, anla~ed lwerwith •ncrcasos dunng •nsp1rat1on pouibl<t ascites 

Murmur- may be htgh~p!tched 
if ~h.~.ncd v..ith severe 
pylmo .. .y hypertension 

Tricusp1d Diastolic; low liSB None Elevated central veno~ loY# p1tchf'!d frequency may 
$lCn<>$i$ p1tchcd. prOS!ourc with promineot 4l b4.i difficuilto a~cultatc. 

decrescendo; w('ve, s1gns of vetlous e!pe<:1Jily at i'ugher heart 
tncr~:lsf'!d <;ongc~tion (hcp.:~tomcgLtty, (•)\(1 

intCr)Sity 3$<:itcs, edema} 
during 
Inspiration 

Pulmonary...-a've Systolic; LUSB left di.lvicle Putmorlic ejection click after lnoe~d Jfltensll.y of 
!.tO noS I$ crescendo- S, {d1mimshr.s With rnurmor with late peaking 

de«e=ndo ,n,.pirottion) 

P\Jtmonary vafve Oiasto'c .. ILSB None loud P 1 d pulmonary Mvrmvr may be rnintmal or 
l(..'gUI9't..Jtion dece:scendo hypctt(..'Mion pt~ ab$ent rf severe due to 

m•n•'NI d.-ffcccnce 11"1 

pulmonc~ry artery .:tnd r~ht 
v.tntricul-t.~r diastolic pressure$ 

(Conrmued on the nexr pago) 
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TABLE 21 . V1lvul1r 1nd Other Card11C Lesiotts ~nd Their Associ~ted Ex1min1t'on Findings {Contmv•dJ 

C.rdiac 
Condition 

lrll10CCOl flow 
murmur 

Hypcruophic 
obstruct1VC 
C¥d;omyopathy 

Atti•l io<tptal 
cMect 

/fmtnC'ulnr 
.. ptol defo<t 

Characteristic 
Murmur 

Mids)'Stohc; 
grodc 1/ 6 or 
216 in intensity 

Systoltc; 
crescendo. 
decrescendo 

Systo!oc; 
CfCSC<?n dO· 
decrescendo 

Holosystolic 

Loation Radiation 

Ruse None 

lLSB None 

RUSS None 

llSB None 

Associ:ated Findings 

Normt)l intonsity of A,; norm.;~l 
~phn1ng of $1, no (Jdi~tion 

Enlorged. hypcrdynamO<; 
.ap~.al•mpulse; bifid caro6d 
impuk<> ..;111 delay; onae...-d 
tn~ensny during VJIIS.,)tva 
m\JOCUYC1 Of wrth squathng to 
Sldndtng 

F1xod sphl S;-; nght 
ventr•cuiM heave: rafety, 
tdcusp•d il'lftow m urmu r 

Pttlp.:lblf:' thn ll; murmur 
tncreJ~<.~ with handgnp 
m.;nQ\wer, decreases .. vim 
~myt n.tri~ 

S.vority and Pitfalls 

Mlly bo present 1n conditions 
wtlh tncrcasod flow <~·9·~ 
pregl'l..lncy, fever, anemia, 
hyp•rthyroidism) 

Murmur may not 00 pre-sent 
'" nonotY..rrveti'IIC 
hypMrophoc 
urdoomyopiJ!hy 

May be i)S$0c;iarr.d with 
pulmon(I•Y hypcttcnsion 
wrth •n<.:,casod intensity of 
P .. pulmonary valvo 
re:gurgitc;~tion 

Murmur intensity af'\d durat1o" 
decrcaso c.s plllmonary 
hypertrnsfOtl dcvclop~ 
(Eownmcnger syndrQme) 

CydOCXIS ,{ f•wnm<-nge1 
syndrome dr>v<>lops 

A.,• .ort1t {V''II'V'I\. .. ,t.A~,: t~S- 'et ~!'t('f"'l ..... ~~ . llftR -lo:rt uppe1 :;t,emal bordc:-1, r • pvlnturuo.. tOif'IJUI''t""t~ S,; Rl58 • nqh' 1('1-r ... .,.,,.., IJoU1tk-1; RUSB c nghl 
.,..... ;IIWII,.IIKVoi>JI 

8 

At risk 

Asympromatie 
severe 

Pancnt$ w1U\ risk fa.ctots fot 
dcvclop<M<~t of IIHO 

P".:Jticnu. With ptogres:srve VHO 
(rnld tQ mode<11te scve>rity and 
osymptomotoc) 

AsymptomatJc patients who have 
tho cri toria for sevem VHO: 

C l : Asymp~omatic p.:.tie ,,ts 
with sovoro VIID in whom the 
left or nght vcnuiclo f~mains 
cornpc;nsJted 

C2. Asympton'kltM: pabents 
wrth .sevete VHO. with 
docompens.t~aon of dle left or 
nsht yentnc\e 

D Symptomatic 
$0\fC(~ 

Patients. who IMvt• df"VP\oped 
symptoms :u :t r(';~u1. ofVHD 

~ .. v.ilvvl.- 1~...-t oJ :.t"<I:Ot' 

.... Qd\l<.'ltdw•d\ pt."'l'l'lil.S~+J•'l i10tn N•:.him\11:1 RA. Ouo{:M, Annn ... RO, C'~lfol~ 
lA r r'W<I'I JP )rd. G..yiOII RA, ~l a l, AI n(!tit,l!\ Cully <>I ()>ldM>In!Jyl Am<'\tk.l"' 
He.ar'l AuOCibi'OI'I '""•l'll I'Qr<,:,oB ~Cfn;:~;~ Guo~--il!loj:O l() lol A.M/1/J'o.CC yuiddim~ ~w 

~~'•••t.-y~tnom o( p.-tt~enH ""*' v;t..Vut:.r h~11t d•...,.., V .;~!J .. Ul!W ~vm;r....o y: ., 
:.port 1')1 11'1., A.ft'lo-t"-olll Cul!~g<~' of Cardiotog)'/Amoucan ii•Utl Ai~•~1url f..t)k. 
For\» eo'! ":IWU! Guu:t.t>lot~O>$ J AN. Coli Cau.ho' lO 1 d 6J:24ll 8! (f'M& 

oldOJI"'llffl, IOlOJAtj :.c<101401,.o.l7 Cop,ro~2014.lh-. 

lon.·. J c.:umpreht11Sive. holislit·appmad\ i' reqtur .. -d for 
trmini~ p.ttit:nt ~ufl{ic.:o&l ri".>k oand c::mdid.l~. FrJilf)~ 

h h , .. ,ri.lhly dt>fined as;) ~eri.\trlt :,~nUnnnc dt..'\r.lcteri7.t.>d 

Jl'\.·linl~ in scvt'r.ll physiologic ~'-h.1lh .tnd prcx.\.~'S. JX)r 

'' ~ul iutu:.l'iL'Li ri,sk fi)r morlali tv i n p:tlil"l11'i undergoing 

sutR(·ry .111<.1 tan bl· m<<J\Urt"(l pre;·opcl'\lt ivclv (see MKSAP U3 
(;<'IH·r.ll l mernal ~k·didnd. CJ 

l·brall ~tknto; in "\'hom ::OUI'Jtic<ll or intt'I'Vt'nti<m3l t her­

apy Is being wll.>idcr<.'tl, • muhidisdplln~ry approach "ith a 
hc....art lf."'Jm ronsisring of l'otrdiok>gi~ts. SUf'Jt\.-"'01);:). and intc:r­
venlioml <.":lrdio1ogists is n"lvJrun<:nt.ll-cJ. 1-.valuatiom in cenr 

ers wilh '-IX-ciali7.l"tl C:XJX:Tii~ .. in VIII) (for example. a l leart 
\;alvc C£·nt<"r of ExceUen<'t.') ls also :ldvi!'ed for patit:nts in 
whom in tc:rvention is beirtR t.'tmsi<Jcrcd wht:n (J) 1hert>:1re no 
synlp!OillS; (:.!) muhipk- or complc:\: m01'bldiries ~•n: present: 
o r (:J) surgk:1l v:llve rep:lir is favored over v.tlve re pl;;u:x.·mc:rlt. 

Mc'\liC:tl thempy, although often dfcctivc ror symp tom 
palli,Hion. ll..t..\ not bct'n shown hl prvvent p~ression ofVIID 
ur improve long-term .sur\' ivai in patient*' ""'ith VHD. 

KEY POINTS 

• M:tll) heart val\'e lesions Prow\~ \kJ\" 1.)~ k-adin,g 
p.•uiems 10 WlC.'Onscioush linlillhl·lr ~IC11\o1ty In 
r<.-spons,·: 1 hererore, a c:u~rul hhtor)• and detailed phys 
len I txamination are essen1 i:ll. 

• Ru ull p01ticnls. with \f''Jivul:lr h~1rt dlseose in w hom 
SII11;1C':ll or intervcnUonaJ lhero~py I~ be ing considcn.'XL~ a 

m ultidisciplinary ~lpprtMth wilh ~~ hc~trl te-Jm <-onsis t 

InA of c-..tnliologisls. surgetm\. rand lnrer'\-entional cardi 

•~0&1"' l< recommende-d 

• Medlc:tltherapy. although ot\en c1Tc'<.1i\c for symptom 
ll.llliation. has not bren '""""to pre\'ent progression 
of\'alvul:tr heart disease or impro\'e 1on$t tt:nn survival 
In pmlents with valvular hl".trt dhc:t-.e. 
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Stenos•s severity; rate of progression; LV 
$yStolic fu,lction; Jsc<:!nding aort.a dilation 
if associated with bicuspid aortic v.>lvc 

Regurgit:.ttion se-·verity; r3te o f progression; 
LVojoctioofraction; LV c;hamber si:e; 
asc~fldiog ~orw dil~tion if bict.•s-pid aortic 
vatve 

Mitral Stenosis 

Stenosis severity 

Mitral Regurgitation 

Regurgitation severity: rate of prowession: 
EF; LV chc:unbCf size 

At risk{V, .. ," <2 m/s) 

M1!d (V l M'I( 2.0~2.9 .-n/s or •ncan grJdicnt 
<20mmHg) 

Modcrat~(V""" 3.0·3.9 m/sormcon 
gradient 20-39 rnrn Hg) 

ScvNC (V ..,~. ~4 m/s or mc.)n gradif'lnt 
t!40 mm Hg, AVA ~1 .0 cm7 ) 

Very SCVCfC (V,,~, 2:5 fnls or mean grad1~nt 
~60mm 

Mild {VC <0.3 em, ER0<0.10 ern>, RV 
<30 mUboo~ RF <30%~ normol ~F 

Moderate{VC 0.3.0.6 em, ERO 0.10.0.29 em'. 
RV 30-59 mUbeat, Rr 30%·49%) 

Severe(VC>0.6cm,ER0>0.3 cm:~,RV 
~60 mUbco~ RF 250%) 

EF~SO%; LVESD SSO mm 

EF <50%; LVESD >50 mm 

Mild and moderate (MVA > 1.5 cm2, 
diastolic pre-ssure half-ti1ne <1SO ms) 

Severo (MVA~1 .5 cm2, diastoiH; pressure 
h<ltf-time >l SO ms Of illO ms with very 
seve•~ St<.'llOSis, PASP >30 mm Hg) 

At fisk {VC <0.3 em) 

Mild and •nodefate (VC <0.1 c:;m, ERO 
<0.~0 em'. RV <60 mUbeat, RF <50%) 

Severo {VC >0.7 ern, ERO ~.4 em'. 
fN ~60 rnUbeDt RF 2:50%) 

Clink.nl evalualfon yearly: e<:ho f!>t(!ry 3-S y 

Clinical ovaluation yeady; ocho cw<Jty 1-2 y 

Clinical evafuation ycady; ocho cvety 
6-12 mo 

Clil)ical evaluation ycady; echo every 
6-12mo 

Clinic3l CV<IIU<ltion yearly; P.c.ho evr:ry 3-5 y 

CJinical ew1luation y.::!arly; echo every 1-2 y 

OinE<;a1 evaluatioo evP.ry(J-12 mo; e<:hoevt:!ry 
612mo,morcfrcqocntlyfordi1JtingLV 

O inir.._1l ev.;~ltmtioo l'!>lery (.,.12 mo; echo ~ry 
6-t 2 mo. 100ro frcquc,,tly fordiiJting LV 

Clinical cvJ~IuJtion ycoriy; echo every 3 5 y 

Clinic;)! <.-valu<.~tio •• yc..s•ly: echo every 1 2 y 
forMVA 1.0-1.5 cm2,everyyeador MVA 
<l.Ocm' 

Cliuic:.J.I evaluation yc.lfly: ocho O•)ly if 
symptomatic: 

Clinic.>l ov.;.luDtion yo3dy; e-cho r-v~ry 3 5 y 
for m1ld seve-nty, evety 1-2 y for modcratt) 
severity 

Clinecal evalv.;.Jtton E-wery 6-12 rno; ~!<:ho every 
6-12 mo. more frequootlyfordilating LV 

/\VA-<tOiltC ... a~ ~r~,;~; oec:ho= ~hoc:,udiogr.:.phy: U .. .:-;o,_tiun f;«liO", f:RO .. cilf'rl'NC «'9\1t9i1:1nt 01itl(xe; LV"" lc-. W!>ll'ku!_., , l\IC~O - h:ll ~1\11wl;u t~ud·~OI•c;.,!.m~Mo<lf'l; 
MVA-molr<~l v~t'""' om:·.'): PAS!'- puhnonwy <tll>ei 'J '1')'$l~~~~ ('ti'I~<.•IR): RF- rr.g..-gilnnl fr.11:tio"; IN- o<.'9UJ')1.M•t vvlv•)W, VC- 11'")1'111 Cal'ltr.1C.to1 '"'•idth; V..,« • rn.:.~imu!1' .:.ortic Jd 
v~locity. 

Ro:comJT..crod~Ofl'$ b&wd u~>No$~mo:r.l R:... ()no CM. f!oi\(Y"' RO, C:)l.;'lbc!lotSA, to will Jl' 3•<.1. lJvV'v•• KA. oi!l oll.; Ameuc11n College of C..rdiol«]y/A.In ... olf/11'1 H"'ll•t A~o;nri.l~i(ln Til'.k 
rOtc~ un P•<tl.l>l. .. C:vi(!~li,lt><. ?0) 4 AHAIACC guic:h.·!i~ lv1 llw: n-.&o\~g<.'•"""'•t vf l)<lli~ol'l::. \'<11hv.1!vu!;w he ;)It di~e;a:;e: ex~utiv~ '!IUII'I'\!':l,'MY' .\ t\)pclon af d\(1 Amt>tirMI ('.ollega <Jf 
C~«I(()I()Oy/Amelir.M liaM Azod-'li<Xt To»kf.Q•<.:~ool f>l<lttJCe (Wo,Jilhno:.J;. JAm <:oil C:udWI. 2014;63:2<t'SI)..$B (!"Mil) ?41.0)1q?)doi:10.10l6/j.j~oc.7.0 14.0Z.S37 

--

Aortic Stenosis 
Clinical Presentation and Evaluation 

Aorlic ste nosis may be t'Ong<.:nil;.\1, suc-h as In per sons wilh a 

bicuspid aorlic valw, or ~lcquired. The most<.'Ommon ~use is 

degenerntion oft he \":_.l ive I hal occurs with ~lging; severe lesions 
occur jn approximately 3\X. or persons ~ged 65 )'(•ars anJ o lder 

(Figure 20). Olhc:r C~luS<:S includ<" rheumatic disease and <"hest 
ro.adiation. Ale hough rheum;.ltic d isease of the rnitro.J valve fre 
qucmly ()('('UfS in isolalion. rht'Lunatic aortic \l'alve dist~sc 

almosl tK'\'t'r ot·curs without m i tral V<llve i nvolvement. Ch 1..':5L 

radiation (for example, ma ntle therapy for non Hodgkin lym­
phoma) ('Ommonly caust's a mixture of both valvular stenosis 
and r<..'gurgit:.ttion. 
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Aorlic s tenosis results in chronk pr<.'SSure ovetlCl'\d ofth(' 
len vcnlridc {{~!). kading to <-oncentric LV h)1:>ertmphy and 
myoc~lnlinl interstiti:.11 tlhrosis.. Diastolit' dysfunt'l ion fbllovvs. 
w ith t'V('Iltual~'ystc>Jic heart failure and pulmona.rycOt\~tiOI'l. 
Exertion:-ll dyspm:a. ~·yncop<: . and <lngin.a arc lhe most com 

mon pres<."'llling symptoms: however, symptoms may no1 



Valvular He-art Disease 

f I G U R E 2 0. Aort• <lemstS. G101S spec;.,..,. shomng ~ll>ology ol4<gonorolll'o.a0ftj( ,.._,(top kit P"'d) biaJsp«! aorut >l• '"""(lOp IJ9h1 p>ntl). ""' tllt~~!Nil< 
""1i< dis<.,. (bo::"'" kll t>'-...tJ. Tht •>pl>t ...._.!he le~(l)•nd nghi(R) .. nK wps is fmd on'"", ... ol bocuspd <Ollie,..._,,.,,...,.,., r<tjx p.ltl<'l) fu<ioo of mo 
<Omm•ssur\'5 is a dist•ndlve Jt.ar~.~re ot rbtumatK disease (as1ows m bolrwn lch /)\lttc/). Gross speomen ~ho·M•1l9 severe left vtnttirolar{lV) hyp<ertrophy.s .1 resuir of pttSsu«! 
ove1IOJd from severe aortiC ~teno~is (Mrowi!Nd 111 botton• ugh~ ~.mel) Ao • .. sctnding Jorta; LA lrh •trmm; N .-. noncoton.al)' Cli!.P 

lm•un <iiiii!I\J ~~ !lr. \llll~:~m E-,i.\tm.h. lol•f!• Olulli 

oppcar uno II st•nosis i< ''''"""· Titt tlise::ose I)'Pic:tlly progn.-.;<.e< 
wilh ~ decrease in the aonic v.liw area uf approximately 
0.12 <m' per ye·.1r. bulth<> r:n~ depends on potient :lgt'. und<.T­
IyingM.'\'c..·rity ofrhe stenosis. nnd l'Ornorbidrooditions. ~uch a~ 
ki<.lw.:y fnllure and hyp<.:rlc;n ... lc'"ln. Among asymplOrnatit 
pnrfCI'IIS with SCVt'rc aorLiC SIC110.Sis, 75% \\ri:U di<' o r dt>vt-'lop 
symptoms \\1it hin S y<~lf''S. Once :--ymptoms OOCI.Ir In p{ltil'nts 
with M:\(.:re aortic s tenosis, l lf~ expt"<'tan<.')' is gt'ncrnlly only I 
10 2 )l':1rs. ·rhw.. ~.:riaJ e'\'31ualion l-":"CI)'610 12 mm'llh\ i\ n.·c..·­
ommc~ttkd for potients \\ilh <,<:wn:di>c:>se (see Tabl<."2'J). 

In i>'tHent!; \\ith Sl"\<.'TC aortic qenosis. the c:hJI"'J<.1\.'fi:stiC' 

phY'IC.':'II lim.ling."> indw.k ...-. 1:.'1te peaking systolic munnur. a 
dimin l.shl·d Or absent :lnrl it (:Ompor'll"nl Of the S ~· tllld a delay 

in tlw <-:tn>Lid UJJ>lroke (pulsus 10rdusl thai may be xromp.1 
ni<'d b) a d~rea<ffi pulse amJ>lltudc due to low cardiac output 
(puhu> por\'us). 1-'h;-,'ical fmdin~ 111.11 suggest sewn: •nrU~ 
stennsls 'hould be promptly e\;llual~ (,.,.,Table 21). 

TI1c pnmary inKtging modalfl\ for the <.:v:.tlu<ltion of nnrtic 
stcnosb is Tfli (~lgure 21). & hOC;lrdlography can dclcnnl"<' 
tht> c:msL· ami '"it'\'l..'rity of aorrlc ~tcnosis (such as tht' grJdit>nt 
::tnd vaiV<.• :'lrtol} a~ well :1s 1.\ furl<:llon and '''all lhiclmes~. In 
wmr patients. t>choc-ardiograph) rna) undcn:stim•tt the: 
SMi't"ril) of anr1k M\.~- Funh<.*J' r."a..uatiOn "Wilh Clrdiac 
cathetl'fi2.11l0n. duriog which the <Olrdr~ ou!pllt and the gr.1 
c.licnt .K"I'U!>:> the aortic vah:t.· l':ln be me3StlT("(;1. is n:<luln..'\1 
when 1 ht•rt• arc discn:pan<..:il-s berween the nndings on ph.yslc31 
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Valvular Hea rt Disea'e 

FIGU RE 21 . EchoCilldloqraphK findmgo;m aortic •nenosi'S CJfcifk01o1ti<. 
stenO'Si'S (lrrowllf.)d) IS presMl1t\ pat~Sierna.llon~xi'S (top ~ne/)and shon .l~&S 
(m<d<ll• P"'<i),.,.._ lt;, ...,.., ul.lc (LY) hypertccphy '' •lso p,.,.,._ Ooppl<r 
tthot~109ram shows a ftt~n M)ftic gad1~ of 56 mm Kg, cOJT-sasttot " '"' ~ 
.. ,,. ,. • .., (bololm ~ 1<1> = >«Mchng ><>1>; lA left •1111.111. 

.. .-x .. unittalkm and the· t'<il<l(":ln:fiogl"'.lphiC' rcsu.lts in symp1n 
mark" p.1t~ms being <.'tmsid<.Ted for surgery. 

Se\t!re a011k' ~lt.'JMb b. l} pi<....Uiv dcflJl(_'(l by a !--mall v:.l\~ 

area (Sl.lt em") ;mel dther high peak velocity (>4 mis) or high 
menn gr.ldk·nl (>110 mm Hg). ·111ere are t\'I.'U palil·nt suh~ls fn 
which SCVCI'C :.lo11ic ~IL'rtOs is may be pn:..><;(·nl \·Vith :1 ~m:~ll vnh'\' 

60 

area anddth<Tiow 'l.'loci1y or "' " ~trJ<Ik:nto p;uiems "ilh Sl"""' 
tV dysfun<'lion and low cmliac: outpul and pot len!> " ilh pre­

"'"""' t~ function and paradoxic-JJ lol• llo\•: '"" gr.ldiem aor­
h<.' ~lt.~is. In the formeT wuup. dobul.unlne «hocarrliogrnpby 
or a n invasive hcmodymmk' stud} i>tle(!ded 10 tlbtiol):uish 1rue 
oHlr1ic stenosis from pseudn.<aenc)'i~ With J'N:UdOSI't'I\M.i~. dobu 
1:\minc increases C".lf<.lidt.' OUljJUI and th(~ Of)('llin~ l'hn.:e.~ o n the 
oortJc vatvt·. ('itusing I he \r:-tlve a1-ea to incl\.';lSr out of the sL·vcn· 
r.mg:e. Wil h tnt~ aor licstenosis, th~calt,:uluh.'ll vulvt•art':l rernnlns 
lll the severe range with dobul:..~mhw ;uhntnlslration. and the 
non it valve gmdk·nt ancl w locity illC'I\'<L.W w11 h lnen .. dst·d stroke 

\'Oiume. In ~rients with jXl l"<ldO~h.:~ll low Oow, IO\·V grodient 

:lOrlic stenosis, low stroke \Ulumc (<.1~ m1 Jm2) result~ from a 
t'CHllbination of sm.-til l V sf7.e and high oonlc imPt.'ll..tncc to flm" 
(h}'J>erlen<ion). IX1LTmination of le>iou '><Scrlly in por:ldQXkal 
aorlic stE.'f105is reQu.in~ <.u nsidlTdlkm of rhe hemodynamics. 

v.1hc noorphuloj!:j (sum a< <k'gn'\' of <k~lkm). 1"'-'"'-'"tt 
uf 1.\ h},.-rtropll). and clinical J>r<:>cctiJikm nl the po1irn1. 
In JX..llients \\;th either k.n\-f'kJ\,~ kJ\v w:Kiii'1u "-'\."'t:' -aonic sre 
nosb or parddoxical low-flow. low grndlem :K.'\ l.' tl." aoni~ 

-.l l-'T'IC~i~. oi)'C;("l"\ntionaJ studies ha\'\~ 'huwn improved survtvaJ 
w ith. 3ot1ic vaklf! n."J)1al't'mcnt t.ump.m_'(i w ll h lnt'(liC"'.d therapy. 

Management 

t\ ()11 it vah'l• re pl:l C't"'Olt'lll li> ,1 life pn,l<nl~!lllR J)IOC'(·dure in 
p.11 it•nt.., \ vi th x·v<.Tc :wrl ic ,tt_>no"ii..,_ l ite l nd f<·.u lon ... ti1r aortic 
v.th <. · n.·pb<"t'lllt>IH 111 S<.'\'t.'f<.' ;.lortic <ttc.·nc,,j, om: (I ) 1 hL' prt><-.rnte 
()f ~ymptoJn'i (such :1s d}''SJmca, an~i n.a. fm""-·ym_,,pc, or ~·yn 
C.'tlJX' L (:l) I.V ~y~toHt· dv-.function (('jt:"\tlou lr.l( rfon <~ -,o · .) in Jn 

~"' mptum.nk patic.'nt. or (;U .1 t·unl.,JIIIIt.tnl t~nlL1c- 1\\lr').;,ica.l 
pnx:(--dure tt)r :motht·r inUkatkHl (,u, h ...... 'imuh.tnc."Oll'- c:uu• 
u.tl) Jrtl-'T\ h\-p;bo."-!~Hing nr a"-''rkhn,.t aon2 'Ul})'t) ). \onk 
\.tl\\~ replac.'<."mt.·nt nu~· he- t·on,fc.k'r,'\1 in as) mptnmalit. 

pali("nt~ ,,,.irh ahnorm . .d n."'\Uit!lro on 'l.IJl<"r\1:<tl t"\t'tt:i...e resaing. 
~K h a.., tho-..c \\ ilh pu:~r t'\t;f\ i~ tt•h.TJIK."t" :tbnt:M"O\od 4:k."C.·tn, 
l. lnfk~,-:tphk·c.:h.;m~:s. o r )1\'JlOh:n\ion dunn~ tc....,1ing.. 

.\onk \":.ltw~ lt."plal..'cmc.·nt t'Jll ht• prrftmntd with open 
,,.Jrtti:l t' \Ut"gt'ty (surgi<".ll am uc.· \ah 1.:' r~.·rlat\'lll<.'n t IS:\\'RlJ 
or \t:l tr~mscathercr o1ppmowh h l.lllM"oJtiH'lt·r .10n k , .~, 1\l· 

ro•pl;t<<'lll<'lll (TAV RJl t ~igure 221. S \\'R ,utd I A VI~ have 
, j mila r proc·t·dural ;tnd ion~ ll·nn 'un-1\-;11 a.Hc.':o.. \\ U h 
l•\pt· t.· t~:<.J upt·mth·c morlality rah•.., u l l ';, to:\ .. Tht· dwicr 
bet'v\ .. ct:.'n sur~k;11.uu.ltrJn'tathl·tc.·l i nh'r\.t•m ion.., 1.., based 

ou t ill' pn:,cn<.x· of ... ymptum .. ;IIH.l t l1l' p;JIIt•nl' ...... ur~il.tl 

r•'"· ,,., dl'lt.'Tmim:d thn)ugh t'iJinjll'fllt"ll,l\t: "'''t''-'nwnt h} 

a muhidisc.:iplinar\ ht. .. .Jr1 t<·.m1 fA\ J.! I' c:urrcnth indi 
t· .. att.·d r.,r ... ) mpwmoulc. I~Ittcnb \\llh trill~O\·r 3.urht. ~tt·no­

'>l:t "ho arc .at intermt•t:Har~ or h1gh 'ur..:lt'21 rbl.. :md whn 
do nor ha,t• l'"imC't•miiJ.nt '-4."\t n· .aortl( rt:gur-,..titation. 
U:a'ltlomi:IL'tllrial' ~mp.umg It\\ R \\1lh \\\ R In l<m n ... k 
1':\fl~nt' .att.· ungoin!.!. CJ 

.., \ h hough the pathoph)~IOloJ.o or oaorC k "'lt'nosi~ 1s known 

to be in tla.rnmacory. r:mcfomi :l(-"(1 trl.liS of mt"<Jical 1her.apy. 
spc·d fk :11ly (\1"3tl ns, h<lvt· not fimnd I his t hl~mpy to be cffcc·live 
in slowing d isease pn.Jgl'l'' l>ion. For IMiknts \·Vith coexistent 

-



fI GURE 2 2. Transcatheter aorlicvah•e c-epl.acemcnt lop k lr p.1nel: &lh)()naortic 
;alvuleplasty (alfOit'headti.s li1st perfoHned. Top light p<~ncl: Using a tr.:tn~ienmr.il 
pprbaChi<l® I'IS),a tfafiSC<:Ithetel QOIII(\'ill\'e (JJJOWhNC.f) iS positioned (I! the o)Ofti{ 

.~nnulus using aortogrclJ)hy. Botrom lc{! pvocf. The prosthesi~ (;;,owlte:id)is lhen 
stowly infta;ed using rapt~ !Jolring from a temporary pacemaker (lP). whi<h ncates 
...entricular standstill. Boll om tight panel: The prQStheSis i$ ful~· deployed. 

hypcrlcnsion or heart l'ailure. guideline d irected nu..-dka1 
lhernpy is rccommc:ntkd. Va:;odilMo rs should be used with 
caution in patients with ~orric slenosis and hean faHuresymp 
toms. In stkd cnses. b$1lloon valvulopklS{)'' rn::ty he uSt.·d w 
bridge patients 10 the ropy wilh TAVR or S1\VH. 

KEY POINTS 

• The most conunon c~u~e of severe aortic stenosis is 
d('gcn~.· r..llion of the aor1ic vah'e. 

• The ch::tractelistic phy .. o:;ic.:al lindiogs of severe aortic ste­
nosis include :1 late pe;.lking systolic murmur. a tlim.in 
ished or ::.bscnt ilort ic <·omponent of th<: S1. <lDd :.1 V1teak 

;;~nd delayed carotid upstroke. 

• Echoc~rdiography is accurate tOr defining the severity 
of <lOrtic steno.o;:is in most patients: \vhen tht•rt is n d is 

crepancy between the clink al and t.'thoCo.lr<Uographic 
findings. cardiac catheterization should he <.'Onsi(krcd 
in patients who a rL: surgical t·andidates. 

• Aortit \·~llve repla<.-emc·nt is a lite prolon~in.g imt>rvcn 
tion in pat ients vvilh S<'Vcre aortic !:;tenosis: rhe patient-'s 
surgical risk and the presenc:t of symptoms determin(' 
wht'thcr ~lortic valve rcplacemem is performed using 
open !'.1Jrg<:ry or a transcatheter approach. 

• Transcatheter a011ic valve rcplo.t<.X:IliCllt is ind icated i'or 
symptomatic patients '''ith tri leoflet aorlic stenosis ''~-'hO 
are ~lt lntenll<:diak' o r hjgh surgical risk and who do not 
bave concontitant severe aort ic n:-gurgila tion. 

Valvular Heart Disease 

Aortic Regurgitation 
Clinical Presentation and Evaluation 
Aortic K1-.."ltrgila lion may lx' Cflllsed hy a011i<.' root JXllhology or 
intrin~ic v·alve disease and <--an manircst acutdy or d u-otticaUy. 
r~nL').C.'SOf d u·oruc aortic regurgit.a tion include ~lscending aortic 
dilat:uion ;.md v.:t lv<: ilhno.rm :.Uities due to h icuspid diS(·~tsc. 

cak·ifk degC'neration, rht-'tunatic involwmcnl. or \:best radia 
t iun. Causes of acu te aorlic regurgitation ;;~re enclo<:~JrdiJi.s. 

hlunt <:hc:-;1 1 raum~t. ial .t"'gerliC causes (such as t'OmpJic~uions 
of balloon aortic vnlvlJiopl:tsty). :-tnd aorLit• d issct·Uon. 

In t:hronk :lon it rt.!gurgita tion. \'ulume ov~:rlo:1d c·ause:-.. CJ 
progressi\'e- L\' ttibtalion and <.'t't'CflU'k· hypertrophy. Chronic 
~lortic regurgita tion m:w be toh·r.Ut•d for many Vt..:<Jr ... hut <.";HI 

cvcnluaHy fcad w symp10ms. i nd ulling !'ihortne<>s o f hn•:1th, 
f:.Higue, or angina. Physit"tll fimlin~~::. rt.~UJ I from the larg<' 
s:t roke volumt.• and LV d ii:JtoUicm and indmk boum.Jiug r)(.:riph 
~ral pul.st.·~. dispi~J(:('JUent o t the LV ap<.'X. and ~l diastoli(" ( !t,•en· 

sc:endo mum 1t1r h<-<lnl l'il h t t along the 1ight stemal bunll'r 
(sug,~<.>sting root pathology) or 1<·0 skm<~l bordc.·r ('l!g..~<.:~l ing 

valv<.· pathology) (sec Table 21). l'hc large fr•n,·:.u·d ~trokc-- vnl 
mnt" Cln also result in an c..1rly p(.'al, lup, systolic eje-ction nmr 
rnur. ln JXltknts wit..h acute rt"'gurp,il .ltion. 1he abrupt onsL'I or 

volumt· ovl'rload may not he \Vell t.olcnltcd . ancJ thr<:~ JXltit>n1~ 

can pres(;'nt wil h ~wntc heart r:.JHurt.· orl'\t'Jl t::anJiownic- shock . 
AclrlitionaUy. patk nt<:. with :H'Uk n-gurgi1atiun may not haw 
houmJiug, pub \.'S h<.-x·auSt" stru1-.e volunw has n<>t m;u·k(•dly 
illCI'~:lsed , and munnurs n1~1y he ::.olkr 1)1' ~honer in du r:J.tion. 
owing to the rapid <.'q\1~\ l i?.a tion of'pres..\l.m:s IJCI\ \'CL'n thL' aorta 
:md JV. (D 

·1-rE Is re<;omm('n(lc:.:d fhr tl11.' ewluat ion of aortic regurgi 
tation and TY i'undion. \Vhen endoc·:udilis is su!;~x·cl<.'<.l and 
t ranst.h<.m.td<: ilna~ing is s..uboptimal. lmnSt""SSph3geal echo 
c~Hdiogr:lphy (TEE) is advist·Ll. .-\!) an :.tl tL'Ht.lt iv~. cardiac mag 
netic resonant·<.· (CM R) im:l'glng and invasivc an~iogmphy aJso 
can be ru;c,'tllo determine the ::>t·V<'rily of r~urgir:~tion . () i «cria 
for severe ~c)rtic: regurgitation include- a jet \•vidth that occu­
pies 65'X, of lhc LV outflow traC'I or more. vcnJ cuntracta 
gr<-:ltc r them 0.6 cm. holodiastolic now in the descending 
aorta. r<.>gurgitarion voluml' uf 60 m.L or more, and effective 
rl-gtlfgitant o ritkl' a rL'o.l of 0 .3 ern~ or !-,'T<.:ai<T. Thl' I Y is alw 
typi<:ally d ih,lcd iu t h mnic aortic r·cgurgil;Hion. For pa1k nb 

::mspected of havin,g an ao1~tk root ~1bnormality. an cvalu~uion 

with CMR imaging. cr. or1'EE is ft'(_'( )fllllll'Hdt·d . 

Manag ement 
Atul<.: olortic rc._->gurg.U~Itirm due lo :lor1k d i"ist"<.'licnr is~~ surp;ic:al CJ 
t->m<.·rw·n()'. H)r oth\•t :h, we causes. lh-: im1iC<.lflcut~ lh r surgen 
dtVl'lld m1 Sf'\'t"rirv. pn:...,ciK~ of\) mptoms, and the lwmOO\ 
n .. 11nic ~iahilit\ of tht•J);.ltf~nt . In <.':lSC!-. of t hnnaic ~t<>rlk R";ml"' 
giWtiou. ~l.IJ)tt'ry ,.,·Hh t r:ulitional open aor1it vah,.c n:phtt'<.'mt."l 
is advi~ for p:nic:nls with ... ymptums (typicall): c.ly~vru: 

,ulWfl::t). I host: 'vV1tlt LV dyshnwl ion kjL'('riOII rrJt:lion <SO 
p:llicnts untll',·going other caJtJiac stl.fgl'ry. Surgt(":ll t1·~~li ...... 
of aortic r<.·~1l'1~it;Uion is r~."<-tsonable in <.'ases of siQ;nit1c-4I" 

• 



Va lv ular Heart D i sease 

Cl dilatolllon h•tl<l '\\"'40IIr dianleler >SO mm or mdcwd t'IK.I ''' 

tul~<.: dimcn-.inn ">25 mm ml) . .\ortill· \ah\' n.-p.Ur" ithnul \.al\c 
CfYJf" n:pl3<.'\..lll4:nt 11\J\ be: pc._T(ormed in cenr"' ol coxpeni't". 

l·ullu\\ up nl .h) rnpt(mutk patients is bast'tl on "-"'~rill Hf 
n_~u~"R.i1atton :~nd tJ1h~·~ l.lttor-, t~-...· Table: 23~. 1:1 

~kdlcal thcrJJ)\, preferably with dihyrtmp)'ridine ~~I 
cium d1onnel blockers Cnlfedipine. isrndipinc. felodlplne. 
nic.ll'dipinc. n lsoldipine, lacidipine. and am lodipinc). ACE 
inhlbito~. or angiotensin r('Ccplor blockers. is rt'(.'<mlmt'nd('(l 

in p:llit·nts wl1h chronic .nortlc regurgjt~ltion in thl' setting of' 

h.ypt·rh:nsiOI1. In the ahsence of hypenensjon. mt'\Lkal tl1cr 
apy i~ appropriate f()r ~)'mplomalic palicnls who :u·t· not 
surgi<':ll condld3r..-s. 

KEY POINTS 

• <hlr.>ct<'fisllc physic:tl finding" of chronic aonic n:l(ur 
l(itatlon tll<.lude bounding pcriphcr.tl puiS£-s. dispiJ"' 
m<'lll of rh•· left \'('Tltricnlor apex. and a dlaSlohc <k.-c"' 
~ munnur he•rd along the right s<emal border or 
left srcmal border. 

• Enu·rt;rm surgery t~ indiCOlted for p:.uienb \"1U1 acute 
aortic n:gurgllalion due to aortic dissection. 

• fn cas<."s ur thmnie aor1 ic I"CJ".'llTgii::Uion. SUll,'t'ry \Vii h 1 n.l 
d itfon:ll Of'l<'ll :lOnic valve replaccmc:nt i.s advisl'<.l for 

patients with symproms.1 hos~ 'wilhkfi vciHrkulardyl'i .. 

lW1Clio n.l)l' p~1licn1s undergoing olher c.1rditK' surgery. 

• MediC':"~ I fhCr:lPY with dihydropyridine calcium challnt.•l 

blockers. ACE inhibiwrs. or anl(iotell•in r<..:cptor hlotk 
c.:r!) is n:<.:t>mmcndcd tor p:trients wilh aonic regurgita 
lion and hypertension, in the absen« ofhypcrtctJ>ion. 
mcdi(."dllhcr.lP) b ap1nopriate in ~ympromalic palit"rH~ 

"ho arc Ml ~urglcol condldntes. 

Bicuspid Aortic Valve Disease 
lli<'U'Ili(l .oonk volve di<ea<e 3ffee1s approximate!)' I'~ to 2'';, ol' 

the gcncr:JI populat ion. 1\icuspid morphology leads 111 <~ l llllll 

m~ll Sh\:JI' fhrccs and prL'tJisposcs lo e:uly degener:~tion o l lhe­

v~lve. re:c:u11inR in srenosis in mosl po.1tknLS (up w 75'X.) (sec 
Figure 20) nnd pure regurgitation in a small miuorlly of 
p .. lli<:nts (2'J,~ I O'Jh). Pntic:nts with a bk"ll~-pid .t1o11ic v:llv(~ rypl 
calty 1'>1"('<\f•l'll with nn l ncidentul systolic ejCt'lion murnutr in 

adul•sc•n<'e e>r young adulthood and graduaUy pfOW~ to 
M.'\l<:n: Ul!>ittiJS<.: In the fl(lh orsixlh dt'<.adc oflif<.•. Mun•than ont· 
third nf thw.:- CJh.h..T than 70 y<.-ars \\ith SC."\'ere aortic stenost~ 
have an un<k'rlyh~g bicuspid \ah\'. 

1\ bk."U.'\l)fd :1oni(' \~lt\'(" is often acromp:mied h) :at>nor 
n>.olitl('> In the .oortk'arch. independent of the severity of oonlc 
s<eno<;is or l'<'jturgltation. and may be associated "•li> J.ncu 
fj ,m:-,. tl1''4.."<:11cm. or t.•oarclalion. ·1 h("rcforc. in palit'nt\ ''~lh :1 

hlcu<pld oonlc v:>lve. rh~ aonic nrcb should be cx.tminc-d lor 
oortopoth)' with CMR ima!ling. ecbocardiCJI\mphy. ut cordiJc 
C l': scli:lf Imaging is inclk:liC'd if ahnom"Jali lies :1rt- f i('H"<'lrtl. 

Th(' hn.lgin~ modality and (h.·quency depend on severol fuc 
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lor.<. including the location ~nd :.c.·wril) of the abnormalities. 
•IJ:C of the patient. family hL<tory. and C3ndld;~cy for surgery 
(<ee l>iseases of the .\orW. lmpon;>ntl)~ blcuSJ)id aortic vah-e 
di'le:l<e is heritable. am! lir.;l dt'l!l'<'<' "'lao i\t'< <hould be 
<<:r''-'"''' for its presen«:' with echoeardlogrJphy. 

M<lnagt"Tll l"nt of bicuspid aorth.~ votht diS(."<lSC..' d<.-p<.'nds 
ont he predominant k-siou IYIJol' (aortic :-.lc.·nosfs nr regurgjta 
lion) and ib severity. In palients with ~ bituspid valve who 
are undergoing surgery for severe aor1 1c l>IC'lltJsb ur rl·gurgi ­
lation, surgiC8l repairoJthc: a~c.:<.:t 1d h1~ j()l'la J,:,dvi~ed ,.vhen 
the: aortic diameter is g reater than ti.S em. In the: absence of' 
surgical indie;ltions lOr a stenotic Ol' rc~u r~ilam aortic \'3lvc. 

surgical rep::tit or the c.L'Sll:ru.llng aorl.i nr aortiC' <:lnuses is 
adviSt.'tl when th(.~ :untie' diameter IS grl"oltcr than 5.S em ot 
whe11 lh<' di~lmet<:r is gre1ter than S .O em \\ ith .1dditional 
ri<k f.1ctors for di..ectiun (fa mil) hi-tor.. r.U<· nfpmgre<slon 
~.S<m )"<'"dr). 

t\o rnedic-aJ lhcrJpit•s slow aon ic dllatat iun in palknt!. 
with aonopathy and J biw>pid aorll< \'JI\C. llloocl pre<­
'\Un: should be conlrnlh .. d in p.1t!e-nts "ith t.-oneomitant 
hypertension. 

KEY POIN TS 

• Bicw:;picl morphology Prt'"<lispo-;c:s 10 (.:urly dt•gt>ne~rlon 

of the aor1icvalvt:·, f(~UJting In stc:nosls In mosl JXttients 
::md pun' regurgitation in ie\\1 pJI I~rus. 

• P~ticnts with a bi<.:uspitl aortic v·Jivc typl(";\l ly presel)t 
with <tn i nddent:1l ~~'$tnllc <."jectlon murmur in adoles 
cenec or young adulthood and !(radually p11JArcss to 
M'""ere Ubt. .. dsc in the: fi fih or si\th dt'C'3d<· nf life. 

• Management of bku;pid aortic'""" dl~se follows the 
recommendations for the.: prt..Wmlnant \-ah.c k"Sion 

t}pc (olOnic stcnosi• or nogurgiWion) 3nd ""x>ril)' of the 
\':li\'Uiar disease. 

Mitral Stenosis 
Clinical Presentation and Evaluatio n 
'11te le::lcling c;luse of ntil(ul.sltJ IOSi.) h rhcuuttllfc hc.:arl di-;t·~:ase. 

which has a higher pn:dik('tion thr \F\oOnwn rhnn ll'll'n (R·m~lJt' 

10 m3lt" ratio of 4:1). Allhough rclalJ\'Ciy uncommon in tJ1e 

United States. rheumatic heart di.~J:-.~ b rn.:qU\'IIt in populalioru. 

wiLh limill'd Ul'('L":>S tu l~"<ltrncnl for sttcph>('~)("C-·:'11 phnryngitls. 

Rheun"'tic hean disease rest~!> in [~onol thc milr.ll commis 
suresand, in more ad\':10<'1.'<1 forrru>. <':lkiJk.tllun or the \>tl\<: and 
abnormalities in the sub\alnrl;~r :oppar:1nos Wigure 23). Olhcr 
C':lu~ of mitmJ stl,lOSi~ an· p:a.rudmle mhr:al \"ak-e. chest 
1':\di:ttK>n. and severe mit ra1 annular ...:aldlk:alkm. \titral annu 

klr t.'<lkification is more <."'mmon in I he.· <'ldM"Iy :md ic; :1~1 

>1<'<1 with inflammatory dosord~r<. pc.-riphcr.tl artery diseao;e. 
:md chronic kidney d isease. 

The: nal uraJ hisrory ofmitrdl \.h.'O()'oo;iS Is c·h:'ltaCt'i!'ri?ed by ... 
.<\low pmg~ion over c.l(.'<.·adt·s. wilh ~r'Jduol e-nlnrgemem 01 
rhe len oorium (LA) and ptc,.,rvatlon on V function. ~'vmptum< 



f 1 GU R £ 2 3 . Rh~WI'Ildtic mitral stenosis. Top ;xmef" Diastolic doming (qrrow!N!rld) 
is p1esenl YJI!h a"hockcy stick" dcfonnity from mitral stenosis. MiddJe p.;mei: 
Comrn1ssural fusion (JffOI)'hC.Jds) of tht mitral valve (MV) is present. Boffom [».nef: 
Doppl~r edlOCil<'diogram showing;, milfalgradienl of 13 mm Hg.. co~!ent wilh 
~vere stenosis.Ao = ascen-ding norta; llt • lrft alliusn; IV.: letl w.t'lltid~. 

or ntiu-al Sl<"llOSis may arise from low cardiac oulpul (furi.gue), 
puhnonary congc:sl ion (dyspnea), aru.l pulmonary hyperten 
sion with righl sid<"d h<"<lrl taiJllre (lo\o.;er extremity akma). 
Symploftls typically occur \•Vith exert ion because exerdSC' 
shortens d i::.stolk lillin.g time and i m.:r~.t.<K'S Lhc t ram;valvulnr 

Valvular Heart Disease 

Oow ;lnd diastolic mitral gradient. leading to worsening of LA 
hypertension. Symptoms " "'Y fi rst occur d uring pregnancy 
owing toincr(";lsed blood volume and <·anliac output. Pali(->nts 
can also presenl with systemic cmboliz.')LiOn. atrial fibri llation. 
or. in scvcn..· cases. hc:muptysis. Hcart t~tiJurc i:-> the cause or 
dt>:uh in :~ppmxim:Jtely 60% of patienl's with mitr:JI stenosis, 
am.l lhrumbo<.:mbolism is lhC' c-ause: in most otht'l1:i. 

Ou physic:all·Xanti.nation. th<' 11ndil\~:; or milr~tl sh:uosis 
when the v:tlve is pli:lhle indude a htpping LV impulse in the 
pre<.'Ordium. a loud S1• an im:rensed pulmonic component or 
S2• a d iastolic opening snap. and a tli~stolk rumbll: or tow 
pirched murmur :lt rhe :~p~x (st>(> '!':1ble 21}. Signs ofpul mon:~ry 

or systemic <..'Ongestion may be present depending on lhe 
:-;cvt:rity of the ksion aud the p;.lticm·~ volume slalU~. 

Tll~ is highly :lC:cur:~te fhras.ws~>ing mitr:ll stenosis sever 
it)': pulmona1y pressures. and right ventricular function (see 
Table 2:3) . Additional imaging or t"<.lrtl1ae cathctcril'lllion is 

r:1rely requirt'cf. !->evere mitrdl slcno~is is ddlm->d hy a milrnl 
valve area or 1.5 em:! or less. whkh usually corresponds to a 
mean mitral gr.u.lk·ut or more lhan 5 to 10 rnn 1 Hg ala 110rmaJ 
h~rt r..1te. In patients with :l dis<'·rep:1ncy hffiveen the <:linical 
finding~ and the ec-hocardiographic tlnding-;. stress echocardi 
o~raphy wilh pharmal'ologic or physical Slrcssors should be 
pursued to ::~ssess the response oft he mitr:.11 gr:.tdient and pul­
mona'y pressures. 

Management 
The procedure of choice tor p:1rients \1\rith significant rheu­
nlatic mitral stenosis and :~ pliable mitml valve is percutaneous 
l:x-tlloon milriil <:ommissurolc>my (I>BMC). PI~MC is indic'<ltt:d 
fOr symptomalk p;.lticnts with severe mit~ll SLC'nosis and 
liwoi'<lblt: v:.\lve morphology. PBMC m::1y be ronsidered in 
;.J~ymptomati<: palicnts with t·ril i<..-al mil ral Sll'nosis when Lhl' 

v.1lvt' :.1r<.-a i:; I<'Ss th;ln J.O cm2• In patients ·wi{h I.A thmmhu~. 

moderate m.itntl regurgitation, o r a severely calcified valve. 
Pl3MC should nol hl' pcrfonncd. In appmpriatcly tidt.·ctl"tl 
patients. suct'<."SS rut('S with PBMC are 95%. ::tnd romplicntiOI'lS 

<><.:cur in Its:; than s<:<~ or patients. Surgery for mitral stenosis 
should he pt>rfOrnwd in patknts with severe symploms (New 
York Heart Association fuut·tional class Ill o r IV) and a nonpll 
able v;:llvt• or lVJl<.'OmiwnUy ;n p;ttients unrl~rgoing other car 
diac surgical pnxx:durcs. 

Nearly SO% of p:Hien~ with mitral stenosis h:we allial 
librilkHjon, and without anticoagulation therapy. these 
patienrs havt> a li$k for lhromb<Jcmbolism of 2o<;:, to 25'{;~. 
P;ttients with rnitml stenosi:; and atrial fibriH:ltion should 
n:c'<.'iVl' w•rfarin, willl ;1 goal JN!l of 2.0 to 3.0. Other indica 
tlnns tOr anrkoagtl1alion ::,rca histmy of I .A lhromhu::i o r l;ys 
temic embolizatiOtl. Nombly. clinlc:.tl tri:lls of non vU:-tmin K 
ant.agoll.is{ oral anticoagulants in ahial fibti1lation cxdudlXI 
p:~ t ienls \1\fil h milr..JI Slcnosis: tl1crt!fbrc. Lht ef1kacy and sa£Cty 
of these agent.s in this population h::tve not heen den'lon~tr;-tt~d . 

&.'<.':Iilli<: Lhe mitr.llgmclient is heavily dependent on trans 
valvul::t r tlow. medical llwrapy \'\•ith n("gal ive chronotropic 
:Jgents, d iuretics. and long ~It ling nHrates can be etlectJv~ fOr 
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Valvular Heart Disease 

~ymplOm palll!ltlon in pcJtit:nts who are not l'<-lnllid:lles lhr 
inlcnmtional o r swgical therapy. 

KEY PO I NTS 

• Tmnsrhomdt t'lhocordiogrJphy Is h igh ly atwr.uc ror 

aSS('SS i r'l~ I IW ~(_'Verily or mHml ::;lenosis, puhn<>nary 
h)'J>CI1cnc;ion . al'td r ight vt-nt J1Cular funt l lon. 

• Percutan ... •olb balloon mitr:ll <:onunJssurotorny 1\ ind i­
catt-d for 4;)'mptomalic palit.."'ll:. with se\"l."re mllr.ll ~c­
no.is and rnmrJ.ble \'ll.h'\' morph<~<>ro: 

• \·\~rf.'l rin t htmp} is recom memkd lOr patient~ wHh 

mitml s tenosis a nd " history ofuLrlal librillarion. left 
atrial lhl"'il'lbus. o r systt:miC' emholi'l..alion. 

Mitral Regurgitation 
Clinical Presentation and Evaluation 

Cl \! irral T('Rtlfll.itaUcm nMy a1i.se from Jll\ port inn r~fl ht t'o!Hpk·x 

\ 'J.l\'c appar.ttu:o, (\.Udl a~ lhl' k•Jlk h, .mnulu.~. l h(JrtJ ~h . .'. papil 

lar) mu-.<:lc."'-. or l.\ rft'(;' \\~111,) .ul<f ma\ pn.""'·rH .K'Utdy or 

chmnk-':111\ c "'"'of .'lM.Jie milr.al n.ogurgit .. llion :1n· infl'l'hu: 
t·ndo<.';.tnhli,. IMpiiLtn mu~d,: hdlt'nti:t or n tptun:. tr,1um.1 
(fbrex.unph\ injun from PIH-,.'1( ).ordcg"-·ncn'l l i\'\.'di~·.•sc.· with 
d tordal ruptlll'i.' and llnill<•.tflet. ( hnmlr mltr.ll n•gut ~l l.1 lh>11 

is clas~illcd ''' prim;tr\' o r ~'t.'<UUJMy. ( hmnit p rim.tl"\ mUral 
R'j;U.r"gil; lie Ill r'dJtt""- (U proc.""'-...cr-... invnJ\inQ any ('Wir11on of the 
mitr.!l annulu' < J1mmon cathc.-.. ft( J>rimary mitr.d n~ul')!tW. 

lion an- mitr~tl \JI\t' prntdfhC (.the> known as ffi\:\Omatc'u" t)r 
(kgt_·nl'r.lthl' mit r;tl \':.ttvc d bl\1....,.), rarli:Uion thcr.tpy, 1lwn 
mo.Hit· d i' t":l' "'- .md d d l rnilr.•l v:l lv~ ·. Chronic Sl"<.'()Jlci:H)' m itral 

n.ogu q!ii :Hion hwol"t""' ratP.<>:\ olhl·r liMn lhl' :lnnuhl'., sucll a:, 

H'tllrkul.Jr f.lv,fundion. Cl 
Milr.ll rttgurgilation n."hulb in volume <M'rlood \\1th I.V 

dilatation and L'l hypenension. whiCh nru) PI'OI:""'' and 
cause pu lmonary hypcn ensio n ~tnd right ventricular rtulUf(', 

lu acute milrol l'(,'f.u rgilatio n . hcJI'l fullure sy mplottlS otten 

<x·cur abru,)tly bccau~e then~ hns mtl hc.'t' n liml' ltu adoptive 
dtamber dll;liJ iion. and patiems may pn.'sent wtrh <'ardio 
~nics.hock. The.· ~)"SC.Oiic munnur Jn .te.:utc.: mitral regul)ti(O(ion 
may be l>rid bt"<;,IU<e of the r•pld t'qlL,liznlk>n or LA und I.V 

pr<:S~ures. hch(K~lrdiogt'Jphy whh tulur nmv i m:lging can 
wtderest imalC lhe sev<•rity of I he.: 1'\.)I.Li fgi tat ion. Thu~. wlwn 
:t<'lJtc mil r.tl n..ogurgltation is suspC'<:tNI, <·ompn:hL·n:-oivc n~ 

menl to identify the (>Ok nlial t<IU5e' should be puP.1l<'d. and 
ddditiooal imaging "ith TFF <houkl he: wn!>idered. l\ggn.'SSi\"e 

C\':llu:ation .mcJ ,l(.'<.:u.mte diagnosb nre cructal fo r ll<llk:llb \\;th 

acute mirr.ll rt·gurgittllion. 

Chronic prlmary mitr:11 rq.,tur~i L..H.iou is prt'<.tom.innntly 
c:mS<..xl by ntilnl l v:1tve prolapS:(', '"'hirh aff<.'Cts a(,proximately 
2'Y, ofthe ~:ener.o l l><>pulationorroughly soo.OOO J'<'Nm' in I he 

l..'nited State$. F.d10C3tlliography In llalk:nts with chronic pri 

mary mitml n.')lUfll,itarion Ina) show :l r:rnge- or <lhnormJlities. 
including pmlap~t·. gross <.kogt·nc.:mtion of on<' or bnrh lt•a flcl,. 

(Barlo"v s}rnclromt·) . or ('hor<lal rupture wilh rl:1.ll k atlet 
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{Fi$:u re 24). Barlow syndrome is more <:OI1'1111()n in young adult 
J'l.11i, .. nts. In rXllicnb who ;Jre relativd!f older. fibroelastic' dell 

dent)' pn:dominare-. .1nd fr<.'qUt'lllll l'l'Sults m chordal rup 
tun.:. Tilt.• mitrnl ·valve appar.uus i~ norm:1.J in paticnlS \\ ith 

ch ronic semndary milrJI <t'l\llfgitat ion (Figure 25). In the<e 
patient..~. vt·ntr icu lnr dy, fnnc.:l ion caust·s mltnll regurgimtion 

I hmu~h papillary musdc d ispla('enwm and l t lh tring, of tht.' 

mltral lt>aflcts. "'hit·h imJ.Mii'S coaptation. 

Tile: physic:~ I examinoll k>n in }Xttk.·nt~ '' ilh chronic mit:rnl 
n.~urgltJt.ioD is notable rur a bk?\\ing hoi~) "'Julie m unnur Jl 
lhe :lpt.>:\. In palicnt~ \VIl h mitra.l \'<live prolu~. o ne or more 
sysrolk d id<S m:'ly prt>t't'<ll' l hL' murmur, :lnd v;.uiation in 

"'"-'V\.'rlty. preJoad. anci oncrlond (':.lJl le:ld to dillcrcnCl'S in lllllf 

mur ons<'l (holosy"ullt. m id<ystolic. or late systolic). In 
patients with IV dil~t.ri<>n. the apit'al impulse may he dl' 
l>l.K.'l'd Lttcmlly. and an S 0\Jy be audihle. e<pt't'ially in !><II lent> 
with ~n<lary mit~•l rcgurgit;llion d ue 10 LV d)'l>function. 

ITh n·adil} a:. ... ~·,..,~ ., l ht.· Sl'Vt:rity o1 p ruH,lt)· m itrJI reglll 

gii;,U Ii ii i , with a h igh <lt'Ar\'t' of :lf'(·nr~1C)' om cl prt·c h ion. St:Vt.'tl' 

pnm.u'\· mitral rq~uJltH~IIion is denn('d b~ u.~ing o;e\"\~f':l l 

p.1rnnle·tcrs: lhc: mo ... l ,ummnn b. an c.'lfl"(.li\t' f\'gll~it.:.m uri 

fk'\." \r'\.~J t,f' 0. I ("m or l;)t)..'t..T. n_ogutgitolOt \nlUOk" nf 60 ml ur 

rnun.·, o \\ .. Jla cnntr.u:Lt or c .7 ~·m or l:l~r. In w rm: iru;.tJnc.:t" 
TFI-' m.w 1>4! rtoquin'tt to turther ducid;tt\.' I he.· nltchanism nt 
l ht ll1ilr.tl Jt1!urgit:Jtion. parHcularJy w lwn :-ou rgk al tn- i nltl' 

vcnlitmaltlwrnm is pL.Illllt"'ll. l'FF mav he C.''Pl'l'iallv usc:ful h i 
t."\ h1.1tin~ fbr anttc..· mil ~I nj.!Urgjt.ui.nn. in "hith r:lf)id ~ 
1ul · ~ lu.tlv.arion ol" :md L\ pn......._,un.' t.m fXN.' <"hallc:n).."l"' 
lor lOih lht"hefJ\idt't'\.lnlhldtiPn<ltld fl lma)!in~ CJ 

Appropriate rollow up of ::1$)/tnptom:uk palil'nLs with 
mi1 rnl rt>gtttg:ilat ionl" oulllncd in Table 23. 

Management 
\kdit.t ht>rnpv aru 'nfJ!I<-al lmerwnlicm <"Otn lx.·life '-1\·ing, 
m p.ll ·nb \\ ilh Jt:Utc. 'c.'\trt mitr..tlrt'):tlr~ll.lt' m. \3sodilalor 
thcntp~ wit h a thr;tlahk drug, snch as nitropru:-.\hlt· 

d <:t'l l'U:o.l ·:-. :.wrtic impt."'.l:mn• ;mel mil raJ n :J.tUI'):.ilJ tlon. then'lw 
impro\'tng l'orw.trd t.tHiitlc. oulptll. An hHr.l ;.\OJ1k I"Xtlloon 
pump <-an tx.~ u~·d 10 dt"\ n"a'-t' .,ru:rln•td .and augment ~~:-, 

fc."fll"' _,1t.l cornnar\' J)'·rfn,ion pres.,un... Pntmpl sul')tic.·JI 
rurrt'<·fion \houltl h l .. idc.•rcd fc:Jr ~tll fl;.l"lt 'liS \\ilh <lc.'tllt 

<.(,'\'l'f\.' m tlrol rt-gtlfWtalloo. CJ 
Putk nts wlth t hronlc ~evere p1imnry mllnll regurgitat ion 

generally do poorly wllhout surgt-ry. (XlrliCular iy when thcl'\.' 
arc ~ignifi<._~.ml symplOI'Il't.. Oa.il kaflet. or 1..\' diJatatioiL In our 

<111<1\ or -158 pali<'llt<-.11h a>y mptorm!i< <e\<"1'\.' prim;uy mitral 

n.')turgd.uion. the 5 \ C'J r '>Ul'\ival rate \\"J...\ onl) 58"'1 •. Surgit-:tl 

lr<'.lll'llent with ~J):llr of the mitrJ.l \'i.ll\''-' ts indicated fnr 
c;:hmnic sc:wre prim:1ry mUrnl regurgil~t ion In {t) symptoma llc 
f~t1Cn1s w ith ldL VCJU rit'Uiar ejt'ction fn.lC'liOn (I.VEI·:') gn:all.'t 
th~n 30'> .. (2) a<ymptomalic IJ'ltk ms w ith LV dysfunc11011 
(1.\ EJ. of:W". oo· >nd or l\' end sysrclic diame-ter ;,.tO nun). 

or (J) patients undci).'"Oil·IUOiheT cardi;K' >urgical pma:dul'\.'. 
Surgical repair is rl"3c;(ln,Jhk in asymptonutk pat ients wllh 
pn·:-.~;·rvcd LV funt·tion when lhl' expecrecl i\'J)air t-u<."C<.'SS r.ue i~ 



V~lvul~r Heart Disease 

Fl G U RE 24. Mitral •tal,·e prolapse. E<hocardiogr.un shtw;ing oormaJ opC'ning of the mitral vafve (IIIOW, topleh panel), wfuch therl llrolapsesmto the !ell illlium dunng 
systole(auows. top n'ghr panel). In a drfferent pMient with myxomatous dC'gC'neration,a flail portion of lbe postefior mil1al •~alv-e r~ present (boltom J)Jilef:.); lOu) chordae ai~ 
seen (anortheads), leading to severe regurg1tahoo seerl on colortlow im.1ging (;uro1r; bottom rightpane{J.IuJ- (!:sc:endiny iiQil.a; lA = left ilhn.rm; tV"" leh ''er\tn c;l~. 

greater than 95% and the operative risk is less t h:m l'X. or whc:n 
~eri;ll il\Hlg ing studies have demonstrated a progre~sive 

lncrct~sc in I.V sii':~ or dccfL'.a:K' in LVEF . .?111 itral V'Jive repair 
shouJd o.llso be ronsidered in asymptomatic paticnls wiLh 
ChfOfl.iC S<'Vel'(' primary mitral regurgitation VVhO have neww 
oo~et :Hri:1l fihri ll :~fion or pulmonary hypencnsion (puJmo 
nary artery ~')ISlolic pressure >50 mm l lg}. Surgical repair is 
pretCrrc..~d over replacement in ~111 patients. and palknls should 
be ~f<.~cd to :J surgit".:tl cc:nlt r vdth <.:.:q.K'l'l.isl· io V<lJve repair. 
Medk'<-ll thc·r;"~py 'i!l.ri th \iU~dil_..tors in p~.aticnls \Vilh primary 
mitral rc~oturRit<llion is nor beneficial in tht· absent~ of symp­
mms or I.V dysfunclion. 

F'or patients who ::~ re not surgi<.-al <:::mdidatcs. mitral valve: 
rcpaJr with a l:atheter based clip device vvas approve.. 'X-I by the 
fi)A in 101:3. The percutaneously ddivcn.·d d ip improves 

coapt~1lion of l hl.~ milrul valve leaflets. lec:tding to increas<.'d 
valw clo~"ltrc a nd a n._-duction in rt·).{urgilation. In selected 
paliC'UiS with prhn::~ry rnitral rcgurgilation, suc<.·c:;;s rai<.'S wilh 
implantation of the device are approximat<.·ly 90<~. with a pro­
('edurnl mortrJiitv orapj>mxiiTio.ltdy 2~t. 

In p:.lticnls '"'ith chronic seconda')' mitf:)l n:gurgila tion. 
tlK' pfiltl~lry goo I of therapy is to add res..-; the u nderlying ven 
trk 11l:lr dysrunc·tion wil h gui<.ldinc-dirtcl.:d mcdkaJ therapy 
an<.l. ifindk;Hl'd. Co.lrdl;.l(' fesynC'hmnizalion rher.ipy (see lle:ul 

E\ilure). Cuideline directed m<:dit-aJ th<..'l'~IPY fOr vtntricula1· 
dysfunction indudt:-; ACE inhibitors, angiottnsin receptor 
b lo<:kt-rs. :ln ;.Hlgioten~in receptor nt>pri lysin inhihitor, 
fi blockers. diun:lics. and/or aldosterone antagonist-;. Bend1LS 
of v:liV(> rep;.lir or rcp1atcm<.'nt in p.'ltknL.~ with :;n·ondary 
mitral rct:.rurgitation <ln.' less cen:~in, although ~tudies have 
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f t G U R ( 2 5. Secondory muaregLW')monrn • polml""" prior illenor nljO<old..r Olloi<IIOII.I.clltr~og ollhe J'OS'enolle•P"'(Mn>wl ~ ....... duo JOJbt pncl 
iobl(toOf\ ond left~l.>rremodei"'!J(icb p.w/). t.tilr.ll regorg>WOon(Jt-)Kf>ndo,..., <olodlowirnaging(rigltr puN{)~- >l(fM"")aortO: lA •lefta!num, 
tV -It~ ,.,inde 

ocmon.strated favorable LV rcmo<iclln~ Jt\er S\lrgery. Surgery 
l'or s<.:conda_ry mitral regurRJtm ion i.s generally a<.lvist·d fur 
I hose undergoing {."(mcomilr.n'll t~u·Li i4lc surgkaJ procedures 
(for example. coronary art<ry bypa<.< grafting). hut m il rJI 
n.'1tUfWt.ation may rt'<.'Uf aflt·r n,1).lir because of pritnary LV 
d)>sfunction. Trials ofrran<c:uh<•ttr mitrdl ' llh<" n.'J)I:K'elllelll 
for 11.1t1cnt> withS<'("()Ildary mitral rt.ogur&h:thon and high <ur 
S:i~l ri(Ok are ongoing. 

KEY POIHTS 

• Pulicn ts with acute mitrnl regu~llation may J)r{'Sc:rll 
wllh acute heart failure: these p;.lllcnls tn ay l>edifllcult 
ro d l:1gnosc d inically o r w ith t"lhoc;:::ndiography. 

• Thlt most common t·nusc- o f chronic primal)' milr.,Jl 
J"t'b'llrgilation is milr.ll ' ah e prolnpse. 

• Su'l,oery for chronic S<'\"<.'1\" p rimal) mitrdl rcgurgiwtion 

b lntlicatt-d in the pre<enceor"'mptoms.left ~rrieu 
l:ar dilatation. or nc.'t.'d for c.'tmc.vmJt.mt cardiac SUrgct): 

• Surgical rt.>p:.tir is preferred ovt:r n·phK·cmcn t in patit'nts 

wllh chronk prima ry mitl':ll l·~urgitaUon. ~nd p.'ltien ts 
~huuld he l"'f'f'errcd to ~l surnic..'4l l t.:-cntcr ,. .. •ith e>q)eJTise LO 
improve the chances or r~p.'\l r. 

• Tm nscallu:tcr mHr.t.J valve f~PJir wil-h implan taUon of a 
clip dcvkc is indicated fhr )l;lllcnt<: w ith t.:hn.mic pr i 
mary nlitral regurgitation who :-.re at high ~rgical risk. 

• V:nK~nts with chroniC M.'t.'Oixbry mi1ral rcgwgitalion 
should be lrt'"~ted " ith guideline di~tttcd mcd.icalther 
J JJ)' ror ' cnrricular d)"Sfuoctlon. although <Urgical inter­
vention may be consi<.ICrL'tL l()r those undergoing con 
cnmitant cardiac surgery. 
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Tricuspid Valve Disease 
TriC'llspid rt-:gu.rgi hdion, the: 1110!-Jl <.'Ommon form of rricuspld 
vaJvc disease. is frequently func·tlmul :md d inieliJ)' a.sympto· 
nuttk. causes of tricuspid regut"!OWllun in<.·Jude cor pulmon:lle 
(nr pulmoll<lry hyJl"rt<11'km) "ith right ventricular failure. 
Jl3cemakeror delibriiJa[Or le:ld pbct-mem. rr.mma, rongmila: 
•hnomldlitk-,. and inll>t:th\" ~ndocarditis. When symplomaiK: 
('Kltlentc;; can p~l with r~ulguc frum lo" t.'anliac output ~uw 
,;ymptoms and signS of right <lrled failure. such as elt"l<att"<l 
)tl)lular ''COOte~ pulse (a lnrge c l ' wave). a palpable right w:n 
triculor Iii\. hepatic congt-st ion with pulsatile liver, and peri ph 
cml edem~1 . The n1urmur of trfc·nspi<l n--gurgilalion is Lypi<.:all) 
a hol!r.ystolic murmur henrd nlon& the left stCTrlal bon:ler thnt 
increJ.ses during inspiration due to lu~~~t.Sl"'C.l ·vu\OUS return. 

Tricuspid regurgi~lion 'hnuld he <'V:lhlated by 1"1 I~ 
\\hich aboallowsas"'""""'D<'nl of light ,-,ntrkular fWlC"Iion and 
t-,timation or pulmonary pn. .... wn..,. In p.lllcllb with tricu<pld 
regurgi12tion dut· to pacem~k~r or defibrillator leJd pl•w 
mc.:nl. TEE m:.1y be required to more: clenrly e'\~lu~u:e the TE'WJr 
Ait.\nt munnur. 

tvledical Lhcrapy \\rlth loop <liurclics and aldosterone: 
:lnlagonists is cfll"C:Livc in lmpi'OVfnp. symptoms of right ·Sid("CJ 
t.'OngC'stlon: hmvever. (·:-'l t llion should OC t.'<l'rdscd to mini ml?t 
lhC' polential for c.re-dling ;.1 low flow statt> with im})<1irt.-d c<1r 
tllac out1>ul. Surge<) is recommended lor patients \\1th <t'\.\'~ 
trlcu<pid wgurgitalion \\ho .tfl" tiJ\dergoing left sided ,-,h 

wrgery. Ad<litio~: SUrgeT)" ma) he ~'Onsklcn."<l in pati<"lll... 
wllh >) mptom;rtic tricuspid regurgiM10n who :ln' unrespor 
si' " to medi~l therapy or ha\c right slued hean fuilure. 

Tricuspid stenosis is ne-:~rly alw:1ys <·aust:d by rhcurn<~.t 

disc.·~~~. Other c.:aUSt""s in<:lud.:.- radiation therapy. carrinOJ 
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syndrome. and medication use (for example. the ergot ~gems 
t>erg,olide or cabergo1ine). Symptoms of tricuspid stenosis 
(fa I iguc. cold skin} are Lypically 0\l(:rshadcw.'(_-d by tho::;c cau~cd 
by the ldl-sidecl.abnormalitics or coexistent dleumalic mitral 
disease. f indings on physical examination include those of 
right sided <'ongcstion {elevated jugulrlr venous pu lse. hepatic 

congestion. peripher.ll edema) and a di<lstolie rumble. Surgery 
for tricuspid stenosis is typically performed in concert with 
lhcr~py fbrrhcum~tic milral d isc-<tsc. 

KEY POINTS 

• l.oop diureti<'S ~nd ntdosterone .nnt::~gonists can improve 
symptoms of right sided congestion in patients with 
si}.'T'Ii ficanL Lricu~pid rt,g:urgitalion. 

• Tticuspid v~1lve surgery is r<.x·omm<·ndc:'d for J.Y.lliC'nts 
with severe tricuspid regurgitation undergoing left 
siciC<I valv<:' surgery and may be <:onsidered in select 
<:a~<:~ of S('VC·r<' tricuspid regurgitation that are ttfr~l ('­

tory to medical then•py. 

CJ Prosthetic Valves 
The chqk<.' of prosthesis for a rxuit.~m und('rgoing surg.ic:.ll vnlvc 
replat.·<·nwnt is complex. l~ctors lo <"<msidt•r are rhc p:.Hicnl's 
-4tg~:. lht· <.'XJX('L('d dur~lbility of Lhc: prostht·sis. t.h(' surgical Jisk 
for reop..-raUon in the event ur degeHC'I';ltion. ;.Hld the ability 
and vvillingness of'tht· f>'dlient to 1:1kc w~1rr:uin fhr :mikoagul:l 
lion. The American College of C.>rdiolOl()'IAmerican I kart 
N,sod~llinn VHD ~uidclin(' n.:'--'Onunc.·nds a lllt . .'><;hankal v~llvl.' 
prostht>sis in p:tlit>nts younger lh:1 n SO ye:ll's, hiopmsth(•sis in 
pafienb;: older than iO years. :lnd either a hiopmsthesis or 
mcchan ieal V'.Jivc prosLht·sis in lh(JS(: ag(' SO 10 70 years. 
However. the final d('<:i~ion on valw typt.~ ~hould be re~whed 
through .;l shaR->d decision making proe<.~-s hetwt~n the care 
pnwidcr a nti patient. The paticnl ~houJ<.I thoroughtv u mkr 

stand tht· rlsks ~Hld benefits ;.ls wen :ls h;.1ve decl!=iion making 
ropacity. Addil ion:·l l consider.Hions indude the expected dura 
bilil"y of hiopmslht·s<.·s {1.~ )'l':J:rs} ::and t hai struclural (ktcriom 

\ion ofllle valv~ is mort' common in younger palit·nt~. ln thus-: 
-,uungcr than 60 y<:ars. approximotely ·IO~.ofvaJves h;.wt..•t..•vi 
dc.~nceor ('lini(':'llfy sewn· deit>rinrali<Hl by I.S Y<~lrs. 

lmm<·diatdy aHcr implantalion. all pollknts should 
und<:rgot..•thO('~m.liop.r.lphy to documenr 1 he hnseline hemodv 
namic [WrU>ml:IOC't' of the V:llve. and n:pc:JI <.'V<tlUation.sshouJd 

be pe rfonncd fbr sign!> ur ~ymptom~ of pr(X)thc{k Uy::;lutK'tion. 
\nnuaJ cv<~luation b n.·<.'Omln<:ndcll !Or all p.1ti<:nts w ith 3 bio 
prt)Sthesis bl:'glrmi ng 31 10 years ~1fter su11~t'!)'. I>:H!l on long 
P'JTll durability ofT:\VH pnl.\iht>st'S art· currcnUy limikd to a 
~now-up or s year.>; ht)\\(.'\'t.'r, lllw; rru. v~dvc thu';.)l)ilicy is no I 

wJ.tferem fmm csurgk:1l prostiH>s<'S. 

Lifelong ·warfarin ~mlk(rJ.gul~uion is indicated in all 
Mticnt..~ \\'ilh a nt<..•c.:hanKal v-~h:c proslh('sis. In recent VJ ll) 
I(Uidel ine~. rh.:o goal li\1{ for w:1rf.·uin :~nlko:lbrulal ion in 

;:atienrs with a mechankaJ pros:thLosis has shift('d (rom a nmgt• 

' .1 ~ingk \ 'lliw:. Thls dmn}..~.t.' w•·.as madt.• lo minimiY...c lhc {jfD(.' 

Valvular Heart Disease 

the patient spends al 1he low and hlgh ends of a t;lrget r;lngc 
lx.ocause d rifti11g above and llelow the nlng,e can hetlt..·leu:duus. 
The usc of :1 single valut: I NR target C;Jn pose logi~tic ('hOI 
kng<·s tOr Lt·~ting and warJ~lrin adjuslnl<:nL~. and in those 
inst::tnet·s. l't..'tulllll\('JldatiollS to improv-: proct.'Ssl's and 
~mh:m('(> patient uncterstanding :mrl mot i\>\llion shotlld bt• 
c.·onskkn:d. 

In p;:~tients wHh 3 me(:hank~l aortk vahc proslhc~i~ 
(hil<:;~flel or <·urrt•nl gt:>nemlion singlt> tilting disc) with no 
~ldditionaJ risk factors (()r thromboemh<>lism {history ofemho 
li'l.;.ltifln, hypt>r("'<tgulabk ... (ljo;or<kr. LV dysfunttion. alrial 
fihrillalion). tht-> goctll NR fbr v~o::ufarin :mtiro:lgu lntinn is 2.~. ln 

palicnls with a ml'Chani<:al aortic vah·e prosthesis wil h 1isk 
f3ctors f<>r lhromhucmbolism. an older ... ~n('f"dtion aorlic V'Jh't.' 
pmsfht~;s {O;~Il in <:age). or an~' mitral prosthesis. the t::trgt.."'i 
INR is :$.0. &x·ausc of the risk tOr valve thrombosis. direct 
rhrcunbjJ) inhjl)j{011o 3JlcJ f3d01' X;) ill)iibilors should Jl(){ hL' 
USt"i.l for omli<.oo~"t.llalion therapy in ~Hit•nls wil h :l mech:ml<:al 
valvt• pro~th<.·sis. Ora] anlilua~uhtfion wHh \\'itrl~lrin shou}d be 
oonsictcn-d for ~H leaM J months and ;.~s Jong <lli 6 munLh~ ~l.Jkr 
implantation or:t mitr::tl or :101iic' hiopmsthe~is. An IN){ of:Z.S 
should OC Largdt·<-1 in lht"Sc palitnts. 

Aspirin (7S 100 mg/d) is highly R'l'OllllllL'ndtxl in addil ion 
to w:lrfarin th('mpy tor patients \Vilh 3 mcchanlcaJ p~thc·s~ 

b:.tsc.'<i on Lhc rc..-suhs or randomized 1 rials. which show1..'"d 
rt"<luttion i1l th<.· risk for<.·mbolk~l·vc:nts. indudingsLrOkt• (1.:~ ·~. 

per)~"" versus · 1. 2'~. ,,.,. yt-ar: I'< 0 .027) ~nd de:uh (2.s~. per 
y<.':lr V't.'fSU.S 7A'X, per year: r < 0.01). f.or all patients with ;) 

biupi'OSth<.'Si:::. lmv Uuoc aspiri11 b g<.'ll<:rally rt:<.'fJmmcnd('d. CJ 

KEY POINTS 

• A sh:lred decislon 4m;:~klng process shouJcl guic.lc tht' 
choice of prosthetic valve type. 

• &:h(K.·artliographk evaluation ofpwsl hclic v..Jlve func­
tion is r=mmended at baseline and in patients with 
symptoms or signs su&,'e:Sting prosthet ic dysfunction. 

• Annual cchocardiographic evdlualion is re<.:ommended 
tbr all palicnts with a bioprostht'Si~ bt>ginning at 
10 ~·Jts after sur)l(:ry. 

• l.ifelong v.r:lrt3rin antic;ongulation I~ indic::ated in all 
patients with a mechanical vafve prosthesis. 

• Antiplatdc:t th<:mpy with low dose aspirin i.S strongly 
re<.:ommended fhrpalienls with :1 mechanical pmsthe 
sis and is reasonable f<>r patients with a hiopmsthesis. 

Infective Endocarditis 
Diagnosis and Management 
Jnrcclivc cndo<..'<lrditis is a lif<."-thrt:~lk'ning disordt·r lhat 
involves narive \<nlvufar stmctureo;; or implanted cardiovaSC'ular 
de·vk~s. Such dcvit.-cs i ndude cardiac valve prosthe~. perm;,t 
n<.:nl JY.ll'Cmakers. irnp[:mlcd tardiovtr1cr dcfibrillalors, and 
oc.:dud<.'fs for n·pair of t•ung,•uJtaJ ksions (sut·h a:) atriid St'ptaJ 
udccl and wmricular •~pial defec1 occlltdl·,.,). Risk !tKwn; fo1 
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Valvular HeQrt Disease 

Cl inlt.'\.11\\." t."lktocardJHc;; inducl~ ad'\.~nl("('d ~· di:thclt."\ mdlilu,, 
inlMUOt:NIJlllR~'\iOn. injection drug USC.l"OI~'\·nit.ll h(.~.lrt \II' 

COfcl t"::l.....-. c.:ardi.ac: trJn\plomtatiun \\ilh 'd.l\uJop.llh) .• lncl .an 
impf.tnlt"tl c;an.bo\.lXul~tr df."\i<'e. t-:..1rty diagnnsi". l.lr')..~t:h..'\1 

Jnlinli<:ruhl.•l th~rJp)' .• md COOSider.ltiOn or t."'.lfl)o \LII)t1<.'al 
Intervention ;lre p~tr.1mount to th<.: <..·va1t41tion .md 1 r.~.1tnwn1 of 
inl<.:t'ti\'\.' cndocardlth 

lntt."t llvt~ \·nclncarditis is diagno.<.;t"t.l vdlh the.• mcx.tilk·d 
Duke (:fitCflil, l)cfinilt• inrt•t·t iv<: l'l1dU<."Jnliti~ f<:q\tifl.'' ~~iiiWr 
polthc>lo)tictll <.'Ollnrmntlon (ntic:-morg.:misms d<·mcmst r:tiL'(I hv 
t·ult un.: or histoi11Hk examination of a vcgc1atiott. ~~ \·cgc.:l:ll i•Ht 
rh:tl hols ~·mhollzc.'(). or ~u1 inlr.t<.-artlhu. Jb~ce's 'i>l'<.'itlWil: or :1 

vL--g<·t:ulon c>r LntrJ<:Uf(llac ,lh$<.·e.::s rontlnnt-<1 hy hi~tc•h>Jd<oJI 

t'\,tmin.lllon 'howif1A olC'ti\.1.! endoc::1rditis) or chnic:d uitt:ria 
<·un(,.i,tlng ul two ma;nr t:rih:ri<l. one m.tjor crih:riun JliU' 
thn.·c minor tntcriJ.. or fl\-e minor criteri.1 {Tabl~ 2·1). 1\:,...,lhl'· 
lnk"<.'thc.· c.~n<:loc~rditi~ requjres one major criterion and •me: 

miJ'H'r c;rlu.·ricm, or lhn.-c minor c:rih:riol. lllk"\11\~· c.·ndn<.olr 

dltis h c\dUd<.'\1 when tht"rt" i~ 3 fiml alwmatc dfo.IJ,tnu"'· 

rt·~,ulu t ion of infect i\ ~ c.'"tldc)('a rdiH' Wtl<.l rnnu~ w il h ant ibinl ic 

lh~r:Jp) for 1 days or It,-...,, tJr no p;.Jiht•~h. oil f."\ idef'K.'Cofinf«.."t: 

liw <-ndoc-.udilisal surxt•C) or aul"'"' 1\ ilh Jnliblolic lhempy 
for .I cJ:,w, ur k~. 

Blood culmr\--s ;Ut> po..:;lft\·t· tn C\0 of mtl"<.'ti\'t' ttndo 
c:;Jrclili~ caws. In th<> rt'mainjnu c;,,,~,.., (Lhal is. cultun.· 

ntgalh·c inft'«."ti\'t.' t.·nd•~l.tf\lill\). 't'fllli•V.k lt.'"'rin~ is 
rt>quirt>d to identify tht· clu,;,HJ\.l' l'l'lllroorgJni:-.m. For 
pntients with infechv<.: cnducanlili' wilh a proslhdic.: vahc. 
the.: symJrunH: i~ dassltkd a('(:ordlnp. 10 I he l ime fro m sur 
r,~ry as early (wilhin hO da)-sl. lnlcrnwdlalc (60 :l<>S days) . 

omd late {>365 days). EJ:rly pro\Lht.•ti<.· v:lh\' cndoc.lrc.lilb 
(I'VE) i' l'hou.lCt<·rin·d h) illfl~t·tlon with hosplt;.ll ;.lcquired 
mkroht-s. ~uc-h as Strlpht~ltH.'t)('t·u, uun•uo;. Coagulase 
ne~livt· sl3phvi(X.'otTi an.· the nuhl cnmmun mkrobc.."S in 
tntcrrnl"<i'«ll' P\"E .\llhough buth «i. cltlf<'U\.md ("fXJ~Ia~ 

nt>p ... nin• '\taphylococ:·d n·m;•in lnliMirl.anl tJll'l" of late 
PVI-'~ thl' mk"TUlx.~ in lah: P\"f. murc.• h ph.:ally n:...em.btc: 
I how of n .. lli\~ \J.Ive ~·ndt)(.,lrcllrf41:. 

TABLE 24. MaJor and Mmor Criteria Used 1n the: Modtfied Ouke C,tteria 

Mtlijor Criteritll 

Blood cu1tur& positivo ror inrcctivc cndoc;<':lrditis 

Typic.., I f'rucroorgJnl&ms cons•stentwith infedive e ndocarditis rrom two separate blood cultutes: Viridan~ streptocoec1, StreptococctJs 
bovJs, HACEK group (H~crnophilus spp.,ActinobDcillus "Cl11'10mycoEomcom1tan.o;, O.udiobaderium homint$>, Eikonolln 'PP .. and 
Kmgclla kmg8c), Su•phylococcus avreus: or community-acqu1rcd <mlo,ococci. in the <lbscncc of "' primo~HY f<>c.us; or 

Microorganisms con.s.is:t~nt with i:nfectivc cndocard•t•S fi'Om p<"r~•s1ently pos.1t1ve blood cuJtures, definP.d as. follows. 

At least two pos.rt.ive coltvrcs of blood s.amples dmwn 1? h apart or 

All of three Of a maJOiltyof otJeast four separate culturos: of blood(with first and last samples di'3Wn at leaSt 1 h.)~) 

Single bloodaiture pos""" locCox>eNa bumer;; <>' an~phase llgGantibodytne< > 1:800 

Ev.dence of «><<oc.lrdial ;nvolvernent 

Ec.hourthogrnm posflJVC for infcdivc crdoc •• uditisCTEE recommondf'd., panents wrth prosthetic valves. rJJtod o~tlc...Y.;t ·po~:..iblc 
.nfectrvo ondoc.lrditis" bydink;al critena. or complu:nted tnfctaiW CH'Idcx..udltiS(JXlt<lvitM.Ikv .:tb~~o;t rrF M f·~~ tft« mother 
p ... ments), ~rmed a~ f~lows: 

O~olltmng inUaCiltdi.ac mass on valve or supPQrt1n9 structures. m th~ p..~th of rcyurgiwnt j.cts, or on impiJr'll~d m.,tcrFd 1n the 
ubSCOC(t Of ,)n OlltcrnJtivc an<I!Qmn:: explant~rion; Or 

Ab~GC$~; or 

Now pdrtiol doh•sccoce of prosthetic v(llve 

Now v.)tvular rogvrgrtatton (worsening or chllnging of pro Olllr. ling murmur not suHiciunt) 

M inor Critoria 

Predi,pc»nion, prodir.posing ~eart condition, or •nJKt\On dNg U$>Q 

Fevor (tempor•:uoo >38.C(100.4"FD 

Vas.eutar phenomena: ~Jor artenal emboh. septic pulmonary tnbrcu. mycot1c aneurysm. intracran!.oll hcmorrMge, conJuncllval 
h~ andJaoowayks;oos 

lmmunologoc phenomena: glomerulonephritis. Oslcr nodc.. Roth 'J'OIS. and rheumatoid fact()( 

MtO"ObiO'oglc ev'dcnc:c. ~ti've blood oAture but dOC$ no' mHt • maior crtterion as noted above• or seto&ogic evtdence-of ~c 
inf~ion with organtsm consistent with infective et~dou«f•t•S 

lf(- I~\~C!o1l cdlourd•oo;p<6pl-ty: tIt: .. \filM~ ,...!w'l<.,rrlot~Qr.~phy 

o(-'(.1 •d,.t '-'~'<JI•~ultutC! po~tt.-.. for co;:,gvkio':l~eq..t•v"' \l;lofohyk"Jrnrtollntll'lf!14~"~'~"" tl'l.ot do nol~uu~ief'l~ot.lo~ 

ft•l(.>r•iti<J• •l\IWtl l'l ~"""IS!:IOn ~ li J$, ~xton DJ,Mitk N, N;.lt!f't R, ~!NV(. It, Ry ol'l I, r1111 l'fupu~u.'\1 niOdofit.,(l()rl:.lO ttl"' Ov~"' • ,,.,,..,,1 kit th<l rl>.\fjf\0-..a\ ol onklr.uw 
•nl'lnewdollc 0." lilt~ Oo" 2000:30:637 (PM() 107701?1 )C'APYtlf)l'lt '000, 0'-I<IHl \lf!IY\!It.•I}'Pl4h~ 
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T'fE. i~ n:tonnrh.·ntkd to idcnrify veg('t;,Hion~ and asso 
dated hemodyn:tmk d< .. rangemcms (for example. rhang(.'~:~ 
in LV function o r pulmon;uy pn:s..<>urt-sL TEE is recom 
mended in patients \•tith inlcrrn<.~diat~ or h~h suspicion for 
infective t•ndoeardltls \\ilen TTE ic; nol di:~gnostic (such as 
with ;,"t 1)((1:,1 he tic valve). lntracardiac devk'c leads an· p rt• 
sent . or comp!i(.'at ions :;ut·h ;1s abM.-'t.'SS h~ve developed or are 

suspected (conduction ahnQrmaHI it's on de('t ro(.'ardiograrn 

or JX"rsislent bacteremia dt>spitc antibiotic therapy). 
Appropriate antimicrobial therapy should be inithm.'<l 

once tultures h:we ~'wen obtained and ,b'llidant'<.' from ~cnsili\ 
it:y <Ult(l and infectious disease consul£;mts has been made 
availahlt'. Empiric antimtcrubial therapy m~lY be inili:lkd in 

high ris!, p;Uiems (<ll('h o< those \\11h septi<' shock) on the 
bash. of patient c;haracterist:it-s, pTl-disposing fac.·tor::;. :llld epi 
demiok~JJc.· factor:-. . Fnr patients \"''ilh VHD .u1d UJlc.'Xplained 

I~Vl'r. amimJcrobi~ls s hould not be achninislen .. d before Sl'Vt·r.:tl 

blood culwrt>S ::tre drm·vn. and all efforts should be.• m;lde to us(" 
urgelcd lhcrJpy vvhcu mkrobiulogk l\"'Sults ::m," 3\'aitable. 

The decision to pursue' surgt>ry thr IIT'atmenl of infective 

cndoc3rditis is complex and requires a mullkHsdpiJmlry 
approach. Earlv ~UT)...'\'1)' (tluriilg hospjt;,lli:l~~t ion omd before 
completion of :\n ;,lnti microhi:ll N)Uf"SE') i~ re<-'omm~ndl'() for 

patknts wi(h (I) symptom<Jfic heart Htilun.· anti valvular dys 
tuncl ion: (2} ft-n ·:-iidtxl iniL'CliVl' t'rldO(\trdHi~ (.';.\USl'd by fung:-l l 
tn.Jt:<.:tions or highly -t'(':C;"istant org;misms; {~)associated com 

plication:,, such :1s :nmular or aortic absL't-ss. dt-slnac.·Lin· peu 
errating ksion~. or hc."'<lrl blot·k: or (4) persistent b.i<:tcrcmia or 

fevers l<L,Iing more rhan S ro 7 daysdespirc "ppmpriatc anlimi 
crobial thcrjp): Early surgery is reasonable in patients with 
r<."C'urrent ernboH and persiswm \·alvc vcg'l'tations and m.ty lx· 
'-vnsidered in the pn'SCIK-e of a largt (>JO mm). left ~idffi 

\'(.'h'E."(~Hion. When infCcth<.· endo<:~rdil is is :.:.ssoc-i:·lt<."'<l with a 

pacemaker or detihrillawr. I he (-'nl irc svst<.'m (~<:ncrJtor Jnd 
I(..""J.ds) nlll$it he removed. 

1 nft·cH\'l' endocarditis carries si$tnificant risk for morl>idit) 
and mortaUly. with high I':.Hes of in hospital morfalilv (:J:o·~·,). 
' y~ .. '<1r mortality (11()';,) . 1~ripheml embolization (23%}. stro"e 
!?'X.), and need fi>r cordi'"' SUf!,'<'I"Y (48%). 

Prophylaxis 
Endot;,ll'ditls prophylaxis is nx:ommcndt"<.l iu ~~ ~pc<:ilicgmup 
,f JX!Iienrs befhrc denla1 procedures th:\t involvt- manipula 

•ion or,_~ingiv•.tiCissue or •hr periapiC'a1 region of' the t~lh. or 
oorfomlion oflh<' oral m~1cosa (Table2S) . Althm1~h <.·ndot·ar 

di£iS prophylaxis was previously advis<·<.l fOr a broad popula 
lon. curren( guidclin(~ now rt.."<:ommend its use onlv fbr 

patienLs with (1) a history of cndoe,anlilb: (2) cardia<.· lrans 
~lamation with Yalvc n:gurgit~•lion due ro ::t ~ructuraHv 
3bnonnal vaiVl'; (3) • prosthetic \'3lve; W prosthetic matcri~l 
med fOr cardiac valve rep:1ir. including annuloplasly rings 
ond chords: or (S) congenital hcan diM'<IS<'. inducting unre 
~Ired cyanolic d isease.:, rep.1ircd ksions wi1 h rec;idual deft:<-·ls 

.1t the s ite or adjacent w the site of a prostlwlic {XIlch 01 

Va lvu la r Hoart Disease 

TABLE 25. Prophylactic Infective Endocarditis Regimens 
for Adults at Highest Risk of an Adverse Outcome Before b 

Dental Procedure 

Situation Agent Dosage' 

Orol Amox:idll•n 2g 
Unable to take oral ArYipicillin 2g iM oriV 
medication 

or 

Ccfazolin or 
ceftriaxone 

l g iM oo'IV 

Allerg ic-to penicillin Ccplt.Jk::x.inu., 2 g 
o r ampicillin - oral or 

O it'ldamycin 600 mg 

or 

AlithJO!tlyciri 01 

darithromycin 
SOOmg 

AJierg1c to pmuollir'l Cttfa,ofin o1 1giMorN 
or ampicillin and <:eftriaxone 
unable to take oral 
OlC'diCJliOrl or 

Clind.)mycin 600 mg IM oriV 

~Roo<JOI'"O.II (()MI<.tt<>f ,\ """'11" ~ .10 f()(,(l rni:no.ltl'!$ btlfnre fh,.. dl'lnbl ptoc~riutr., 
M . d in~~ntlynat Ml'minit;tert'!d, drug m<Yy be given up lo 2 holM a lter the 
prucedure. 

"'roth~ 1\r::l 01 !lo..'(;Ond yeowr<~oCio;~n (lo;,l Co!'PI~tu~pow, in 0:-I.!Vi\'<ll<lnl <tdvlt 
d(P.;.o')C". 

•O.optt,.lo~•i•-.. .. ~huu!d tuJ\ IJto v~d I!\ <Oil oo\l;!,.,.,(!v.,l'Wilb., h1:.to<y<>f do<.OJ)hyl~ 
""~~~¥\o'l, or v~n;,~~.>nh p«~tc.6M ot.lmpollin. 

htfOI"I.(fltu" f•voo1 W•lwo• 'N. l<tuiJO<ln KA, Gw.<1tz M.lod:h11n f'G,Cklddour LM. Lc.'l$Cft 
M. fsl <l!l; Arl"'$nYi~U<:IIt1 Al:'"..aci;1tien Rheum;:tic rC'\'!:i', l:nd()C)fditl~.,:,IVJ KIIW.:o<.A'i:i 
Dof.t;o;~t.~:~ r.omminee. Prevention of i* cbv.: ,.,td<x.·uditn: guide!in~ from d't!:' 
Amer~e:~n tleMk!iOCI.:IIIOtl: ~ gu.d~\.:0 r.Uil! d"'! Am ... I O::'<On tf.ltatlh~CiO<l 
Rhi."VM\<IIio; h:!ll...-1, Ll~<n<li~A. ll('od K.w..M.,ll no~ ('.<.oi'!)M\11"('. C..ourdQn 
C.lo (!.,)v.¥-Cu l<tr Oi<+-w:~ in 1h~ V()(!n!), 11nd the C:ouncil on C':lii\IC.'ll Cnrrliology, 
C:nundl on C:11rriiovam;:ulnr Surgery 01nd /v•c::l~"'$i.t. ¥td d~ Quality ol Clre uno.l 
Oul(.an~:. ftl::-..c..,o;h h"'-•o.li'>(.opln..,oyWo;nl !!'IIJV•oop._CIIt\1!<0\JI)I) 2001', l lQ.l l J6-:,..t 
jf'Mll.) l1446o<142l 

prosthetic devi('(". or c.Hscas.L'" that h<JS lx.-cn n:paircd wilh 
pro!'lh<.•tic maleri:tl (surgil'al or cathctt·r l'xlSl·d) withil'l the 

pr<'\'ious 6 monLh:-;. Cl 

KEY POINTS 

• Risk factors tb r lntettlve endoc~rdil is inc·lude adva_nced 
age. diabetes meUitu ... <>. immunosuppression. in jection 

drug usc:. corl.g('nilaJ hean d isease. a nd a n impla nted 

cnrdiOV<l!'Cular devi<.."t". 

• Early surgery is indicated for patie nts with acute 
infective endocarditis prese n ting with vaJvc stC'nos.is 
or regurgita lion rc·sulting in h en rr failure; lefl sided 
ird<:ct ivt· tnduc.arcl ii is caused by fungal or olhcr 
highly resis tant o rganisms; inreclive cudo<.:ardilis 

compHcated by he nrt blo('k, annul:u or aortic 
a bscess. or dest ru ctive penet rating lesion : :.tnd infec­
tive endocarditis w it h rx:rsistcm bacl<:t<·mia or fever 
la.\iing Jong<"r than S to 7 d ays a fter st1rting :mlibiotic 
therapy . 
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Myocardial Disease 
Hypertrophic Cardiomyopathy 
Clinical Presentation 
Hypenrophit <:ardimnyopalhy (HCM) is a <.:ommon aulosornal 
domin:mt heritable d isorder rel:=tted to mutations in I h<> g('n<-'S 

Lhal predominantly <·nc·odt sar<'Omerl<: protdns. It is <:har..lc­
terized by the presence of increased let{ ventricular (LV) wall 
1 hickncss in the absence ofloading c:ondilions or other under 
lying cau-.;. HCM ail<:cts approximately l in SOO pcr.om. 
Most patients "1tb HCM remain asymptomatic a11d have 11or 
m a l liie e~:pe<:tancy; hmv("ver. <'Crlt~in suhsels of pati enls t~rt> 

more likely to develop symptomatic d isease ~md are at risk ror 
suddc11 car<Uac death (SCD). 

The diagnosisofHCM onen results rrom !he f'V'Aht:lHon of 
a heart munnw·or abnormal cl<:dru<:aRtiogram. Symptornalic 
individuals usually prCS('Ul willl signs and symptoms of h('3fl 
r.1ilure or arrhylhm ias. l t<:M m:=ty h<.: idenlific:d wilhin all ag<: 
groups. In the United Sliltts. most index <.:as<:::; pn.:s<:nt within 
the tllird to fourth decade or lilc. 

SympiOms of heart f::~: ilure may be assoc;ialed with 

abnonnal LV !IWng (di:"tolic dysfunction) or dynamic left 
ventricular outlluw tract (LVOT) obstruction. Diastolic dy• 
i'unc;ti on is mnliit:l clmi :l l, i nvolving in<'ft:":lSe<:l cham her sl i ff 

ness related lo hyp<.:rtrophy. progres.sive fibrosis, nnd 

myu<.:ardiaJ is<.:ltcmia th.u.· tu mhanal<:h of <.:oronary Jlow and 
I .V rnas..-o;. l>yn amic- I.V01' ohslruction. ch:lr:H,'terized hy ::1..sym 
metric LV hypertrophy vvith prominent i ntervent1icular sep 
tal Lhit ktning, iS t he: most da..~s: ic fbnn o r I ICM. During 
ventricular systole. anterior morion of! he mitral valve results 
in early to midsysrolic obstruction of the LVOT md subse 
qucnl n1iln1l rcgurgi lalion related 10 tcantt malcoaplalion 
('·ejcct-obstruct-lc:lk" triad). P:lticnts with dynamic obstruc­
tion may develop dyspnea. presyncope, or syncope during 
pe1iod~ of increased vC:nlricular l'<mtrolctility {exercise) or 

with decreases in ventricular preload or afterload. all of 
whith m ay worsen the dcgn:c o f ut>..-;tru<·Lion. 

Arrhylhmias may manif<.:st as palpitalions, !';yncope, atrial 
fibrillation. or SCD. Au·iaJ tlbri.Uation is ('Ommon in patitnls 
with I ICM, and risk in<·t-eases w ith age. During arrial fibrilla­
lion with rapid ventricular response. diastolic fi lii ng per iods 

shorten. ""'Otscning d iasloiic dysfum:Llon: n.'f.ILK'(.'d I.V fi lling 
may t'Xtlct~rhtlle 1 he I.V< >T b'T:~dienl. In some cases. SCD may be 
the initi"l prcscntaUon ofHCM. 

Evaluation 
l'hysiClll examination may be normal in patienl~ without LVOT 
ohstm<;lion. Th~ most ('Ommcm finding ri:'lated to LVOT 
ohslntction is a cardiac mumntr, and dynamic maneuvers 
duriog_ examinaLiou ar .. • h<.·lpl'uJ in diBCn:nli~uing IIC!\,1 rrom 

llxc"d v::Jlvnltlr obstruction (Tahle 26). 

Twdw btd electrocariliogr•phy (EtA.) is useful in the 
evaluation of HCM '"'d rcwals abnormal lindings in 7S'X. to 
9S'~ of affect<:d p('rsons. The mosl common I·:<Xl :1hnonn:)llt ies 
include intTt'llSCd QRS voltage. evident><: of left atrial enlarge 
mcot. LV oonduC'lion Jbnormalilics, pathologic Q ''"aves. and 
significtln l repol:ui'l-'.llion abno·n nalities (Figure 26)~ however. 

then: is substantial interpersonal \raliability in the degree of 
abuurmalitits. 

Thedinit':ll diagnosis ofllCM is most commonl)' CStablisMd 
by transthoracic e<:hocmliogrnphy (TTl'). 1\chocardlography 
dl.'tllOnstrat<.:s tl1c rnagniludc and Uislribufi<>n c>f hypcrlrophy. 
rt>ve·•ls the presen('e and dej.'l'e<:' of dynamic I.VOT obstruction 
and mitr.:tl regurgitation. and c-l1aracterizes diastolic LV filling. 
Doppler <.-choc-.trd i <~,..tntphy is I he modality of d10ict> for quan­
tifying the LVOT gradient in palicntssuSp<.>t~ed of having HCM. 
hlcreasingly, carctiac magnetic resonance (CMR) imaging has 
also lx:.'<.'n used f(,r di...,gno~is. cspt.'t.ially when I he diagnosis is 
unccrt:1ln despite cchocardiogn1phy (Figure 27). CMR imaging 
has higher resolution than echocardiography and beuerde1int:, 
LV anc:urysrns and Lhn)mhi. Wht.•n u..<;£.-d wil h intrclvcnous 

TABLE 26 . Physical Exammotion Fmding$ of Dynamic: left Ventricular Outflow Tract Obstruction Versus Fixed 
V.:ilvular Aortcc Stonosis 

Finding or Maneuver 

CharJcteristk: of murm11r 

Carotcd cmpulse 

Va!salva manet.•ver 

?osrtJon 

?oriphcral pulse after PVC 
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Hypertrophic Cardiomyopathy with Dynamic: 
LVOT Obstruction 

Ejection·quality murmur usually best he-;)(d at 
left iowcrstcmal border; gcncrJify doos not 
radiate to the carot•d arterie!;> 

Bosk upstroke; rnay have Lwo ifl"ltJul~s for C<lCh 
ejection {bifid) 

Increase en intensity of murmur durir19 Str<lin 
phase(+lR, 1d) 

Increase in i(JhmSily uf n cunnur with St.lrlding 
from sqt.•at or seated position ( +lR ... 6.0); 
decrease in r'nurmur with olevaliOI\ of I~JS whc" 
supinc(+LR-7.6) 

No change- or decrease in intensity of pulse 

Valvular Aortic: Stenosis 

Ejection.quality murmur usually ba.st heard at 
right second mtercostal spitce with radiation ~o 
th& C<'lrotid artariC$ 

Upstroke is often diminished and dcl<:~ycd 
(parvvs e t tardus) 

No changc<~rdiminishcd murmur intensity 
dunngstracn phase 

No sir;nifkant ch.o:tngc in intonf,.ity of murmur 
with position 

hlcrease in fntonsityof pulse 
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II 0'/L V2 

Ill .M 

Fl G U R £ 26. Elc~lrOCArdtogram of a patient with ~pu:.al hypeflr<.lphic~rdi.c)myopathy. ThCIC;liC rll<rt:>~~oll ORS voftageand marked rcpoliHiT.lbon Jbnormalitics. espcc•ally 
in leads V11htough V~. 

g;ldollnium contrast. CMR imaging lw> t.lt< add<-d benefit of 
demonstrating the volume and di\lrihutlon of late !l;ldOiinium 
mhont<·ment (I.Gii). \\'itieh noOccts fibrosis. LGE h.J> lx...-n 
~'SO<..·bt<."<.. with the pre:senceofnml)W;(.alnl-d vt.-ntric:ular tachy­
cardia on .unbulatory monitoring. All hough S(ttdk's hnve 
den1onstmte<l a link berwc>en LGE. henn fa ilure death. and 
l"J.nliovuscular dearh . cu rt('lll guidelines do not support the 
use of LCE lbr risk sJ nltifkat ion. Wirh nlorc prQSJX"CUve data. 
·he volume or LG£ may emerge as a Sfrong indl.'pcnc.lcnt 

predictor or seD. 
Upon lnhial di3gno<is of HCM. 2·1 hour amhularory EC(; 

mooltoring shuuld be perbnned to l'\Jiuatc for arrhythmia<. 
The pn.-.crK.\0 of nom;ustained '"ntricul>r t.l<'h)'('tlrdia idenli 
,Je'S patients ::U higher risk for sen. Tn··.Kimill exercise stres~ 
!~ting Is re:Jsonabll' to determine func tional ~-Lalus and to 
moni!Or blood pn..~urc response 10 C"\t:nisc·. ·1\vo tYPeS of 
J.bnorm:ll respon ses during ex<'rdst a f.<JIIure 10 incre:.lse 
"'\"'>10IIcpressurc more than20mm l-lgoradrop of20mm I fg 
'1la\' l ndi<'UI~ Independent risk lor $CD. Exercise echcx:aRiiog 
... phy m~y IX' uselul to demonstrate th~ response of LVOT 

Jbstruc.1ton rn exercise. 
[\.tlu.ulon f<>r CAD is important In !1'1tlents \\ith IICM 

·;ho de\'t'lop ch~ disromfort. In paUcnL< with ~low dinical 
lidihood ofC'..Ail. coronary <.T JJll!•ottr•l>hy or nuclear myo 

~.mli.U JX:rfusion imaging slress tt~"ring l~i 1e-:.sonabJe for risk 
<otrntinC':lrlon. In patlenrs at intcmm:llate 10 high risk for CAD 
with chcS't cllscnnlfon, coron4\ry anAiOAraphy is indi<~ted. 

IICM must be differentiated fromQihl-rmndilions tb:lt may 

present \\ ith intTCaSt'd wn1Tir\1L1r waU thickness (Table 27). 
l'nnk1llariy rl>:~llenging is the dlfftrentiallon of HO.I from 
hypc:r1cnsl\, heart d isease Jnd from the nom>alond conlj)em;a 
'01)' \;h;.ll~l'S in LV walllhicknrs.~ ~n In oompetiti\'e ath.Jetes. 
In p:lll<·n1s w lrh hypertension. Lhe likelihood of m ncomila nt 
I ICM Is lncrca.-red if I.V wall thickness Is ~noatc·r 1 h"' 2S mm or 
if dynamk LVOT obstruction is pr~m. II' <.U hh:tes. LV cavity 
dilatatltm and nonnal diastolic Ill ling fiwor uorrnal physio 
logic changes. whereas u nU>u.tl or ilsymmetrlc patterns of 
h) j)Crtrophy <m <'Ch<K.-:lrdiography fJ\Or HC~I. A hriefperiod 
of <i<orondlrk>ning dcmonstr:tting a deer<':l>c in wall thick 
m.~ t:1,,.,~ rhe athletic.: be.trt. \\"hen 1hc di:tgno* remains 
umJl·Jr, O.iR imaging with gadolinium contrast may help 
with cllff~rentiotion. 

Risk Stratification 
Potlcnts wilh HCM have an onnunl incidence of cardiovaS<~u 
lar death of !'X. 10 2';1 •• p~dominat11 lv n·loted to fatal arrhyth 
miJ :.tnd hc-Jrt t3i1ure. Most arrh)'thmlc death~ are caused by 
v~ntrlcul~r fibrillation. and all patient>" tth HCM. «wudk""' 
oft he pre<ence ofob>uuclion. 'hould un<lrq.'<l risk <trntlfiea 
Uon for Sell. l'rcvcnlion with t~ ust of an implantable car 
dimener defibrillator (lCD) is effet·thc in appropriatdy 
selected high risk patients. In pa1kl11< with o ne or more 
cstahllshl'l risk r..c·tor. tlable 28). primary prevention witl1 
;Jn lCD is indicated. Patien~s who IHWC (,.'XJ)f:Tienccd SCL) or 
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Fl G U R E 2 7. Cardiac magnetic re.sonance image~ of a patient Ytith hypcrtJophic 
c.ardiomyopath)•. Top pilner: Long·axis image d(·monstrating marked asymmetrk septal 
hypcrttophytvffliteJ!forl)and systolicanteriotmotioo of the mitral ~l\!e narrowing tile 
left \•entricular(lV)outflotvtroct(reo' ;mort). Middle panel: long· axis im~ with ~lotily 
flov; mapping demonstrating in<reased Row\'efO<.ity{lighte-t bltJi') ()ngin<:UmiJYiithin 
th~tlVoutlizy,.,•!ract. Bo!tompatwl: Sllotht:usam<)g~ d~monslfalitl9 patchy mid 
n'!yi)Q:t<hal lme g~uliurn C:t\hancC1ncnt (fed JJ/01'4/w =aorta: \A= left atfium. 

sustained venrricular tnchycardi::t hnve an (ln nual recuHent 
event ratt' of JO'X. and sho uld receive an 1(:1> for se<:Ondary 
prevenl ion. 
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TABLE 27. Conditions with Increased left Ventricular 
Wall Thickness 

Condition 

Hyperten$JOn 

Athletic hc~rt 
syudfotne 

Amyloidosis 

Fabry disease 

Ffiedrcich ~taxi~ 

D~non di!>e-.:.sc 
{LAMP2 mvt<~flon) 

Clinical Features 

Elevated blood pressure 

No hypertension; nonnai or suprdnorrnal 
exer<.:ese capacity 

Hcan failure, low voftagc oo 
electroc;ard•ogr.aphy, possible neuropathy 
and/or ncphropa1hy; usually older 
patients 

Male predominance (X-Iinked), 
neuropathic pa1n, kidney dysfunction, 
td<Jngic<:tasiJs, ~ngiokeratomas; typict~ l fy 
young patients 

At<Wa, scoliosis, pes c<.~vus, visual and 
hearing impairment 

Hccut railurc. mcoUJIIOldrdmion, skeletal 
myopathy; yovng patients 

TABLE 28 . RISk Factors for Sudden Cardiac D•ath 
in Patients with Hypertrophic ~rdiomyopathy 

Sudden death in a flrst·degree rel;,ttive 

Maximum lcftvcntriC\llarw<JII thickness ~30 rnrn 

Recent, unexplamed s-yncope 

Noosust.oincd vcotricul;)f wc::hycardia (~3 beats) 

Abnormal blood pres.&ure re$ponse to excr<:ise~ 

SustJif,ed vcnuiculaf tachycardia Of rcsus<:itated sudden death 
event 

•IX-IinOO liO: ., ,,,;1!,... to ittrm;l<.fl 1"1'( M IA.."l'>l ?0 mm H!) Of ll d:fOf) of it ~ 20 f'll(l l Hg 
du,ir~g•!florL 

Management 

In <1ddition to risk stmtiliC<1tion for SCD and lCD therapy. man 
a!l<'rnCnt of HCM includes treatment of symptoms r<:fcrable to 
IYOI' ob>'ITIJ<'tion, heart fa ilure. and :>trial tibrillatlon. 

In patients with obstructive symptoms, such ns dyspnea 
or !)')'l'u:opc/ul'~tr !>)'flt•up<:. tif<:styk motUtkation itnd ml-di"cal 
t hernpy fOrm the h:lsi~ of manag<·ment. P:ltients should be 
advisl.tt.t to avoid <khydmHon. cxn·::;sivc akohof intake. and 
sHwHional exposures 1hat J\HlY result in vasodilation and 
de·crcascd pr<·I<Y.td (for cxr1mplc. s:m n:.Js, hot tuh.')) ~c:=mse 

thest' may provoke greater LVOT obsLrudion. Patients with 
probable o r une-quivocal clinical expression of HCM should 
not p::n1icipote in most competitive or recreation~! sports, wlth 
the exception oflow intensity sporls. Medica) therapy should 
be jn iti:.Ut.'<.l with nonv-Jsodilating~ blot:kt~rs tiln\l<.:d LO maxi­
mum toler::.m·t-•; c._-arv<:·dilol. labC't<~l<•l, and nc.-'bivolol should he 

avoidt'<.l. Vcmp;.unil or diltiazem nt;,ly lx· ustd in palknlti in 

whum ll blod<crs arc not tolcnut'd or arc c-ontmindkatc'<l. 
l>isopyrami<le. :1 <'lass fA antian hylhmic drug \'l.tith potent 
negativt· inotropk' activity. may bt added if signiticant .syrnp 
toms rclatt.-d to LVOT obslruction remain. Diurctil-s must be 



.-1 <::~utlou<ly and only if symptom' of <1)"1111<'3 <-an not Jxo 
managc'll wllh other rhempy. lle<.:auo;e of' their pro,x'nSity to 
exacerhme LVOT obstruc tion. n itrates and phosphudic'Stcr.lsc: 
type Slllh lblrors shoalcl oot be uM.xl. 

l nwslvc l rcalment of ohstru<'IIOn with open surgical 
~ptal myceromy or catheter based a lrohol septa l ablation 
shou1d be considered in Pdlicnl~ whu have moderate ro 
sc..•vcrc h-ymptoms of obstruction d~pite nuximal medical 
tht>rJJl) \\1lh a n:siduru re.ting or pnl\-ocoble LVOT gra<lient 
of 50 mm llgorgreater.or in JX.Ilk:nb "ith rct·uft"e'ntsyncope 
not rdJtcd to arrh)~hmia. Although hoth Sttrgic:al myectomy 
md alcohol septal ablation redu~ the LVOT ~:radic:nt and 
symptoms related lO LVOT ob::;l rutOun. arpmp1i~te th1tJent 
')Ch.:cllon fhr C:\C'h pnx't'dure 1s contrvv<.:rslal. Surgical myec 
tomy Is associated w ith a h igher lil,clihood elf complete 
symp1om relief antl lo\'v<:r rut~ fur repeal proct'<lures. and it 
mav bt.· U\SOC.:iJt <.'<-1 with decrea!'.CCI risk ror :;;ignilkant ven 
trfculnr arrhythmias. Akuhol septal ablation catrk'> a sig­
nificant rl<k for allio-entricular bloci. n:quirfng p:>cem.1ker 
impiJ.nt3lk>n. \\hich is higher In old\·r pali<..·nts. Decisions 
regardh1g thcrJpy mu& be individualilcd. S.:ptal Jll)c-ctom)' 
is favored In youn~ patients. whcrc•s ;Jit'Jhnl septal ablation 
may be mtJn:• :tppropri3te ror older pntlcnts with several 
COI"'lOrbl<l <·ondilions wilo have incrcnsc<..l surgical risk. 
OulcOmC$ wtlh <'ilhc:r pru<.'<..'<.lu rL' an.: best wht•n the pi'O<'e­
dun: I~ pcrl'hrmc:d in a center wJrb slgnUkant experience in 
the m:~n~lA,Crncnl of HC~L Surgiral mycttOill} b associatc..-d 
with low operJti\'L' mortality (0.11.) in su<-·h <.-enters. 

Atri.ll fihrfll1tion sbould be marug..'ll with rare romrol 
and w:arfarln :anticoagulation. im."SP..,."CII\C of lhe p.·uienfs 
CHA1DS, VAScsmre. P:llienrs \\ith IICM and atrial fthrfllalion 
often rtm:tin ~ymplomatk· despile ra1e control, ~1nd rhythm 
ron1rol in conjunction vvitJ'I a_nlit'Oa~ui :.Hion ~hnulcl he consid­
ered c:Miy (s<•e Arrh}~hmi:l<l. lllgoxln should be avoided in 
po.lllents wil h a trial fib1illation ~u~ the J)O.')itivc inotropic 
e1Tecls m~lY wurscu the: LVOT gr..u.J i<.:nt. 

A small rercen!ageofpalie-nts (<5'~,) will progress toeJld 
'1•ge HC:M. manifesting as dilatt'll taruiomyclJ>:Ithy with S)'S 

tolic d~,runttion. These patients would appropriately be: 
treat«! a~ would those with •;•stolic he:>n t1ilure (see Ht':l.rt 

l'•ilure). 

Surv~illance 

ECXJ shou ld be perlbnntd annually in '")•mprommic l:>atients 
w ith IICM to ~en for t h angl"$ in rhychm or conduclion. 
l\wnty four hour amhulntory ECG monitoring should be 
repeated every 1 to 2 years in asymptomatic patients and with 
the uC\'clopmcnt or symptom• lhal>UAAcst nrrhythmia. such 

~' palpllallon• or synropt>. 
Repeat TTE IS r<'<Ommcndcd with an)· change in ctini 

cal statU"j or new C3tdi3C C\ent..ln ~)"mp·tomatic patients. il 

;, rc-•..onablc ro rept>:ll 11"E •very t to 2 years ro assess for 
Olilr:ll regurgitation and change< in i.V hypertrophy, func 
Lion. and de~ree of obstruction. Althoug h most patients 
wil h I IC~·1 dt>mnnstr:n e normnl IN funclion. {' det-rease in 

Myocardial Disease 

LV c;yco:tC\h<' funt•Hon is associated wi1h worse OUK'Omes. 
including death. 

Kole of Genetic Testing and Counseli ng 
Putit:lll'i kuown o r suspt.·ctt*t1 to h:wt> IICM should undergo an 
cvnlu:111on ot' f.lmiHaJ inhcritam:t• and rccci\'e gcnccic ooun­
xli~. Ccn<.iic testing io; n.·~s..m.lbl\.' in patient~ who met"r the 
dink::~l <ldlnition o f HOllo aid >Cn't'ni11J: offamily members. 
hue n.'SUih mu~ he interprc:k'll <.""an:rull)~ A known s.\R.'Om<.·ric 
mutation nuy be identified in u p to 6(rt. of patient< with 3 
famll>' hl,tory of HCM: the im·idc•n«' I< lower (20,_ 30~.) in 
lsulott<"<l rn~es. '11le absent'i..' of an idemlfled satt'Omcric muca 
Uon In 1 he index case doc:s not c.:x<:ludc the di:tg11osis of I JCM. 
Cl'nc\ic h.:stin~ is R"<.'t>mmen(h.t.(l In 11rst degre-e family mem 
her:; ir 3 s:ln:-omeric mutalion is ldcnllflcd in the index case. 
Su<.·h testing m:ty disclose ~·nol)IIX' p4)Silivc persons w ho do 
not ~xprc:,s clinical fc-•tu= ufllCM. and these pcr.;ons should 
be followed with clinic-Jl examilwllun and ~rial c-.:hoc-ar<liOK­
r.IPh> (T:tblc! 29). ln tbe absem-c of ,1 lllllh<l!.'<'tlic mut31ion in 
tb~ lodc:x cJ.-,c. Or..~-<le!!R'C iamily memberS should han! ECXJ 
.md ,..-hoc-:>rdlogr:lphk sc:rc:cning for 11CM. Tile us.: of genetic 
lt.,.ling should not be used ,\s the ,ole <k1<•m>in-1nt for lCD 
pi~I C..\: 11U;nl fhr tlrimary pr<"V('ntion. 

TABU! 29 , Proposed Clinic.ol Scre ening Strategies wfth 
Echoc.,dlography (and 12-L .. d ECG) for Detection of HCM 
with left Ventricular Hypertrophy in Famtlies• 

Age< l2y 

Opoonol unless: 

Mo~gn>nt lam;ty hosta<y of p<em.>tu<e death from HCM 0< 
other adverse compl1ca\:ion$ 

PbbCnt is compebtrve athlete'" an •ntG-MB training 
program 

0Mot of symptoms 

Other dinical su.spiciOtl of early loft von\ncular 
hypcn•ophy 

1\(Jo 12 to 18 21 f 
fve'Y t?· t8 mo 

Age>18-21 y 

At onset of symptoms Of blleast nory S y. More freqvcm. 
tntervats are appropnate m fam•IIPs w.th 1 malignant din!cal 
COUt"$e or 13te-onsct HCM 

'Witv l\ l'•l(ho lngir molt.'ltion'\ M<'l not .rli'Ofttof....,loo fi"IW!tu. t~sting hi eilhe1 
• •"l.li9U<N':II "' nt:.l pullouncd. 

"~ ''''"'J~" t Olk~ tnto cant.tdr-r.,..o,.. ofldtyltl• •·~ v t•~o~htl+ty '" t~(hi<"Ytng ph:f$iuJ 
' '""''-"''')' •• nd in\01'1'1111" p.~tir.1tb mOl'( llf'ihly '"~~·~'~'!•'' '11'1 """''"'( il'l"'· !nit"'! 
PY,ol•o.o!t\)fl 1ohuiAJ UI.C.Vt f\0 1.<~1.<..'1 ~ ... N oly ~t ...... ooo(;fo 

R4>1)'oJvu•J.....,.Uoswoo...S!>!Qt>lioum~&J. \.l •m ~RO O,.,v.lnl JA,. 
rdo• MA,I,.Iflil tori, et .at~..., Culo.yo ul C,oJouloqy ~Anerian 
HMt!Asx-.~l.Dkf<JJ"Ceon~~;ooJ1ACU ~~ 
totftf>~Md~ollijpelb ..... =<o.t•doQiiil ,op:...., it- Al'P()rto'~ 
~ot-~,.~~.onf~k-~MtASISC0.1f.oQiiil~ 
fvlw .... f\"«WCP~~-·~OIII.....ettheAmeric:ln 
A""""~.....,, li>U!.uc. s...rgery.Aml.'loe..an *•-tr~ r <ttoc&~.;.og,.p~", 
""'l'".,' ~oclyul Huot-IN• Cordi<!lug)l Ht-<f~A ~ "'"' "' ·M'If'IY<II Am-nu . HE<a•l 
kh'J"'h"' '•(1( .. ry. ')rol...,ly fu< C..•dou"cl~c.ul"" N•~· ~..>l oh)' ""ld lrotenor-r.tlon'< . .:mrt 
~>' ofThotolCX :M•rg.oon$. J~Vr~Coll ..._.,c.l+ .. l l01 l,!>lh ·212 60 . . !"MID: 
,UQ7~46\I Idoi 10 10161j.jace.2011.06.0f1 CQfi)'tt)h1 2Ul l. ELt.'vio.·•-
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Myocardial D isease 

KEY POINTS 

• :\symmeJrlc septal hypenropby -.;lh dynamic lei\ wn 
lrk:u1ar outflo\, tracl obstruction n."Presents the cla~:;;~lr­

rorm ofhypenropltic cardiomyopathy. 

• Doppler e<:hO<.'<InliOW"JPhY is the modality or chuil" r.>r 
quunliflc;Jtl<>n or the ten ventricular out now rrnct grad I 
cnt In patients suspected of having hypcrtruphic cardlo 
myopathy. 

• l>nt il!l''ltS whh hypertrophic c::~rdiomyopathy who 
have.• rl~k (~<:-ton; fbr sudden cardiac death shou ld 

und~r~o I m;>IJnl.lbk cardiovcrlcr-ddlbrillator 
piJc<'mt'OI. 

• In patients with hypenmphic cardiomyopatby "Lao 
hd\c ~·ympcom' of len vcntrK-ular outflow I mel 
olmnK'IIon. nonv:~<t><lllariog jl-blod..er> are fir>l line 
th<'T"3~. 

• Tr•nsthor.x:ic t"<iloc-.lnliographyshould lx- per1unn<d 
<"\"Cry t 10 2 )X'<IIS in a~ mptomalk patitnll> \\ith hyper 
t rophic cardiomyopathy to assess for mitml rt').'UJli]W· 
tion and thnn/.t(~ in lc:ft V('lllricular hypcr1rophy, rune 
lion. and d<'jtree or obstruction. 

HVC • Ger'lctic h.~l il1)4 is not inllil·au."<l in firsl-lk'grt'l' rdativcs 
or p:ot lent" with hypet1rophic cardiomyoJxllhy who do 
not h\lVc 31lidentific:d sarcomeric m utalion. 

Restrictive Cardiomyopathy 
Clinical Pr-esentation and Evaluation 
Rt,.trl<livc l"•nllom)ltp:llh) (RC:M) i•a r.tre di<nrderchamcrtr 
llt'd by abnormllly stifL nonmmpliant ventriclel. RC:M \\"J< 

on""cons~rt'dldiopathk; bowewr. in<:n.-.tSiOg<-.·i<lt11l" ~­

J.."CSb th~t J:.,"\.'TlC mul:nions in sarcomeric proteins and ::timor 

mal.ltics In dcsmin. an inlcrmt'diate filament that regul>te< 
sarcomere arthirc...,_ tutt\ play an important rule: in fumiliJ.I ~u1t1 
~110radk l':'lS("S. '1 he s:'lr(.'<)merlc protein gene mutJ tions of l« M 
nre similo.r In nr the same as those l inked ro i ICM. r.l i::; in~ I hi<' 

J){)S..\ibilily thai these ( li~r<h.·r.s n:pJ"e"SCnl d i ff<-renl plwnolyph· 

t•xpresslons of the s.1mc heritable dd <'<'t. 
RCM is ch.trnetct·ir.ed histologi<cally by poichy lt1lct~llt i ;1 J 

flbn'~ls and I'HYU(.ylcdisarray. which an: alsoSL....:n i n i iCM. W ll h 

fncreaf'lng lmer.;tlll:tl fihi"'Sis. lheventriclesstltltn. resulting In 

incrca~ed pl"'e';Sure during normal diastolic tilling. ~Hil'nts mol)' 
prt"S4:nl nt .my ogc. u"tally \\ilh SJomptom• of dy'J>nca. pcrfph 
t'l'.ll t'dcm.1. ond c.xcrtis..- intoleran<."C. Ht1Xllumt'!}lly and JS<.i lt"> 
may abo be: pr,'><'lll late in til<' Uisc".lSC t"OW>l'. 

Tht- d i3WI<>'* or RC\1 should be SUSpt'<'ted in porlt-nl\ 
"h<'l <"<·hO<.':InJ~raph~ demonstrdtCS bialrial t"Dial)(t'lllt"lll 

and """ re dlaSiolic d)osruiiClion in the setting of norm.• I wn 
tricular 'itc. wall thickm.·ss. and sys1o1ic: fum. lion. I hc:n• h 
us<tally t~ ldt·n"' of >igniJkant pulmonary hypc:rtm~lun .• tnc.l 
tritu~pjd J lld rnitml \'aJve- .regurgitation a.re c:onu1-.only pn.· 

sc:nl. I ~Hi<:l'l t "\ with lht"\.C.' findings should tx .. n~ft"rrt't.t co :1 c·:1r 
llioi<Jgist I(Jr I uri her evaluation. 
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f'rimary RC\1 must ht- diflen-nrlared from olhtT t"Ontli 
rions rb:Jt nuy PICS<.'lll "ilh ""'r1<11ve physlolog). Th= 
indude fibrosis relatt'd to rd<liation •nd t1~:>1nophilic dise:~ses 
;~.., wt'll :.s hf"mochmmatoe>ls. In which \\'311 lhi<:knes... .. is typi 
<.-ally nonnaJ. A complete blood count wilh mJnu.Jl diCfcren 
liJI .mel Lran::.fcrrin satur.uicm :J J\' n·n:-,on:lhlt' :'IS Jl.'ln of the 
<•valualion. lnfiltr:Hi\·eflioe;en<>e-swllh ln<.Tt:.ISl'd w:lll thicl.:ness 
mny share rt'sl rktive physiology hul nr<: consic.ll·n.:<.l stpanl.ft: 
ent ities. VVht•n low Ea; volwgc: attCJI'I1J);ln h"'' ln c·reased w:~l l 

thi(·kncss on echocardiogrnm. nmyloh.lo:::.l:s shcmld heconsid 
cn:d . Sc:nun protein electrophoresi'\;/U 1·inc proldu tlectro­
phore~is anti frt-c.· lighl·thain Jnaly'h may help identify 
lmmunoglolmlln llght-<haln nmyloluo•i~. and technetium 
99m l'ttrdiac imaging rnay help idemify lr>llblhyn..:lin amyloi­
tlo.i>. CMR imaging wilh g;~dolinlum '"""'"'<! may help 
ldmtir~· and differentiate RC\J lrom othtT m~1>eardial dis 
<"'J.S('S with re1rict.i\-:e physiolom·. \\·hen 1 tx· di..t~tlbi~ remains 
unclear. encJomyocardi..ll biups) i' n.-.a .. onabfe to f"C;t:thlio;.h ::t 

dia~osis. 

mlferenriatlng Restrictive Cardiomyopathy CJ 
from Constrictive Pericarditis 
l':uft'nls "'ith ronstrkt i\·c pt rkJrUilis and RCM present with 
s imilar symp10111S <Hld nndin~' Hll t•t.hrx:~l rtliugraphy. 

I HflCrt'lltiathlg bc1wcc:n t ht'"St' I \\'U d lsorclt.•ro; is esM.'I1lia1 

hNo;llls.t> spedtk therapi<.--s. inc..:ludJJ lJ.t '\Ur')ti (;~ll pcricardit•c1omy. 
may re lit.'\o't!" ~·ymptoms tlnd prnlnn~ I ii~· jn IMIIL-nls vdth l'On 
'>lril'tion. In pa tic.·uts "' ilh pn·viou~ tomli;W -.u rJ;ery. perlcardi 
t l~. or l'hest irr.ldiahtm. l'on:,ln<.:ti\.,· pc.·rk-..11\litls should bt: 
1\rrongl}· considered. 

On ph)'i<.-;tl t'"'\:'lmilt.nion. fl'Uit.'nh \\ 1th t'\Jiblrktion and 
R<" \I both dcmonslr.llc- ilk.'n"'aSf...-d ju~l.tr \«."llUlh pu.~. 

In<. -rca~ in the.~ l~t oflht..· Ju~ul.ar \\J\t"fc,rm durin~ inspirn 
tkm CKu .... stn;J.ul sign) h.1!o> ht"'ton .l ... ~x bhod more Cllllut'Kml~ 
\\ llh <.uno,.tfK•tion. .Both R<.-\t and <.'Onstrlufvc JX•ric,::udit's rna) 
he Jssoci:lled \-"\;1 h a dia ... wlk "\4Jllfld. An S1 j~lllup i' often pre 
'\4'1'11 i n RC\ t \\oht'TI":'Is a )lf'licanlial '-;nod.:. t:.lll ht' hc-Jnl in 

l"<mstri<.'l ivt' JX:'1"k'ardit i, , I ) ifft!n.·nt i ~Hh'IA hci\Wt'n t i lt.'~.· ~.und' 

liMY ht' \ \.'ry tliflkull (x't·l •l.'riGirtliJI I U-.(:a-.d. 

A mnltimndality nppm.Kh, ilu. lud lnX l>oth m.minV<ISi\'e 
ima~ing and i nvasive ht>mudvna mh: cvahJtU ion, ll\a) lk 

n."'qu.i(('d tn Uh.unguh h RC~I fnnu c.·on,ll'ic..Hvt• fX.'Jicanlilis. 

~ ' lut.'"' 10 1 he pn·st'n<..'t" ol c·on~ln<.·l i\t ' Jlt'rk.udlrls Include peri 
canliaJ e .Ucitkatio n on dH...~l r..tdu~mphv nr ( ~1". pericardia I 
thid.t•tling on CT or ( "\lR 1nla~1r1~. fir u H 1\ ~x· n.Hriun:tk' pc.·p 

tlclr lt"\"<'1 ht'k>W IOU pg mi. (ICMl ng 1.) (u,u.tli\ ~ 100 I'll ml 
1·100 "!: 1.1 in p31ients with Jl( \ll, \ h.tllm.1rk I<"JIIm· nf tun 
'lritti\c pcril'M"llili., i"\ \\'"OtricuLlr intc:n.lqK:IKieru.v. in whkh 
1c t:d (";lrrli:Jc- \'Oiume k limitt>d ~ tht• rigNI J'M."ri<.Mdium. \\'ith 
\ L:"nl.Ji<.ul3r intt-rdcpcndcm.'t". iocn-~-d Oiling of 1ht.,. rig)u ur 
kfl ,·cntrk·ic <.·.m (IC.'<.:ur n nh '' ith rt"'(.:lpruc.:JI dc."t.:OC;lst-d Oiling 
of I he other \'en rri!'le. \c>n1 ric:ular lnwrdctx·ndrnl't: n1<t.\ be: 
detnonstral<d ~ IJoppler <"<·hm·;trdh>Ara)lhl'. ( :~IR ima)1inr~. " ' 
111\a.•. ivt.· htnu.Kiynarnit· n .. litMI Inn~ II h rwt pn,•-,t'nl in p:Hil·nb 

with RCM. CJ 



M~nagement 

·w Is no <pecilk mroieal Lher.lp~ for 1!{;\1. I oop diurelits 
lhll:llly nct"-1i..'klry for n.%.:f of t..'Oil~CStive symptoms. espe 
lly in lu t('~~t~'l~e d ise11se. l lmv('v<'r. jml icnt...~ wHh RCM 

utn.: n.: l ~u ively high filling prt~lll'l'S tc.> maintain c:.lrdi:l<"' 
q>ul. ami balanC'ing rdief ofl'tJnJ.tl'.!)liOn \'t.1ith ndequate c:ar 

:!XOuCpul hoften cf\311t>nging. Even qn;1llc:h;,an~'<.."S in volwnl" 
k.ld to hypoperfusion of the kidnC)~: therefore. mh1me 

:tu' \hould be moniton.'d (1lt{'full}\ 

Atrtll Obrlllation is a mmmon '''mplk:uliun du<: to kft 
dll:lt>lion and eleo.-atro pn'SSUn:. II~ poorly tnler.:tted in 

·,..-nl' "-ilh RC\1 lx...:au""ofincr.:ased lli.'llrt mte and redut't'd 
.,tricuk1r lULing. Antfco3g\ll:1tion :u·~<:,l rat~: control ar<: indi 
cd. ;md rhythm control should be considered early In 

i'W'!ptom:u ic pat ients. Oi,!..'Dxi n ~hould be used w i th caution 

nusc II lncUrectly lncrease!oi i nl r:l('i.'llul.lr c llt'ium, which 
JffC'Cl diastol ic rel:tXation. 
Survi\ul i~ J)O()r in patic:llb with RC\t. with aS year mor 

1.1) r.lt<.· of 36" and a 10 )l>:lr m<>riJ~Iih. r.1tc of 63<.: •• 
.mllo\.r><·ular monality is predomirunll) n.iated to pmgrt>S 

h<>:~rl failure and :rrrhythmi.b. CardLJC trnnsplantalion 
hct'Onsldered in selected individual' \\h<> remain symp 

atle dc>Pil< moximal thempy. Then: I> no accepted lndlco 
n fhr lCD plal"C.:m<:nl tOr primary prC\I('ntion in pal ients \oVi th 

\1 who hnve J)l't"Served systolic fmwllun. 

Kll POINTS 

• Rc.~tric l ive cardiomyopathy should l>e su~f)("(ted in 

(Xltienh "hen <'Choc-ardiogr~phy dcmonstr.nes biatrial 
""I3Q,'CIOCRI aud 5<"\\'te dl3stollt' cl),IUn<1k>n in I he set­
ling ur noml.ll '"utricular si7.e. wall thick,.... and >)'S­
wlic lunrtion. 

• Rc.-..,trictive cardtomyopalhy musti'C' dltlt•rentioted rrom 
(.'(}M~trlc:t ivc pericarditiS bC'C3USC SUI"giCnl pericartli<:t· 

wmy m;zy rt"lleve ~yrnplomsomd prol()ll~ IHL· iu patients 
\ \·lth c.·un ... tric1 ion. 

Myocardial Disoase. 

Cardiac Tumors 
Must l"'..ln.IJac tumors are metast;:nk. Ncnpl:~:-;ms \1\oi l h 1 he high 
t:sl nu:lustatk potential ~ue mel:tnomn, malignant thymoma. 
:1nd fi(&rm <'t'll lnmors. Common IUinor-, wilh an i ntcrmt't1iatL· 

rl$k fnr cardiac involvt.'mc·nt intlud(.\ carl'lnoma of the lu ng, 
\ tom;,tc.h. anU tulon. Tilerapy i~ dircct\!d :11 ~ys1emic l reatmem 
n l lhC" Ulld('rlying OC'Op)a.<im. \vilh C.:Jrdi~"' >s;Urgc:ry r('SCf\--L-d for 

(Xlllents with obslructh'C srmrmm< 
l'rinl.ll) <-anliolc tumors. which • ..., ""ceedingly rare. are 

h<'nlgn in 1\\U thirds ofpolicnK Of I he henij:n tumon;, Ol".Jfi} 

so· ... ~1n: alri:tl m' .\utnas. My'\nmJ~ m,1y occur fn either arri.1 

hut un: m~l c.·un~rnonly alta('hed {n the fossa ovnlis within the 
left :nrium (Figure 28). Myxomu-t :1rc U'SUtllly solilary and dis­

t'O\'CI't.:td al a mean agl· of SO }'<'.li"<J. ()lfc;;'n oner 3 systemk 
cmholfc c.·wul. \¥hen tumors arc rnuhiplc. recurrent. or dis 
rovrrt"d :lt a young age. they may im.llc.:Jlc lht: Carney compk-x. 
which lndude; <h<' LAMB (lentlp.mt<. 31 rial rnyxom.1, hlu• 
Ill'\ i) ,yrldrome aud the l\ ;\M~: (ne-1. alrial myxoma. myxoid 
nrtrrotlhmrnas. and q>hclid<'S) wndrnmc. Tire Cam<.1 <'Uill 

plex h ;.1,\MX."Ull,] "ith mum:rion<; ofth~ PHK ·\RIA gene. which 
mot)' run<."lion J::t a tuntor ~upp~~r ~ne. Patient') with a 
myxom:1 moay prest"nt with<.'tmstitutlonal symptoms rdatctl to 

i nrer1eukln prududion. t•mbolie phenomena from turnor fmg­
OlL'nlutiun. or ~)'u lptoms referable to inlracurdjac obstruction 

(clyc.pnen. syncop<-'). \.Vh<.:n mil r.ll valvulur ohst rucl ion is pn: 

sent. nuscuJtatory fim.lings tlre slmil::'lr to thosr of mitr31 sreno 
.,h: IUJ\\1.."\'\'I,llitiliogS may vary wllh J')O";i1ion or be associated 

'"1th an t:arly dia~iolic sound. kno,.,n <Js lht· tumor plop. 

SutJtical ren"lO\-al is irxlicat<.-d lo pn.""'nt c.·mbolic ('\'ellts. as is 
'0\lhs.t->qUl'nt sun'dllancc: <."t"hot:ilrdiOftrJJ)Il) ror dcttttion of 
rl."l1.lm..'I'H.'(', 

l~rpillary fihmelastom:rs U!;turlly ot'<uron lhesurtaee ofrh<' 
:aorl lt and mitr.d v·.th·i.~ autl ~Ill' c.·ommonly c.tiscovered in rhe 
d~hlh decadeoflltC. Although mo~lJ.,apillary Obn.x:lastomas c.lo 
1l01 c-~use symptoms. lht')' may l x.· :\s~•x:l:'lll.-'d w ith stroke?. tmn 
sknl I -;chemic :Jllack. and. tart"ly, coronn1y emboli7.ation with 

, 1 G u R £ 2 a r~nsthor3cic: echocardiogram~ dcmoi'ISU)hnq a lefutrial myxoma. Lefl p.mcl PJt~l~mal long ~x.is view during ventncular '~tolt ~hov.1n9 a l.Hg~ left atria 
.-,~e dtnsity (Jrrow) Right pan~ I: Ap1c.al four <h.amber vie~ov during diil!)tole demon~hates o'l11ildtment of the mass to the mter.nnal sepiUm and prolapse oi the mass 

"the mHt\11 valve 
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FIGuR E 2 9. Card 1M m~gnelic resooonce image of a I)I'JI!Cnt w1th j O 11ngiosaKoma 
Aheterogeneou~ mass(yc/klw lffOI'tS)is i n liltro.~ tin.g the nght<Jttlill w:JII Apclicaldia• 
eflus•on (n~d arrows) and pleural eflu~•on (bJ~ auow) au:! illso prcscnt 

lnCMltion. On cdloc:lnlkJgrdphy. lhese IUJOOI'S oft<"11 hal.c a 
hetef0!,'<"11<'0US ~lobul01r .JJJf.l<' or a roohile fmnd Ilk :lppear­
ance. P::ttirnts \\ ·ilh emb<>lic ~)mplOm~ 01~ tn.·,•te.'\1 su.tWcall)·: 
1l u.:n: .ln.' currenrly nfl rnm.lomi:a :U dflt" com('K'Iring ~'UrgiC'.t1 

thempy ,,vil h :lntilhnmd,oLh: u •· aruipl~ltelet rhcrnpy to pr('vent 

embo1ic ewnt~. 

Angjosa«-oma~ ;:lre the most <:onm'lon prtn1:ary mali~'llant 

n1mor. An&:rio:s:.lrt.'OmJ' l) pK:ally arise in rhe rlghL J lriwn and 
ore often :lSSO(:iated wilh pertconlial dTu•lon (rogure 29). 
I))"Jl''c-J and cht.-,t JXlin are common pn."'SC.'ntlng o;ymploms. 
A~Jos:treomas are highly vascular tumor>. nnd CT or CMR 
im,lui ng \Vithcont r:t.o;;:L 111ay hdpdHl'erentf:lH•:•n nngic~m .. ·oma 

n·om a right atr ial u •yxvm:.L When compk t<..· ;:.urJ<,ICt~ l extirpa 
lion is possible. ~lllViv;ll remains IL·-!!.S th<lll 'l. years for most 
JMtit·n(S. Vl/ilh incornph:(c r~;·section. SUI'Vival is ~'i..'n~;·r.l.lly k~ 
than 10 months. 

KEY POINT 

• lhe primary t~tment of:11rial myxom,t.-. h~uqd.cal 
n:.mov.a.l to prt:V('Ill embolic cvcnrs. 

Pericardial Disease 
Acute Pericarditis 
Clinical Presentation and Evaluation 
Pt-ric:mlitts is dd l nt <.l ,b inflammation oft he perlr :n'dium. th<: 
•hin nbrous sat surrmH'Iding Lhc: h~;-:.-u't. Perlcnrdltis may be 
subt.Linical or p resen t us ~h:)rp precordial !)<lin o l ;.acult onset. 
A<.-utc (X'riC'J.rditis has m.rmy caust.os (Table 30). but it is most 
onl-n idiop;Jihk.' or pn-.uml'tl lo ~,ira( in origin. 

CJ .\cUff> perk;_\nlit , h c.h~tgrlu't.'d dinit.·.dh I)) th\" pn~"tl~ 
CJI .u lt.'".l.<;;t £\\0 or ttk- lol l~)\\ irn~ rour cril<.·no.l · c.:hc."'\1 p.lin rypk"al 
for pt:ricarditi::.. J pt·rka r~li~tl fricliur1 rub. 0\'\'f' t•lt•ttnK'a.Riio 
,~.tr~1phit (E\..(~) <·h:mgc~. or ~l rtc.·"· J)t.:rk~mllo\ 1 c.-flu \ ioo . Tht• 
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lnfoctious 

Viral•nfec;tion 

B..'lctcnal 
•ufu<.tiou 

N Oon i nfectious 

Cnne;cr 

Motabolic 
condition.s 

Otug.rc&..tc.."t.l 
c•vses 

Enterov~tus,. horpesvirus. ade~rus. 
patvOY<ru> 

Mycob.><tCri(Jm tvbercvtos.., 
Pn<>umococc:us spp., StaphyJ~occus spp., 
Coxl<.·JJ.t IJumcril 

Hisroplttsma,Aspergiflus, BIMIOmyces. 
Ct)nQ;doJ ~pp. 

Sy«omoc: lupus ery<hernatosus, 
rheumDlOid .. rthribs, SjOgren syndrome. 
sdctOderma. sarcoKiost.s, f<nl•l .al 
Mcd•tCif.,)OCJn fever 

MI"U'I':t."ltlr.lu ng c..ance r, bwast c.)r)CCr, i!nd 
rnnluno•nu; lymphom.) .)nri iN•kromin 

Uremia. myxedema 

Hydr3l.:mnP. procainamide. m.noxid1l all. 
tlatt$ t Cbr'K)i( .xic:f 

totrog~ni<: c:auses C.1tdi.x surgcry{postpencardiotomy 
syndrome), coronaty pcrlotc'ltion dvnng 
porcut<:~noovs •ntervent•On, p<tcemakQ• 
IP.-Rd pcnatrdLiOI'~. fadiofrequoncy obl3tion 

0 1hor RadiMion. aortu; d1ssecbon, pulmon;uy 
<lrtc>n:.l hypurtQnslon 

c.h\...._t p.un or .lC"Uie Jlefi<:.tnllll\ L-. 'harp anti 'l"\\'ll'. If i' n~ 
I\ tlh:.·.lll) n>JoU<:cl tu C"\LTLion ~uu.l b not relie"\c.:d w uh n.·sl or 

nllrc IJ,tlve.·trin. u nlike .H •~in;l l l>.;lin. lht SXlin is d1a r<H.-lt'l i"':oli 
eull~· ""'ul"-.t..1 in 1lw o:.upilll' pu:-.ltion .. uLtl hnpnw~,.·, ·with ioi ltrlng up 

;u1d lt·.ming lbrwanl l'tu,''l' P•lin h-":Hur<-s mav lx.· rd.Jh.:d lt 
ll-'1\'Jun oJ tht' 1)\"(Jt;.uditun dl ib sternal and di.tphr.~~m.uit 

.lilac. tmWHI~. 
\ perh:·:1nlial fric:Hon nth I"' ln."tlnt•nrly pn.-..c.·nt on .-usnd 

t.liU ~n. I his har.sh. ~r.ttth) s1 ,untl {U~i<sicall} ha:-..thn,.~,,,mpc• 
ncnh <:orn''lJ)IJrlding to tlw ~·.mUm. t:wk d uring uornlJI "ii lllh 

rl1y1hm: atri;ll syslol<: . \t·niJ ic.·ul.u :,~~tote. and \t'll l rh·ul.~r 1111 
Il l~~· Tlw thn.··c phase..~ of tlh'IWri,·:mHa1 hiNinn ruh dil tcn.·nu 
;ttc It hum ;J plt>UI':ll fridiun nah. \\ l\iCh has t\'\'n I."Cl i"'"' J)(;rn,•nh~ 

I lUI .tno linked to rt"Sptr. ti,,n. Ttw.• rubofpt.Tk.:Jnlitb 111.1\ ~ho 
hot~ Mllmuph:r,i<: or bJpll;l-.lc hu1 i' not afli"lt<.-d b\ ""Pir.ttion_ 
\u"i(. ulral m ,hc,ufd ht> perfhnn\."\.1 during hekf t>nd t'\pir.a.tion 

" It 11 the.· p;.ltitmt in Thl• ... up inc.• pr-;1111 m or .;;itting upriRht. 
llw t)pit~J.J EUJ ft'.Jlm~;·•ll ;u ult· ~ric.m:lili~ i\ ST ~~ ... ~nH:IH 

('ll-'\ .Hion i n muHi pk' l ~·.t<ls 1 h.u dot'S not c.·on'l.·sf)(Ulll w i1h J 

\iln ,~lt (."oronar.Y distrihution PI~ ...t·~tmenl depres .. lun In lc:<.1tl JJ 
or 1'\'~:ipn:x..U PR '<.-gmc.·111 t lc"\',Hic'n in lt:".KI a\'R m.1~ .d,u ht· 

pn.~11 tFigure30Lin n.n1nbt. EO. fulding,ofat·u~t.• Ol\(K"3r 
dio.tl mtln-rion are hnllT.ac Ulc.' T W3\l' ~~ segJnl.'Ot ck.,alto" 
t:oO'ioi,1l'11t witb a stnglc.• nmlll.H) db1ribulion. n.'\·1pruc.al 
Sl "-~ntcnt dc:pn:~:-.1c•n. p;uhuloJ.!,k· Q \\<1\'l'S durlng I he.• ~'\nlu 
tlon 11f 1\l\'l.Kardial inl:ln tlon. and lac.k ofPR 'it'l-~fll<'n1 t hangt". 
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FIG U IE 3 0. Ele<:trou•d•Oghlpltit thanges ot iCute peritardhis. Contave Sl·segrnent elevanon I.S ,,,e~nt In most ()f I he ledd~tauowf>Nds). The~ scg 1ntfll r~ depressed 
n ~~~ leads ettfpt iiVR (.Ju~·s~ 

Elhoc-ardiORr.IPI•> '"(•uld l~ u~ co dt:tect a peric.:~mJLll 
dTu<~.lon, altho~ .an \'O"tr\ion is not found m JJT c-~~ of atuu: 
pMie:urliti~. \VIll'll tlw di:lg~is n.:m.•in' mltenain. c:.udi.K 
mJgneli("~OO<IIJU' (( ;~11.:) ima)!i.n~ \\'ll h ~1<1oHnLum intr;J\(' 

nou~ t·ontrn't rnn~ bl' ust.·d 10 ide-n tify cvfdt·n<:t' orperkartli:ll 
hlll.ln"'lll<-1tion. ch:.r:H'tl·dzl'(] b\' JW•ir.)rdlal t hicke ning ,111<.1 
blc.• $t=1U01inium c:nh~lnt'l"Olt-nt (Figure 31). .\hc:rrtJtivd.,. )t;llt·cl 

anh~t<.: <]'may aho t.lcmonstrntt•tx·rll~Jnli.:ll infbmnJ.;.lhou. 
\cJc.litional flndin~' that supsxJn :wute Pl'rk.."J.rditi' m.1~ 

'\c:"hldt.'" fever ~ml SC.' 11tlt~C' t'\'id(•tll't' uf'lnO:.mn·l.ltion 01.:UI..o 
·vU)\1\ ;JOd dt\atl·d l"TylhroC"ytc: ')f.:dhm·nt:lti()n nth.: o1· 

L n•t~clivt> protdt1 LC Rl•l h:v('l}. S('rum <.:an.liac tropOJ)irllcvt:l, 

n o.ltutc perkanlili' .tn· normal or 11M) I'H..' slighll} t>lt'\-ah.'(llt 
lfk·n~ l\ a t'UnlJXUlf'lll of lli}UiX'rit'OlnJitl.._ 

\It hough m1"" C..";J.".t .... (tf ac:1.tlt: J.X."r'lc;.u'ditis are idil'1..._ilhll. "' 
14.-~.tn:h ftJ.r othtT <':l.U'-l' i' Jppropiiak {!oo('t' T:.1bk 30). E\:lllLU ion 
int·l ll(i(''i~ thorough hl~1orv ;:md l)h}~it-JI <:X:1mhu1ion, \\ llh mJcll 
tkm:ll wsring baM:d un 1 h<' <ruSJX"'('lt.'d l'4.lUSl'. Tuhercu)osb lc..· .. llng 
,.houkl he considt>rt"':l in l~1>ital \\twkt-·1"'1. ),Jll(.'nb ,,-ru,an- im~lf 
ttr.lk'tl ur residin;q in tilnwuc: em: £ad I ilk" .1nd ':Mlients who om 
frnm or Me: tmwk:d to .:'In t"''ldernx: an..":.l. ·a ft":''tmc."Jlt oftuh11.11.:u 
It ••·h m:1y wcftk't' 11K' ti.-.1, tOr rexti\'C tx·ric;Jn.Ji.Jl <.Xmstric.1inll fn 1111 
l<(f\'o\tt.·r Lhan so·;-, to k."S..' lhanlO"' .. ()IIWJ' (':HI'l"S mdudc u~t·mLl, 

t'hC'olirr;Jdk,tiun. <.uiU 1'(..'(.'<-'111 t':lllti:lC,UI)l.<:ly.C..mli:l<'~t.li'Rt'r) 111a~ 

l'W.; fullowt.t.i by fXlS.tr)l .. ·ril~~m.Uotom\· syr\llnnnc. \Vhi~h i .. th.li'.K' 

ttrilt'\.1 ~ pt_Tit-ardi.ll inO.nlunatinn thai 1-.III.Joly autWnrnunt..· in 

n:ltun· and tNull' ~~~~" > l>tem Jll-rlud nr scwr.ll """!.' 111<· 
pn."'IC..-nlalion :md lrcntmcnt ofpost'JX'fM.'Jr<liowrnv syndmn1e: ;,tn· 
'irllllar Lo tho~c ofidit)JXUftit' J>eri<."<lnlil i' 

FIG U R f 31 . (.ard~c magnetllf rt'\.011.11'1(~ 1magt olmtned "flf'r •ntt'a\Oc-nous 
ildmioisUJbon <1lgadolinium.A pc!HC.l«hal eoffus:ion (r~d Jfrorr) 6 1)re~nt, and 
there is late gudohnium enhancemenl ollhP JJrrrr,udfum conSr.\lonl W1ll1 
in Ram mJtion ( t~tiiJtt <lttOir}_ 

Management 
\t<N. ~~~·n1' \\if~ tl"Ult• · 1t.aldil" \-:ltt lx.· ntaru~·d TJit.,Ji 

C"all)' WI an oUIJ:Xlfit>nl h,l,h! ho\\'t"\"CI'. 1Xlht'11l' Wilh :t('Uh.' 

P<'ric--Jrcliti' .I<'C.'~>I11JXtnktl II\ hl)~h rhk fl·;ttun"!\ nMv r<."CJUir~.. .. 
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Cl hospHulization for t reatment and monitoring. Pred ictor::: 
nf poor prognosis inclutlt· temperatLlft> higher than 38 "(: 

CO!It (l00.·1 "I') . oubatuk mlsct. a large pt rit·a rdial effusion 
(>20 mm d i:lstoliced)(> rree space) o r t~tmpon::~cte ar prest>nta 
tiun . u r.ll antk'Oagulat ion ther.=epy. or lack o f response {no 
i n1l'H1)\<,:Jl'h.:nt in symplorll;, and /or in llammalo ry markers) 
;,~fkr 1 week of tre<lm wnt. 

First line lreatmcnt fbr ant!<! idiopath ic rlericardilis 
consis ts of .tspi rin (750 1000 mgJ ' " NSAI!Js (ibuprofen 
600 mg) every 8 hours for I to 2 \'Vt><"ks. <:otc-h i('ine (O.S mg 
once or Lvdcc.: d ai ly for 3 munlh s) is ret't>mmended as 
adjuncllve 1hera1)Y co shonen the Oumtiun of symptom~ 

and reduce the t•hanc.:es of treaimt>nt t1t ilure or rec.-urrenc<.~ . 

Patients w ho lnilially r<:spond to t herapy h u t develop 
r('currcm peri<.·ardlt is :::tftCI' tr<·atmcnt L'Omplet ion may ben 
cfil rmm :1 longer COUfSlt of Sf:llld:trd therapy Wlth SlOW 

t~lJ)tring. CRP nMY IJe useful ~•s a marker or t reaunenl 
response. w ilh t;.lpering Initiated anl·J fiH: CRP lcvc:l nor 
maliz~s. l~xpert <.'(.msensus opinion recommends th~t ath 
lett~ L'IOI rc.: turn to <.'umpetitivc cxert·ise for 3 monlhs (rom 
inilial onset :.111d thai nonath letes restr ict stn:nuous <l<.'tivily 
u n til symptoms resolve. 

Some paUcnts with a<:ut<.· p<.>ril-antitis may develop inces 
sant or <:hrunit p<.·rlcardllls. lnC<:ssant pericarditis has b<:co 

(.kful(;'() as pcrkardilis lolsling for longer lha n ·I to 6 \\'t.~l<s bul 
1<:S'i th::an :~ nt<mths without n·m~ion, \'l.'lu:reas chronic pcJic.lr 
cUtis is deli n~.:-'Cl a~ lasting tongc·r than 3 mmuh:-i. Gluc.:oeortil'Oid 
thcnpy i:=i Tt"served fOr patiems with recurrent. incessanL or 
d u onic pcrk·ardit is clespile standard thern11Y (tncludtnA 
paticms v,rf! h uremic pcrk·:.mJil is not n.-sponsivt~ to intensive 
dialysis): pa tients w ith contraintUcalions to NSAID thcr• py: 
:J nd palicn.ts with au£oinunuuc: m~Ulatcd pcri<:ardilis. 
Pr<:d nisonc should be in itialc:d al <1 dosr~geof0.2S mg/kg to O.S 
mgi~g and continue lor 3 rnonths. T:~pning should not be 
initil1ted until after the fi rst 2 1o4 weeksoflherapyor until th .. • 
CRP IL·vt.·l nom1alizt-s. 

limiLcLI data suggcst that. the intcrleuk in I receptor 
Jntngonisl ~umkinr.l may lx' aJ'I t·flct.·tiw lhrrapy {br idiopathic 
re(.'llrrem pericarditis th:.ll is refractory toMandard trca~mcnt: 

however, its role in m:ma,gcmenl is not established. Cl 

KEY POINTS 

• Ac:ul<: pc:ricarditis iS diUAnOStd by lht prcstnCl..' Of aL 

least two of four criteria: chest pain typiC<lltor peric:tr­
diti.s. a pericardia) friction r ub. new electrO<.-ardio 
grHphic ch~mg<~. or a nc\v pericardia I cdfusi<)n. 

• First line treatment for acute idiopathic pericard itis is 
high-dose ~lSpirin o r NSAI Ds and adjuvant colchicine 
thempy. 

• Glucoc-ortkoid therapy is reserved £br patients with 
int'essanl, ('("t·urn:nl. or dlronic peri<.:ardilis despite 
standard ther:=~py; patit>nts ·wit:h contr3indic~rions to 
t\SArO therapy: and patients with autoimmune medi 
~llcd pcritartlilis. 
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Pericardia! Effusio n a nd Card iac CJ 
Tamponade 
Pericardia! Effusion 
Pe1i cardial etfu:::ion f" ch::.rncter17.ed by an inen.•;,~ st""ti amount of' 
fluid in tJu? pt>ricardial (':Wily. Many p:tl icnts with p<:rkd11.lit.l 
dfusion .lr(' .tSylllJ)l(lntdl k, and the effusion isd iscovt-red incl 
dcnlally with chesr r:ldh">graph.}~ cr. or echocardiography In 
asymptomatic patients, mnsl effusion~ are idiopathic; hoW· 
ever. m:.dign~1ncy. int~·di<.m-;. <.\Utoimmunt· d isetlse. hypothy ­

roidism. and ialrogt>nic <':1us~ (m~i<.'atlons. artlkoogu tation 
th<'r.IJ)y) should be corL<idcn.>cl (sec Table :10). In counlric., 
v:h"·re tuberc.:tthKi::> is <:mlcrnit·. mon· than 60'J, of effusion._ ar<· 
(';JUsed hy tuberC'nl-o~is. 

lf <..":lnl't:r ur bal'tcrial in fCC"tion is strongly ~ll',.)X""l l<.'d, pt·ri 
c:udi<X't.'lllel:ib !'ohl1Uid ht: <..'(.>n:)idc:n:d lbr d iagnoslk purposes. 
In pal it:nls ,,rith n p(;"rit~trdi~ l effusion of unknown cause :md 
clt'\':HLXL in Jl<mm Jalory 1narkcrs, en11>iric; tre:tUllt'nt of f)l•ri c·~r 

d iHs may be rt.:asonablc:. l>rainaw: ~houJd lx: <..'Onsidered iflnrg_e 
idiopathic e11'usions are- pn-sent for more than 3 months 
bC'<.~llL.~ o ne in thn:c patients progress lO cardJac tamponadt-. 

Cardiac Tamponade 
Clinical Presentation aJtd !:.valuation 
C:u d i:lc t:tmpon:tde (l("t·luS \ ',1heu flu id 3ct·umuhttion within 
the: p<.'ricard ia1 SrJ<l l'C (.'Ompn·s:ses th(' heart anc.J impt·ck.os 
dia.,tulk filling. Wht·n Jlu id <lt.-cumuhti(.!S r-.tpidly (~uch ;)). 
w ith t r;,~uma. aortic dis:st.~·t ion. ur tnv;.lsivc cardiac proce 
d ures}. tampo mldt• m.,..~. occur a t rd~l1 ivdy low' rx·rkardial 
volufllL~. Suhacuk or duonk pllX't•sses, SU('h as ueoplastk' 
d isease Ol' hypoth)roidism. may be associated with much 
l:ug,er t"ffusions (s<.:Vt'r"JI hundn:d mitlifikrs in volume). 

(;Jinic:al sign s ()f tanl pun;tde inc·Judf:' t~te·hyc.lrdia. h}tptJ 

te nsion. rnulTI<.'tl hc:art ~mnds. and elevation of the jugular 
venous pulse. They dts<·ent of tht• ju}1ul ~)r '~'ltous pulse.· ma\ 
lx: al)S<.'nt lx:<.·aust· p a !<>Si\'t' fi lling or the VPnf ticll'S is iJnpedcXf 
by the illll"<lPl'ritardial pressure. This finding may be dif!kuh 
l<> appn:x·hlk, espt.·d,\Liy in ,, palknt wilh UK·hy<.'<Hxiht Pulsus 
p:~ra( lm.'1ts r<·prt>st>nt~ ex3gger:Jted ventricular int<'rtkpc:nd 
t•nt·c: and is <.1 kt.'Y cUnit'aJ fbtturc of t-:m.tiac tamponad~.·. ll is 
d\aratlt'ri.i--<,.'d by ;1 ~~\11 ill '-)'!)(c tJi<.' pl'l'$.,ll l"<.' t>f J,Vt::l{L'f than 
10 mm f lg d uring inspir.l• ion. Pulsus p:lr:ldoxus io; not $pecUk 
liJr lampott.lde- :uld must he: intl'rprt·k'd in conjunction with 
other clinical and edt<x:Jrdlugraphk teatur('!>. 

The EC<i: may d<~monsll':ltc .. <"'lc>crrica1 altern:1ns (related to 

a swinging motion of the hcJ1i w ithin the peric:udial tluid} or 
low \Oll:lJ,..':I:t: in paucnts vdth lantpOiladt. lfthe ac:cunmla1ion of 
nuid h:ts (K'<.'UITP<I shm:l_y. the"' C':lrC1i:lC o;:llhouette Js: typkall~ 

c:niM-gt.'tl on c:he;,:t radiogr.Iph)': 
EdlO(':\rdi05:.r..•ph~ i., 311 •.:s:sc.•nliali<.M)l itJ th(' d iagrn.r.;is o1 

c:Jrdiac: tamponade hec:~uw it dt'ilntos lht• pt't"!>t•nce. distribu 
tiun. ;lnd rdalivt· volunll' ofpl'ricardial fluid (Figure 32). E:1rl~ 
<.liJSt(IU<.: coll.:lP"K' •lftht· riy,Jtt \1.'rtlridc) latt• di<lsloli<: coii;Jpse of 
the 1igh1 :1trium, :1nd :11momKlllnterventl'icular M'J)taJ tnotion 

;}f{' featu res associ:1tcd wil h ('3tUiac tamponad(". t\dditiun~tiJy. 



Pericardia! Disease 

FIGURE 3 2 . J\f) l(;dl fOt.tHJI<url\>et edlo<.cudu>!J"*m demun:.lf,•lsng <s l<nge t.•numh~!Cilhdl peuc.ud•~l elfu$s(m {fd1 p.md). Oidl>tl>h' 119hl dluitl wllapl>e(iiuow)c<msistenl 
pet•c.a tdial ltunpon<~de (tight paacO. LA = Jeh auium; LV= left vcotnde: RA =tight <st1ium: RV =- t•ght vtnt(ide. 

~pier ev~tualion may rlemonstr.uc a dt·cre.-Jse in mitral 
"\cJw \<e)ocity of more than 25% with in~pimtion. whit:h is lhl' 

.oc-.ll'diographi(' equi\'alent or pubus pnr.ltloxus (Figure33). 
Cardiac cal heleti'llllinn is rarely n <."'<.'t'SS.:1ry for di~gnosis. 

~ hemodyna mit· hallma rks o f tamponade inclmll' blu nting 
k>ss of rht.• w <.k~<.·t·nl v,m hin t h<.· ri~hl ~·triaJ pn:~urt· \•V'a\~<.· 

., and elew ted and <'quali7.ed diastolic pre~;sures. The l;uter 
h •Js lhl' lr-.msmittt:d d1Cl't of t he int ra pc.·ricardial pn:ssun:. 
oi!!oi\e arl<·rial Pr<.'SMH'(' recordings also show pulsus para 

'IUS. 

• •a.nagemcnt 
nliac ramr>onac.lc is Jift.· thn.·at~ning. ~1ml o nce ~l diagnosis is 
..bllih <"<1. iluid l't'lliiJWI is f{'(! Ui r~cl. Pr.> ln~f.,'e Is most com 

n ly ac.."eem plisht.>d with pericardioc:entcs is . with tluoms 
lp). o r ~chocan.liographk' guidance. Surgical lhL·rapy via ;' 

xiphoid appro~rh is ind icated to drain fluid when rwrio>r 
IIC.'Cntesjs c;:annol be pcrfhrml"<i sa rely. lo obtain pericardiaJ 

1:'<1:17 ~ 
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F tG U R E 33. Puls.ed·wa•'e D.opple-r evalualioo of mitral inflo'N vclocity.A 
nge u'l the flew.• bchrecn cxpiflttion ~nd iMpilalion of greater than 25% is 

-mot, cons•.slenlll.•itb enhanced 1/Cntticular interdcpcndcnct". 

I issue for cli:lgnosl ic purposes. o r m prevenl recurrPnt pericolr 
d ial dfusion by cn:atin.~ a pe ricardia I window (ofkn used in 
tases of maligm1n1 peri(';)tdial dfusion). In hcmodynamkall)' 
unstahle IXtticnt.o.;:. intravenous norma) s:.1Hne is used to stabi 
li:r.c.: the palil'nt as a lcmporiz.ing measure o r as a bridge to 
Udiniliw tlu.·r.tpy: 

Afrer d r:1in :1ge of poeric;l rdial nuid, hemodyrwmic and 
d ini<.'aJ cva}U;JCiOil may Ot:t•asionaJiy d isclo::;e findings or 
un<k rlyiJlg p<.:dt.·~.u"<.Ual <.'(>nStrkliun. l<.'ffill'd d iusi\·c c<mslti c 
live fH.:ri <'~lrdi l iS. lf C'1inkal evaiU;Jlion ;:md im~ging t<."l'hniqUCS 
(such as CMR im<lging) !'."ll,Ll'~"Jt-'SI an at·live lnOamm:liOI) ' pm 
Ct.'S.'). a ('OUrs<.' Of OK'tfit:al Chcrapy similar to thai for acule 
pericarditis mny be l'OJl'iid rrcd, .H1d 1 be patknl should be: 
rP evalllatt.><J he tf>r(' c:;urgery is c-onwmpl;lted. [:1 

KEY POINTS 

• Clinical signs of cardiac t:.unpon:lde includ<' t::tehyea rdia . 
hypotension. 1nuffied hetJrt sounds. elevation of I he 
jup_.uhlr venous pulse. and pulsus pamdoxus. 

• Patients with cardiac tamponade require dralnage of 
~x:ricardial ~luid with vt rk'ardhX:<.'ntcsis; surgical dra in ­
~e Is lndic3ted when perlcardiocentesis cannot be per 
fbrmed safely: pericardia) Lissu<.' is n("'eded l'b r d htgnostic 
purpo~('S. or a V("ri<.'~U'dial windo\v is required to pr<.· 
vent recu n e nt p(>ricard ial effusion. 

Co nstrictive Pericarditis 
Clinical Pres entation and Evaluation 
Constrlctive pericarditis is cho.Jr..tc·telized by peric-..t l11ial thicken 
ing. fihms:~s. an d sometimes calcilkaHon that impair diastolic 
fillin~ and limil lotal <-al'dJ;)<.· \nlume. Within dt."\·doix'tl t()un 
tries. most c-as("S tJre vira l or icHop:lthic in o1igin. Other causes 
ind ude<.'<trd iac SUJ}..'t'J1'. chest irradiation. au(oimrnunc t.lisc.:•ast•. 
and rulx·rculosb or other b:wtcrial Infection. Tuberculosis 
rt.~nmin.~ ;l m.ajor cause: of(;()nstri<-'1 ive pericarditis ' '"·ithin de-.'\~1 
opinR counlrie:-.. 
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Pericatdial Disease 

CJ P...ttit..'nts wilh <:ort'ilri<.:livc pcri<:ardilis u1ost commouh• 

presen1 \'1/ith lnd{)lrnt progression of righr-sidt>d heort f~li l\ll'e 
<Oill. svn1ptoms, inducting peripheml edem:1, abdominal S\".telling. 

anJ f:.Jt.igu<:. Dvspnca anc.l raligue limit exertion and are C'dUM.-d 

hy inc~<?<lsed diastolic pressurt'S and limited ability to augment 
l~.lrdiac outpur duel(') the fixed stmk<' vofumC'. 

On physil<ll examination. lhc jUh'l.tlar vdn~c1rc di.-..tcndcd, 

wilh prominent x ~mct u c1escents. The height of rhe "".:tvcform 
does not fi!U or may increase during inspirat ion (Kussman! 
~i~n}. R:0l."(.'li.Jig lh\.' f1.xe<.f didSlolit: \ 'OlUIJI<.' of I he: right hca11. 

Early diaslolfc filling is unlmpairf'd o r t"\'en <l<'('('lltu.ued ~111d is 
fbllm'lted hv sudden cessat ion when tot;.~ I acceplabk· volumt.• is 
rm:C rt."\uhing in a high fn:'QUt'n<.:v earlv dia:-;toli<' sound (tht· 

peri<':lrdi.U knockl. C:h:n':1ct~ristics that may be used to tlifl<:r 

enti::de a pericardia! knock fmm other cti:t<;rolic sounds ~re 
lbtc.."tl in TabLe 31. Pulc;uos pa.ruc..lm.u-. i'i h.:"s frcqtlt.'nl in t·onsftic 

tiw perl"'lrditls than In c:\r<liac tamponade. Periphcr~ledcma. 

asl'ilt.'S. hepatomegaly. and pleural effusion'\ are ('mnmon. 
\hl'>clc..· W<L'ling rn~ty he: tvklc:nt in ad\'allt'i.-'<.1 t-aS<.·s. 

Constrictive peticarditls i< diagnosed with 1Jn:1ging >tttd 

ie-; and hemodynamic ev:lluation. Chest racli~rophy or cr 
lrtJ\' dt..'mun.-:.;tr-.tll' p .. trti.tl c•r cin:umrcn:ntia1 JK'rkardial cakifi 

(':>tion. and cr or C:M~ im<1glng may clemonstrJte peuc-ardial 
thickenin~ t>3 mm). lmportantl\·. c:onst1iction may cxi~t il\ lh(' 
a~ntt.' of lht-sc findings. In ont.· cas<" scrk"i. 18'-t of t<t.~s of 
lwm()cJyn:unic:lUy prnvf'n Nmstricllve pericarditis r~e<._.urrcd 

TABLE 31. Character!.stics of th~ Common Dlastollc 
HtotH1 Sounds 

Diastolic 
Heart Sound 

Opening snap 

PcriC<Jrdlal 
kl'loc::k 

Tumor plop 

s, 
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Condition 

Mitri'l 
stenosis. 

Consuictivc 
pP.ric:ard rtis 

Arriaf 
myxorna 

Heart f3ilurc 

Characte-ristics 

High frequency 

Heard best at the IQft lowar 
sternal border <:~nd the apex 

Associated with a loud 5 1, a 
loud P, with associated 
pulmonary hypcrtcMion, 
and a lo•.v·pitched diastolic 
rumble <:>t the ;.1pex. 

High frequency 

Heard throughout the 
precordium 

Earlier than <J I'I SJ 

AssoCiated with deep x and 
ydestenls ir'1 tJre jug ular 
vcnou~ pulse waveform 

Low frequency 

He-ard best ot lhc opex 

May be positional 

Low frequency 

Heard be~t <:tl the ~~x ar~d 
the left lateral decubitus 
position 

Q;splaced poh)t of maximal 
impul!-;e 

\\ ilh norrnal pc:ricardiitl rhid.nt-ss. CMH im;JgJng m:ty ~lso 
cl<"monst~te an i nspiratory Sc:p(<ll shift. a slgn of ventrkular 

interdependence. 

Transthoracic <.:d'to<:anlit)gmphy in <:'onstrid i\>X· pertc.·an:Utis 
reveals nonna1 right and ldt \'t'ntricuJar size and systulic func 
1 ion d<:$pitt.; promi111:nt \)·mplotm. and examination tine lin~ 
SUggt.~iVt" ol h~lt1 l:tilllrt>. Tht! t'('hoc·:udfogr.lphic tinding or 

dilatation of the ird<:rior V(.'na <..-a\a rdleclselevared ri~dtl sicl4.~ 

filling (righl atrial) pr~un·. Myo('~HdiJ.I n:laxation is impain.·d 
in rm't>cJrdi•tl <.lisc·.JS<.' • .\1l<'h :t~ resttic-th."t;> cardiomyopaclty. but b 
unimpai«"<.l or t"\ t•n <.·nhann:d in <.·unstriclion. in whit.:·h t.':.trly 

diastoJi<· tilting h rapid ~~nd lUl.iut~)l'tlt·d. l )()ppkr t·chCK':trdio);{ 
raphy :md I i:s~-ut• Dopplt>r vt>IO('ity :rre ft."'(}Uh\'<.1 {0 d.itl<.·rt:nli:Jtc 
l'OtlStri<.·tiv{' J)<.'rkardilis from n.>strk·Uve cardiomyop;.Hhy. 

Wht. ... n con>;~.rktiV<.' p~..·rk:attlitis i.."t ~usJ)C.'t'tt'tl but not con 
finnt'<.l by ccho(·:.m..l iograph~: cardi:u· c-atheteri7..;.HiOll tan be 
pt ... rlt)rn'tt-d.ln\'•l.Sht· ht·I'IKX..Iynamic findings of t'OilStTi<.:tive peri 

cardilis indudl' '' prulll.i ll<:Jll u 1..k'sr~:nt in lhc right atrial Wd\t: 

fhm1. whkh t'OITL'")fxmds with Hw dip of~~ r ight ventri<'t.1Jar 
dip and plmt~•u "'~"\'fonn (-squan.· root sign .. ). ·nwsi~nific:ml y 
descent ond rhe riv,hl \<.'Otri<:u1ar <.lip both n:prc~:nl unimpt.xkd 
or rapid <.':trl) diastolie \-enllicuhlr 1illing. A<; ll\.fiO\\' volume 
rc.;l<.:hes lhc fixl'tl p!rit·ardi;tl t'<m~1r:~int .. pressur(' ric;<.'S rapicll~ 

until maximum \'OiunK· J.S<.l<.:hicv\.'tl: pn.·ssun." then t'tmain~<·on 
~ant. t-ausing the plat<o;m ph:l.<;c;> of rhe- squ~1n: rout ::;ign. Amon· 
s.pedHc iinc.lit1g is vcntrkular int<.·nlependence during simult:J 
nrous r~l11 and It'll \'t.'ntrkular~)''itolic prt'::iSun: measun.'TlU'TII. 
During in.•;pimtion. right \ol'nlrkular innm._.· i~ enhant-cd. and 

right vrntricular systolic P"-'""iW't' ri~: hm\t."vcr. 1 h<'SC' dl~'ng...~ 
<X.·<.·ur with ..1 <.'tnK'tnnilanl dt"LT«.'asl' in len \'t'111 rit1tlar Hlling and 
l't"(1ncrton in lefr \.""tmrk-ul::lr :;troke \Y>h.lttlt' anti S)'SlOlic pres..'\ure 
(Figure 34). ·n1e converse is seen during expir..Hion. 

lrtc.:n:a.\t.'d tK'ri<.'<lrtli.JI lhkkt·ning and impairt-'CI <listt-nsi 
bilhy m:ty Of'('Uf wit hom fibrosis Ol' c:.lldtic:uion 111 Lh<.· sclting 
of at·utc orsub-.tcute infi:unmation. In these pat iPnts. ronstrk 
tinn may ht ff";.Hhknt .tl1d n.."M>IH' s.pontancouslv. Pal icnts '' ith 
lmnsit'nt consrricti\•e pt•ricardi(is present most <.'om1nutt~ 

with .-..;rmptom~ of right "\lch"(l he-itn fatlur<', although fc,·t·r and 

cht.-st pain nLtV imlit-:IIC' lht• aclivt.• inflammatory <·onctirion. 
Mo::.t ('a~~s art~ idiopathic, otlwr t:.lu')es indud(' l'l'tx:nl e.m.liac­

sui'Rl"l)~ :\('Ute rlt.'ril':trditiS, :JlUOiOllnllllf..• djS(''JM', (.II tfll..'ill() 

lh<.'.r.tJ)y. S)'\k'rnic moJrkc..·l"\of inn.unmali()n (crv1hmtyte ~·di 

mt>nt:uion r:tte and CRP) m:ly he e>l(>'\l":\1t"d ln patient:, with 

trJnsient consttidion but are _generally normal in (XIliems 
with nx<.·d (.'(HlSlriction. EchO<..".trdiogr.aphic ft~diUn"S arc similar 

to those oftixed ronsu·kuon; however. pcrkm-dial effusion i.e;; 

more liJ<<-Iy to be prr~ent in patlcms witl\ U'3lhK'Illl1.>nstricli\e 
pctiemlilis. 

Management 
Trl'atnwnt oftr,m~k~ru <."<H\:,trictive peri('ardilis is tht· same 
:IS tOr a<·ute p<•rit'ardilis. Trt'::tlnwnl with :mti infl~lmm::t 

tory agents for 1 to 3 months is rea.tmnable in hemody 
namically stable palic.~n£s hc..·fon: n:commcnding ')Lirgk'"al 
perle<~ rdiecromy. Response to therapy is monitonod dinic:lll~. 
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fIGURE 3 4. Com~uson of htmodynarn.<) of c.onstntt•ve pericarditiS VC'I$11' 
~tr•cuve urd•omyop.\thy In <Onstrictivc {>ef!Cafdlh) (lop panel). there is 

IC)Oiflcant enhouH.flnler•t oi venlficuiJr interdepcndcn<t~ leading to discordilnCe of 
t left ventricular .1nd ri~ht ventrkular pressures during resp•r.atJon. Arrows 
r.d.att on~t of insplf<~lioo and <;:ubseque-nt re-spc<IIYt ch.mges i~tleft ventncular 
"'d ngto ... vi<wr sysaol• p<OS1Uro< 1n the lOp p.~rd. no~••h• ~( dop •nd 

.... ("""""MJI. Of·-.... "'JII.' -ll· ol"""""""' pen<ofd•IS 
•fStnai~;~e cafjiomyopathy {bottom pa:tel), there is tvtdence of ear1y rapd 
tricubrfilling, but the ventr•cul11r pressures con<Otdantly fis~ iWd fdll d1mng 

I'Sp1r11110n tV-= left vantud~: RV right ventricle. 

rw ... ~rdiogr;,lphi<.:alh. o~nd. if inifi,tl lnn.unmaton' m.trM·r-. 
,... rlt-\'aled '''"'klf:lt.lll). 

P.ttK.'nb \\ Hh <.hnmic peri(";.lnhal cnnstrit1ion \hnu1d Ill~ 
<"rrt-<.1 for sun.tk.ll pcric:lTdinl o.;tripping (5:>t-fk<ln..lh..·c.·tutn\ 
rfonl'ICd via nH.·dl;ln 'ttt·rnuwmy).ln :Hh',''H'\('\"'d <.:.:tM-"'· ou.k 

u;Jh.· rt>sec:lion nf IIW IX~ricanlium nmv ht.• diffku11, h:~ul i nJ~ 

im:omplete n•,.nhuion of ... ymptom' f>iul"(:'ti<· tlwr.l(>\ w 
'\l' ~.-ympfum' uf <·ongesrkm rna\ hl· uS<.·ful in fl3dt."T11'\ 

ho are nol deemt."ll -..."U~iC".tl candid:uc." ur in "hum ''rip 
-g \\tlS incompktt·. Cl 

I£Y POINTS 

• Coo.striclivc ~x:ricarditis i.~ ch:~racterf7.e<l by perkanliul 
thickening. nbrosiS. and sometinwl cnkificntion lh.ll 
impair diastolk filling and limit toul C'~rdiac volum<". 

• Transthoracic ..c-hoc:>rdiog)'apby IS the inilial diagnO$liC 
lest for evaluating constric tive pcricanlilis; hO\·Vevcr. 
:tddi tional i mau,iJ'R 11my be r('quil't.'tt I<• differentiate con 
<trict ivc pcriL~mlllls l'mm restrfctlvc carcUomyopalh}: 

• 1':\rieniS with dmmic pericardia! COibtrktion should be 
n-ferred for>U'lll<-•1 pericardia! Slrl)lf'lng (pericntdlec 
tomy perfonn<"d v1a median s ternotomy). 

Adult Congenital Hoart Disease 

Adult Congenital Heart 
Disease 
Introduction 
Mt:dkal :mel surgic.:al ac.lv.aJ1C."CS have resulted in nHu-e <"tdults 
livi ng wilh congenital hc:Jrl d isc.."'JSC than C'hild~t:n with these 
conditions in North i\mt•ric:a. AU patients with n.~pain.:d c.:on­
gcnilal .. ~rdla~ defects n.'\jlllre regular follow-up. In addition 
to a pnnury care provHJcr. p .• uicms should h~l\<.' an adult 
congen.ito.•l hc:;.trt dist-asc H·a m. Uegular <:are with $JX'Cialisls in 
adult nmi;t>l'lltal heart tlise<.J~'\e I~ critic-al tOr tYJI ic.·nls horn with 
complc.:x and cynnotit.· (.:un).ttnital c:1rdiac dJS<:JSC. sympro 
mat ir paticut~. and patit>nts who d(.•::;irc pregn:Hl(')'. TI1<: fre­

quent") of follow-up dt'jlt'nds on I he ttn<krl) inK di<Ord~r >nd 
paoenl') :.latus. 

Patent Foramen Ovale 
The ror~mu.•rt ovalc is a l'X)''lSt" in the !)11perior portion of the 
fossa'"""' 1h.11 allows OX)~cruled pbccnwl bltMKilo 1r.msfer 

to the fel~l circulation. It nnnrully closes wothin 1he first 

"~""'-of life: ho''"'''"r. In :lS'» to 30':1. of the po;>ulation. it 
r<>main< ('.11C11l (Figure 35). A patent Iommen ov,.le (PFO) '" 

U!itmiJy thunci in.ddl'ntally on L'Chocarctlognlphy or d u rin_g 

evaluation ror 3 ccrehTOV:l"iC'l ll3r l'V\:'flL 
A PH) i~ lypk-ally di:Jftnn<ec.l by tronS<..,.>ph.1g,.'>l ech<>­

c:udiogr:>.l>hy (TIOEI. k., mmmunlr hy tr:msthor.l<iC echoc2r 
diogrophv ( 1'1 ~-1. Right to-len shunting of blood .><·russ 1h~ 
I'FO is clcmonstrated by t'Oioo llow Ouppic'r im"glng or by 
using. inrravcnously i nj('('h"'(l :tgll:1ted snlin(1 :mel idcntifylllg 
~ulJscquc,,t rr:mster or the: agHated saline Uuough I he Pro 
from th<.: ri,ght 3trium to tht..•lt.:ft .&trium. No lrt-arrnent or fol 
low up is rl<'«k"C.l in asymplom:uic parienl~ with :m inciden 
tally dl1l'\:k'tl 1'1'0. 

r\tl1l.l):(·mc.·nl of p:.llil'nl\ with ;J PFO .Ulc.l t,:f:'r"fllOj.!t>nit.· C] 
sl rok<• hoi~ ht't'fl t·uut n 1\ c.·r..,h1l. 1\ n l ipl:uelc.•t lhl'nlP\ IMs I radi 
lionall\ l"l(.'t'l111s.t-tJ ~to.; tlr"l tim: llu·rapy: howc.'\c·r. lhn.:·c.· ranc.J 
ofi\Vt.'\1 UIJI\ IU\'C shuwn P"-'tl\11.11 l'UU.._ PI·O c.:lo..,un.· robe of 

bcndiltn I he. prt"'\c.·ntKJn c.t';.) '-t't.1)nd stmk •n -..c,:k>t.l patimh. 
In rwu uf ll"t· rhrt¥ rri.l~ ltJ-'() dc:r.,.tm.> ,,,,., t.nfllhio...-d \\ilh 

FIG U A ( 3 5 . PatcmfoAmtn O¥.al~ Th-.• .ttl ow~ demon~llatt I !'It mfd\al\.sm of 
r.gto-lc>ifft <hunong lllrougb tho p.~ltnllor.--~. lA - ifft "'""'"' lY = lei! 
...,.ndo; RA- nghlalrium; RY • nght •tnlnde. 

Strru-*""" .. l(j!llal "'!PPIEII «~Uit'I$J u! ill ~\',Jif,••lll 0 f dM\I(!L l>epJI\II'Iet'l4 ul WI.., •lmJ IIAMI•: n11 * 
Plll!uloq)', M,.,.., Olrm, t.orhr.w, UN 
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Cl anliplatdtl thcr.1py. R&ullsofthe"e lhr<->t"' I rials d<~monsrrated 
~ .::nt;:lll bnt statistkalJ\ signifi<.-ant absoltttt" risk reduction 

com. (approxim<ltel} I' . per year) will! dosurc of t he PFO and a low 
r:ltt' of pnK"E'duml complications (m:Jinly rranstcnt ~tri:ll 

fibrillation}. TI1t'rrtbrc. PFO <.·Josurc in additi<)ll to antiplatelet 
1h er:lpy tan he (.'Qr\-;ilkrcd in \l_.-'1<:<.:1 p.lti<.:nl ... an<.:r a chorough 
t:\'aluation for alternative C':luscs ofs1rolw. I imiled dal:.\ sup 
pon PFO do:,ure in an dtbrt tu d<.·cn:as~ tht· frequency of 
migr.tine. AS)ntpton-.~l ic IXl.l iCI)I:, r<.:quir~ no tn..~1trncnt or 
follow up. Cl 

Platypnea-orthodeoxb syndrome is a rare acqu ired d isor 
der characterized by cyanosis ami dy•pnea in the upright posi­
tjon as a result of light to left shun ring across a PFO or, less 
common!}~ throll)lh an a trial septal defect A t ransie nt increa.'" 
in righr atrial pressure o r ch•-mgc in righl atrkd anaLomy n.:sult­
iog from myc>C"~rdirll infarct ion. pulmon:-tl)' em holism, tricos­
p'id regurgitatlon. or acute r igh t sided ht'art fb ilu re may 
precipitate thiS syndrom~. Device dosun: of lhc rr-o Tmly 
improve symptoms and m.:ygcn salnr.-Hion. 

Cl Atri-.tl wpta.J anL·uryMn is t·har.tcterii.'.t'tl by mohile. redun 
d:lnt atrial sept;1l t issue tll3t b nJkn <.tSSo<.·i~tlcd vl!ith a PFO. 
r\tti.al SC!Pl.al a ncurvsm with :l I'FO r<:'fiOrtf"dly i n('te.tse~ the.~ 

rtsk tOr stroke· <.'Ompan.:d with a PFO alone. ~<'s-uits of a ~nd 
omi7.cd, open l~lht.·l trial demonstr'..ttcU that patit:nt...'> pn.·s<.·nt 
ing with <->rYptogcnk stroke in lhf" ~t~ring <>f :ln :ltrial st·pt~• l 

aneurysm \Vith PFO had J Jowt:r mte of slroke recurrence 
when t l\~<ltt..-"(1 \'lrit h PFO <:los-un.: <.'(Unbin<.-d vdth antiphHd<.'t 
thcmpy than with :lnliplat<.'h:l llwmpy :llonf'. R~rely, !)LI~i<';lf 

t..xdsion an<L dt~r<.·tt closure is t'<Jnsidered ha..:;ed <m a natomic 
k\ltun:s. CJ 

KEY POINTS 

HVC • No tre~llment or fOllow up Is neecle<l in asymptottloltk 
p.·llienls with patent foramen ovale. 

• Pe-rcutaneous closure of a j>alenl fbramen m·-alc can he 
considered in selecr patients with C'ryplogcnk ::;t rokc 
after a tltorough evaluation for alternative u1US<.'S of 
slmke. 

Atrial Septal Defect 
Pathophysiology and Genetics 
An a11i:-ll sept::. I dPfec t (ASD) i~ a fl:lwor hole in the :nl'i;:~ l sep­
tum resulting in a le n lo righl shunt w ith eventual right sided 
~:artli :'l<: chan'lber <.l iJa ta lion i IJ most p<lti('nl.S. 

ASI >s are ge nerally c lassified by their location (rJgure 36). 
O~ium secu ndum defects. rhe most comtnon rype of ASDs 
(7:S *~• o f <.-aS<.:s). tJrc lo<.:alt'd in 1 he mid J>()rl ion of th<.: atrial st·•p 
rum ::md are usually isot::~red ~nomalies. Located in the lo"''C'St 
~X)rtion of the at rial sepmm. ostium primum defects ( IS'f, 2Q'X, 
of ASDs} ~m: a componc:nl of cntlot'ardial cushion c.kf<.'<'tS. 
As.~x:-i:lferl :~hnorm:~lirles include 1nltr~ l \":.llve. ventricularser~­
tum, and suhaonic anomalies. Sinus venosus defe<::ts (5'~\ lO(X, 
o f ASI)s} a rc located ncar 1 he ~uperior vena ctJV'd or, r.1rc l)~ 1 h<: 
in ferior vena C:.l.\lt'l; an omalous pulmonary venous connt'<.'tion 
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FIG UR E 36. Positions of vauous. .lllsAI ~epldl <fele(lSvie~A<ed flom the right sid~ 
of the heart. (1 )Ostium secundum, (2) oslJum pnmufn; (3) ~wus ... enos us; (4) 
c.oronarysinus Pl-pulmonary IJunk: RV = right vcnuid~. 

11('$\J•n !rom onq!NI wpploe:d «ulfl!)S)' cl 01. Ylil•• D. td.vd!:h, tlq:.;1um~ o1 t.)~»t.:II"'Y r<~ed(IM on II 
PA!hl~!ft ~,u (11nK. i)(hH!(1, •m. 

( typic;:~ l ly involving thc right upper pulmona ry vein) is pn:~K·n.t 

in more than ()0't of patients wilh Lhi::; ddecl. A comn:ny 
sir1u:> ASf> (<1~. <•f <."3St.'S) is ¢1 communic:~tfon betv~,o't~n the lt>ft 
;.ltriu m and the coromuy s inus. Tht-se defects ;;~ re rommonly 
associated with a persistent left ::;kkd supt.•rior vcn:-1 <.:~va or 
t•ornplcx <.'<mgL'1lital heart lesions. 

ASO::; art.· mn:ly associated with genetic synd rom<.'s. The 
Holt Oram syndrome involv<.':-; bila1<.:1;:1l upper f'XtremJty 
:-lhnorm alities and ('()ngenital he;,\11 defC('ls. common1y an 
ASD. Familial ostium secundum ASI>s may l)t;" autosomal 
donl.inant or linked to t'hmrnosomt· 5. Congenit:ll he1rt deft>cts 
arc il·dat ivcly c:ommon in patients with Down sy ndrome: the 
most Cn.'(lut·nt abnom1~1lit i<.-"S reported are atr ioventrfcuhtt scp 
cal d efects. includi ng ostium prirnum ASD. 

Clinical Presentation 
A.SI>s m.(l}' be SU.::>!X'<.'lnl .iu patients wilh mK·xplaint'd righl 

heart e nlargement or ~lt ria l <lrrhythmias. Atri:~l fihrllf~t iOrl is a 
com rnon finding in adults w ith ~ln ASD. Tht attial fibrillation 
risk decreases bur does not normalize nftcr ASD do~w:c. AS[) 
si'!J..' and associakd dcrL-ets in nutnle the age o f prfflentation; 
sym ptoms include 1~l.tiguc. c·xcrtional dyspnea. a JThythmias. 
and paradoxiuli embolism. Rarely, patient• w ith pulmonal') 
hy~>ertcnsion (PI t) arc found 10 have isol:lred AS f)<>. 

Clinital fin dings in patients wilh ~m ASI) include a par 
astc.-nal i01pu!se. fixed sptittil~ of the S2• and ,, pulmonal) 
out n ow murmur./\ d iastolk now rumbk a('mss th~ rrlcuspid 
' ulvoe c~n occur w ith a large left-to-righr shunt. 

Dia.gnostic Evaluation 
The f.'l("<'lmcarcfiographi<' and r;_ldiogruphlc findings in p;.ltk'nts 
\\'ith a n J\SD are p resented in Table 32. 
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TABLE 32. Imaging Findings and Late Complications in Adult Congenital Heart Disease 

lesion 

Patent fort.tmC() ovz.fc 

Ost.iurn s~cundurn ASD 

Ostium ptimurnASD 

Sin•Js venosus ASD 

SmoiiVSD 

l•rgeVSD 

SmaiiPDA 

lMg~POA 

Pulmonary valve stenosis 

Aortic coarctation 

ECG ~nd CXR Findings 

ECG: Jncompfete RBBB. RA enl3rgcm.cnt. right axis 
dcvi~tiOI) 

CXR: Ri9h1 he<Jrt enl~ltgement, prominent 
pulmonary ~rtcry, inctC<)SCd pulfr)onary vascularity 

ECG: Loft ax1s deviat•on, first-degree 
atrioventricular block 

CXR: R1ght hean enlacgement. prominent 
pulmonal)' art&ry, i 1lcr~ased pulmonary vascularity 

ECG: Aboonnal P axi:> 

CXR: Right heart eni;JrgemP.nt, pmminent 
pulmon.3ry artery, incre-as-ed pu!mol"'ary vascularity 

Normal 

ECG: RVo' RV/LV hypcot<ophy 

CXR: RA and RV enlargemP.nt, 1ncrP.i'lrorl 
pt•lmonJry v\lScular fnJfk.i1)9~: with PH: pwmiucnl 
central pulmonary arteries, redvced peripheral 
p~llmona1y vJscufJf r'!'lafk.i1'r~~ 

Normal 

ECG: LA c·nl~rg~ri'l~nl, LV hypertrophy; with PH: fN 
hypertrophy 

CXR; CardiOfllC'!)d!y, i1V.:1CdSC'd pul1horwryvasculur 
markings: c:akifk:ation of f>OA{occasiooal); with 
PH: prominent central puhnor'lary arterit~s. reduced 
periphernl p ulmonary Vli~C'Jrlat mtlrlciog-; 

ECG: Normal when RV systolk: pressure <60 •nm 
Hg: if RV systolic pressure >60 rnm Hg: RA 
enlargement, nght axis deviation, fN hypettrophy 

C<.R~ PulmoMHy al'tcty d il<lkltion. calcification of 
pulmon(l:y valve {rare); RA enlargement may be 
noted 

ECG: l Vhypertro.phy and ST~T wave abnocmalit:ics. 

CXR: Dil.ntcd J,SCCndil'\9 .. IOil.J, ... f.gurc 3 ~i~o" 
bene<;lth Qortic .:lrch, rib notching fcom collateral 
v<:!ssels 

Rcp.-.irod teta1logy of Fi'lllot ECG: RBBB,. inqeascd OR$ duration (ORS duration 
reflects degree of RV d •latat1on) 

CXR: Cardiomegaly with polmonary or tricuspid 
valv~ tcgurgit&tion; right aortic arch in 25% or 
cases 

Eise nrnenger syndrome ECG: Right mus devi~ltion, RAenlar9ement, fN 
hypettrophy 

CXR: RV dilatat1on, prom1nE-~nt pulmonary artery, 
reduced pulmonary vaset~larity 

late Complications 

Paradoxical embolism, platypnea orthodqoxi.:t 
syndrome 

Right hRan enlargement, atriill f ihrill,'ltiO•\ PH (1.:.r~) 

Post cepa~r: residual shus'lt(rore) 

Right h<t;m eol.,rgGment. atri{ll hbrillat1on. mitrol 
regurgrtation {from mitr(ll v~lv~ cleft). PH (rare} 

Post repair: fesidual shunt(r(lre). mitral 
regurgrtation (from mitral vatvc doft),loft 
vcntticulor outnow tract obstruction 

Right h~<lrt anf.;r9~mel'lt .)tri.)l fibri11-.tiou, PH (tare) 

Post (Cpai•·: residual shunt(rare), resicfua{ 
anom;'l!ous IWimonaryvcoou!> COfiOCCtion 

Endocarditis 

PH w1th t~ss<:>oated RA and RV cniJrgcment. RV 
hypcttrophy, Eisenrn""oger syndromP 

Posl repa1r: residual VSD. residual shuot(rarc) 

Endocarditis 

Endocarditis, right heart fJifuta, PH, Eisenmenger 
syndrome 

Post rerxm: residt•al shunt (rare) 

Post repair: Scv<H'e pulmoot~ry vatv(:! regurg•tatson 
after pulmonaryv;:~lvotomy or '.'a1V\IIoplasty 

Hypertension ( 75% of CdSes), bicuspid aortic vnlve 
(>50% of c3ses). incre.;sed risk for 30rtic aneurysm 
(Jsccnding or Jl tc'pai• sile) dnd intracrani.:ll 
(lneurysm 

Posl repair: Rc<.-oar<:ta1ion, hypertension, aortic 
aneurysm 

Post repair: lncr<t~:~sed atrial and vemn.;ular 
arrhythmia risk, pulmonary ..,atve r~gutgitation or 
stenosis; triClJspid regurgitation 

ORS > 180 ms mcreases nsk for ven\ricular 
tachycardia and sudden det~th 

R1ght heart fi'lllure, hemoptysis, s-troke 

.ASD ._ lltr,.ll t>t>pMI deft:<:~: CXR-d~l ti'lr!t<:.gMphy: r<:G - ~ltOC<WdiO!'Jfllphy; I A -ll}h i'llni'll; lV- left W)ntfiWI...-. PH- pulrnonc.tyhyf)(lrt&t'I~IO!'I: Po,.\ • J)iiU-<"~t l.lu«US 

.:~rteriows.; RA .. right uui;,l; r.cc.e .. nght bundte bt.:tneh bloc:k; P.'Y • right ~ntnc:ubr, V!'.O ~ntnc:IJL:irsept.:ll del<la. 

'ITE iS t he pr('l(:rrt·c..l imaging modalily ror idc:nt ifiC~ltion of 

ostium secundum nJ\d primum ASDs. 'ITE also measure'S ;lsso 
ciated features. such as right sided C<lrdiac chamber enlarge 
ment. 1 ricuspid re.gur}til<tl ion n:la tc._'() 10 ~mnular dilat t~tion. rmd 

righl \f(.'nLricuJar pn ... -ssun: cll'V<Jiion. Agir:ut"d s:tJine <:ontr:l.:=:t 
injl"('tlon (micnx..--avit~lUon study) in a l'X!'Iipheral vein during 
TfE may help identify an atrial k'"\'C'l shunt. Sinus venosus and 
t'omnar)' sinus ASJ>s are Jess re:ldily di;:~gnosecl by Tlt:: in 
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~dults and often require other imaging modalities. such as 
TEE. t:..mli:w rn:.1g:nctk rcson:tnc.:(~ (G\·1 m imaging. or <~[ CiX·tR 
im;Jging olnd (.1' arc rn.rcly ttS<:d as Llw prima1y imaging modal 
ity '"''hen ~Hl ASD is ~US!X-"tlC'd bul tiUl id'-·mi(y :.trtomalous 
pulmon:uy veins ~mel qu:mlit)' righl ventrkulnr volume ;Jnd 
<.·jt'<.'lion Craction. 

Cardiat l'~t lht:'t<:ti:t.'lLion is lhl' onJy mcLhocJ {Or al'<.'unttdy 
cakul:.Jting pulmon:.Jry- lo-syst<.'mic hloo<l nc,,..,, r.tlin (Qp:Qs) 
hut is m rely required rcw unromplil~led ASDs. C."lnli<K' l'Jlhl' 
te rizat io n may be reromrnen.ded ill patiencs wilh a1' ASD and 
PI I when J\$1 >closure is being c:on!-.idercd. 

Treatment 
The main incUeations for ASD dosurt indudl' right sided 
c"'rdiac cha mber e nlargeme nf or symptoms of dyspnc;.l; clo 
sure is rca~unahk· ror o rthodcoxiH phlly pnea syndrome and 
also befOre p;.l('("ntaker pla<.~ement b<.'('ausc o f the im:rcasc·d 
r i~k for systemic thromboembolism. In ~l~'YlllPlOllHlti<.: 

paticnl~ with a small ASI> and no right hc.,:ert enlargement, 
periodic clinical monitoring ami cchO<.'Mdiogr.1phie imaging 
:H e recommendecl. 

Pc.'11.'Uhmcous dc.:vil't'closur<.: is an option l'hr pt~ficnts with 
:m isolmed ostium secundum J\SD. Surgk:;ll ASD d c'-'>1.111.' is 
indicated for nonsecundu m 1\SDs. hl f,(,~C sctundwn ASOs. 
unravOtilblc: anatomy l'hr d(·vicc d c."-'>'l.Jrc. }Jnd coexistent <:~trdio 

v~stnlar disense that requires operaliV(' intC"rvcntion. sm:h <lS 
corona ry H tery tiise('se or tricuspkl r~?gurgilaUon. 

1\Uicnts w ilh a n AS I) a nd l>f i n.:quirc SJX"<·i ~Jify <·are: AS I> 
closul'l' may be ronsiclerecl for persistent left to right shunting 
with out fixe<.! Pll. Medical U1crJpy t<u-getcd a t J>H should also 
llt" <·onsiden•d. 

P...t tients \Vith a n isolated anomalous puhn onary venous 
<.'OIHlCl'Lit>ll may prc::;cnt \>Vith d irlica1 findinW' and T rE r~:~l­
mres simil:tr to :.m ASI>. ~·urgic:;~1 re<lir~rlon of the pulmonary 
vein is tht> only teasible lrt-al ment and requires surgical exper 
tis<: in cotlg<:nital h<:arl dL-;ea.')('. 

P.:ltients with sm;:~ll ASI~ dn not require phy~-icnt acrivity 
limitarion. Large left to righl shunls result in self lim ited 
<-xt•n:ise rcslli<:lion. Pal it•nts wHh S<'vcr<• PI I arc :~<lvise<l 10 
avoid isomt'tri<.: or <.·omp<.•litiVl' t'Xl'r<.'iSl:. 

Prx:~.;ru.ull'Y is g<:n<:miJy '"-'l'U wkr.H<."tliu paliC'nls with ~ln 
ASI >in thl' ah:.;cnc:C' of PI I. Th(: risk fhr ('>c)ngcnilal hear( d iSl'<tSe 
transmi::>sion with a ::;por..ldk t\SL) is estim~ltt"d to be ~li'Dund 
s·x~. Ho1l Ot~un ::;yndromc is inh<"rilcd in a n ::tutosornal domi 
n:.1n1 1:1shion. ancf ol ll<'r _gcnclit: syndromes have variable 
inhe1ifance: gend ic counseling is suggest('<.! if <l ~·yndrome is 
SLL.'>J)t'<.'ll'd . 

Follow-up After Atrial Septal Defect Closure 
J.{)lfow up is rt'C'Ommend(<>d fhr p:tl ients afkr surgi<·::tl or per 
cutaneous i\SD closure. TIE and <:linkal ~1ssessment :.lf(' 

n:C'CJI'l'nm:ru.kd Wilhi1• Lh(' lirsl year after dosm·e a nd 1hen 
periodic:~tly 3fter thnt. Atri;:~ t tihrill :~tion risk per:::ists 3fter do 
sure. ;md frequency increases relared to age at the t ime ofASD 
dosurc. I{ arc (_YJmplicarion~ after dcvi('C closure i ndudc d('ViC~ 
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migraLior'l. ('fO::> ion iuto the pcriL-ardium or aorla. r1nd sudden 
rlc:uh. 

KEY POtHTS 

• ClinicaJ findings in p atients w ith atri::ll scpt:.U dd<'<:l 
include a par.tstcrnaJ impulse. nxcd .splill ing of the Sr 
:mrl :l pulmonary outflow murmur. 

• C".:ardiac catheterization is the onJy method tOr an:u 
r..-tt·ly <.<tkulaling l) ll lmon~ry-to-~yslcmic blood flow 
mtio hu t is rnrely required fo1· dingnosrk purpost.os olht:r 
than in patient< with an atrial septal d~fett (ASDl <lnd 
puJmonary hypertc:nsion when ASJ) clo:mn-> is h( .. ing 
<"'n:::irlerec1. 

• l11e main in<lica1 ions ror a1 riaJ seplal ddi..·('l (ASD} do­
sure incluc.k ri~ht-sidcd c~rdi~ll· chamher enl:u-gf'ment, 
symptom~ of dy:::pnea. or mrlal a1·rhythmi~s: asymplo 
matic. small ASUs without righ1 he-Ml c.:n.latgemc:nl <:an 
siulply bc.· nwnilorc:LI w ith d iuical <:~nd <-'Chot'ardio 
graphic surveilhmce. 

Ventricular Septal Defect 
Pathophysiology 
Ventritl~arseptal dckcl• (VSD•) arc dc:Jin<'(} by their locat ion 
on the vc:ntrieubJr septum (Figure :17}. Th(:>)' a re C('U'llll'IOn ~)t 

birth. bul Jn<.UlY sm~lll VSD::i dose;· spontaneous}}~ resulting in 
lower prev::llence by adulthood. Pc.·tin'IL·tnbranou:=- VSI>s tl rt' 

most common {SO'X~ of (·ases) :m<l an• usu:tlly l~olatc:"d nbnor 
malilies. Muscular VSDs (Jo·x. or cases) can be located any 
whc•·r in the.· w ntrkulcrr septum and o l'lcn dose sponla ne 
on:::ly. Suhpulmonat'Y VSJ)s (also cnllt"-'d outlet or supmL'rista1 

FIG U R£ 3 7. Positions of various ventticularsep~l defects viewed hom th~ Itt! 
side of the heart t1) Perimembranous; (2) subpulmonary; (3) muscuiM; (4) inl~l 
M =aorta; lA-= left at1ium. 

Rlxto~ •ll '"'"' o'lllqiu•l ~f!f!lied (U~!I<.""'f ut 0 1. Wil ."" 1). fdA·>~•d\ D~ll!m(!(( d t .. oo.-•• ~, r~cdi:inl'aml 
p,tJ,~~M,)vdill!C, i:»dtt*•, J.IW 



·, SDs) accoum for approximatdy 6% of defi"Ns in no1t-Asif!n~ 

J11d ~l:~';(. in Asians :-md art'" ~~~ociatecl with aortic regurgitation 
~o.lused by aortic cusp dist.ortion. lnlcl VSDs {4X. c>f t"tlsc.-s) oc.:c:ur 
n the superior po~tnlor porlion o f I he v~nrri<-u l :.l r septum 

.tdjaeenl to the fli<.'U!,l)id valve. They ocx:ur as part of thealrio 
\Cnlri<'ulnr st'p[aJ defe<: l complex. <:ht.mtttt.'risOc.:ally S<-'t·n in 
~tients w ilh Down syndrome. 

Clinical Presentation 
The J)resenlat ion vf an isolali.'d VSD <lqwnds on the VSD ~iz<.: 
and pulmon:n)' v:-Jscul:lr resistant'<.\ A small VSl> \'l.lithout PH 
presents w ith " loud (often palpable) holos.l"'loli<- murmur 
locate<l a t \he \c(l s\crr\al \mrdcr 1ha1 may obtiter;tte the s,. 
Smatl VSUs do not <'OU$e left h<'<l rl <.:n lilrgement o r PI I. 

A VSD with a moderate left to right shulltJnay c.:ausc lc.:·n 
\'entricul;:lf "'ollulll' ovc:rload and PI I. 1~-tt ients are asympto 
mal ie ror many ye:lP> l)llt eventually prcsem with heart lbilun." 
~yrnptom.s./\ tlispkK't'd left ventricular .;;lpk;l.l impulse su.(tt.,'<.'Sis 

\'Oiume overload. A holosyst.olk mumm r :u the left sternal 
border i:-: not(•d: lht> prt"Ssu re gl';_ldknt bct'wt·tm the vemrick:s 
determines the murmur qw1fity and du.r.uion. Progressive PI I 
results jn shon<.:Jljng o r Lhc: murmur. 

VSDs associ:ltffi with l:1rge ld't to right simms :·1 r..." u~uaUy 
dete<'ted by tht prt~n<.-e of a rnurmur. ht"'drl tailun.:. ~md f:-1 il 
-ure to rh r.ive i.u infanl·y. Failure lo do~w the detOCt eMiy in UH: 
usually causes fixed ~'I I within scv<·r.t( years with sul)$('\lU<"Ol 
dev-elopmC'nt of Eisenmenger syndrome: {sl'(' la t<:r d iscu:"Sion) 
and shunt rcwn;al. 

Diagnost ic Evaluation 
The el«trocardiog,raphi<: and rndiographic findiJ1g::; i11 t><-Hk·nl:-; 
w ith a VSI) :-1 re PIXSC'l\ll·d in T.;;tbl<: :~2. 

ITE i~ the im:lging mod:11ityofchoicc· fOr identification of 
VSI > lnc:nio•'l. size.·. and hemodynamic iJ.llpa<:t Rar<:ly. TEE. 
CMR imaging. or Gf is J\t'l'dl·d to tld incalc t-ardhl<' anatomy 
\\'hl'n TTE is uns:-lfisfhciOf)'. < :::lf(Hnc <"ilthererizalion is p rimar 
Jly perform<'<~ to delineate the Qp,Qs ratio and pullnonary 
prcssutl'~. 

Treatment 
VSI >closun~· is indicalC'd \\'hen lheQp:Qs ratio is2.0or gtetth.·t' 
with evidence of left ventricular volwnc: U\it:rload or a histOI) ' 
of t·HdOclid i tis. Mo:-:t palil'nls ~lrc l n:aled snr<Jf<<illy. hut pe-tcu­
l:.meous <il'vire closure is an option for select VSDs. 

VSf) closure iS 110( indiC<.ll('d Jbr rnllk·nt~ Wilh a small left 
w-right shu nt and no charnher enl:lrgement orvollVC di&"ast·. 
but lle'riodic d init·al l"V~.lluation and imaging are rceorn 
mended. large VSD:s \·vilh shunt n:vl'r:-:al (ri~hl lo len shunl 
inA) and I'l l (Eisenmenger syndrome} shoulcl not b<.' t•loS<.·d 
he<':msf' this c.:auses clink :.\! <.kt<.-rioration O\-Ving to reduced 
card iac output. 

Patil'nls \oVilh sm;.JII VSf>s <io nol require ::tC'Civity rC'stri(' 
t ions. If the pulmon~try artl·ry pressure is g:rearer than So~. o r 
systolic blood Pf<'SSlU't·, i:mmc:lri<.' o r l'ompc.:litivc <->X<!rdsc: .. is 
disc.:oumgc.:cl. 
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Pregnancy in woml·n with VSI>s is generally w<.·ll wier 
.;;ll<."<.l in the abscnc< .. of PI 1: \VOmen \vilh VSOs and assodat~d 
fixed PI J should be counsele<l to avoid prc')\nan<y. 

Follow-up After Ventricular 
Septal Defect Closure 
Residual Ol' fl'CUJTent vsn. anhylhmias. I'l l, c:ndocard I tis. :uuJ 
valve f('g"Ut'gitalion arc rccognizt>c1 c:'Omplk~tlions followi1\,g 
VSr> closure. (:lini(.•af :tSSCSSm<:nt and ifE arc l\'l'Omml'nd<.'d 
within! ycotr ofVSD dosure. Sub&:quc:nt follm"r up fl'l:'quency 
depends on dini<.'~tl and Dlrdiac· slatus. 

KEY POINTS 

• A smaH vtn1 1icul:1r septol detect \Vithout pulmonary 
hypenenslon prc.,;cn\S w ith a loud (otltn pai1X>hk) hulo 
systolic murmur lott'll<."d allhc: left stern:)! border lhal 
may obJitcmlC' t he s:>' 

• Ventti('ul;u septaJ defect dosur(' is indiC~lcd when 1h e 
Qp:Qs nltio is 2.0 or g.reatl'r with evidence of left "Ven 
t ri<:ular volume overlo~d or in patients v•.rith a history 
o f end0<.'3rdilis. 

Patent Ductus Arteriosus 
Pathophysiology 
A patent chJ('[liS artt·dosus {PDA) is at pt>rsistent tt~ taJ <.'onnec 
li011.lx.:lwt.'\'n 1 hC' aorta and rhe pultnonotry artery. PrcmaLUrity 
and maternal rubdla predispose to a PDA. It may be :m i«> 
lated abnormality or as:-:cx·iakd wil h oih<.>r rong(·nital <.-ardiac 
dcf<-eiS. 

Clinical Presentation 
The lypkaJ murmur of a I 'DA is :l <'Ontinuous "mach ineJy ­
murmur that C-"nvt>lop~ the S:!' making it inaudihl(';. tht mur 
mur is he~rd beneath the left chwic-1<:. A Hny PI >A is ge1Wr:1lly 
<lsym.ptom::tlic.: ancJ inaudible. Pati<'nt.:; with a modcmte sized 
PUA may pre~ent with bounding pulses. a with: pulse pr<.'S­
sure. left heart enlarg<.·m<.·nt and tlysfunclion, and. mrely. 
d inkal hl·arl failure. 

A l:uge unrep.'l1rC'd PDA may (."ause PII with l'VL'Hlual 
shunt reversal (Eisenmenger syndrome}: charact<•Jisti<: t<:·3 
lurt'S uf an Eisc.·tm ll'ngt•r PI)A an.· dubhing and oxygen dc.~lu 

nHion aflt><·ling the teN but nollh<' hands. 0\\1ing to desatur:.\ll'tl 
bJo(.KI reaching the lo"ver t..•xtr('milk-s J) l'l'fCrC:nl hllly (diffCren 
li~tll'Y.,IJIOSiS). 

Diagnostic Evaluation 
Theelectrocardiog.mphkamJ rm.Hographic t'indings in p:)tients 
vvith a PDA are prl's<.·nle·d in · l ~hlt• :12. 

'ITE is the imnging modality of daoice ior idtmifiniliorJ of 
<1 PDA. The PI);-\ may be dillkullto viSu;.tlizc in p;u icnls wirh 
SL'\~rL· PIJ owing to e<JU:llization of pressures between the 
.:lorta and pulmonary artery. In patients w ith a POA and I'l l. 
C<li'C.ii:.lc C'~HhNerizalion is used to dcterrnin<" ~hun( size.· and 
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reversibility of I'l l. Angiography confirms PDA morphology 
tl nd hdps tk:l<:rmine \Vhelht:r p<:rcuhm(·Ou$ <.:losun: i~ t<:asibk . 
TEE. Cl~ and CMR im;lging may idenrltY a PI)A but are not the 
prima ry diagnoslic teehniques. 

Treatment 
POA dosun: is indic.:;.H<·d ror l<'fl si(l('(l c:Jrdi~lt ch;.llnher 
enJargcmeut in the absence o f severe PI I. Percutaneotrs or 
surgical dosure may he p<.:rronm.:d ; rdar.tl to a congenital 
l'ardiac <.'tnler 1br C'OilSidenltiOrl Of <:losure options is recom­
mended. 

A tiny PDJ\ n '<tuircs no inte rvcnlion. pi),\ cJosur(• is ~a­

somrbk ror small PDAs w ilh pr<."ViOus endocar(Utis. M<Xk"rote­
sized POf\S art gentm:l.lly dosed percurtlneously. Large f>J)i\~ 
with scvt'rt' PII :md shu nt n·vcrst~l should he ohscrVtxJ; dosurt· 
may ix' delrirnt'mal. but medical therapy for I'l l should be 

<'Onsidt.""r<'d. 
Palitn ts V1tith a small PO.'\ without PH do not I'C'(JUin.· 

physieaJ ~letivity restrictiorls. ancl \'I.'Ornen should he :.1hle to 

tolerat"t> pregn;.1nry. 

KEY POINTS 

• t\ l'Onti nuous -mach inery"' murmur heard henc:alh t he 
left clavicle th::l£ make~ t he S2 i '' a udlhle I~ typic:.ll for a 
pate nt d uctus arte riosus. 

• A n~io~nlphy can dcL<.'rmint pa(tnl ductus ar1triosus 
morphology a nd whether pcrcutnoeous d osu re is 
f~asibJe. 

• The size of ;,l });llc nl duc:lus artf>Jiosus (POA) d cl<'nn ines 
management~ a t iny PDA requ ires no intervention. 

• A large p:·Jtent ductus tlrtcriosus wit h st:vcrc pulmomny 
hyp<·rtcnsion (PllJ and shunt revcrs:11 should be 
observed: closure may be detrimental. b ut mediC<' I 
therapy for PI I should bt considcn:d. 

Pulmonary Valve Stenosis 
Pathophysiology 
Pulmon~•ry valvl" St<.'nosis {PSL ,,n ~lutosnrn:li doml n:nu 
lliso rd<.'r. causes obstruction ro rig-ht vent ricu)ar o utflow 
t1 nd is usually a n isolated v~liV<' l<.'sion. rsoklt('d PS is asso<:i 
alt•d with NOI)n;,trl syndrome. \1\rhi('h includes short st:lturc, 

' 'ari"blc intellectua l capocity. neck webbing. and ocular 
hyperl t>lorism (abnormtJ II)' im:r<:ascd disfanCI..' bl'l\l\1l't.'ll lht· 
orbits). 

Clinical Presentation 
Mild <.mel mo<fe-r:ne PSis generally }l~')'tnptomati<.:. On physil·al 
examination. mild PS is l:h~l~K'l(·riv:'d by a normal jugul:lr 
venous V\·~wdOrnl and pr{'(ordial impulse. 

Severt• PS c-an <'<m S<' cxcr1iOnal dyspnea. Hight vent ri<.:ular 
hypertrophy catLW<-1 by prcs~1.1TC ovcrlo~H.l rt"Sulls in a promi­
m:nt u \\';,tvc on tht jugular vc:nous pressure Vv'3Veform a nd a 
pa lpahle righ l vt;>nlri<'Uiar lin. 
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1\uscullatory findings in PS include a systolic ejection 
d kk inunc:c.lia lely artcr Lhc S1 (which is l hc on ly righ t­
s ided he~ rt sou nd to decrease during inspiration). rot 
lowed hy a crescendo decres.cendo murmu r. In severe PS, 
t he ejec tion systolic murmUJr a t thl' kft 5t<•rn:-J I hon ler 
increases in iluensily ~Hld d uralion. and tht· pulmonary 
valve compo nent of~, is delayed (splitt ing ofS) and <.:vt.•u 
lunlly <.lisappl'ars. A righl ventricula r S

1 
i~ ofll·n ht·<lrd in 

~evere PS. 

Diagnostic Evaluation 
Thl~ d edroc:lrd iographk· and t1-ldiogrophk' findings in patients 

with PS 'H~ presented in T~bk' :n 
'ITE is 1 he imaging modalily of choi~e lhr idenl il'i<'ation of 

PS. &"'V<'r(' PS is preSl'nl \\•h<.'n th<· peak grodit·nt is 50 mm Hg 
or g.re~lter. Tre~-l11lleJll options depend on ,..-alvc mol>ilily. <:aki 
f'ication. anti 1 he cfft.-cts <,f c >bstrul~lion on the tighl v<:nlri('le. 
PS C:.lu~es right <t'entrkul:.tr hype r1mphy. Right vtnhicular 
dilt~tation should prompt a search for a n assochlted lesjon. 
sud1 ~IS pulmonary valve rcgurgHation or an ASI>. TtE, CMK 

il'rl:lging, find CT ;,lrt· not routh1<'1y uSt"tt in pufknts with PS. 
<:ardi:.lC <.'.atlt<'t<'riz.ation. is peJformed vd1en p<·rcutant"Ous 
i nl<.:rvcnt ion !br PS is f'Onsickrc-<1. 

Treatment 
Pnlmon:try h:1lloon v:llvuloill:lsly is the preferrt."<l t rl"at 
mcnt lhr valvular PS. It is indicated for asymptomatic 
vatkuts "villa ~tppro~Jriatc pulmonary v:llvc morpholog\ 
who l"ve a peak floppier grad iem of nt le~st vO mm llg or 
a mean Rradient gre;lter than 40 mm llg and pu lmonar) 
valve rcgu~il:.~ lion thai is less than modenJI<.:. Btllloon val 

vulopl~~ty i~ al~o •·ecomrnended for ~ymptom:u k· patients 
\"lith appropriate valve mor ph ology \Vho have :·1 peak 
l>~>pplcr grac.li<:nl of greater than SO mm Hg or a mtan gra 
die-nt gre-:1ter th:m :\0 mm l lg. Surgical inte rvention I~ rec 
ommended lhr PS ass<x:iated with ~~ small a nnulus. more 
t h~1 n modcrah.: pulmonary va lve n:gurgilation. seven: sub 
v;,llvar or supr;.walv;.\r PS. or another cardiac lesion that 
I'('(IUircs operat ive in tervent ion. 

Pati<.:nls wilh rniJd a nti modt-rJ.tc PS (peak gradient 
<50 mm l lg) do not require exercise restriction. P::ttlents with 
severe f>S should participate on ly in low intensity sports. 

Prtogna.nly i~ gcner.tlly wclltoJer.ucd \·Vith PS: pcre utane 
ous valvotomy has been performed du ring pregn~ncy for 
s<'vere symptoma tic P$. Sporadic con~:.r.en i t::r r heart disea~ 
r<'<:urrt·m·c in offspring is rjrt:d N<">U113n syndrom~ should bt 
~\tspt'<.·K'd with PS rt'<·urr<"nce in offSpring. 

Follow-up After Pulmonary Valve Stenosis Repair 
Palicnl' w ith pr(-vious J'S imcrwntlon (balloon or sutgk·.tl 
ollcn b;JW severe pulmonary valve regurgitation: thus. long 
t~m1 <'linkal :md '11'E fbllow up is rc<.:ommcnd<'d. The rre 
quency of follow up dept'nds on r<:gurgitation st:\'l.'fil}' an... 
im~>att on th<.: lu..".srl. 
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KEY PO I NTS 

• Auscultation f-indin~ in pulmona ry valve: s l<.:nosis 
include<.\ syslolk <.:j<:diun <:lid<.llnm<:d h-lld y 3.ftt.•r st. 
tOIIO\\'ed l)y !'I (:rescendo decres<:endo mnmm r. 

• SurgiC~ll inte rvention is recommended for pulmona1y 
valve slt'nosis (PS) assochucd wilh a sm.:. II annulus. 
more t han moder'3t~ pu lmonary v:~lve regurgitation. 
seve re suhva lva r or s upravalvar PS, o r another card iac 

lesion that rt"tJUir ts opcratiVL' i nl<.:rv ... n tiol':l. 

Aortic Coarctation 
Pathophysiology 
AorLic t'O:m.:t.alion is a d iscrete n:lrrowing of the aorta. usually 
located jusl b<.·yund lh <.: 1d \ subdavian ancry. C-iiUShl..\'; hyper 
tension pmxinul :md hypotension dist~ll to the narrowing. 

Clinical Presentation 
,., PaUe nts wilh aorli<:<.:oan:talion may prt.~c:ut with lu.:an raiJun: 
J.l.l c::lrly in Hte. Adults ;:~ rt> U"ll:llly ~lsymprom:uk. hut ex<~r1 inn:l l 

leg f:J:ll~nc.• \lr Jw:-Hhlches mcty occur. Upper extremity hyper 
tension ~md 11.·dm:c:d blood pn."SSun.· and pu bL' amp1i1utk in 

the ]O\'\~<·r extremities C'3use :l r~ldlat artery to femornl :lrtt~l)' 
pulse del:ly. A sysrolic or continuous murmur is heard in the 
tell infmdavicular n:gion or ovt.·r the bat·k. A m urmur from 

oollatc'rul inttn.'Ostal vessel< m3y a lso be audible and p>lpahk 

over thet.·lwsl w:~l l. l·lfty percl"l11 nfp:ltients with aorticcoor<.· 
t;lticm h;wc a bicuspid :.lor1 ic valve. Au~cuii~Hion of tht.· hc.·art 
may TL'vcal an c.:jc.·ction dick. a ::;y:;tolk murmur atlh<: t•ardklc.· 
ba!)t.'. or. sonu.:l i rut..~. ~ut S,. CJ 

·n1rner syndrome. :l c:hrom(lSCUn:ll abnorm:-tlily S<"<xmdary 
(0 partial or total toss or chromo::;omt.• X. i::; o flt·n ;lS::iOCimc."tl 
with cungc:nilal c.·ard.k.tt: tU:s ... ·a:sc. indudjl\g c·o~l n;tation. ·rurner 
synd rome is ('h~mac!eriz<"d hy shorl sl~llurc. wchlx.'d n(•<:k. 
broad che."\t. and vvidt:ly ~JX~ced nipplt:s. Aort ic coarcf;ltion is 
also asso<.:i ~l lcd with aortic and subaorlic stenosis. ll'..tl'achutc.: 
mitral valve.: (Shon<· syndrome). \'enti'IC'ularse-ptnl dete<:t, :mel 
cerebral ane urysms. 

Diagnostic Evaluation 
The d t"i..'tl'OC"ardiogr:.lphic :md radiogr.tphi<' findin~ in pati<:nls 
with aonic coarctation are presented in Tab!<.: 32. 

l'hc charactc.·ristk: rJ.<.Iiogr..lphrc fe"JlutCS of ;lOrti<' c.._-oorct~ltion 
indudc til(· ·'!igurr 3 sign" (Figure 38). whid1 is '"m""' hy d ihlla 

li<.)l\ ofth~aorta ~lbO\'e and below Ehe are-.t of <.'(>.'m.'l:..llion. Dilatation 
ofintet"t"CN:ll <·ollatcml ~lr1<'rit•s as a R~tU ofa<,rtk·oUsll\tt'UOn may 
le'.xl to the radiogc.lphk app~~~lnce of rih nmc·hing. 

1T E is on<.~n che inithll d iagnostic tesl in putknts SU"J 
pt...-l(·lcd nf having aortk l'<la.rt."tation; it usuaUy identifi <.'S 1he 
l'tXlrt·t~Uiull ~lnd a.~~cx·i:lted l('atun•s. SU('h as bit'U!'t1>id aorlit' 
valve J lld kft ventricular hypertrophy. CMR imaging and CT 
ore tl"cornnu.:ndcd lO idt'ntir) tht.· anatomy. stv<.•rity. Jnd IOC.l 

tion or the <.:oarctation: rJ1e presence of coll;ttef31 vessels~ :md 
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Fl G U R E 3 8 . (h.eslt<tdiograph ol a palielltwitbaortJC co.lrctalioo exfl ibiling 
I he ~figure 3 sign," causOO by diiJtation of I he Jorta above and below I he ate a ol 
coarc•ation (bltl~ arrow), and rib notchin.g{1rhite-aaowst. 

associa te.."(] JbnormaHtit.~. suc.:h ib aortk ancurys1n. Cardiac 
l'.<llhdcri"tAlliotl is primarily USl'\t in patic:Jlls itl \\'hom 1x:rc.:ut,l 
neous inlervenlion is being ('Onsidered. Cl 

Treatment 
S<:wre aortic coon:tation is ~lSSOChlted with cxn'Ss morl:>idity 
and 111(>rt ~l li ty, induding hypcrlt.:ns ion. <.·oron:JrV :lrlery dis 

ease. st roke. aortic..· di:ssct·tion. and h~art failure..·. Age ~u the 
li me or COa.n:latiOil n: pair i:s the nlOSl iJnp(Jrt-<-t.lll prt'diclOr Of 

long-term ~urvivnl. 

lndkal ions thr im~rvenlion i n patients with coan1ation CJ 
incluc.k a '\)~IOiic pc..·~1 l.. (pc.·ak to peak) prt.'SMul· groltlicnt of 
:>0 mm llg nr grt":llel or r:uHologic t._..._'iden<'e of M"'\'t'l~ <'(l:lrt'la 
j ion with c.·ollaler..JI nmv. PlT<.'Uiant'OUsor~urgic..~\1 ink~rvt'illion 
option• al\' 31t.lilobk·: •ck-.:tlon dep<:'n<ls on th~ kngth, loca 

tion, 3nd Sf'\.'erityof <·o:uctation and the pre:wm'<·oras!-.odat<..xl 

c:1rdiovasc-ular lesion~. Cl 
t•hysiC<.'II aclivity restriction is n.:tonunclldt:c.l £hr pat icnlS 

wilh Sc."'\l'('f(' postlnterventlon re~irlu:11 or un rt>p:lired ro:1n ·ta 

lion. aortic stenosis, or a dilated aorta: these pati<mls ::;hould 
avoid c..'Ontac.·t ::;ports JJlc.i isoml·tri<· <'xc.·rc·is<:'. 

A comprehensiV(• prt'<·onccplion t'\ralualicm i" \·V'JlTantcd 
in all patients with ccrJidalion who a n .. · t·on::;kkring pn."g 

n;mey. Pregnancy is n:asonabk in \Vomc:n \Vith rcpa irc.·d aorlit 
t'O<lt<' l<Hion w ithour slgnific:ln l resfthJa. Wo men \'l.tith mild or 

mudtnlte r('.sidui:l o r unoperated coarctat ion '"rill genemlly 
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tolerate pregnancy weH but should unc.lc:rgo blood pn.~urc 

monil<>ring <lnd t·ardim:-Jsc1llar evolu:1rio n d uring pregn:ll1l")~ 

Prer,nan("y shouJd be a\'oided by pat ient.<; w ith severe u n.re 
paired coa rctation. 

Follow-up After Aortic Coarctation Repair 
FoiiO\'I.rfng l'Oarctation repair. hype rtension occurs in up to 75% 
of pat ients and should be (!<'ah:d. Addilional intervention 1(>1 
Jov.•ing repair may be n:qui red l()r hicuspicl ~ortj(" \l::t}V(". ~lOrlil" 

:lneu.rysm or dis:;t"<."Lion. n:coarctation, coron;Hy artCl)' (US 
ease, systolk or di~~::;tolk: hc.:.:.-trl fi.tilun:. o r inlr.tcr.m ial an cu 
£)'Sm. Rc:·gul~tr fbllm"' up sh<1n ld inc-lude ·rn·~ periodic ~lorti<.· 

Imaging. and l'va1uo.lliOn by a cardiologist spec ializing in ron 
genital heart djsease. 

KEY POINTS 

• In patients w i lh aorliC'co;:lrc:htt ion. find ings may 
in clude upper ext remity hypcrtl't1Sion and red uced 
bh>od p ressure and pulse ~tmplirude in th~:lower 

t"Xtrt:tniti('S. causing a radi~ll t~rtcry-lo f<•moral :1rrery 
pulse dela)c 

• 111e .. figure 3 sign" is ~ charJ.tl('ristk: r.:.\diogmphic ft. .. .a­
ture or aor1iC cc>arclation. 

• I ndi<'~lti<ms for in tl'rvt"ntion in pat ie nts \Vith aort ic 
coarctat ion include ~~ :;ys:toJit pt:.tk (fx:ak-to- l><:ak} pres­

SUI"(" gradil'nl of 20 mm l lg or gre:-lre r or rndlologjc evi­

dence o r sevt"'r<· <.:O:.ln.·taUon with collateral now. 

Tetralogy of Fallot 
Tetralogy of H•llot iTO F) i• dl"r•cLc·riz('l by a l<uxc ''lllx,ortk 
VSD. infu nd ibular or valvu lar f>S, ao rtic override. :lnd 1ight 

vent rlcul<\r hypertrophy (Figure 39). It is the most conunou 
cyanoticoongenlt~d earcliat k•sion. Repair is usui1lly pcrfonn cd 
L·arly in life; <Uiu lts who have nor u ndergone an operation are 
n'lr<')y ('11C:OU11tl'R'tl. 

Gt·nctic scn.:t ning is ri.'<.'ommcnded for all p:ltit-nts with 
TOF who .:lre plann ing re produC'lion. Approximately IS<x". of 
patie nts w it h TOF have the 22q11.2 t'hromosonl'--' mi<.:nx.lclt: 
lion (OiGt.·ur)..te syndmm<:). Wlwn p resent. <~ongt>nir:.l h~rr 

dise:1s~ in herl~nce is .:lpproximatC'Jy so·~. comp:.mxl wilh s•x. 
in unaffected patients. TOF is common in persons with Do ... vn 
::;yndrutlK'. 

TOF rer~J r involves VSil paid\ closure <lnd rdkfoi'PSI 
right ventricular ou10ov•/ tr<:lC"t obstruction by transannular 
p<.llt·h pkl<.-''Cment: I he ln1 ns:mn ul:lr patch <li~rupts in tegrity 
o f the puJmon:.lry V:.\lve. <.'[lllsing .scv<!rc p ulmonary valve 
regurg itation. Se vere long ShHlc.ling pul monary valvl' rt-gur 
gilation ca uSL'S right IK<trl c:nlargcm~nL. l r i<:uspi<l rcglll"f:..'i 
ta r ion . exer.::ise limit~t ion. :l nd ~ rrhythmi:.lS a nd is the.: mo.st 
common reason f<>r reoperation a ftt."r TOF r<"pMr. Annual 
COI'g~u ilal cardiology fh llow up is recommended lh r 
patients with repaire<l TO F to tktlTminl· optlmallfming fh r 
in te rvention. 
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Fl G U R E 39. TCI I.lft>~;y Qt fa!IQt Asobilrlerial tJentlicu!arscptal dP.Iect(asten~kl 
and putmonafy stCilO~i~ (..rrrOI'I) die ~~~sociate<J with secondary aortic O\'I'Hfide .}l'ld 
right venuirular hypcruophy./vJ = .1:011a; !A- lelt Jlfium; LV= left ventricle: 
RA- tight atrium; RV-= fight \'COllide. 

~~~•llfMu~i!wl!.llppliedm~ll~(ll[h Wtli.)m!> M ... wlk. C~rt;ll<"•llull.rloli"IO<'flhdi:im•U!d 
~~~~~lratff. U.,.o Uillit llX~1.1.11W 

Diagnostic Evaluation after Repair 
of Tetralogy of Fallot 
The di..:<:tn:x~mliogr:1phicolnd rndiogr..tphic: find ings in J).".") t"icn~ 
with repairc'tl TOF are presented i n '1\lblc 3~. 

Symptoms, arrhyfhmh1s. or r ighl h t.>:lrt c ha mber cnJar!,~ 

nwnt !'hould prompt :l s<.·an:h tOr severe pulmonary vahi: 
regllrgitat ion. J>rofon~~~~tion of tilt: QRS complex rdle<'t'S rhe 
degn:l· of right wnlriculo:~r <lii;Jt:lti<>n; QI~S dumtion of ISO miJ 
list><'fmds o r longer and nonsust:\in t'tt \'entricub r hlC"hyc-ardid 
<1.['(' risk fhdors fhr sudden cardiac death. 

"Jl'E is the irnttgjng modality of choice for idt>ntil}ring vnl\'t· 
dysrunction, re<idu~J VSD, left vemricular dysfunction, and 
aortic dilatation. CM I{ imaging or CT iti prdi:rrt d for o.lssess 
IH("Ii:t l of righl \'tl11 fk lllar S i:.'.f' :md fun ction, WhiC'h hl'ips dt"ter 

rn ine ~lppmpri~re timin~=t (Or puJmonm): \'alve repl11cemem 

Cardiac catheteri7.::~lion HHlY be requi.rcd tu assL-ss hcmod) 
narnks and n:sidua) ~hunl~ and to dcline;lle C:'t>ron:.ry :l rtei) 
~mtf puhnon:lry :."lrtery :."lnaromy. 

Treatment of Tetralogy of Fallot Residua 
Indicat ions fhr pulmon:uy \'itlve l"t"pi:H't"'menr in p.'lrients wilh 

re pa ired TOf ~nd ::;("V("rc pulmonary valve regurg itation indudt" 
symptoms. decrt"aS<'d ~xcrtiS'--' wk·ranct·. more than moder3t...­
righl hl'arl enku~h<.'nu.·n t o r dy..;funt'tion. :1rrhythmk1s. ~md 
devel opment of tric-uspid regurgitation. TricU.!>Vid va1ve repair 

may also be needed. Perc utaneous puhnonat)' v:.llvL' r<.:plal'<.' 
rnt:nt is pc:msil)k' in select pt~ficnts with pn:-"'vious 'l"{>f surgel). 

Physical activity rt'SlliC'ti<>n is rc<.•o mme ncled for paticnb 
v,,rith rep:.:aired TOF ;uxlrt'Siclual ::;cqudac~ t·onl~lct spor ts anu 
hc<~vy isc.>m<·ttic· exer<·i~e should ht> nvoided. 

-



UY rOtNTS 

• (rl,'ll(..'liCM:nxning is J"Cl'Onl11lf'lldt'd lh!' :)(( ptltk·nls with 

lt'l r'JIORY ofFnllot who are planning I"Cprnduction 

bf.'(:;IUSC I he presen<'t.,of tht' :l:.lq11.2 <.:hrurnosome 
ml(.'l'()dt.:k:lion (IS'X. ofp:~tient~} f t"::>Uit:i in (.:ong<tnital 
he;lrr dise~l~e inheril:Jfl(.'(;' of' approxin'laldy so,-~. 

• lnClfC:U(OOS ror f)Ufll.lOJl,ll'Y \'aJVl' n:(ll,\t."CnK'!ll in p."ltit-ntS 
with "-1Xlin.'<l tetr.tlog)• or Elliot and<;('\'"" pulmonary 

'""" regltrgjtation indude •ymptnn". <~rt.':l><'<i c.•cr 
C'ise coler:mce. mort: than moc.Jcr.uc ri~hl h<>:ln enlarge­
mc..·nc or dy~function. arrhythmia~ . .;lntl <.lcvclopmenl of 

1 ri(: ll'>l'~id r<-gu.rgitation. 

Adults with Cyanotic Congenital 
Heart Disease 
General Management 
>ight to leO t'Onli"" <hunts, SU<'h ;I> p<1Jil:ltcod or unrepain.'d 
OJ-7 and l:.iM"I\Illl'llgCT syndrome. l\")U(l in hypoxc..'mia. l"l)1h 

':'0(')'1oo;l~. and c.y.lnosis. An iocn::1~'C.I l·ryrh rocyte lll:lSS is a 

l'Om(>tns.•tory response to Improve O.')'SL'Il I r::msport. 
PhySic..>:tl lL·:nuR'S include digHaJ clubbing .. u1d <.:L"n1 r.ll (._')''d 

nosis. 'I ht"S<' ptHk·nls ~m: prt'dis•x,scd •o :wl hmp:nhy, scolio::;is. 
g,JJI'ilOUCS, pulmml:lry hemorrh~l~(' 01' tluumbus. pa r::ldOXiC.tlJ 
c.-erebn.tl <.:1nl>oli or absces."";. kidnt..->y dy~l uw.lion. llh(•oc.:hromo 
C)10n1J ·' Jl.lr.l)i.'.i.ln~llolll<.\ . anc.l hc.:mo,l:ltk problems. ~ltient:, 

with t.}"Jnolk <'ongenir:ll he-'Jrt d.l)(."'JSC should he evaluated 

.onnll.lll)' by 3 congenital cardi3<' "fX"<:IJII-.t. 
rr1 1 \"r'tcJ~X"f:"'li\t" t.~omp1iC3ti•nb Jt\.' <.,mmmn in patients ,,;th 
11.1 <."\ <1111.1' 1 ~. \O <-k:•cli\~ pn:K"t"du~ ;tnd ••lk.'r.Hi<m~ ... htmld be JX-T 

' on nt'<l ;U ' llt'<.'i:lU/J.·d muWdbdpl inary {':lrt• t'(mrers; a ton 
gl·nil~ll l'ardi:u_· sped~1 list ~hould Uc.: <.'(mstthL't1 when j).11ienl:-. 
arc: hnsp it;tlii'.L'tl. Addition~•' cnn"ktc•r;u ions In thl'sc palh:n ls 
in<; ludt.• rtnlin•k rl>bk•t proplwl:Jxis for nonsH·rl lt• pmC'ellun.-c.~ 
pb t l'mt·rn of lnrr:wenom; lint· Hllc.·r.; tt• p rt.'\..;nl p:lmcloxit._...-al ail 
cmbolh m : .uHI t~:lrly ~1mbuJ.ttion. pnc.:umatic t•ompression 
lit.'\ ic.""· md .antitoa~l3tion to pr\'\<.'1ll \t.·nou~ stasis. \'t'11ou~ 
thrt•mhcN\. and JX!radoxical cmbuli,m. \t:rwMJ' tht1Jiltboc1n 
lx,lio,;;m pn){lh~1;)\ls i ... \~"'liall\ impnrt.ln1 tn I~· p:nienh 

hc..•c.:OIU C of lht• ri \l\ for paradn\ k ,11 ('lllhuh'lll f <l \""l 'llOUS 
1 h rum he K:mhul h m Wl'R' l o ex·<. ·ur. CJ 

Mosl l>:ltients w ith cyano~i~ huvc.· l'OII Ipl·n~ltl'cl. stahk· 
<:ryliHu<.·yto~is. Ph ldxHomy is rt-'C.'Oill l"'"'t'tld<"d tOr IXItier\ls 
v,,ri l h :-.yi"'"'I')[Oillmic hypervi.st·o~ily (1 11!ndaches :~nd reduced 
conc~nrrnrion) \Vith a hemuf.!,lobln kvd ~n.:alcr lh:.~n 20 g/dL 
(100 A' l.) :1nd hcm:-tlocril greatt'r th:1n (l'l,'%. In th<· absen<."Cof 
d~hydmtlnn. PllleboiODl) should be performed no more 
than three times e:och year and ;oouh.l oc foll<>'"'d by Ouid 
.tdminhtr.aticm. Rcp('"J.It'tl phlt'howmlc."\ deplete imn stof\"S 
:md (~U'< lrnn-defic-ient ('l)'lhi'U(.)'I<.>S or microcytosis. 

incre:l'dng the risk for suuk~. Shore term iron rhcrdp)' h 

atln1inblc1"Cd f'br iron d<.:fkienc:y in p~rlents with <lcstabi 
li:t.t:d '-'1')'1hropoil'sis. 

Diseases of the Aorta 

\i:.H<.mal and (M:d mor1lidily ;.md mortaliry incn.~):JIC,.· rt.-latt-d 
ro lhedegn.X' oJ'c.·yan()sisand pulmoru~ry pn.:ssun-s: 1hus. Pl1."fl 

n::mcy in p."'lit.."nl...-. w ith c:y~mosi' i' <.'tll"'~lcl e'l\--d hi.~h risk. 

Eisenmenger Syndrome 
Fls<.·nrn<.' I1X<.:r~y·ndrome is ~evt.:n.· Pf I \VII h t :mli:l(' shunt rt.~vcr 
s.>l (l'ight to ldl •hunting) l'au,cd tJy n long >tanding. uur .. 
tl<IIMI \ Sll. l'n~. or AS!l. rrE <v.tlu:ulon ami oppropriatc 
lnterwnlion has decrea'l'd t h<.' ("'(tUcn<:~ or Eisenmenger 
•·yndromc, but PH td•t<od to m mplt" ('l'lngenital hl':lrt disease 
h hlC:n::.a...ingly iclt:-ntified. 

(.;onM."tv.ttive medical ll1CJ:O.Urt':o. f'hr p:tlif"ntS With 

EiscrUllt'll"L'T ~yrK.Immc indmh· ,1\'lllcUnr, Iron ddkien9: dehy 
dn.ulon. ~•cut<• <~xl)(')SUI\" to ext.·t·.s.\ heat, and mt.IC.lt'l'all' or .SC..'\'L'I\' 
s l renuousor isomehicexercisc. Phld}otomy i~ r.ud y perfOrmed. 
1\ddil ion:.llly. long tl'rm a11 ilud'-' t' '<J)<t'i.tu-e- ~houJU be avoided or 
lirnih .. •d lx'<·:Hl~ ir results in ~l n.'tlut\.'<.1 p;1nlal prc.~urc: of o.\\'gt.:n. 

Air tr.l\\"1 shouk:l be undert:Jken in pn.~.,.,,ritL'tl ain..TJ.tt~: Stipple· 

nt<11t.lll'l")»'ff mJ) be b<:ndki<JI "lth pmlonged air tr.n~i. 
AIIJl:lticnl< \\ith ElS<'ntne~,. >)ndmme <houkl wldt:n,>O 

annu:'ll c."\alwtion b)· a congenit~d \ ·.1n.li.JC 'lk.X:ialist.l\oiX'":lrdiac 

'\U~1')' should b<.: [>er(hrmt'll ::d t"t'nhA~ with C'XJ~rtise in lhe 

c.an: or p:ttif'nts wilh c:ompk·x ("tln!!CI111JI t'~trc.Jiac disL·;J~('. 

P:aliC"nls with pmgres.~ive (';.11'\livvus..:ulal' wmpt<)lll" m:1y bent· 
n1 f'rom pulmonary \~lsodilalor tht'I":'IP)' or. i11 11111: ca .. o;es. heart 
uru.llung transpbnt:ltlon. 

Women with Eisenmen,~·r ~y•H.lromc should he C:.lu 
tionrd 10 :l\oic.l pn.~nd.n<._'\' lx."<--:Just• ol rhe high risk for mater 
n.ll morulit) . 

KEY POINTS 

• Phldxxomy is recom..tlK"Jl(k'lllur f"Kl1h.'1lt' with ()':'lnoti(' 
t'UJij.,'t..'llttal ht.·.art disc.··d~<· who h:l\·t- symptom.:Hk hyper 
"'"'"''Y with n h~moglobin lwei l(tvooer 1 han ~0 g!dL 
(~00 g/L) <lnd hem:.tocrit gre:uer than US'"%1 in the abst!nc·.;.o 
of clr hJt.lr.tlion: iro11 ._kndcntv "ih011lcl he :1voided. 

• I~Uit>nt.:: \VJth C)":lrtolic t·un.gcrtHal hcort dise:.lS<.: ·vvho an.· 
unde'l,*Oing su.rg..:ry or ch.."'llh'c pnK't'tlurr·s requirt> addi 
llon:.al <.:arc <.:onsidt>r.utons. indudi~ ~mtimicrobial 
prophylaxis for nonsll'Tile pt'UC'tdun;$; imrJ,~riOus lir"K: 

nher< 11'1 prewot po.r;tdo:>.l<;t.l Jlr t:mholi-.m: nnd t>:lrly 
Jlnbulation. pnc..-umalk" <"ompi\"SSion elf\ k'es. and anti 
t.'Cttgut:ulon to (ll"e\'l"nt \"X.·nous ~(;1sis. venous 1 hromi)O 
sis. and paradoxical ~mholi.,m. 

• In IXll k·nrs wil h Eisennwnge1· synclronu .. •. air I ravel 
should bt· undertaken in pressuri'l.<'d ain.·t;.lfts. w ith 
1\UJ)plemrntal oxygen for pnJIOilgcc.l :tir 1r.1vel. 

Diseases of the Aorta 
Introduction 
Dlse:lses of1he ~lorta indudc.' <.hn:n11!.: <.'On<li l ions. su<:h as tho­
rJc.:lc nnd :1hdominal aonk an(.'tn')~ms :md ami ic atheromas. 
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Oiscastls of the Aorta 

acHJ j)Oit·nthllly fife thr~Jtening3cute c..xmditions. such as :.lor­

ric d iSS('('tion und ant'Ltr}'::im rupture. Once ch ronic aortic 
d iseases arc diagnos<:d. surv<'illan<'t' and lrtalfl'K·n t a rc c ritical 

to prcvt:nl d isease progn::ssion. complic.:·.1riom:. ::md mortnlicy. 

Thoracic Aortic Aneurysm 
Thoracic aortjc :lneurysm (TA:\} is dellned as an increase in 
the thomcic aortic <tiamcu:r of g,r<:att.'r Lhnn SO'%:. n:lafiv<.: to th<.: 
expected or norm::1f aor1ic dimension. TAAs may occur at lhe 
level of the ~)Orti<' root. a::it·t·n<.Hng aorta. aortic arch. or 
descending aorta. ThC'y most t·ummon ly invoh-'L' I he aort ic root 
and aSCt'nding. aorta . often fOrming :lt the site of aortk' a t hero 
scltrosis. '[i\:\s olre usually lhe result of cystic medial d cgen 
f.>rat ion and "''e'alzening of the: aorlic \•Vall due to los..-; of ~moot h 
musc:lt" fibc.:rs ancl ehtslic: fiher degener:lfion. 

Common C':ltlli('~ oJTAA ~tre sun1n1~1rii'..ed in'l3.ble 33. '1'1\As 
rh::n occur tn pntknt::; younger Lhan 50 y~..·urs ant oncn l"<clUSL"<i 

by connccl ivt· lissuc: disorckrs. sud1 as M;:~rt~n or Ehlers­
l)anlos syndrome·. Bicuspid aorlic valve moqlhology is also an 
important risJ\ fac:tor for TAA fOnnaOon: TAAs occur in 

approximatdy SO'Jh of patients \ovirh ::t hicospld ::~ortic valve. 
Other risk lilNors tor TAA indude ab"' and hype11ension. 

TAJ-\s ;lre oO:en asymptomatic and are t'Umt»only d~tl'C icd 

by e~.:hocan.Ji(>graph)• d ur ing -:m C'\~l l u::trion ot' left ventricular 
tim('fion or mu nrmrs. lnt'r<Xlttt·nlly. symptoms of hoar~eness 

and dysph~gia OC<'ur when ~m ancur'ysm (.•ornpn:sses su r­
roundingslruclUTl'S. Physkoll examination findings. such as :.l 

TABLE 33. Causes of Thoracic Aortic Aneurysm 

Category 

AtJlerosderosis 

Cooncctivc.· tissue 
d isorders 

Other genetic 
and/or 
congenital 
cond1tions 

V.:lsculitis 

Infectious 

Ao11ic inju(y 
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Syndrome 

M~,f.:H, sy,)d10me 

E.hlers-D<in!os syn<iromC' type IV 

Loeys-Diev syndron·,(! 

Familial thoracic aortic ane-urysm and 
aorti<; disse~ion syndrome 

Bicuspid aortic v.llvec 

Tvrner syndrome 

Tak.Dy"1su :.lrtc ritts 
Giant cell rtrteritis 

NoMpocific (idiopathic) O:oftitis 

Other avto1mm~Jne condrt1on.s {Sehr;et 
:;y1ldrorn~. systernic lupus erythematosus) 

Septic embolism 

Dir~ct b<lctc-ril'.l l inoculation 

Bacteri~l St'!eding 

Contiguous infection 

Syphilis 

Prior <.~Cut<: aonic syod10H\C 

Cht'!st trauma 

d iastolic htart murmur o r w ide pulse pressur<.·, al1.' JC.mnd in 
the setting of ~1ortk n:-gu rgita1 ic)n, which ofwn oc-x·urs in rom­
hin:.nion with TAA. If rhe ~llt"ll!J1Sm ruplWl.'-S. patients present 
with St..·wn· <.'ht'Sl or hack pain. sudden shotU'll"SS orbr<.:ath, or 
sutlc.lt..·n t'anlia<.' dt.~dt h. 

Screening and Surveillance 
Scn."t'Tling lhr :1hnnrmalities or the Lh01~1ck a01ia with aonk 
imaging is ind icated in asympton.t.ltk patients wilh gcnc1k 
conditions (sud1 a:-; Marrt~n oT Ehl<·rs D:mlo.~ syndromd. a 
bku:-.-pid :l0r1ic v:~tv(", or ::1 f:.lmHy history o J'TAA or aortic dis 
S<.'clion. Screening is not reconuncndt.'CI in OLh~.·r a:-;ymplo 
tllalk (>trsons. 

Aftt>r T.4.A is dert:"cted. 110ninv;lsiw imaging is inUi<:<:Ht..'ll to 
<.klcnn inc aortic cross section::1l <:lre;.l (Table: 34). Aortic d iam 
t..'lt.'l' llll"'J.SlU('ITh:nt oflt>n v..~: ri~ :>ubstam ially depending on tht' 
lype of im3gin& study used. Care musl be taken to measun.· 
lht..' dimension perpendicular to th<: lung axis of the.' aorta 
hc<.:aU:)(' ubliqut..· mcasun::mcnts may ov<->f($tim;:~te (he •ntt· 
~mrfk di:1me1er. The tn;l:xlrnurn aortic d iameter at the si te of 
:.ln ~mt·ur)lh11 1 (measu red in ('m) is gen~raUy used in t h~.· <:rite 
ria for ::;ufvt:iHann· and Lrtal mc:nt. 

Bec:111~t> I he le3dlng:cauS<' of <k't'!th in patient~ \'l.ti th 'IJ.\A Is 
ruplure. sur\'eillance anci t reaun ent depend on I he an..:urysm 
Sizt· and ri~k (Qr ruplun:. Ont'\' I he dhlmNer of the a neurysm 

has j;..,'l'OWn l:lrge-r thnn S.O CI'Jl, thl' average growth nll(" h 

0.1 cm/y\.·ar. and 1isk for ruptur\:' increast..·s. Ac.ld iliOn<ll intlt• 

pmdcut ri::;k l3ctors ror ruptur<~.' arc a r..tpid r:lre of expansion 
(>O.S <·m/yt>;lr). rhe presence of :.lll ant·w;rsm d uring pn:g 

n~mcy. and previous aonic diSse('tiuH. AnlllWl su n<till:-m('e ico 
appmpriatc in patients vvit h :.1 l'irst <kgree relative with a his 
rmy nft~millal thorodt..• aurti(.' am:urysm :md aortic d i::;SC:'tlion 

Transthoracic e<.'hocM<tiogrnpby is most commonly used 
ror annu~tl survt.:ill~ml-c of' IJ\1\s smaller I han S.O em in diam 
ct<Jr. h1 p .. "lt ients with prt!\rious rnpid r..'lt· of <:xpansion or ir. 
patients with a TAA of:i.O em i n diameter or Jargt"r. J\Lort frc 

qucnl survdllant.'(.' is o rtcn v ... arr.mted. P:llit:>nts with rapid 
eXJXlnsion or the TAA or aortic: dimc;-nsion of s.s em shoulw 

undergo additional imaging with Cf :mRi<>gmphy (CIA) "' 
1nag.nct ic l't'Son.me<.' <-ln~riogr-dphy (M I{ A). 

In patie•nswith :.11)\.A nnd n genetic: t ·<.mdition (Marf:1.n 
Ehlers Danlo~ ~yndrome) or hicuspid :;~ortit ' 'aJw. il i.s rt.'l'Oll"' 

mcn<kc.llhat r<.'JK~.JJ asst'!isment oct'ur 6 monLhs a n('r diagpo 

sis to determine t he rute of enlargen1eru. Thc·n:a1kr. anmu 
imaging is recommended if the aortic-diarnt·t.:r has bc."<.:r'l Slabl 
and .smrlllt·r than ' 1.5 <'m. If I hot• :lorlic dianwter is 4 .5 ern 
largeronhe rate of enl<ltgtment exceed:; o.s em/year, imagil' 
should be performed <>very o months. 

Treatment 
1~\A:-; with a diamelcr smaller than S.O ('m <."an usually he m;... 

aged with m<.'"<1ital lh(T.lpy aml<\clh'l· swwillance {see Table 

Mt.'t.li<.:al Lher~.lPY induc.lt:) a~.r"t·s~iv<: blood pn.:.s:mn.: txmt 

wH h a gml bl<xxl pre,;sme below 130/80 mm l lg. ~-BI"""""' 
are the preff:-1Ted 3ntihyperten sive agents in IX1lklll::a \\ 



M.lqnt'tiC r~l.Jncc 
ang•ogrJphy 

Ao'togr•phy 

Good \l'i~ual•zut10n of aortic root/proximal 
<Js<:oncling olOIUI 

No cxpCKur~ to radiation or contrDSt dye 

Allow~ dofinition of valvular pathology, myocoJrdi;ll 
function. J)("riCardtal disease 

Be®dod~nosi• 

JEE hM supenor trn.tgtng qu~lity<O""'fl.vcd wrth 
TIE 

btcellont VljU.Jit.::tJtion o( the ,)0ft<l (rom It~ fOOt tO 
the dClsccndin9 ~orta 

No expo~.u•o to r..acli..ation Of contr,:~st dy<:" 

Allow~ dcfrn,~tOI"'I of V<'llVtJiar pathology. fnyo<:Mdtoll 
funct•on, ponc:.ord i <.~l di:.~.lSC 

Bcd~idc:- diti!Jnn<;•~ 

Vi$u~117olttOn ol enure ,)()r't3 a;nd side branchm 

Rapid "'"'9"'9 

MuiLpl.mar u:c.on~ttuction 

Vi~ualil\HK'M1 of P.ntlfe aorta and ~ideo bfJn<.hos 

No exposu,c to rt~dt.ltion oriodin3ted contrel~' 
uyc 

Vis.u..,lit..,,•OI''I oi ilOrtic lumen, side branch~. 3nd 
collater.th~ 

Ptovid~ ex.a<;~•n~ormation on aorta size .lnd 
shope and ""'f •noma&cs 

Diseases of th~ Aorta 

R<!quuc~ cxpctienccd opor~,tor 

Lnoitcd visotlli7M•on of the ciihl:..l ascEmding notUJ 
and aortic atch <Uid br<.~l\thc~ of the grcJt vcso;cls 

A ncg.,tive TIE result d<M"'$ not rule out aortic 
dissection. and othe-r lf"'\.'9ing techniques mu$t be 
considered 

Requires experienced O~oliOr 

Invasive proceduru 

&poses patiC1lt to r.Jdia1•on, IOd•nated contrast 
dye 

f-or acute dtSe.Jsc, prolonqc:d un.r~JC .xquisftion 
~w<Jy from ~"'Cute cart' are-~ 

Contr~indu;amd '" pllt•<.:•\t:.o with 11npltJ1tlCd 
f.M<:.emaker or defibrillator 

Gadohnuun coiUt.l:.l dyo,: t.OI\lluindk.Jl<:d in 
J.h.lliO•'lts w ith kidc'ley d•!Wn!;ft 

Oise.)ses of tha ilortic. w .. ll Jlld thrombus filled 
disere-to aortic aneurysms may be mt$$00 

l~ve procedure 1twt reqt~~rc:1> powef injection 
with in the C)()f'(3 

Reqt>res dye load ond m•y bo n<JPh•otOJUc: 

1'..\J\.Irt p~ll h:nl~ wilh Marfan syndmnu.:. rj blocke t·s :an<11osar 

tan htwt· ht:>en assot'i;Jtc..'t] wil h a n .. ·<.lut:Cd li:l h! of aneurysm 
gruwlh. 

On('t' .•st•t·ntling :.wrLit· ~utcury~nl ~~z~ e:-..t't't'•d~ 5.5 em in 
diamet~r. f\.'J):lit is w.;ur::mred 1o prc:'\cnl tht> mu1'bidlly and 

mortoalll\ ~i •. lled with aneurysm NJlluw. In p.:llienb '''ilh 
J.n l:~odin~ J.ort.t or aortic: ruol grt~ll<"f 1ho1n ..t.S <.min dtam 
t>ter who n.'tlllU't" rom~ I) art('t) b)'lxt'' J,:rJOh~ or ~u~· to 
n1lair \'.tl\'l' pathology. aortic n·rxal r ~hould ht· pt'rrormt.-d at 

the t ime of l';_trdittc surg'-·ry. Curr('nl p:ufddinc:s rt'C'Ommend 

that :111 rxtLh.:nts with ::1 hi<-11:-.'Jlid :-1ur1il: vHIW und ascending 
.ulrl it u ncu•·y~m undergo aortic.: rC!XIi r wht;>n llw aneurysm 
e.\t'('t,."'(i<o ~$ c·m in dhtmctl:r. unlc~ llwt·e is a n indkation to 
n:pail· ronc:omitanl coron:.uy :;H1t'ry d i'-C:.....: or .. 1o rtk vahre 
palholut.~Y· In p;_tliellls wi th Marfom or Lhle~ Uanlos syn­
drome. the AnKTkan Colk'!l" of Olrdk>lagy·Amctit':ID lle:>rt 
.h<;oel>tion KU•dcllne< recommend th.u t"'llc:nb undergo aor 

i<: "''"'lr Jl.•low~r threshold I t.S s.o em). 

rc:p;;tlr Is l11dko.Htd lUr 'l'l\;\s th ar involve the aurlil' ruol. t\S('t'lld­

i ll fl :lOI"'!,, ~md aortk arch. 'l'horuL·u,: t.'l\duvu-,..,·ular aortic repai r 
(I'I(Vi\R) with s lm l grafting <hnulcl ll<• '""I wht·n a dc,c.:nd 

in\.t :mn ic.: am.·Luy-sm ha~ a diamelrr qre-.uer than 6.0 t·m. h..'\.t\ 

C>hib!ll'd. ropld grm•~h (>O . .'i un \car). ur lidS cauS<:d end 
ol)t.ul damage. owing to alowt·r morbidity and ~oncr hospi­

ul 'ta\ rdaliw lo open f"l'IX'ir. I f.\\\R has liKe ath'aD!~ nt 
a\oic.hng an opt>n stl~..;(_'·.tl OI>Cr.tlion •• tlthuu_~t \"Ontplication.~ 

c~rmkc. ~pinal ischc:ntia. ;)nr'rl(' gr:-10 t•mloll"'.tks) <.'an <X."l'Ur. 

The- o.ll'lt*ltrysm lcx:alion. a:>sot·imed annie \':.live p-.tthol.om: 
tnd prc~tt1cc ol c..uncom iT:tn l comn~try arh:ry (.(jM."'..bC.· all die 
ate the 1 VJ)C (lfthomcj(" aortic repai r pl·rfOrnwd. (>pen t-.1.1rgical 

KEY POINTS 

• J\')yntplumatic p~lt ients wilh tv1:trlim or Ehlers-l>::mlos 

syndrome, a hkuspid <JC)rtil vuh•c. or ;,1 CtunHy his.tory of 
rhorncic aortic ~mCut)-sm or nm1kdb:-.l·dion should 
undcl').,v scrwnin,~ lor ahnnnn3llll<.,. of' the thoracic 

30n3. 

• P:uienls '' ith a tboracte aonk ~UWUI')'m ~maUer than 
S.O un in di•mcter should uruk7J,'<l annual <'dioc:ird! 
~phy to moniror aortit: aneury~m jUU\'\-tb. 

(Connnued) 
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KEY PO INTS (continu<d} 

• In patlc:nts with :1n :ascending aonic'di.1melerC'\:c.'-"<."(Ji~ 
S.S em. c."lt"(;tivc aortic repair is warranted to pf\"\~llllhc.• 
morl>idil) Jntl niortJiity ~iatt.-d with an<:UI)':)m ruJl 
lun:: p;:atit"nls wirh \hrf:J 1'\ or Ehlers-l)anJtA syndrum(.! 
shoukl untlcrgo ;lOnic: repair ar 4.5 fo 5.0 em. 

• '11lOrtKic cndov~l"t<.'u lar aortic repair is R-'COmmcncl<-'d in 
path:niS With :1 rlesc-end ing <'lOrtie aneui)~Il1 \Vht·n lhc 

t.l ioliHCCc.:r is grc.:at<.-r I han 6.0 em, has exhibited rapid 
growth (>0.5 em/year). or has caused end mwm damng(-'. 

Abdominal Aortic Aneurysm 
Abdominal oonlc aneurysm (A.W is ddirK'tl .._,an abnonn•ll 
c.liiJWllora c,( I he :.aorr.t '' il han antempostf"rior diametef' atn.•..lh:r 
1 h:m 1.0 em. Risk r.~etors indude male sex (6: I male ro r~m.•l~ 
inckkntt 1"311<>). ad\':lnced age, srnoiJIJg. alh~"""-lcn""· 
h}J)l'I'1<'11Siun. and a family history of AAA. 

Screening and Surveillance 
AAA i~ 1'\'\()l\1 commonly dia,gnost.·J incidcut:.~llv by ClA or 
abdomlnotl ulll":1S0110gt':lphy. Appmximotety iS'%', or puUc.· 1, l~ 

with AAA nrc asymptomalic <ll the time of d iagnosis. IJl"(·auS<' 
of Lhe high mortnl hy nue assod~H<:d \•Vilh aneurysm ruplurc, 
Lhc U.S. Prc.:vcnl ivc Sc.:rvices ·n-isk 1-:orce recommends Or\C time.· 
screening wilh duplex ultrasonogrnphy in a ll men oj!cd oS to 
75 yeal1' w ho have MllOkcU 3l lc·ast 100 c.:ig.m:Ut·s in their lift· 
tim~: J.nt..l M:k'Ctfvc stTCening in men ln rhioe; ~group \\hO 

hJW n~'l.'r>mokt~l (see MKS1\P IS <:eneralintemal ~ll'<ticiod 

E:,.thl\Jit:d JOIIUJ} riSk for aortic ruptUR' ::tC.'t'nnling IO A.AA 
ditnl'nsion i~ !\I\Mvn 111 T:lble 35. In ~Uc.·nts with :m AJ\J\ 
diallX."Ic.--r ol 4.0 em or Jess. sun~illaoce '' iUl duplc.'.X uttrd 
~·•.JUQMJJ.Slhyc.."\t.'f')' 'llo;i }t.<IN h. WdrT'dnlc.'tl. In pollienl~ \\ ilh ;tn 
AAA di:IJ'Il("l~r nf ·1.1 10 .'iA em. surveillanc.'t" ''ith CTA or 
duplex ultrJ'<!lnogrnphy should be performed "~ry u 10 
12 n1onth,, Onc.-c lht· aortic d iamci<'T m(~f·fs the lhr~hold lhr 
U011i(' rCj").'lir, :.\n;llomk im~tging tt-'*>is. ~mch as CT/\ or r\•II~A. :.1 1'C 

TABLE 35. Annual Rupture Risk of Abdommal Aortae 
Ane uryt.m by 0 1ameter 

Aneurysm Diameter 

<40cm 

4.0-4.9cm 

SJ).S.9cm 

6.0.69 em 
7.0 7.9an 

>SOan 

Annual Rupture Risk 

<0 .5% 

05%-S% 

3%-15% 

1 ()%. 20'J(, 

:2()%.4()%. 

3()%. 5l)j(, 

~ , ocf """' .---on fw.rn Kte-MO'I« DC. Cront-.rwc:t Jl, klollct1 N1 Jr 
Jvl ~, tOll t:W, 1('"'-.k \'r'(. '-'..t:w......,._, J~; Join~ ~101 of th~ All>l!fiUIIn 
Aio1o-;l<l.lfi!VII rv V..._l,1,.. Xi•y..o•y•IMJ M~y ko1 V.i:.<.N• ~ll>'9t'")' (N,~I"'k.!l> lyr 
fhp lrto.ltMI'>hl ·A ,.lo(I..,....Ofl1<1 ;tnftlr .lN'h of~M$, ~ 1;4 <1 wlx<.o!o,fooU\.!1.' v( IP11.• 
Jowl C~;~~unt•l ol 1ho AMNka11 A!;loOCI:.t•on IM \~cul.vSui!}Qry ;~n•l S•K•'tt; l..w 
V ,..,. ,,• "l w•I'""Y· JV•H ~u·•J 1001;37:1106-17. (r~,ID: 1275(,J6JJCopyn!:fht 
10M rt•.>"WI"'' 
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lndicatro todctcrmin~ I he ~xa<:llC><;!IIOn ofrh~ AAA (supmre 
n:al. juxrarmal. or infr:~rt'roll In plannl~~~t for R.1"'ir. 

Treatment 

--

\it"llil'al ln.·armcnl or AAA in\olw' ri~k f3Ctor reduc.tion to 
ll"du('(" th(' risk for ntptun:. t.'Mdi<>v;ascular murbidily. and 
m't'mll moti ality. At1r1 ir •c.•1,Xilr l:"houltl l>c: l>~.:rfhrmt-'tt fn p:n ienrs 
w ilh .tn AAA d i<Jmclt-r ofS.S ('m 4)1' l : tq~er. i t) thUS(• with rapid 
(•Xp:m sion In AAA Si7.<.' (>O.S<:JDIYl'UI'), and In pnticJ'IIS pn:sc.·nl­
ing with sym ptoms I'('Millin}4 iJvnt At-\/1r. ( ~1bdomin:1 l or h:l ck 
pnin/tt.·ndcnK"S.'i). In pal iL·nl..; with :In imiiC'nOon for ~ortic 
fl'J'X•ir, the ('hoice l.x't'Wt.X'n OJX.'n .)Ufl!I,IC;II rep:l ir :l nd l'flllovas ­

cutJr :aneurysm rep:.1ir (EVAR) h llri\'I..'U by the l n~:a lion of rhe 
AAA ~tnd in"olvt.'mcnt of th<· n·nJI ~mel mc:~·ntt.•rk ~.ancries. 
Supr:nf"n31 :md ju~1a.reual :mc.'Uf)Mtt\ m0'\1 ofte-n ll('<.'t>ssit.ttc: 
OJX1l surgical rernir. P.ltielll a~:. c.vmurbid <..'onditions. and 
.lbilit~ to tok:ratcopcn surxil'"dl n"(Xtir dt'f,.rmin<.' which pruce 
clure 'houkl he performed in iX}In."Itb with 311 lnfran..---nal AAA.. 
E\'AR is associated wirh 1ow~~-r ~hor1 ll'l m (30 dolV) morbidify 

Jlld nlOndlit) but no si~nific-.ml diffc.-n·rlC~ In ltmg temt mor 
13lily. Adcliliomlly. EVAR is 3""'-'Clai<'tl wilh lncrx-:1<;('(1 11<'<.'<1 fur 
n~pc..-~ll in tervention and sl~;t.nili<...-~Hllly hijoth(.·r r;Uts uf c.·ndok--ak. 
dl.'Vk'l' failurl.', and poslirnpfanl atiOI"' ~ndrfJmt {J(..·vt!r. leukQ 
(ylosis, ~tewlted serum C n.udc.·tivt· pn>teln). Thtst t•ornplk a­
lions nt·t'el.-sitate d il igent IOiluw up with nonlnv:l-:-iv(• im~ging 

tC'!)b (CIA or uJlruscmogr.:tphy) 10 LV.Jiunte- rhL· ~lcnl gmfi. 

KEY POINTS 

• ~isk t:tcrors tOr :lhdomln~ll uorUc.· uncu~m include 
m~lle sex. incre-dsed ;;tge. ~mo1J1~ and ramily histor): 

• Aortic repair should be pertorml"d m JXlli<.'Tlts with an 
a.bdominal aonic aneurysm (1\A.~) tli.Jnt(.."'ll-r c,f S.S <.nt 
or b~r. in tll<>M.· with r.ll)id C\l~n,km In AAA ~i1e. 
and in palit."nts pTt"";f'nting with \)nlf}{Om~ n"SU11ing 
fmm AAA (3bdominal or oock pain tendcmN>). 

Aortic Atheroma 
Aortic 4lll u:rosdl.'rolk' plaqm-s c.·omnu>nty ()('('\If ltl p:'lti('mS \·\'ith 
c·vidt'nC't' of :-.thero~C'I t.-..~is b• u lhc.·r vasc.:ulnr beds. 'l'he mo::.l 
ll't..'qut•nt tom plication of aot1iC' ~tllll-'1'01'\l:~ i~ ~y:;t<:l'llit·c.·mh<>l ism 

an<.l ~Mokc. Aortic.· atheroma.\ gl'\:;.ltcr than I mn1 in di:lmett:r or 
with ~1 mobile t.'Ompont-nf art> mon- llkt.•ly tu I H.· ;,a:,StK.'iatc.·d v\'ith 
thruml.xx.·mbolism compared with c;mJIIt.~r Jth<.·rom.l'l.. 

Aortic: Jtlu:romJ.~ an- most fn:qucntly 'lt:lt.'t.·ted ~1s 30 inti 
dMr:\1 finding orl int<lging ~ludic.~. The pn."Sr..·nce of :m aonic' 
:tthemma represenrs a ('Omnary otrtel) di")C.«;l~ ri-sk <.:quh-alcnL 

and I>Jii<~lls shoukl be m""i<l<·l\'tl f<>r •ntlplatel~ and stalin 
rhe~pfK in :lddition to oth('f ri .... k fa<.""' intc.T\t.-"Oiions. 

K £Y PO l NT 

• P:Uients with an aortic atheroma should be ll't."3lc.--d with 
,l.ntiplatdd ~Uld stalin Chl.'rJ l'il..., to rt,_"'(.lun: t:lntimt.lsc·n 

l:tr risk. 



Acute Aortic Syndromes 
Tile most common and li1e- threatening acuiC' aor lic ~yn 
dmnK"S ind udc ~t·ut~..~ aorLic d issection and aorU<.· a neurysm 
ntplttr('. AdditJon~l c'ICUte :lor l icsynd ro tnc.·s iru:ludc imrsn1urnl 
aortic hematoma and penetraLin~ atheroscleroti<· ulcer. 

Pathophysiology 
Acute ;10rtic dissecrion involves t<!"~ ring of the aoni<: intlmtl, 
It-ailing to passage ofbloo<l from the true lumen or t he aorta 
Into :l t!.llse lumen (Fi~urc 40). Dissection of the aort~1 <::.ln 
pmpag.atc in an antegr::~ c1e c•r rdr<>gr<l<k fashi<m. ntainly due.'" to 
she·ar IOr<.:cs. Propagation of the <.lisse<'tion cn n re~ult in c·:1rdi:-H' 

Acute aortic dissection 

Acute intramural hematoma 

Penetrating atherosclero tic ulcer 

FIGURE 4 0. Cross.s~uiona l rcpresentation ofaroleaorhc syodtomcs.Acutc 
.aortic dissection: inu~rruption of intima (b/ve}with <.leiltion of ao iniim.:.l Hapiind 
blse lumenlorm.llion within the media(;ed). (Q10I fiO\Y b)' Doppler 
echocardiograph•( or inuavenOUS(IV~<;OIIIf~1 by Q is present with iff the lahP. 
.~men in the OJ<Ute phase.Awte tll!rilmufJ1 hematoma: oescenl·shaped h~matoma 
(O.ntail\td within dfe media withOulu\telruptiOll of the in;im.;.{blue}. t~OCOkHflow 
by Doppler echocardiO"graphy 01IV conttast by CT within tfe5tent. P~rw,Uaflng 
attterosderotic ulcer: alhel()n)a {}'!'i/ow) r1i1b plaque ruptute di-.rupling intimal 
..ntegrity; blood pool wm.aiocd 'fli!hin intima·medi.a1 laye,(pseudo.lnelli)'Sm).Co!or 
low by Ooppler edHXa•d,oqraphy or IV<onuast by CT entetti the ulcer Wller. 

Diseases of the Aorta 

lamponade: ~lCttte <lOrtiC regUt)Pialion; t·ompromiS(' or arterial 
s ide: ·brandK~ {c.:arot id, mesenteric. renal. or ilhtt' o.lrteries): ar1d 
underperfusion of org·.m s such a:; the brain. inlc:;tines. or kid 
neys. Aorlic d isS(.·ttions :.He categori7.ed accord ing IV l h(•ir 

local ion of origin by US(' of the :>tan ford classification, whi<.:h 
c.k'St· dl~ typ~ A dissectionsasori~nat ing \Vith in tlu: ;\St't"lld 
ing aorta or arch amJ ty1x· B cUsse«ions .os origin:tting dis1:-1l 1o 

lhc ldl :m l><:lavian arte1y. Type A aortic d isst-><.'lions require 

surgic::~ l intervenlion due lo risk fi.>r ruplurc.: autl dl·:.1Ul, 

wherea~ typt' B aorti<.: dissections c::m otten he inil i:1Uy man 
aged wilh rnc.·c.Uca.l st~lbillzat ion and h1ood p ressure control. 

l ntr..lmunl ao11i<· lwmal<)ma:; result fm1n Jnicrotc.·:.m; in the 

~l.Ortic intima and nlptur<· of che vnsn \1;;1.sonun {Figure 41). 

1\:w.:lr~ltillg at.hi.'rtr..-derotic u lcers are c.aused by erosion of the 
inten1::11 el:ls1ic' membrane: at thL' ::;ilc uf aorlil' athl'rosdcror ic 

plaque. leading to a blood-fi lled fll lse Sp:lte \<othin th~w~ll of I he 
aorta (fi~u.rc 42). Both intnmtural hematomas and JX·nc·tnltil\~ 

.od1e rosclem1ic uk-<TS ar~ mor~: turnrnon in typ-: B ills:>c.'l·tlons. 

Diagnosis a nd Evaluation 
A<'tlle am1 ic d i:-.:-cttinn h a mt.•dk at <.:nwrge nt:y .• md a h igh 

index of ::;uspi1.:inn is net'ded tOr immt:dialc Ji~tgnu:-.i.;; .tm l 

lrl•atJUl'lll. II daSSit.·'aiJ_y prescn•s Vdlh Lltl' ::;uddcn OH::id nr 
chest or ll<wk s)<lin lhal h~t!> a l<.:arh~.g 0 1 l'iJJpinH \llH.llil) : how 

ever. not aJI P<Hic:ms \\'ill h:we I his symplom. l~uients mav 

f)fc.·sc.·nt with hypertension. ~-ynco•x·. a rnunnur of aortlt 
regnr~!it :Uion. or ht·arc railun.· h\ the .:;l·Hin,tJ. ()f sudden >1011 ic 

i lt.<tu flk ic.·m.·y. Tht lt lt t l i llf'..-~ tlf :lS)'lnmetrie bl<x_)(l prc:ssurc.'S in 
the.· uppc.·r t,:'\! l rt·mities. asynmR·Lri-c pulst~s. or pul~u.:: p:l(.l 
doxu~ s hould al l rdi..,c.,• ~u:-;pic:i<m 1(,r acull." ac 1rtk d i..,:;c.·t.:tion. 

Ahnonn alitit>s ltt<t.Y be.· J) !'~nt on ( hest r:uiiography (\vid 

c:m:c.l mt·d ia:jli nurn) :.~net dfd i'Ot.':udiography (ST scgmt'nl 

c.kpressinn). hnl l h<"M' find i ng.-; an;: nol t liaR.no:-;tk li•1 Jc.·ttlt.' 

:1urt k d isst"<'lion. ln J.XIhc.·uh wl1 h :1 high lik('lihood Hf ~K'llh: 

aorl ic.' dJs:-;t•ction. tli:tgnostic im a.ging k sts shoultl not h~ 
dt>layc.•cl h:ts<'d on the.· n.-sults of dl<.·:;t ra<.llogr:.lph.r: e lectroca.r 
diog~~phy: o r Jabomtory h:"ting. 

Trans<..·soph~IJ.~t·~tl c.x-hoc:trdiography, CT:\. and MRA have 
simih1r ~wnsjth· itv :11111 spcd(k ilv in pal icnts will! ~tc.'Ul<.' tho 
nu.:ic,: ~tonk d isease. Tr.tnslhM:.lC'k eC'hoc."nrdic)t!r:lphy h oflc.·n 
used hut hi limittd ! )} tlw inahilitv lo image the d isla1 ascend 
iug ;•ort<l. fr:ln')\·t•r\'1:' :.turl i<.: an:h • •. md dc.~·ndinq ;.1orta. 

Conlpar<'d with CTt\ m tv1 ~A. 1he primarv advuntagl.'s or 

t r:tns<::·;ophagc.•al l"\ hcK:lrdiogruphy in pa liL'nts SUSpc;"('tHI of 
hav:in,g:wnk rl i~..;t"'('tion intludc its pc)rl.lbiliLY tOr an unslahk 
pal iem and l hl"' l:1d\ ofimli.tl;Hed c."Cmtr:l~t. 'With 1Jw in('r<::Jsc.:d 
~lV:lil:tbiiHy o r Cl!\ , it lw~ I K"(Oille the primal) d iagnoMk l{':-.1 

for acutt· thoracic :101ik d ise:Js<·. lm~t:-;ivc aortography is rardy 
i ndk~llc.>d fbr 1 he diagnosis of ~tfute c1lst>:tse; ho\\'1.'\-c-r. it i~ ind i 
<~~l< ·d at lhc.· liml' ur l'Jldtw:.t:-.cul<lr repair or whcu noninv;tSh't" 
tl~ting I~ conlr:lindkatl'd tJr t·annot be.· pertbrme-cl. 

Tr~atment 

l'~tll(.' 11 l'> With :l c lltC ~10T1 k di:;St·c.·tiol1 \ ¥il ho ut F\idenc·~,• or C.<lr 

diog~ni(' shock ... h~..~uh.J lx- tl<.';•tc."(1 hith medk :1l therapy l<1 
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fl G U R E 41 . I Jlll!l lllUIJI I !cmo~toRld demofJ$ttated as ii iVl'NI~enuation band of hem.ltoma (Jir'Om) 1n the <tOrlic; ••all on Cl images./u.iJIIm.:.ge:. ~lthc level of the donie 
~l'(h (top lcf~). through ltlt m1d rhora:c (top tmddfe), <md iJl the levt'l of the supe11ot mesenteric .Jfle.ty Mlh tlCint:lw•ng of the ..ortic; lumen (lop uqhl). Obl•quc ~•9J tlol 
refonnJncd •m.lgC through the thot.u (note bar1d a·1do~d evident WTthout die vs.e of tfKtfiXJrd•ographt! g.Jbng}(bonom leh) CoronJire-fonn.mcd •mJg~.· through the 
~bdomen dtmon:stntts the ltngth ~r mt benw.tOfl'l• dnd 4n inc;idental infrareno~IJortk JnC"ui)'SII'I (bortomtJgbt~ 

~~ ... ,_..._.,._,klf.>bu &:tt.Ci.,.......,~~"'-'-'"" tA,..,'-tAff.il J.t • c. l(.llfq~~._~ .. w 19w .. ~ ~c...-,.... M'lllllfo'~ 
~~~-.... ,..,.,~ ... h~.m~~~..-• ..,""' .... A'1U4dat.._. ... w,...,~~*'~"-""""',...~,-_.,~.,~ 
~ ...... .-...na. .. .......-~,..,.~d.~J.~-s----....._.._ .. , l(.,.,..,~~d .... t.~-~ ..... , ... ~........,.~· 
~~~ .... -~.~-~-~"**..J-~C.d 111-~t]ltl"tl.l "~·-~ 1ft_lf"-6~10.11.0:1) ~1tii,.P,.....,. 

f 1 G u R E • 2. Ptneu1t ng arherosderotic tdcer~f ::ht p~o.U-.1.11 cfb(.t'nd•ng d"K.!Ioklt .MMLI. Au.llt Cl irn~ •1 the le'l'e'l o4 the •onop.~lmonary Window (It-h) and at the itvel 
of the left pc.~ lmonJry Jnery (ugh II dtmo"'stratt a small penetr.ltin·~ ulcti(Jrrow) th.,ttttJ:ntJ~o beyond the eKpected confmesof the •or1..: lun'lfft ff•lk 6d!.Ct1'1t lntl~l'l'hu~ 
htm.tloltla bolt! 111he level oi the ulcer tse-lf and that extends J fC'II.• ccntimtU:I:. wudally ••• the ~•ull of tht! destendmg lhofclOt .on,. U - ~nttrating utur 

~~~m1rt'd •1111 fl!"m• 1111'1 1<0111 H•rx1:.l II' ""' •IS Gl. .'lfdnlill:: .14,. Dtr.111 $». Uu W. C•l'Y Oi Art .II; Mlr1 wn (Diit!ll' rd (M.inlc:.w r nlltdtl~<>\m(fl(.)n H~"Ul\•.OUI! l,1ll :lrl.oHII ~... • t' W11•"'"'"10)0 ACa.'JJ I~Mr;, 
1\(l!·fi.,.. ... U•'\fAIIO;Jf.'\'K•(t",t fl•.utlli•lll">l!lf lbo· dilljll~~ .111!1 Mil"'ol ).'MM( ft. p.~llt~ .,;111 lhOU(I( ,)OI1o, (boO,!~. A"'flf)ll J lhr Mleuwn Colitgl' uf CaldioiO?f r Ollmi.lhO!!itlmr'lc .111 IIMIIAMO:!.:.llllhl ~~ 1111 f'l.tno.l' 
l•·"'""''l'\ i\m••·• ,,fl ,\,,.., hhw•lu• lli!I'Jfk o;;~·~. flml'fit:,tn Cn.lo'9" 111 P.orl <tf!llft, ~f"M or;!mlr A("llfi.)!IM, ~MI"t, o! U'd''.,'""':./Vtf'.Aht61:)kocp~ll.. !.otltty lw C'.-dur......-ua.r J.l9nil'lfii!J .111d lm"""jWjC!h ~ueiJd 
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hc.\l.rt rJL~and rt'<hlc.'\' hku :t pn,,un·. c nrrc.·nt guiddirk"' 
mt·rul R'tlud ng .;,)~lolic: hlociCI P"'"-'Uil.' to J20 mm ffg or 

in Cht: lirst hour in patients wllh .1orlic.' di!>scction 
1\<..'nous 13 blockers art· tirst lllw tC\\IHllc..'lll; lur h)pt,· nc..·n 

chal does nnl l'llmplctdy n,''{lf>nd (n I' hlo('ke;•t":~>, intr:l\'\' 
vJsodikHors (nilrupmsside, n h.:•lrdipinl') should lw 

ni,h.·n.•c.l P<.~ i ll nmtn 1l i' ofkll lll.'tC."-"-' ry .md is hl'' ' 
npJh ht.od \\ ith int rJ\t"OOUS hJl~ «J--. 

An a~mUun for th<.· nwJt.tt-.,-c..·nl\111 ul JlUll' J.~··t'tlding 

k: di'-..c.'\1knh i ... '>llct.\0 in fi,::ure n ikfc.·n.•lii,r l'tlle.'( 

'tu}.'t'~· 'houtd be<-'tm•Sdt·n·cl In .111 flOIIi ... ·nh \\ilh at-ult' 

1c t.ll'-'l"llion and t·art.lit,.,.•nk 'hH1,:". p,;,ltll'nls w ith type.\ 

- 'c cJI'-"*''lhOH, t..ind p;.Uic.'nl~ \o\o lth I)'IX' 1\ nUr.unur.JI hc:nM 
m.1. }th'\'11 tht' \'C'rv high nl()f1:11h\' r.lk ,,so,;ocialt'd wilh lht•-:t· 

,dillon~. Ucdsion::; rt'gil rtlin j.t t 'Oit<.'Otllit;tr11 :lOrlic :1n·h 

mstru<:ticm, .mrCk v~ll\'(• tvplal\.'llK'Ul, lu;,11U:h \'t.~··d rt'JMir. 

ell' <.'1'1nmarv :mt-•ry hypas..., w :lfi sur}..~·rv or c·oronary artcn 
p fantJiion dt.:pt·mJ on thL' an.uom\ uf llll' aortk diss<."<: 

• mvul\\'lnt..'JU o.f th(· .KJOK \,tl\'\ ur h1.H~.:h 'l~"l·l-.., .tnd 

rtou' c,lhl'f' palit'flt C'har..ldl·rkric, 

P'oltll11ls \\ ~' pn.·sc.·nt \"tilh Ulll"Hf11J){tGJil'd I\JlC.' B aortic. 

ndnm1c.·' rn••) hl' trcatl'<-1 '' ith nwdk.tl thci'JI)). u1itiall). 
' \ R wht•n com~m.-·d \\i th nwttl\-.al rlwrapy. is Ol~soc·i.lh-;d 

th ~imll.1r d lnit'al outc:cm1L'\ .and lmpfO\'l.'d \ln·vi\·<Jl ;md 
!Soe.'.lsc.· pmjtl'l~'ion mt:;.\MlH.'"i .11 2 yc.-.1rs. P:•tknl..., \vhh ()'J>l' P. 

n ll' (lis~'<' l ion a nd rl'fr:KWt)' <·hl-..1 1h.wk p.1in o r hypc-'ncn 
n. rapid .1orfk l'XJXmsion. o r UI"J.Wrl m~llpt'rfuo,;ion should 

::ckr~·u ~•ortll' tl'pair. 

In Jt.llit>lll' with :1n inu:-unuul .wrtU" lwnulnm:l or 
pnk"tr:Uinl.! aortic ufet"r. tre-.untt:nl <.·huh'\...., ckpencl em tht• 

l if)0 n( lhl' hL"fll<llOffi;l f)f Ukt•r, pn1J.:."'-"'fon lo i.lOrtiC di-. 

SC'Ction .• l tH..I l'\ illl'HU' uf ac>rlh.· <.'ttiJ~l'llll'rlt lrnmc.'tli~ttc 

:rtn i< ft'J''Mir io,; intlic.n ('ct i n fXH it.•llf' with ;ln .ts<'"t'ndi ng :lOr 

ln tnun UI-ul ht•m;tiOma or petwl rat fng .1c1rt k u lt•t·r and i n 

Hl\L' w it h l '11 hu-gL·m .. ·tH or pw~r<.·,sion o f Ub c.-.tsc.· J fk r 
'll'Cif<>ll CJ 

UY POINTS 

• .o\c\ne aorti<" dissection classically pn."<en" wirh the 
~den onset of ripping or tearing p:~ln in the chest. 
back. or abdomen. 

• Chnlc;ll c.\:lmmation findings that increase the Index of 
suspicion for an acute aortic ·'o/ndmmt! indude pulsu"i 
p:madoxus. asymme tric blood prcsl'iurcs in the uppl'r 

l'xln.·mltk~. and ~l:;ymmefrk puiSl"S. 

• CT unt.tlow..tphy i~ Lhl' prin1~1rydi~~n~Lh.: tc:l:it bi JJalic:nlS 
In whom aC'ute thonciC' aorrlc dl..::rn..::t- is "m~-pec.·tf>d . 

• Intravenous 13 blockers are f'ir.:;l line l re"atment to 
n..·<h.M.'C heart ro~.te and t"'ntn>l blood Pf\."SSun: in (Xltil'nls 
\\ilh acute aortic disst>crion without cardiogeniC' shoc-k. 

• EnlCI'&\'Ilcy surgery shoold be con~ldcred in all p:~rients 
with ac-ute otortic dissection and cMdl~'\!nic shock. type 

II n~rtic dissection. and type A intmmurnl hcmato~~-

Peripheral Artery Disease 

Role of Genetic Testing 
and Family Screening 
C'\:nctk conditions lhat predisp().~ patients to t1lOl~lC"ic- aonk 
J tll..:urysm syndmm~..oc; i ndude Marn~n. Ehll'~ IYJnlos, :-m d l .n(•ys 
Dic-r? \)'nc11omes (see 'IJhk .. :t,}. Clhlk":l l finlUngs and a 13mi1y 
hL\1ory of connec.1ive tissue di.o;ca~ ofl~l lead to gcnC'tk ta,tin~ 
~n d llll'J ~JJO!-.lic.' t.UrtOnnJiicnl cJr "'trt~rling off<~miJy JllMll 

hi."'"'\,. ~onimasi\'E" innging ofrl-w- .W1f1a 40hould I~ JX-"lfOim<.'d if a 
jl<ll~ic gmruc mut:uion i< fnund . .lnd routine SUIWiliJnc<' 
(iniUJil} dl C.. months and then .tnnuJII). if t1nding; art' SLlbk) 
shnt1kl tollm\' ro en!\un:o th:u rhc" :'1M t1 tc; nor mpidJy enl:.l®ng,. 

fn fi~t degree relative; of p:11lcnts with Tt\ t\ <lnd:'ot d~'l' 

Lion. nonm\~lsh:'l' imaging of Ilk.' aorta -;hould be pcrfbmwd It) 
l<l<·ntily ti~>>C\vi l h a<ymptomMlc<ll<en.<e. ln tlrst-degt~ rdatiws 

ol'pallcnls ""lh a mutant gene (/·TiN/, 1'GF/lli 1. IGHlR2, C.'OL3Al, 
M\"HIJ) JJld .wrtk' ancui)Nm <tnd ·'<w cJI\.'l"<:tinn. gcoclic c..::oun 
.-.r-lh-.g.mcl tf»'1ingshould he pe~10Tn'k"(J. Reiati\oes wilh t.llegtlll'1k 

mutatkm should then wxie~W nonf11\~l\l! im3gingofrhe aon;t. 

Peripheral Artery Disease 
Epidemiology and Screening 
l'erlpherol a rtery disease (PAD) Is t't'lfl$1 C.'()Jl\Jlll..tnly dLardt'tc:r 
i:.r.t.xJ hy n;lrrowing of the: aonic hlfurcJI ion and :Jl"'eries of 1 hto 
lm~r e\1>-emitles. including th~ iliac. femur.\1. poplileJI. and 
lthlnlaneries. StellOS-is in the upJlerex.rcm ity Jrtl"riCS.t)'Pic:aJJy 
Jt I he urigin of I he: :itdx:lcJ\tln artcrk. .... •Jr .u branc-h point~ ot 

Oltk."'t ntJ,or \'t"SSC'Is. t'all ahoocu ar .. \lhlTo sc.Jerosis is the mosr 
<'Omrnon <"use. Ri>J.. lal'tur.. rur P.~D nteludc ,,Kiking (cum'Tlt 
or rx•s.~) . diabetes JUt>llim.~. :md ln<·n~l'>.fng :!gt". PAD ()('('Ur'S a t 3 

klh.:r :lg\' m wumt·n lhan in men. uml bc:c:mL<;e \\'omen have a 
lonj\c>' lif<W;Hl. the oV!'tall prevalctK'C of PAD is higl'll·r i n 
women. 'll1c incidc:n<."C of PAD hcAin:-> to im'l't':tse around :lg<' 
~o )'\'nrs Mid rises to appmximnrely In% a1 aw,'70 )~':ln; . 

PAD is considered a <wonary heart (tiS("JS<: risk C'lJuiv,\ 
lt.·nl. •md hnth asymptomali<' ;md \)'ll1JlWm:uiC"' p.1tients \\o'ith 

PAD :are at in<.-reased risk for ict('hemk 4:'\-entco. including myn 
t.JrdiJ.I lllfJ.n..tion. :,lrokc:. <otntl c:o&n.lio\ obeUiar dl-ath. P.,.atk--nl\ 
"ith ,llhems<"lt'ffitic ri<k f.1<:tors hmuklng. cliah<.'tes. hyp;>nen 

siun . dy~ltph.lenW. advan('{_'tf agd whu h•l"~ atypkaJ limb 
>YIIll)l<.>lll> (kg "cakrrc>:>. parc, th'"'·"), ncrtionallq:lli><"m 
fbrt. :nuJ1or nnnht":lling ul('(•n. should undergo initial testing 
with nnld e brachial index (ARI) mc~'sut-ement. Accordin~ to 
guidelines fmm lhL· Amt:rican I k·arl ,\-:-:cK.'iaUon and J\ml'rican 

CoiiC~:e ol'<.:ardiology. a screen i n~: ,\1\i I< reasonable in asymp 
mmntic persons with one of the (()IJOwing ch::u";:.~ctelistlcs 1 hat 
'l~nlr~ inc n:JX"tl r iSk: (I) age 65 ) <:J r. J lld older. (2) age 5() to 
(•·1 )t'";l~ with ri~ t:"'lC'torc. fiJT :nt"."nN.'It"roc.is or fumily hlc:tOI)' 

or Pi\ D. (3) age >'OW1&"" than 50 )'':ITS with diabetes and one 
..tddftknw.l r isk r~tt1or for athc:rus.c:lcllr..i,, or (4) h.nown .Jth(.'m­

sclerotlc d1se1se in another \':l<;ettlar hcd (coronary. c:~ro1id. 
sulxlnvfan, renaL or mesenre ric :Jrtcry ~Ienos is, or abdominal 
:-lOI'IIC: nnl'urysm). The U.S. Prt·vcnli\'l' Sl'rvit·es 1':1sk For(_·c~ 
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<·on<'ludcxl chat 1 hc:l"l' is insufficient evidence to support screen 
ing 10r 10\over e).'tremity PAl> \\rifh an ~o\H I in :lll palicnts. <.::-~pc­
dally those without risk thchn-s fOr <llh<.·rost·ll't"'lk volscul:.lr 
disc<lSl ... f\'k"flsun:m<.:nlof hilatt"r..al arm pr:cSSlUl'S is indioued in 
a.\ymptom<llit and symptomatic p<ltienls w irh :Hhnosch-"rofic 

risk f~~<: lof'S 1o as.~s.~ for upper exrremity PAD. 

KEY POINTS 

• The 1>rimary risk 13ctors for peripberal::lrtery disease 
include c ig:ne tlc smoking. d iatx:tc:-: mellitus. and 
advanced age. 

• l':ll icn1s wi£h alyl)ital kg syrnptoms. cxcrtional Leg 
symptoms. and non he;:~ ling ulcers should un<lcr~o 
anJ-\.le brachhll index testing. 

JC • Scn..>(·ning fbr J,X:ripheml an cry d isc.:asc (PAD) with ankle 
bmchia1 index testing may be considered in patients ::.1 
lt1CfC'3SCd risk for 1-'AD: evidence does not suppot1 
screening asymplomaeic !Xtlicnts wilhout risk fh.ctors. 

Clinical Presentation 
Rt.ocau:-;~· IO\•VC'r cxtrem.ity PAD is ctefinerl by an ahnonnal i\81 
value rather I han hy syrnplmns. I here is a wide: spc:c:lrum of 
clinical manifbt<llions. Patk·nt::; may pT('sent with exe•1ion:111eg 
pain rdk'\'c.'cl by rest Oruennittent claudication). atypical exer 
Oon:ll leg pain, n ·st p:-1i n. nonh(.-ali ng wounds. ischc:mic: u lc.:t·rs. 
or gangrene. Approximak·ly :lS'Z. to :m•:t of p.'ll ie-n1s- with lower 
cxtrc:rnity PAD pres<·nt with intermittent claudic<lfion. and less 
than S'"~ of p;:~tienls ptl':l<itnl wil h crifictJI limb i~:hcmi<-l. ~·lol)t 

patients with upper e;..i.remity PAD have no symptoms. <'!I though 
pntient~ m:1y pr('scnt with arm t laucJka tion. arm .isc::hcutia. o r 
dizzint'SS wilh arm ::lC'tivity (suhc."l;:~vinn s1e.11 syndrornd. 

P.atiems with intermittent claudication ot'tc.·n h~t\~' rt"(luced 
exercise capacily anti runclional sta tw comp~lt('d "'1ith age ~lnd 

sex rm.lkhcd control~. Their ~nnn:;~l1isk li:n· myoc;.mli~l infan.:­
tion. stroke. orcardiovasculardeath is approximately s•x, l07'~ •. 
Most pat ie-nts -..vii h int<'nnHtc.·nt daud i<.:ation have Slabk symp 
lOJllS~ hO\•Vever. synlpl0111::i \rVOf$('11 in approximi"!tely 2S');, or 
JXitit'nls. and IO'.l'l• to 10~. of patients \'lli.ll undergo lower extrem 
ity r<.·vaS(1.1hlri7.:.\tion pmCNiures over a period of S years. 

Critk~.-. 1 limh ischemia. the most sevcre fOrm {lf PAD. 
manifcsLs as isch.:rt'lk rest pain. t.issue ulcernl·ion. and J:{an 
.grcne. Patients w ith <;titkal lirnh iS<."hcmi~\ oftl:.'H I taw rcducecl 
exercise capacity and functional S(iltuS. ~llld these p~ltit-nls 
have a ao·.t nlle of major ~nnputalion ~u1d 20't. mortalily rate 
within 1 yc.:a r of diagnosis. 

KH POINTS 

Patients with peripheral artery diSc..--ase may he asymp 
tomal ic or prcsc.·•H with in termittent claud ication: atyp 
k:.l.l e~xer1 ionol leg p:tin. or. r:ucly. criticaJ limb iSdl<·n'li~1. 

Patients wilh peri1>heral a1tery dis<.~ts<' h<1VC' rt"'duced 
exercise <:apatily and an ckvakd risk tOr <.-..l.cd.iov:.~scular 
mo1t>idity and mortality. 

Poriphoral Artery Disease 

Evaluation 
History and Physical Examination 
A dctaik'<.l b.i:)tory, rcvic.·•w o tsymplom$, and physical exam ina 
tion are t•ritical in 1 h<• evalu~l ion or pal ienls suspcctt-d of hav­
ing vascular disease:. P...:tlicnts should be asked about \>valking 
tmpairmc:nl, ~\typical limb sy 11\Ptonl.S. intcrntiuent d~udica 

tion, and isd'IC~rnic nosl pain. In rY..'I liCn t:-; wil h c:xc11 ional k-g 
.~ymptoms. intc.·rm.iucrtt ckluclic~nion should be dilfcrentiated 
from pscudodaudiC'.<ltion (symproms that ari~e from spinal 
~enosis) (Table 36). 1>:-tticnls should he: quc:-:tioned about skin 
bre'.:tkdown and foul ult'<'rs. Mlcl dinicinns should educate 
patk'nts on the importan ("(' of foot pro[e(:tion and we<Hing 
~hOt>'$ (sr)E>cifically, h:nd sokd shoes) \vhen walking outside: 
the home. 

Ektll:l'lltsofthc.: physiC'.(ll examination of patients suspected 
of having PAl> arc listed in 'fable 37. 'hts(.·ular l'Xatninalion or 

patit>nts ::iU::ipc..·d<xl of having IO\\'er e;o..trertlity PAl> .shou ld 
inductc rompreheos.ive pulse examination. auscultation fbr 
hmils. and inspcc.·tion or lh<: fed fiJr skin and toc:nail <.·hang<::-;. 
Palicnts with PAD may exhibit d iminished. absent, or ilsyrn­
mc:trit pul~cs. and bruits HMlY bE> heard itt or near sites of arterial 
~tenosis. P:tti<-nls wilh eritit'<ll limh ischemia m~lY havc.:dc."crc.:a.')c.'tl 
temperature o r lack of hair gruwlh i.u lh<· all<:dcd c.·xtn.'mHy. ~lS 
wdl as tvitknc.."'(; or poor \<\'OLUlcl ht."3lillR or aC'tive ul('('ration 
(lypi<'a lly involving llu: d igits, plantar aspect ufl h<: foot, or heel). 
Clin icians should Wstingui::;h ~x~rvveen signs of chronk venous 
dlli<. .. .-~. (h:g e,•(.kma; pignt<"nted. hnlwny indun11ion of the g.1iter 
7.one: ul<:er.uicm ol'lhc shin or ankle) and crilical limb ischemia 
v~,rhen eva luating l"Xltient.s witl1 kg ulcers 1x.'<.'tlusc venous lc..-g 
ulcers an: lrc.:-aled dUft'r<:nUy tha.n ltlc..'<.'rali<Jils in palknlS wilh 
e rili" ll limb ischemia (see MK SAP IB Demwology). 

In p;.ltients with upper E-xlrcmity PAD. a charactcri::ili<.· 
finding on physical c..·xa.ntiuation is :l <.li11erenc.·e jn syslolic 

TABLE 36. Oiscrcmtnat1ng Claudication from 
Pseudod audicat1on 

Characteri·stic 

NQtur~ of 
discomfort 

loC<:Jtion of 
discomfort 

Ex~rciso.-induced 

Walking distt~nc:e 
at tm~tof 
symptoms. 

Discomfort 
occurs with 
stafldill9 still 

Action for relief 

Time to fclicf 

Claudication 

Cmmpin:g. 
tightness., 
d<.:hing. f.otigve-

Buttock. hip, 
Uugh, calf, foot 

Yes 

Consistcrn 

No 

Stand or sit 

<5min 

Pseudoclaudication 

Same as for 
daudi-cation plus 
tingling, buming, 
numbness. w~okn~$S 

s.~mP. ('I~ for 
d.;.udication; t110st 

often bilateral 

Vanable 

Voriabl~ 

Yes 

Sit. flexio" at the 
wnist 

sJ.Omin 
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Poriphcral Artery Disease 

TABLE 37. Physical Examination of Patients for Peripheral 
Artery Disease 

Measure blood prcss.ure •n both aO"'s {systolic blood pr~S.Su(e 
dffiereocc > 15 mm Hg sugg~sls subclavian stenosis) 

Auscultntf! for presence of i'rterial bruits{c.g .. fefl"oml artery) 

Polp3t<.l- fo( p;6'scnce of d:bdominul aortic <lnevrysm 

Pt.~ lpate nnd re<:ord pulsf!s{rt~dial, hm(hitll, (._)fOtid. rcrOOitll, 
poplrteJl. postefio, tibiaL doss<.~ lis pedis} 

Evaluate for elevation prtllor ;md dcpcndont rvbor 

lnspea f~t for ulcors, fissur(.>cS, <;;iJIIuses, tinea, and tendinous 
xanthoma; evaluate overnll fikin <::arc 

bJood pressures bet\Vl:tn 1 he :urns, rypi(':llly more than 
IS mm llg. 

Diagnos1k Testing 
Thl' mosl rrcquc..·ntly used d iagnoslic mo<1:llity to idc.. .. ntU)' 
lm-\"er extremity PAl) is me~lSurt·mcnl of the ARl. \\1h ich is t h c:­

ratio of lmver extremily w upp<.:r c:xtrcrn ily !'i)"S(Oii<: blood 

pressures. ABI rnc:ilSU11.'m<:nt is s imple. inexpensive. Mtd 

nonhwnsive. w ich :l ~ensirivlty and specificity approaching 
90'X*. \Vhen unrlergoi ng A Bl l('slinJ!. patknts should r cs.l for 
10 ll'lhlult!:> i n a su pi nc: posil ion h( ... fhre t he c-lini<-ian mr;.tsurc-s 
lht• :mklt> pre~~UI'('S ;ll'lcl br~l(.'hial pressures wi th il Oopp i<.'J' 

machine. Rlood pres~ures should be measured in bolh 
arm:-, <HuJ i n holh legs <ll l h(' dor sal is pedis :~nd posterior 
lihiol on kle locations. To cakulalc t he Alii fore•ch kg. I he 

h igher ankle pressure in <:~H:h k·g is divided hy lh<.: high('f 
brachial artery pr<-s~ure. In h~llthy persons. thl .. :lnkfe pres 
s ure should be the same as (lr slightJy h~hcr than the bm 
chhll Pl'('.SStul.:: t iJ<:rt-fon.:, a normal R'Sling ABI i~ ht>tv .. 1t>e'll 
1.00 """ 1.~0 (Tahle 38). In t he presence of ather!k,derotic 
narrowing of the limh arteries. the downstream bluod pres­
sun: ~Hld <:om.:omilant ABI value: i:-; lower. A resting A Bf of 
0 .90 or h.>s..o; is di:lgnostic for PAD :1nd correlates wilh abnor 
m ali ties seen on imr-~ging of t he arterial t ree. A rtsl i ng ARI 

grl'Uh:r than l.40 indi<.:a1<.:s I he pn .. sence ofnon('(Jmpl'essiblt". 
cni<'Ukd ~lrferks in tht" lm\'er extremitie~ and is considered 
unimerprelabJ('. ln p~lknls with an ARl grcalc r than 1.40. H 

w~ bm<-·hial in d<:x is u~ecf f()r di ::~gnosis. A toe-br~lC'hiaJ ind<·x 
less th;ln 0.70 is diagnoslic li>r PAD. 

TABLE 38. Interpretation of the Ankle--Brachia l Index 

Ankle-Brachial Index 

>1.40 

1.00·1.40 

0.91 ·0.99 

0.41·0 90 

0.00-0.40 
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Interpretation 

Non~ompressible (calcified) vessel 
(1)ninterpretable rcsuh:) 

Normal 

Borderline 

Mild to modcrm.:- PAD 

Severef>AO 

An cxcrcis.c: 1\RT te.sl is useful when n--sling ARI v·alucs ::tn:_. 

l>et"'e<•n o.9J und 1.40 and a he prci<'Sl pmh3hllity of PAD is 
high. II f('fJll ir~ Al~l me::tStlf('m<.·nt:; at resl and 11fter treadmill 
w;llking o r plcJntar flexion exen:i:;<.·s. 'fhc Amcri(•an I fe:t rt 
Assc.><.:iatior1 ha:-; proposed :1 postexercise <lnkk pressure 
<f(-'<'rt>:lst-of mol'(> I han 3-0 nun Hg or a post.exerriS<: ABI dt.'<..'n .. '<.lSt' 

ot' more than 20'~. <IS a di~\gJl(>Slil· <.:rilc..·rion for PA I>. ()the" I' 
organizations have..' pmpo:-;('d <I posl<'x<•rtise AHI of less lh:.tn 
0.90 Hnd/or :1 :lO mm ' lg drop in ankle pressure aft.c.~r l'Xl'l't·1sc. 

St·gmental pressure measurements rnay he pcrfonm'(( in 
;;l \t1\St·ttlar l;dxm.ttt>l1' lu lo<--alize d is(•;.Jst><l V<"sse l.~. This procc 
d un· involves pul:o;e volume r("l'OrtUngs (measuremcnl uf the 
magnilude and contour of biOU(_I puJSt.• vofumc in l lw lower 
extr<.'mitil's) o.1nd l)IO<>d pressttrt-mt";.lsurements al scv<:mJ loca 

lions in I he lower e).'tremitks (high thigh, low thigh. t<.tlt: 
postrnor lihi;ll artery. •.nd dor.solis p,·<fis :>.rlc l) 'l (l·igure 44). 

ll<'moc.lyn~unic mL'asurcments (ABI, toe-hra<-hhl1 index. 
<.:xcrdsc ABI. :md St"'gmental prc."'SSurc..· measurements} remain 
the mosl <.'Ommonly used diagno.c:1tc l<.'SlS fur JX\lic..'nls su~lJ<.:<.:l<~d 

ofh~win.~ Jowl'f cxl n.:mi ly 1~\1). The r\BI does not <'OI'rei~HC \'ltith 

1 h<.: p;.llknl·s p<·'r<i>prlon of symptom sc:.·vt:rity or funcrion;.d Jjm 

il:.ltions: hO\'t't'\'t>r. lo\<\··er t\BI \'(llucs <lfC ru;soc·i::Hcd '"''ith higher 

rates of my~>cardial infmrdion. slrok~, ~md death. 
Olh<·r im:l!!ing tests liS('d to ddincale the 11natomk ltx.-alion 

and s<.·v<.·rity oflmver exrretnily PAD indudc..·ark-rial dupk·x t.lltr:l 
sono~.raphy. cr angi<>gmphy. ~1nd magrwtk ll.'$Oil{U'I.<.'<..' ang.iogra 
phy (rable 39). These Imaging mOI.I;\lilics are mo<t otkn u.c'llto 
pkm tOr <.·mtova.'i<.1.llar OT surgic:;&l rcvas(·ulari1'..ation proc~:duws. 

Invasive .fU\giogrJphy is oncn prdcrrc-d herc:lu~ endO\~lSt"Uiar 

ft:'\':lS<1113li7c1tion pro(t'<.Eun.-s can be perfbnned concurn:t lll)~ 

TABLE 39. Compurison of Imaging Modalities for th8 
Diagnosis of Peripheral Artery Disease 

lmagang 
Modality 

Art<!rial dupl~x 
ultrasonog(aphy 

cr ~nqiog(aphy 

Magnetic 
resonance 
t:tngiography 

Advantages 

Widely available 

Docs not require 
.administration of 
contrast dye 

lnCXP<":OSIVQ 

Widely available 

Us-eful in defining 
the seve(ity of PAD 

Very CXp¢1l Sive 

u~fur fn defining 
the SCVOI'ity of PAD 

Veryexp~nsiv~ 

L1m rtations 

Umit~d ab1lrty to 
detect stenoses in the 
pelvis and 10 pattents 
\vithscv~r~ 
caldficationfi 

Poor utility fo( 
infr'apoplit~~1 ~teno~i'> 

R1sk for COfltrastr 
induced neph10pathy 

Contf3indict:~tcd in 
pationts with 
implanted 
pac~makers and 
d~flbri l!ntors 

Risk for nephrogenic 
systemic fib(osis in 
pDtients with scvcfe 
ki-dney disease 



Pe ripheral Artery Disease 

,---Segmented BP---, 
Segmeot·Brachial t l'lde:x 

119 

14 $ 11$ 
1.20 1.45 

129 170 
1.07 1.40 

L)P teriorTibial 

96 153 
0.79 1.26 

85 (PT) 
Gain: 100% 0.70 

R) Dorsalis Pedis 80(0P) 
0.66 1.25 

G;>in: 100% 

0. 70 1.36 

FIGURE 4 4 . A p\rlsevolume re<ording demonstraling decreased perfusion in the patient's right side. An ankle brach t<~l tr)dex •talue of 0 70on 
the right !.ide is consrSh.!fiiY!ith the diagno:;i<; Qf mrld to moderale peripheral artery disease (3nklc brachi31 index <0. 90). The no-rmaf pulsevolum.-~ 
rt>OO(ding Olllhe patient'!. left .!.tdt'! has a ~harp systoht ups1roke:and downslroke{the width olt"evJavcform is much nwo1vcrcomp<lfCd wrth the 
w.}\'efonn on the tighJ .sjde). Whetllhe amphlude of lhe w:r~form ~~ 'ignifirantly blunt('d and the width is broader, it s:uggests modNatc to severe 
diseJ.S(!. BP =blood pres!.ure; OP = dt)fS..llis r.edis; PT- post~ior tibi.1L 

l)upkx ult rtJsonognJphy. <:r angic>gnlphy, rl ncl magncl it· 
resonann· angiography ar<: also <lppropriatc in pati€nL~ ,,vilh 
upper extremity PAD lo confirm the diagno•is and phlil lor 
lnrervenlion. ~uch ~~ rcva:wul:l riz:u ion. 

KEY PO INTS 

• t\n anklt' -bmch inl index ofO.QO or less indiC<ltes 

peripheral anery disease. 

• An ::mkle-hmchi:ll index b'Yt.>i1ter th::m 1.110 indi(':)f~ the 

presenceofnoncompressihle atteries in t he lower 
<:x(r<:miti<.:S and is consickrcd uninl<:rpn.:t.ahlc~ a toe 
hr:1chial index is used for diagnosis ofperipher.al !·l r lery 

d isease in Lht·sc p.<llk'nls . 

• Imaging with Cf angiog.mphy or Jlt<.)J!.fl.C'tk rc:~onan<:<: 

angiography is useful to identify the locarion of stenosis 

a nd severity ofpe1ipheral a rte1ydisease i n planning for 
<: r u.Jov~t.';Cular c1r surgit~1 1 revascularizaticm procedun..-s. 

Medical Therapy 
Trt"armC'nt of PAD focUSl'S o n r<."duc:ing cmUiovascular risl<: 
improving functiolllll s ta tus, quality of life, and claudicat ion 
symploms: and pn:venling l i~suc loss ;mel ttmpulation. 

Cardiovascular Risk Reduction 
CigarNtc smoking is the most impon am modiliable ri•k t<oclor 
fbr l h(• dcv(•lopm<•nt of PAD. Smoking ('t'S.~tion is nssoci~Hed 

with dtx.-rt·;,tst·d risk {br major ~Imputation. improved pare ncy 
r.\lt.'S JC.JIIowing rt..,.".llK'U1ari:t.alion. aJid less disl'~t.')(.'J)rogn.'SSi< )n. 

Smoking <'css;.Hion is imp<-rativC' lo tow(•r llw risk t()r myo('~r 
d i:.ll inf.-.l"('tion :.1nd stroke and improve ovcraU survival in 
IXltieots with PAD. 

fJiabclcs is a1so a sl rong risk r,.:H'Ior fhr PA l ): hO\o\'t''Ver, 

inl<·nSh'\' glm.:ost· (.'Ontrol has nol l)("('n demonstrated to reduce 
ntac.·ruvastular tompllcmions. indutUng m)tocardiaJ infart'-
1 ion, s1mke, or :lmptH:uion. l~egardless, patients with f>AD and 
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Peripheral Artery Disease 

diJhclt-' should aclhf"re to Amerlc"all l)iabt.·tes Asscx:ialion n."C 

nmmtndations on diabetes mnnagel'nent. '"ilh parlil·uJar 
nttcnlion to foult·an:. 

U}''\l ipickmi~l h;J.'\ ~ mllcl t:ll~'<.' l on the Ucvdopment of 
Pt\ 1). f.,atil'nl..o;: with symptomntic P;\D ~huuld be: tr<:at~.·J wil h 
hi~h intt'nsily ~latin thcf'.a.py. tlnd f~l l knls \·Vilh PAll who an.• 

CJith .. •r lh:tn 75 ye~m: or intoler._,nt of hitlh intensity statins 
<houlli b.' tr<:alc'd wilh moder:ue imenshy stalin lil<:rdJJY !><." 
Mt..S.\P 18 Gcncr.~ lnlcnwJ Mt'didnd. 

II)'IX:rl<'11sion also ha< a miki<'ITC<1 on lh~ ~dopmmt of 
PAt>. and c:untrul of blood pressure h:~'\ heen Jssoc.·i.Jlt'tl wiU1 
reduc1ion of l"o.ltdiOvaM:uJJr t:\·cnc .. ln JUiit-nt!' wi1 h ~·AI). Th~ 

:!017 high hloocl pressu rP &l licfeli llC from l lu.· Amc:rkan ('.ollege 
0 1 (;,u"tl iology. the Ann.·ril·an Hearl Assoclatiun. ~lllc.l rr inc: othL'r' 

o rs.tanli'al i• •rlS I'LX'Ottunt·ru.Ls a hlt.H>d Jll't:ssurc: large! of less than 
J,ll) JRO mm l lg in pal ien ls \<V'ith PAl). ' l'h("r<• is no <:onscnsus on 

I he antihnx:rtt·nsivt· lht'r'dP)' of ch()lcc In p.1ttcms "':ith PAU: 

thercrnrc. thi~l~ic.k t.liu.n:lks. A< .E Inhibitors or angiotensin 
n."CCplor hlcx:kcrs. and c-alc:ium C'h:mncl hl()('k('t'S n·main fm;l 

lone .l~nts m PJI~nts \\ilh !'AD and hypencnsion.ln PJl•<,.l> 
31 high risk for ca.rdiovJM:uiJ.r t.'\\:nh nr with romorbid rondi 
lion\ (~t:h as diabetes). ACE inhlhr10f"'i; ."'re CITLx·tivc in reduc 
lng r:lrdiov:1S<:ular morbidity ~md mor1a1i1y. 

Anlilhro m botic Therapy 
(' ur·r'L'Ill g.uiclcfin('s r<x·omnwnd :~nciphU('IC't monoth~r-;.1py in 

p;11 ir nl.,. wilh PAD Lo redut-e ri~k for myo<'·.lrdill infardion. 
~lml\t'. and pcril)heraJ ,trlt.:ri..rl t..'\'\..'IIC'. l>t."-llitt• littk> !l."uppotTin& 

C.'\ kk-nc:,•. aspirin h:Ls l'leen fl"(''illlnl'lld('d b)' c.:qx._Tts as the pri 

ntU) anliplalelet agent in potk•nl\" ith f'AD. IniXJli<:nls \\flo arc 
..r.pirin inlnllTdnL dopidc)jql·ll~ 1\'('()llln\C"'nded :l~~n ::K'<X-,>t.Jbk 
. lil•"nlJih~. lllen' is DO lUmpdlh>g e\1dence for the USC of dual 
JnltJ'Jbtelet therapy with aspirin plu:-. t.loplllogrd in patit.TII" 

with P,\ I} a1ont·. In I he CI IAJ(ISr\'IA n·l:\1, p:uie-nt~ -wit h PAl) who 

W('l'(' I ft":ltt'd Wi{h aspiril'L plu.~ dopi<Jogrcl had tl reduced r:He or 
h<~plt:tllr.:tl"inn for myoc;,udiJ1 ll\tJ,N.:tlort .)rld i:Kh<.:mi<.: cwnl:--. 
whlc.:h wa" mili~d<:d by a higher r:1re r.fhlt"edin~. 

Evidenc-e rrom the TRA 2P I'LMI SO triJI demonslr.lletl 
llwt \'amapax..u. J thrombin rl"(.'CJ')IUt :mugoniq_ w:ts :1.'\.'••c'K:i 

attd wlrh lmpmw.•d llmh endpotnl> !>']X'<Cilk-ally. hospitali7~ 
tkm for acute limb i~hemial whc.;·n c.vmpart.'f.l with pl.K."t.ix• in 
J)._llh;nh with )~-\1). Hm\t."\.'t'r. mchl palknls in thf' THA 
2P I'IM I .c;o tri:ll ''cew tre:tterl wlfh ·'"'J'irin. and 30'~ ofpatknb 
\\Crc 1re:1ted w ith aspi1in plu~ clopidos::.rel. Vor,lpa:xar wns,lbu 
,l,so~;:iJkd wilh <Hl incrcascU rlsl\ ror rnu<ltT.lte or :->t>Vt"re 

hlc:L~d lng, Including imrncr.\n.i;)l h<.:morrh<lgc. 

In :1 lllrgc ~ndary prC\'\~IHiull Mudy o f patients with 
prior my(K':mlial infarc-tion r<'<:'t'iving :1~pirin rhef3p~~ tlc:l.gre-­
lnr \\~l~ -.upenor to pl::kx'bo m rc.'<.luclnx the composite end 
point nf c:.rdio\"a.<;CUia.r death. m><lC.'<tn.liat inf.l.n·tioo. or~rokc 
Jnc.l OYJOr ctd\.._TSc limb l'\t'llh in lhc ~1\N1. ofJXiliMll5. wilh 

PAl>. \l:ljor hleeding \\US inc:rc.•ilst'd in patients randomly 
assiAncd ro 1 icagrelor. l l m."'-"·~r. the ,lbsolut<.: risk for major 
hk•<.:d l n~.t in Jlali<:nts with Pr\1) \\': IS tuwt>r lh:tn in patients 
wlrhour Pt\ D. 
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lllf'rt> ts noevidcDl1: UlJt or Jl ~ull ic...t~•tdalion with vibmin K 

.mL~mi'\ts (sut'h as \\',trl:nin) 1.,. 1Mrf' e1f('(1iW lhan antip1atek'1 
mnnothtr.lP)' in palittnls with PAl), and antit'<X\gu)anlthl·mpy j, 
:~"soc i tHt."'tl vvith an incn:a:ied risk for m:ljor bleeding. ThtiX' I~ 

:liS() n<l ('\.;tlentt> I hat non vit~ll,lin K nnlagonist oral ;:mtito:.l)l.U 

lants un.· ~ .. u perior tn antiplatck•t O~('nts in puli<:nls \'t.<ilh PAl). 

Sym ptom Re lief 
lmpnl\ ing function.1l SI.1IUS •Inti impnJ\ing quality of life JI'C 

t.Tihc·.U ~for patients wilh P:\1>. In patic:nl~ who t":dn C'Xt'r 
ci<C;(" .. SUfX:n·i.sL'\1 l.'XCn .. :i~ tr,JinfnA ha\ hri"n 3~i3lc.'d \"ith 

lmpn"'t1i functional JX"tiOrm;UK'l' :.md is reC'Ommendc.'d fbr 
p;lli(.'nts with intenninenl cknuJit\llion. Systematic.' n·vi(·\~ 

COfll J).Jring ::iU JX' r~isc..xl excrds<· wll h home t':l(C.'n.is(' hn.ve 

r"CJlO ri~'< l improvements In m:axinMI w.llking distance and jnJ 
l inl <.:laudi<. ... .Jiion distance th.ll f:•vt''ll' ~upc.-rv is...'() ~xcn:Jsc:; how 
t\\"r, no statis.tkally 'iJ.!''iflc.omC d i rfcrcnces in quahty of IUC: 
wen· oi'KC:n'ffi. l~ite lr~ efl<'cfi\'C'Ill'"SS and safet): ~pcrvb4..'d 

l'\C'I'("'b.(.· tmining is limited b)· l.w:k or lnsu.rant't: C."'\-cr~"C :and 
UtlJ\'Jilability of tlk."SC pmgro~m' fc,r p;u ients \•lith claudi('ation. 

\icdic-:tllht>1":tfJY lOr patieniS \\tth intl-'1"111inem daudko.t 

tion ronsisls of d)osta7.o1. a ph<l"J)hc.xlk"'!»l'r.Jsc: inhibilor wil h 
.antipi.Udc:t .. md va.-.odil~ltor :l ( l ivlty. CilrKta7.ol has lkmon 

~l ralc-< 1 inc·reases in pain lh.•c vi·.Jiking d istance Jntl. ovcr·all 
wnll<.ing t.listnnce in pa1ienh wilh daud ic:al ion, :md d iulr:'ll 
p,u idclirll'S n.:c.umtm:nd thal tlollicnh w ith clnudkation be c:on 

~hlcn:d fbr :1 thE"r:lpeuti(' lrhl l ol dlostawl. As '"rith otlu .. •r ur.tl 
phosphodksterase inhibitors (lor C\Jilll)lc:. inotropt.,; .slwh ~1:-. 

milrinonc:). lhc: FD,\ ha.' pldl'l'tl ;,a hi.Jcl hox W3rning on lhc w;e 

nftlk><!37ol in IXJlirol• \\llh lw:ln f>llure. Then.' isnooppr<M'd 
plunnacotherapy for JUltcnh '' Uh <.:ril i<'al Jimh ischemia . 

k£Y POINTS 

• Srnoking Cl.!'ssation h t•sscr1Cial ro refluce CMdiuvasc.·uJar 
risk in p:1rients wl1Jl i:>Cii phc:ml ~lrl<: l)' d ise:t.se. 

• Anliplatelet monolh t'mpy wilh ilSJ>irin is rct"<lmmc•ndt•(l 
f()r JXlticnts w ith pc:ripht•r:11 anrry di~ease to r(Xlul~ thC! 

ri~k for myocanlial infarction. stroke, ond [X'I'iphcr•l 
aneriaJ C\'<'nts. 

• ~·upeni">ffiexercise trJintrl$t i'\ the most eff'ecfu.-e treat 
ment for improvemenl of functional status in patient.,. 
"ilh ~npber.llartcry dl><."o...,. 

• C:iloslazol is r("(''mme-ndt."d for pat ients wilh inll"TTllit 
!(!nt claud ication. 

lnte rventional Therapy 
l.I'KkJ\-a.~dar o r st.ln:i<.:al O.'\'ol, ul.u iz.ui 1 proct..-c.lun:~ a~ cfrc."C' 
li\t•ln in"'"" i~ '' mph)fll'. li'K.1'l in~ rulk1ion.11 <:':'IIXK'it). Jtld 

lmpn~ iJ1r. """nd h\>:lllng In ~Inn'" uh inlmnittt-ru daudn 
tlon ur l'ritical Hmb isdlc.•Jnl3.. lkf<.·n:ll ~H' f'l'\~ulariF.J.'inn k 

hKiil·~1h .. "C.I in padc:n1~ \\ilh lift..~\ H.' limi1ing cL1udicaUon. 1\.'51 

pain. u l<'t"r:.U ivn.cH')+Ulgl\' l l<.'.L"'-i '~'·iallv if there has hem :tn inad 
t·qnak rt·sponse tn t."''·rri"t.' 11~Jinh)):t, C'ilo\l:li.OI, <tnd/or V\Tllm' 



Cl ln'"Jimmr. 1\ohm" \\ith critk<OJ lomh l"<'ll<'noi.o (Alii oO..JO. a ll;n 
-nt"'fhml on pul')C \ 'Oiunw 1\'tortling, .md ltr\\ or ahseru pc._·t.lal 

1tJ\\' on dupk x ultr.-~no,:!raphy) ~h()ufd Lx.· <.'(Jn~iden."Ci fi•r UJ}t<.'Ol 

n·v;tsc.:utariznlilln. J;ncl01.1.l.s<:u la r or s:ur,::.ic.-.'J t(.•vasculatii'.<ll ion 

hol1ld .ll'So l)(.' l'onsiderecl in pal icnl..., \'\o'lth :1 l:•\nr..1bJe ri.,).~ tX:'IK'fil 
~l lo, Whidt 1\ dt'(<..'m1incd hy p:Uit"lll JoK'(Ot'S (i.lJ!C. fmiJiy, t 'OJIK)f 

Kl l'()ndifinns), :m:.tomk f K10N {<ot"'\\"rll\-' .Hld hun.Jcn of aih<.~m 

<elm'otk dJ"-·""'-'· location of dist"J"-" In k.-....- e>.1n.nli!ics). 
:-per.li(Jf <.'\1-.-rti.~. and ~'Jlt" of pnM..,'tiUI\'. J«.,·a:~ruL1rizalinn 1, 

rt n.•t:ummt"Odffi in J~mptortl.'lUc ~ti lh .. Cl 
Endova.<;e;ul.ar n.Y.:bl'\.l.brtz-.ui()n t\..1S dr:unah<.·uUy increased 

in rt'L't'nt )\.~.a"' bcc:mse rhe prot'\. 'dun:'' mlnimaUv irw~~fw and 
<:emf~·" :l lowt.•r risk tbr periop..:'I'"Jl ivc udvcf'M' ('\'l_.;,ts comport'tl 
wi Lh su lld<':ll n,~v..lS(.'ltl.J rizarion. Enclov::ts('u l.l r J\ 'vnscu Ia r i :~a 1 ion 
prot·~.-·du r\.'S induck h:tlloon ~\ngic,pln.-.ry (staJlW.lrd, cuuing, 

dn1g t'll:lled). sknting (nitinol lu i<:kd · lltlln iumj hnre meral 
Jnd d J'UR eluting) . ..tnc..l athcn.·u omy (ln~er. orbiLaJ. rotational. 
dirt"C.:I ionul). In p;Hi<-'11T'i: ' '1th isola lt-d i1be di.;e~se. t•ndovascu 
~:ar re\':t~ul:lriWlion is fun>red 0\'tT w~ie;JI ma.~l:.uization 
0\\ing rn Jo\\l"r morbidil} and mon:.liry. high procedu ral sue 

<~and hiS:,h p;_llt•nc-y r.:nesO\'e r time. \loq p;.ltk·nb undC'l}.,.IO 
balloon an~;lopl,.,ty and ste ntinl': or the lilac .orl<'rit'S. giwn 1he 
signitkant ly hj~h<.:r Jong-tcnn ..::u~ ... rult• 'Nith stenting 
t'OHJpm'<:d w ith :1 ngiopl::tSfY :.tJone. 

h1 JXHh.·n ts '-Vith femoral . ))OJ) Iilca l. or tih1nt ar tcTy 

(infming:u lnal) dbl·as<:. th<.: p:Hency nli(.'S o r endovascul~H 
fL'V~1~t'u lnrlt..t l iun are not as high :1~ In l hc Hiat· arleJi('S. 

AllhouAh lnfr.dnguinal disease W.L\ lrJdll iun:dly tn."~lted with 
angiopb.St) Jlonc:. Lh(.· advent of :nht.-...n."<:tum~· devices and 

nilinol "~nl' has changed manJjlemcnl. R<'<.'<'nllv. H>A­
apprm<'tl dru~t cooled an~:ior>lastr h:!lluon< and dnoi eluting 
1\lCill:. hJV"' Ucmon~ratffi ~rpc:"Tior t·fficn<:y mmpan:d with 
\Und:mf :'1 nsfnplasty balloons in t h("j(.' p~atlcnL'i., 

The use of stu·gi<.:al rt·v·.:asc.:ui:J rh~:tt lon has Cfrrlin(;•d in the 
linht•d s(~ll\:l't~ however, p:~rienls with complex <lll;.ll<.>Jlly that 
m :'ly lh1"1lt p<-rcuulncotL'> procedtttal suc<.'f..~S Jnd long lf'nn 

ptucnc.·y (for c.·x~.unpk. long chronic· HliJ I Ottllllloions. mult iseg 

mml "'""''d 'hou ld s till be referred for wl):it.ol ow<Jsrul• ri 
?!Uion. TI1e '"n m~l (.'(.munon h.'( :hni<lurs of surgic.:al 

f\"\'3-,.c.:uiJrlt..Jiion drc cndane-recromy ;,lnd MJrgica1 hy~ss. 
ll)twicl n."\'aSC\Ilui:zation i~ rhe COn<.umitJJH pc:rfomunn• 

of "U l'}lt1<;rl M':15Culari7 . .ou iott anc.l c:nc.lo\~.l'iC.:u I.J r n'\'a!OC'll 1:1 ri?a tkm 
in a .'ifnRJt llot..'llin.g or fin i f(.' rime fnmto.l l)'hrld f<'\otl~'Uktrizarion 
has int·n:ast•c-1 i n conjmK·lion \\rith rhr rb4.· in cnd<Nascular 

r<·v:Jsc:u lnl"li'.aLion: llow ... ·Vi..'r, lhl'n: ;Jrc t u rrt-nrly no clini<-:.11 
f(uidl'liltc..· 1'\.'(.'tmln'lcncl:ltions tor hybrid J'l"\t:tsc-ularizal ivrt. 

l!Y POINTS 

• In J')._11ienb witb life limiting daudkJiion wlto lld\'C had 
:m in.3dequare ~to <·xcrci\C Qr plurma("'logi(' 

thernJ>). cold<J':>scular orsurglrnl J"e\:lSCULiri7.ttion is 
indlc-:>ted. 

• P...uien1s ""'ith critkoll fimb ischcmb -.hould be t'Onsid 
c.:n.:d fur urg~·n1 revascu l::triz:Uion. 

Cclrdiovascula r Disease in Cancer Survivors 

Acute Limb Ischemia CJ 
1\c.:uh..· llmh isthL'Illia is a n infn·<(U<..'nt but lift.• threat ... ·ning 
m.u r lr•.:~tu(ion o i'PAI >. Cl:h-sk::-.tll\'. Jl:ll lt•nh Jlrt'sl'nl \\.rith ot lea "it 
o1w nt' lill' .. 6 PsM: p;;HL-...;tht·sia, pain. pa llor. puJselessnes:-o. 
poikllot lwnnid (l-oolncss). ancl p.'lr:\IV'\ts. AC'uh•lirub ist'hemia 
h JUI)0\1 C.'(llllmonly c.au::..ed by :tt·uh• lhrorubo~i!\ of J JO\'\.t'f 
.._.,trt·mrl\ .lntn. stenc nr byp.''' ..:•~10. Olher C".lt.J.')(.'S indudt..• 
thnunlx~t.•mhufi,m, n.'.,'t-..1 cti-.~·liun (m.uall) cx1.-urring 

,-.·ripmt'\'tlur.d~·). nr cr.uun:.a. 'Ilk" fU\-..c·n(atinn of anne limb 
i-.c:h,·m•~ n:pn.xnts a mu: m .. 't.lk:.tl t."ffh.:r)!~:ncy; 10' to 15 ' of 

p;.Htl'flh unclt·r,._,llf~ ampulcllion durin~ ltutiaJ hospit;.\1i;r_..1tion, 
.llltl J()". or palit•nrsdfe \\ilhin I Yt<;.tr. 

Antu.·uJ~ufat ion. typieJIJy wUh 1111fr.l('f limal<.'d heparin. 
\hould he..· in iti.Ht't.l as soon :1s rlw d i;_IHnosis is ~uS~>l'<:l<."< l. 
.;;pt•,,:i.JIIsls with t•xpertiS<.' in n •\ol,rul:lrizalitm ~houlcl ht> c:-on 
-.ul l~"d. tmd t.hagnosHc.· olngjt~gr.IJ)h' 'hnuld bt~ performed 
jmmt.•dloUd\ Ill tldlne lfk.· an:t1omk k•\'d u( occluo~:;ton. In ~l<l<Ji 
Cittn ln \U~ic'.tJ and endc')\';)SC.'UL1r 1'\ .... l....,·ulotri.l...alion oprion~. 
,-;Uht-rt~r din.."<.·((.xJ. thmmhol). ... h unpnl\t,(mtrornc..--s in jXltimrs 
\\-ilh .u:ulc limh io,c._·hcmia. 

< .. m:ful monitoring is r<.'t.JUirt'\1 .Jflc.·r limb n:pertll."iun 

ht'<';III'K' ol' frequent ll''O('t.'lusirnJ. limh ('<tt'm;.l. and Lhe poss i 
bill tv ol t'UI1lJMrl mc.:nt .. yndrmne. SiJ .. tH~ and symptoms or c.:om 
tMr l m<·nl ' .vndmm(' 1ndude sever(' f>tlil l. hypo<.:sl hf's i:l, and kg 
w( .. ;lktH."S.:,. JJ t·ompa11mc:n1 'YIIdn~Jn<.' C)('<'ltf\, surgkaJ f:~sciol 
onw Is indk·.tt...'d to pn·vc:nl in"t"\.l'l'\lblt· ncumtogk and 'it>fl 
sh .. ,uc: <.!Jmo~~l'. CJ 

KEY PO I NTS 

• Acurr limb i!l<.iH.·mia is dumcttri7.(."C.1 by at le-.l.Sl one of 
the "61..,-: JXOresthesia_ fl'lin. pollor. pul"-'1<"-'n<-s.•. 
poikiiOihcnnia (coolnes.). Jill! poml},b. 

• Pnrknlll- wHh acut~ limh i~ht>miu )houJd recei ve immc­

t.lla lc ani i <_'t >:~gulotlon t h<.:Ji.tpy tllld tliatotllostil' angie~ 
J' hY ln Pl'\:paration for t:ll1i..'l'gt Jtl Clldt;v.:u;c·l a l :~ r orsurgi 
C:'ll i"I!VJM·u larizal ion. 

• C:m.*ful monitoring after li mh l'l1lCI hhion is requirt"d 

becau<e offrt'qucnl n.'x~lusk>n,llmh edmta. and the 
J)l)\.'ihilily orromrnnmenl ~) ndn>me. 

Cardiovascular Disease 
in Cancer Survivors 
Cardiotoxicity of Radiation 
Therapy to the Thorax 
ftuJWIIcm lhc...TdJl\< imprm:t""~ni\<;.tl in palin11~ \~~tilh Hodgkin 
lymphoma. <'Uri> stage bre:>'! canwr. Jnd other rhor:K'ic 
nulign.1ncif"'o. With hight·r survi\~11 rnr~. cou'tlw\-':lSCular dis 
l .. .J....._. ha-. cnlt'Q • .,-<.-><1 as the most c.:omm(m nonmal4!nanl cJu~ nf 
death in pnllcnls 1rea1ed with chc'SI mdl,u inn lh<rapy, account 
i ng l(:~r 2:)'X. nf dt·aths in survivors of l lod~l\in lymphoma. 
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Cardiovascular Disease in Cancer Survivors 

Radiation therapy <·aw;e; a wide spectrum of cardiac dis 
eases ('!able 40). Thomtk l rmdhl.tion danutAt'S all cells, ind ud 

i ng those of the pt"Jicardium, myoc::lrdium. V.lJV('S. t·oronary 
\'ilS<"Uiaturc. <l.nd conduction S)~'tem. vvith d i nic:al dis<.>ase u~u 
ally presenting l\'\'0 lo three <.)(·cades afle r 1 n.:<:~tmcnl. 'l'ht"' risk 
ror radiation induced cardiac injury is furt h<.·r increased in 
patlenrs·who ~Lre(·oncomitantly tak ing anthracyC'li.ncsor tras 
tuzumab. Re<.'ogniti.on of the <.:ardiova:;cular complkalions 

as:j<X:iated wilh radiation ther.1py h:l~ le<l to tedmiquc::; Lhat 
limit toral dosage nnd lldd size. 

Acure pericarditis is the mosl ('Omrnon early manir<:st<J­

Oon or mdiotox ic:Hy : howt:V(->f. i l is nm~ less common (ind 
dence of2.S%) bccauS<.' of changes in sh ielding. dividec:l dosing. 
and lower nunttlative dos<.·~ . The: pre:->tntal ion. d iagnosis, and 
lrt'atmcnt arc simil~lr lo 1 hose of idiop~lthic .... <.'ute 1)(-rkanliti:;. 
Chronic or ronstricrivc perkarditis develops in up to w·x. to 
20'~. of patients j;l( s to 10 )"<..""~.l~ ancr rddialion 111<'r.&py. 
Pericardia] calcificat ion is nol ::~ 1\N-ays present radiographkally 
(Figure 45). !.ate eonst rietion can occur in those who have not 
experienced :·tcute P<'fiC(lrdltis. 

Radiation thcr;Jpy also damnges the microvnsculaturc. 
c·:n.-~~ing endothelial dysrum:Uon and ischemia that result in 
myocardial fibrosis. cli~lStolk dysfun<.:Lion. and rt'Siri<:live 
physiology. R<HJia lion inducx•cl Clrd iomyopmhy poc~cnl~ simi 
b rly to primary n.:~t ri<.·Uve card iomyopa1 hy. DilR•rcnt;aung 
<•arttiomyoparhy due {0 myocardial fibrosis rrom periC':l rdial 
constriCI inn is csscnlitll h (' ( ':-l \1$C the conditions hav<.~ diffcn.·nl 
rre:1tments ~tnd outromcs. 

Althouglulll cardiac valves may be arrccrcd hy r.:.diation 
llwntpy, lcfl sicl(:'(l invoJvt>mem predominates. Valvu Jar insuf 
ndcncy due to tissue rerraction is (l\(' ltlOSl (.'OirlrriOn V'dlvular 
ksion in Lhc Hr:->1 hvo (kcades aOer l her:lpy. wirh l<lter llbrosi::; 
::.nd c-:l kifiC:ltion le.nding to mixed t'(;·gurgi tation and stenosis. 

Radiation thenlpy resul ts in librosis l)f the C'<mducti<m 

system and may lead to sinus nodt> dy!i.function , fuscicular arld 
hunct le hr:mch blneks. and oompktc hearl block. rnle need for 
a permanent p'"'cemal<.Cf is morl· <.'OJI'Irnon aHcr valve rcplat'<."­
mcnl ~,_t ~.!;<.·l)r in palit"'n1s who h:we received radiation thcmpy. 

Coronary artery disea$e> ((:AO) ()('(' l lfS ca rlkr and with 
incn:a~l'tl incidcnc:e in p{ll i<:nts 1rca1cd \Vi lh r.tdiation ther 
:lpy. Coronnry :l rtery lesions :.lr<."" lypkaUy ostial. long. smooth. 

TABLE 40. Cardiovascular Diseases Related to 
Radtntion Therapy 

Card;omyopothy 

Conduction defect~ (.atrioventricular block. bundle br;,nch 
block] 

Coronary artery dis~ase 

Coronary microvascular ir)jury 

Pcricardi~~ d1seare (acute pencarditis, chronic constrictive 
pericarditis, pcric<Hdial effusion} 

Peripher;;~ l <~rtery disease 

V<1lvular diSCclSC 
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d.emom-llating pericardia! calcification IDa p.Humt who received chest radiation 
therapy for esophageal <aOCC(. PcfiCil(dial G<Jio(i<al•on most oflen occurs as a 
circumferential rim bul may 00 itloomplele Of heterogeneous fallows). 

and <.'On centric <lnd have a higher fihroric conttnt than typi ­
cal atherosclerotic lesions. Till~ iuddenec o r C;\ I) is incre:lsed 

by l ra<liUonal risk factors (~'ltch as smoking. dyslipid~mia. 
anc1 hy]>ertension). anti lh<'rapy to address these risk factor.. 
is indicated. In stem rcstcnosis rat<::; with bare mclal slent"­

<HC" signifi<'antly h ig her in patients wJth nldi;ltion induced 
CAl). There ;lr<.' no data on the outcomes with t1rug d utim .. 
stents. ln patients wjth radiation-indu('<.'d CJ\1>, nruive- ve< 
sds. including t lw left inte>nlal m:lmm;)ry arte-ry. may be 
rendered unusable for bypass. The postoperative course roor~ 
be complicated by mdiation induted lung injury (pleura 
effusion. pf()longcd venlilation) and a higher indcknce 
;)trial flbriUiltion. Limited data are available on oulcoll'll~ 

p;~t ients under~oi.tl.J( <.\\rdiac ~urgcry for radial ion rehuC\. 
w1lvuJar or <.·oronary diseo1se. 



Th<.'rc i~ no consL·n::-us on <.:ardia<· tcsting in asyrnptomt~tiC" 

patienrs .1tter chest r:ldial ion. B:~se l ine cardiac c ... valuat ion lhat 

includes echoc1rdiography i s reasonable. and S(;'vcr~tl organi 
1.alions h~wc r~<.1HI'IIri L'Htkd slartiug SltL'::>::> <.'<.:hOl"ardiog,r..lphy 
at s w 10 years after <-Onl pletion of ther:lpy or <l l age 30 yc•:lrs, 
whichever comes fi rst. The rol e of serum biomarkers in sur 
vcillan<:(' is unclear. and thdr U::K' is uol l\'<.Ut'luncnd<.~L 

Routi ne S<.'re<:>ninz \Vilh nuc le:}r nwdid ne ff•sl i ng or c-oronary 
cr should he avoided. 

Although eft<:(' live: for risk fattor r<:du<.·liun. slaliu.s, ACE 
itl hihitors. nnc1 :~ldoslemne i n hi biiOrs h:.we nol bt·en proved to 

prevent rad iation induc~d C<lrdi<>v.tscular dis<.·a:;c. 

KEY POINTS 

• ThoraCic irr.:tdialion damag<.'S all cells, indudillg t hose 

ofrht> perieardiu m, myocardium, valv<.:s, <:omnary vas­
culature. and conduc..tion sy::.;U·m. wilh dini(';,t) disease 
usually presenting l'<VO lo lllrce decades ~lfter tteal ment. 

• ~rroditi<>rlllJ C\l'diovascul:lr risk t:K'1ors, stl<'h as smoking, 

dyslipidem ia, and h}1)ertension. should be aggn.o:;sivd.Y 
~lna}.."l'tl bttausc of thL' in<.·tt.:.lSC<.l risk tOr coronary ;;Ul ery 
disea~e in JXltients \"<it h a hi~1my of ch<.s l ra<liali<)n l hcmpy. 

Cardiotoxicity of Chemotherapy 
Chemotherapy m;:~y result i n m:my rypes of <':wdioY:lsc'tJlar 

toxicity (Table •11). Two hmad categories of chemolhtT.tpt·utk 

Cardio vascular Disea s e in Cancer Surv ivors 

cardiac i njury have been defined based on severity : type I. 

whida is 1narktcl by close: dcJX·nc.lc.:m cardiacdysfurlt'tiOJI wilh 
irr~rsible ultr:.1stru<1u rnl ne<"msis. ;)nd type II, which is not 
dose dependent and is often reve r,;ihle. 

Type I injury is associated wilh I he uscc>f <Jnlhr.u.:ydin(._'S. 

~:il.IC'h as do·xorubidn, d~lunon.1hici n, nnd <.'Pimbidn. Ac..·u1t 
<llllhracycline toxicity, w h ich can pre~en1· <1~ heart block, 

i.l rrhylh m ias. hc:arl failure:. myocarditis. and pc ricc1rtlitiS. 

O<'('urs in ltss than 1% of IXltient:s. and may be reversjble. 
Ch ronic progressive oln1h racycline tox icity u~u:11ly presents as 

dihU<:d <.:ard iomyop<.llhy and is I»OSl CIOS('ly linkc:d with thL" usc 
of doxorubidn. Chronic progr~slve toxicity has an early onset 
(wHhin 1 ye1r of lrearmenc) in 1.6'.!:, to 2'X. of pal ients :lnd a late 
onscl (aflcr I yt'<l r) in u p lO 5'X, or patitniS. l.atc."-onscl chronic: 

progressive toxicity is related ro toml cumul:uive close. In 
parients with a cumulative anthracycline do~e of SSO mg/m' , 
chc: inc.:idcnc:c of heart failun: is up to 16'~. and lox icily may no1 

bc·rome dirlically evident untillO tO> :w ye:.Hs after trentmtrlt. 
H1crors associated wi1 h i ncreased r isk for <Jnthracycline toxic 

ily indudc conl't>mihml uS(' c)r cy.clophosphamiclc:. ( rastu ~ 

zum<1b. or pa('liraxel: prevJous ches{ lrradi;.Uion: oHld ti:"Jll~l fe 

sex. LO\Yef r i.sk for C(lrdiotoxicity is aswciated \Vith epi rubjcin 

and id<lrubidn <-'Ompared wil h <l<>XOlUbicin . (;(m c:omil :ml 

dC'xrazoxane !<."duet'S the risk tOI' doxorubi<"in LO:<id ty. Limilcd 
dat:.l from snulll sludies have shown H1e ~mg,iolensin ren~ptor 

hloc·kc:r V'cllsartan may prot eel again:-;-t some of t he t '",.Jrdioloxic 

ity of anthrocydincs. 

TABLE 41 . CardiovascolarToxkitias Associated V.'lth Chemotherapy 

Toxicity 

Left ventricular dysfundion 

Ischemia 

Hypertension 

Venovs thrornbo~rnbolisrn 

QT ptolougmion 

Class 

Anthracydir'!es 

Alkylatiog agents 

Anlunicrotubu1ar .agcrllS 

Monodon-al antibody 

Tyrosine kinase inhibitor 

Prot&asomo inhibitor 

Antimetabolites 

AntitnicroluUul.ar <.l9C'fl l~ 

MOI\Odon<~l antibody 

Tyrosine kin;)SC inhibitors 

Monodon1;1l anttbody 

Tyrosin~ kinase inhibitors 

Alkyb ting Jgcnt 

/\ng1ogenesis inhibitor 

Tyrosine kinase inhibitor 

Ang roger'lesis inhibitor 

Anti.nicron.•bular agent 

Tyrosme kinase i1lhibitor 

Histone dcJcetylase inhibitor 

M•scellaneous 

Drug 

Doxorubicio. epirubicio, idatubidn. 

Cydophosph::lrf)ldc, ifosfam1de 

Paclrtaxcl, dooot.'\-xcl 

Trastuzumab 

Sunitinib 

Bone~omib 

5 Fluocouc.xil. <:<!pcciwbinc 

P.1c;:letaxel. docetaxel 

Bevacizum~1b 

Erfotuub, SOfilfcnib 

Bcv;.<:izvmab 

Sor<;~fenib, sumtmib 

Cisplatin 

lhalidomidP. 

Erlotinib 

Th.;tlidomrde 

Pad;tax•l 

Oasannrb 

Vorinoswt 

At::.cni<: 
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Pregnancy and Cardiovascular Disease 

Type II illJUI\' i~ murt· c·nnm'lon ly O"SOC'i:lt< .. XI wHh molet1J 
larly t:nge1t"d 1her:.1py. SUi.h ~~ C!':l'\LUJ"umah. Tr:.l~tutun•ub tox­
icity n.~ults in left \(nlric.ular ..;y-.lo1it dy~func·tion, wi1h 
symJ>toJn'i of hc.. ... ut fJtiUI"(· In 1"~ 10 7 1

• ot P:llrc.:nb. U i~ more 
common fn patienb older than SO \'t..':l~ oc \\lith l'mc...·omilant 
:tnlhro~cyt:line u~. P.Jticnt, "hnc.k:mon-.tr:nt· nomlali7.3Cion of 
left \\"OCric:u1Jr fun<-tkm ;10t·r dl~nlinuJiiun ur lra.~urumab 
ITtl) n't't-i\, .. addilion:tl tlter.ap,. 

~tultitargeted lynr,inc..· &.Jr\J-..c inhibilur, and ;mtl \-:K<'\tbr 
endothc:lw.l gruwlh (~KI(If ;mtihodic.-c; 31\' IOC~ingly bein~ 
Ust'tl as l:ugeled mOk"'<.·ul;ar lhef"3f>'\', ()( tlk: \) RJ:)irh: k.in~ 
inhibitors. '\Uililinib 1~\S bl'\.'ll liMN (f\.'-JUc:nll) ol"'-"·iOdJt(."(( \\'ith 
cardioto.xidt\. wilh up to ;1 t;O' .. incklcn<.\.' ullk.'W or worsened 

h' ]X-rten<lon ~nd up 10 a 15 • lncklen<" vl<k.'I.~<'"J><'ll left wn 
rrkul:trejection fr.l<'tion (l~'E1·1 'I h<"<: cff<'l.1' m.ty he r('Wr.>iblc 
\\ilh c..-.lrl\ rt.'t1;gnition .. Sl.ll"\t·ill;lll('(' \\alh bu::;cline N tem1in.t1 

pmB type ll;)friun•ric.: J)c..'"'tidc me-~~ur\:nwnt ~tl'k.l LVEF a.~~~ 
mL·nt at b.1seline. 1 nlonth • • uKI •.:vcry a month~ tht'feafte-r has 
been ad\(X.<-liL'tl rur p:llicnt:-. t:-.klng ~unitltlll). Not uH tyrosine 

kinase i nhll")lrors c:lrry th<.· same r1~k for l.o.lu,IJotoxidl\·. 'lllc 
~lnti \<;ISl"lll:lr endofh('Jinl JrU'UWlil r:ICilll' •. llllibU(Iy ht>V;tC'IZUm::tb 
is flSSOliltt..'tl with sip,ninc:mt hur ll"Ver-.lhlc.: twvc..-rt(;'nsion .. 

In p:u lents prep:1rin~ lu lt.~"t: ivr Chl"ntulhcmpy a:-,:--oti~l fL'( I 

\Vith known card ioto.\k·ity. a 11 d(.·ctrm.::•n lh>gmm shouh.l be 
oblHil1<:d at l><l "tdinc. Bm;<•lint- (·v;'llutll iu11 of LVEF (wi1 h ~ho 

c::-lrdictt.rr:'phy fll' mutt iAt~li.'d uc:qulsll iM I SC'~l ll.l'l ill$.!) i~ impor<~• nl 
if t he associ:lted c.nrdit•llJXidly lnd udcs h:fl W11trl<:ular dys 
ftuK·tion and hl·art 1':1ihu'\·. ll is n-nson:lhl\•lun..·IX'al echocardi 

ugraphy :'It :l tom I C'unmlmiv(!' ani hrJcyC'Iinc duS(..· uraoo mg/m) 

:md before t..'.l(.'h t lusc.· in p:•til'111\ w ilh flr"e exlsknt left ven 
lri<:u lar dysfun('lion or Chosc.• reC'(!ivinA hl~Zhtr turnutalivt..' 

dOS('s. Eumpe:1n guidclin<.':> :O.UAA(.''I lhat p;u icnts 11"C't."fvlng 
rrnstUlurnub should unclt'I'J..tfl rt'J~1 c.~hO<.'an.liugro~phy every 
., months. In ~ener:.tl. <.·an.JiO\":l$C'U1ttr oon.~ult~llion ~hould be 

obtained in :t.~ymptolllalk p.•tk:nt~ "'hu tk'n1cm!\lr.1tt> :l ctedine 
in LVEF of 10 ·,or mm\' or in p.1rlenlol\ wrlh syn1ptoms of hean 
failure !'l~i:nc."tl \\ilh .1 decline in I Vl.f of S vr mon: to a 
le\'<'1 helow 55 •. Titn . ..: dirncn\k>nal "·hcx-:ntliographiC'e\,tlu 
alion of fell \t'tllrkul~r \'OiunK-. Ill") be more O(('UrJ(e in 
c.kil'f:ling srmll chang.."'$. 

ln J\.llkrll-. \\ilh dinlc::al -.igns or '\)mptom~ or l-ardial' 

tlv~-runt1ion. ('3rdl:tC' t)l()m:uM-rs bU<:h as tmponin and 

' tenni.rul pruB type narrlurelk IX'I>Iidc) Jlor~ with irn~ing 
tecltniquc"> (sudt :tH<:huc:an.llc~'T'Jphi<.tll) ckrl\-.d glolxll lon 
gitudin:ll '"':>In) m.1)' he hdp(ul In ldcnlllylng early IOXic:i!y 

and guiding individu:ll thc:rJil)'- At pn."'\.C:n1. ll'l';llmt"nl or 
patknt:. ...... ilh thc..•mothc~tp) lnclu('f'(l he~trt laUun· lollow~ 
st:>ncl:lrd PM:ldigms. 

KEY POINTS 

• Chronic m1thr.u:.•ycllne toxicity u:;ually present-., a-, irn:­

wr>ibk d ilalc'll cardiomyopathy. 

• t~ud loroxicily from trastunml;th mnnifcsb :l~ rc\'l'l'siblt..' 

left vemriculnr· sy~Wik d)~t'untllon. 
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Pregnancy and 
Cardiovascular Disease 
Cardiovascular Changes During 
Pregnancy 
K tlU\•kdgcof the cardio\"a><:ul.t.r chanl(l"S of pregrunC') i> tll'<: 
<=11} to d.istingul'h 11<1"....., normal ~nd p:uhologjc 'i~tr" Jttd 

~)mploms in the pregrutnl patienr (Table t2). Durin.~ l n<>rmol 
prtgnant'): patienL'\ <k'\\"lop a relalin· ant'fllla due ro i1x.·n:u~ 
in plasma .. Qiumc and. to :a f~o;er dc..>grec. tT\ thmc,.1e 0\J'-"· 

Mt.';ln •n•rt•l press<tnc >lighlly decR'(lse> in lhc \CUing of 
redut"l'd ~)'Stemic \'3S<'Uklr rc..~t::.tant·c: and in('re3~-xl tk.'olrt rate 
and ('3.n.l1lc output .. B)· the 11nd \\ret"k or Pl'l"gn:tnC)~ nlJtl'rnJJ 
cardiac-output pe·.tksal approximate!} JO"A.ahO\(' thcprc·p~ 

nan<.-y k-'\'et During d('li"-'t.'ry. Lilt..' <.-anli<W n11rpr1r rll:l} intn:ase 

to ~ls much a~ ~0'.(. ahovc· I he preprl~n~m<.·y level owing tn 
incrc~cd ht>:lrt rate and blood pressure. 

Prepregnancy Evaluation 
AU \vomen w ith ("".Jtdiova,')(.•ular d i'iC"dSC who nn: :mtf(;fp:nh\R 

prq~nancy :-;hould undergo specl:~ li7.C'd prepregna•t<.·y <.';,lrdi<MlS 
(1tbr evil lu:~tion. high risk oh..o::tctrk-s l'onsultcuion. ~)hsrell'k' 
tUl<.'sthesia consultation .•. md. if ~tppmpri:tk. gene lit tonnsc11n~ 

Pulmonary 

C.udi.x: 

Edema 

Heart rate 

Blood preS$ure 

Auscultatory 

Mild dyspneo, 
dyspnea with 
~xen-jon 

No symptoms 

Mild !)OOph<tral 
edema 

Altialand 
ventrH;ubr 
pu.'ffi.ltute bcdts 

Hean n;~te 
nc:rc~by 

20%-30% 

Blood pressure 
rypie<~lly <s 
modestly 
d~rc.n~ct 
(-10nunHg) 

S<'sa I systolic 
mutmurgrade 
116or 2/6 
pr'c:.ontm 80% of 
pregnant 
women,S:. 

Onhopneo. 
J>l!<O><ysi'NI 
1\0eturn"l dyJpnN, 
cough, pultnefWry 
cdem.s 

Chest ptM~uro~ 
hc.lvincs:., Of pa•n 

Mofe. th.an mild 
edem.J 

Am•l f.bfill.,tion or 
fluttC'r. venroc:ular 
taehyc.lrd.., 

Hcdrt rdte >1()()/mir\ 

Low blood pr~s:;ur(t 
lls-sooatf'd w1th 
~ymptom:.. high 
blood preuur& 
(~140mmHg 

~ys-tok or '>90 mm 
Hg cll."'~tOIK) 

Systol1e m•~rmur 
grodo3/6, ony 
dhJStohc murmur, S~ 

-



to c:v.alunl<: lhc:- risks o r prcgn~ul(J' and dL'\•t iOJ) a managem('nL 
pl:m tOr lohor ond the postpOll\lm period. Prepregnoncy risk 

Jssessmenl tools include the CARPREG index (Table ~3), 
/J\1 lARA risk smrc (Table 44). and I he nl<xlificd World l lcalth 
Organization pregnancy risk classification (Table 45). AU or 
hese tools are used to esrim:lre risk for complk;:.uions duriEl.,~ 

pregn<ln<:y in wonu:n wilh c~1nliova~cuJar <lisC<lSC. 
Pregnancy ls contr:~indiC':lt'ed in porients with ventricular 

outflo\v rract obstruction ( for example, aon ic stenosis o r 
COO.n:.'Calion of aorla) ~lml thus<: w ilh ld l V<:n(ricular S)-'SIOiic 
dysfunction (eje<"tion fmction <'IO'x.; :tC'C'flmponiecl by New 
lbrk ll'ea1i Association functional class Ill or IV he(H1 fuilure 
~yrnpiOms hct·au~~ l.hcs.: condilions: {.'tmf<·r a high Ti~k for 
matt>rnal :.lJld tet~l l compli<':.ltions .. \.VomC'n v~.rith S<'vcr<· pu.Jmo 
nazy hypertension are at high risk for maternal c.J.eath. \•Vllh a 
morlalily r.J.IL: of up 10 :m·;t. 

KEY POINTS 

• \.Yomen wilh cordiO\~sculor disease '11\lho a re ontjcipot­

ing pregnancy should undergo prepregnancy ev<lluation 
With a c:un.liologL.:;l. obslL'tikian. and anc.'Slhcsiologi::ot as 
\<\·en as genetic counseli ng, if appmpliate. 

• Pregn~HlCY is contraindicated in pati('nts with V<"lllricu 
laroulllow tmcl obstruction and lhos(: with Jell ven 
trkuhtr ~y~tolk dy~rundion (<.:j<:<.·lion fuLt'tion <40'X)) 
accommmied hy ~'et"-'' York l le:.1 11 Association fwtction~d 
cltlss Ill or IV ht'arl rt:tilu rc: :,-ymptoms. 

• \Vomcn ·wilh s<.·v(T(' pulmonaty hypertension are at 
hjgh risk for malctnaJ n'lortality. 

Pregnancy and Cardiovascular Disease 

Management of Cardiovascular 
Disease During Pregnancy 
\Vom~n with obstrucrive card iac lesions may exp<.:ricnc:c: 
symplonts d uring pn·gnancy as a l't"';Uit of the in('re<\Ses in 
blood volume ~md <.·anli~tt· oulpnl. These pat ients should be 
ev.aht~lted to detennjJ.te v.•hether cardiac illh.:rvt·rH ion should 
l>~ <.'OnSidcrcd b<:fon: prcgnan<j". Worncn with regurgit.'lnt 
v~1Jv<: lesions lt·nd to lolcrak pr<.:g.na tK'Y well. 

V;;~gina l delivery is gt.·nemlly prt:ft'rr<.-d for paeicnls with 
cardiovascul<lr disc.:as<.: 1-x.:<·ausc it n >sults i n less hlood loss. 
qtdckc.~r t<.'t"'Overy. and lowc·r risk for thromlx >sis than does 
cesar<-Jn dd ivery. Cesarean d<"liwry is n:'<.·ommcndl.'d thr 
ohst('lrk f<'"'.Jsons in \WJm<·n wilh sevf"rt> c1e('Ompensate<l c.~r­

diov;lSCul:.li di&."<tsc: or a marJ\t>tlly d ilated amia. In "''omen 
r«eiving warl~rin lhc·rapy, c·c.~~U'c:an <.klivc:ry is indicated lO 
nxlut't' lhe ri~k fhr f(.:'t;.ll infm(T:m i:-ll hemorrh::tge h<:><"OUS(' th(;' 
tetus i~ fully anLk•oagulattxl. 

Peripartum Card iomyopathy 
J>erip:·l ftum t:.-trd io.olyop~1lhy is left ""'t'lllri<.'ular systolic: dys­
func l iOn n·cognizt>tJ low:u d lh<"' end of pregnoncy or in {hC' 
monlhs lhllmving delivery in the ahsence of llllOther i<.1enti fi 
~• bh.: c.:~m:;'-'· Risk f:..Ktor::; (Or IX.'riparlum <."',m.Homyopalhy 
i ndude multip:nity: ::tge older th:m 30 ye:.l rs. Afrkan lk:st~·nL 
muJUJCLal pn.:gn:m<.·y. hJ<.-'Stational hypertension. prced.uupsia. 
~l pr<.'Vious <'pisodt.• of P<.'l'iparlwll t'<ln.liomvopcllh~·. and 1 her 
~lPY wilh a lol'olyfk agent 

Death in women wi1h pclipartum cardiomyopathy isc;:lused 
hy l J<.·~trl t~1 ilun:. tl1mmbocnll>olic: t"\I(.'O[S. and ~lnhyt hmias. ~\·lost 

TABLE 43. Prodictors of Mt~ternal Cardiac Events In Women with Cong~nital or Acquired Cardiac Dison!~ (CARP REG Index) 

Risk Factor (Predictor) 

Pw vious cardiac event Of Jffhythmi<J 

Baseline NYHA hJnChon;'l.l dM.s Ill or IV or q•nnosi5 

Loft~sided heart obstfvction 

Reduced ::ystc mic vcmricutar systolic functiOfl 

Estimated Risk for Cardiac Events" 

No. of Predictors Estimated Risk(%) 

0 4 

31 

>1 69 

Operational Definition 

Heart f~1iturc, tr-ansient ischemic att.:tck.. stroke, arrhythmiJ 

Mild symptoms (mrld shortnP.s..<> of bre'!nth ;;nrl/or anginrt) <~nd slight limitJti011 
du1i119 OEdiEl•.UY ~<:livily 

MitrJI v\llvc arc3 <2 cm:t; Jortic volve .lfN <1.5 cm2 or rcsti•i9 pc<.~k left 
ventncular outflow tract gm.dient >30 mm Hg 

Eje<:t:i011 fmctiOE) <40% 

Recommendation 

CoMidor pn~conccption cardiac i•)to Nontion for specific le-sions; if\ctaas& 
fr-eqtumcy of follow· up; dehv~ry i'rt community hospitnl 

COf)Sider preconception c-Jrdiac i•ne Neotion for specific lesions; f(?{(u to 
r(!gionill c:~nt~r-for ongomg care 

Cot)Sidor prQconccption cardiac intC-JVQntion for specific lesions; rofor to 
region<~ I center for ongoing care 

O.lt<~.,.nd r('(X)mm¢nrl,,.1i(IO!; fmm t;•u SC, !'.c'\rmer M. Colm:w. JM, Al-mf'<'7 AN, M<ncier I A, Morton BC, e l ol; C."t!dhwOi:o•Mw in l'fegr~o't!K)'((Y.,EU>Rf:G) J#l<ro!th9.11ms.r.o~wai~ 
mv.lh<x~t~'l' study uf pregnnnt;y 0\1\tum~~: in won~<~n •'<ith hc::.n di:s<:11::e. CiT<:uJ<~Iio!, 2001; 1 0<1 :~ 15-21. (I'MIO: 1141'/21161 
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Ptagnanc-y and Cardiovascular Disease 

TABLl .. 4 . ZAHARA Risk Score Used to Pre-dtctAdverse 
Maternal C.rdaac Events 

Risk Fador (Predictor) 

Mechanical h-edn. va1V1"' 

StMH\! lttft he.lrt obstruction (mean 
gr.)dic-nt >50 mm llg or aortic v~lve 
aw,., .;.1.0 c-mi') 

Hlsto•y of Jrl'hythmias 

H1~tory of <:.t'rdi('IC medication uso 
before l)rQgna•lcy 

Hiiotory of cyar'lOtic heart discaso 
(uncorrQttod or corrc<:ted) 

Moderate to severe pulmon.af)' or 
syst~m•c Jtrio..,.ncnc;uL1rvalv~ 
regurgrtotiOt\ 

Syrnplo"""t" hetlrt ~dure beiore 
p~n.>n<y (NY I-I A lunc:bon.ll class ;,I) 

Risk Score (Poi nts) 

4.25 

7.5 

1.5 

1.5 

1.0 

0.75 

0.75 

EstimatN Risk for Maternal Cardiac Complication~ 

Poinu 

0 0.5 

051 1.50 

1.51-7.50 

2.~1 3.50 

<!3.51 

2.9 

7.5 

17.5 

43.1 

70 .0 

NYKA • N~" Y<)lll: I~M A~scx:•;n_,.-, ... lAI·AA.f, -lw<lf'lyl.'n.(,_loo,~j.O lll1 Ao.~tl(ll . .'bo"'n 
lolAR1Af¥.!1k ,,,,.._,, 

•C.o~trl..ll , '"'''1111'.-'*<lf'' include dinic.:ally ~'9'''1l;;;""'t"'t~ vr ..,, ,j,yl'""l.l"" 
hfooart 1.• •· ~~~ .... • •>MI,....jllll!ll'J ll~'"lrnefltWith.T.:~ .ldr\19 Of~'•IJWAI, 
~Htoll.w~ >10'\f-.6:.: '' ,.,..Ctrv•~mboiccomF6utiiJI"6,!TI)'V<o."'~l 
it~I.Jkkln. Mdl•o~ ~ .. ,~1Vul.v <w.1 ido:Jibli:IIXI ~·du.(II"'Ck.odii'WJ 1n tl•• 
~O"""'tt'ISPCJ'·f~.-) 

u.... .... ..J,ote~rcnd.-wo.t~~w.e..-~L.a.aA.Uoonsl'..._ 
......._.W.l.IN \oVdvt l'-1,,., fit 7AIIARA ~~Of' ~ ,,...,y~ V"""~ 

l '""""'"'~""~•""'_..._..,...,. .. ~~~f«HNtr!JJCIO.a111'l4 l21JNO 10Siot1111doo IO'~J.Io:u~~¥00 

\r\Uil'll"Jl who cl\"\'f'lop pelifXll1um cartliomyupal hy recmrer fully, 
a~ 111(.'tRt.un.-..d hy tmpmven~nl in c·jt'<.'tion fr..L<.:tion: ho\vt:vt•r. IT~. 

hav~: 'na~Jr tnnllfJ\~ls( ·ui:Jr c.'V('11ls or persistent 5e\·\'J\' t·antiomyo 
p.11hy. SlU<Ik"S SUJ!J~'SI thal the time fmme for l'C<..'VWI')' b 
6 monl hs. l>rO$~t lOSlic i.lchJi~ lhut J)orrcnd a \\'()rscoull'tllll(' h1dutk• 

~'\\.'1'1..' t...·n W ill rl(·uiM dysl'un('iion/di l:'ltation or hl::~ck r..Kt', 
Wcmwn wilh perip~trtum c:ardiomyopathy should lx" 

pi1Jmptly 11-e;ll('d with mt"'di<.-aJ lh<: r..t~)_y, ,,•hkh rnay indudc 
11-hl<><.kc..,. dl)...,<in. h)<lr.l~l'l;ne, nitr.ltes. or diu,.,lk>. ACE 
lnhibllol'>. :IJlldolmsin re<.'eplor blod<ets. and akloo;~crulle anLij( 
oni~ JR." h.TJl<JK\,'Ilil otnd~houkJ b: avoick't.l until.ltll'T deli\'\-'1'). 
0\• ii"Q: to th<· rh~ fc>< rhmmhoembolism :>SOOCi31t'tl with per1 

partum tanliorll)<J!Xllhy. antiroogularion is =m~entlt'tl for 
""""'" \\ilh ldl wmrkullr tic-ction fra<.1ion bdo\'v 15'~. l'hl· 
c.:hokc of Jnlk.:(,:Jli:UI:ml (hep:nin or \'\"Jrfarin) dC'J)Cnds on 
\o\r1'lether 1hc: IX\Citnl is still pn..ognan t and the rime sin<.""e d.:UwJ'y; 
thedeci~ic)ll should l:x' Jll;.ltk in c..·on!>-ultation \'l.ri.th a l'anliolc)t,fisl. 
l>ut~Jt io11 11r ~ml k•nab•ulat ion Is :lt lenst R weeks. all hough thcr..tP)' 
t':.mlx· dls(:ontlnucd S()()ner if the ejection frat'tion nurrnJi i ll.~. 
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Women wilh S<'Wil' r<>fr.x-tory h<'Jrt failure due to P<'l'i 
p;utum C:lrdiOill}"<J!Xllh\ should be rclcm..J lOr further t'\':llu 
ation and treatm(.'nL indudi~ \l'lllriC'ul:tr ::a~ist t.k-vice 

J)IJ.<•c:mc:nt or hean rr.m~lantJ.Iion. Untlred t"\'idc..1lt.'C from 
<m~ll stmlit'S >uggests rhat bromocrlt>linc. whkh hlocks prol 
:'IC1 in se<.·n.·l ion. i.rnpm'L"" Jdt \C"nlrlt'\ll:ll' t~"t.lion fraction and 
c:linicuf out(·omt"s '"rhen added lo pt.'t'lp::mum n . .'lah.'(l hl".trL 
f:1Hure therapy: hov.f(;'ver, Us use is ronsiUcrc:d invt-stig;u ion:11. 

l~l.lSt' ~ubst.'(lUc..'nt pn.:gn Jnt')' l'i ntte•l ~\s:soeia tcd with 
l'l."(.'Urrcnl or rurthe r f('ci UC1ion of lt.•(\ vtnl r lc:ulnr funt lion. 

porenll:tll_y resulling in clinical dett!rivrat h.JII or dt..·~•l h. \11/cmwn 

with :1 previous ('pi:,o<.l<: of pL"rip~t rturn c·ardlnmyupathy "''ith 
JX:r"i~tc:nt ld) \'t"nfri('ul;,u dy.:-.furH:llun shnuld ht.· adviM.-d to 

:l\'nid future pn.-gnancy 

Other Cardiovascular Disorders 
\\omen "ilh MJ.If:an .s-,. ndromt· h~•w ~ln h'K R.":.lst.-'ll risk for 
JU\.~nancy related :)Of"ti(' dissc .. ''\:liun. Aon~ rtp;"Jir b tc..'C."'m­
•1'\t'J\ded b< .. fon.- pregnancy in wom~;l\ '' ilh \tJrfan syndrome 
:mel :tn oortk dianR·tc.:r of 4.S em C)r g~:ue-r. Risk factors for 
Ui ..... -.c..'(·licm durin<J pregn:.HlC) Jn palknl ~ '''ith .Marf.an .:-.} n­
clmme with an aortic d iametrr of h.:~:, th.m 1.5 <11' in('IUde 
rnpid dH:llation of (he aorta or a p("'rsnnof or f;unHy history of 
uort iL· d iss(·cticm. These patirnts ~hould lw roun~ll·tl to have 

tlc 1rl il' n.·pJat·c:ment before Pf\.'j.:ttl:.IJ\\')'. 
.Spootan"·ous (."on mary artery di'i..W<•tfnn~ may occur dur 

lng pn:~n:mcy or In the- poslP~Itlum pcl'iod. Con~c:rvatiw. 

nonint('rvtntional therapy is pn:f\:rn .. 'l.l lb1' rno ... l patlt•nt<;. A 
high ind('XOf~t~piclon is 11.'quircd. J\ p:ltient~ pn.-sc..·nting with 

spnnt:meou..:: ("'ronat) arlt'T)' dis.~tlon Jl"C ~ncraJI\ con...;id 

<nxt 31 low risk for (l(."Ull"t'OrutiJ.r\' ~\·ndmmt...,, 

Cardiovascular Medication Use 
During Pregnancy 
(;uiddinM for the uSC' of sck't.1 (.'"3n:llo\'a..~·u1Jr t.l~ during 

pn'gnant.")' are outlined in Table 4() 111c I·U.·\ rorm("T1)' nsed :.1 

IL"Ht..·r ~)"'1-tcm to catt·gori:tA' dmg:, hy 1 heir fcl:.ll dll•cts during 
prt>gJl:tncy; hO'\N('V(T. w ith the impknwn1atio1a of a n<:w prc..-g 
nnnry :1 nd la('t~ltion lab<.:lit1g ruk in :!0 1 ~. mo~ fntOnnnrion is 

now provickd on d rug (""tf(*(t~ In J)rt-"gnunl women, b cmting 
wom('n, :litd wom~n and men of rermx..llll'livc putcntial (!-K.'t..' 
MKSAV lA C:ener..U internal f\kdidnd i\•lnsl c·:mliov:1~u lar 

d t u~ arc..· nol FUA appruvLxl 101· u:-,t• dur~ng prtAn:lnt·y lx't.'ause 
<>f II mired s.11<•ty d;l!a. Cardiuva»<:ular mcdle<l!ion> >hmdd l><: 
used only when needed. and at lht•lcl\\'4.."1 po"i. ... ihlt•dc)S;lgt;>, and 
th~ dt'Sin:·d lhlT.tfX--"Uiic t-fft"("'' 'lihould OUI\High the risk. 

llllkx:kT usc during pregnancy or I;Kilh<>O n.'Quin.., r><.n 
odict'<>t;llandnc."tont flt'"Jrt rate n•>nrlrmr~~tht<":ln«'ll hlocl;er., 

c.:nJ'\..~ the pla<"t'flta and ano pR""it"nl In hunun bn."a..q milk. 
l.,hefalol is the pn:fcrrt'tl 11 bkx.i<er in thi~ «'II ir~ \tcnolollW> 
been linked to prematlll\'dtlivcl) and"""" ft>r l(t'SI:IIioml ;1ge 

babiu.; lhtn·fon:. il is u~ua11y a\oided durin,:( pn-wunt.;~ 

Adenosin<· is lhcdrug of choice for 11\':ltml•nl of ~k.1Jh:~y 1n1> 

1nm:11 ic supr.wentril'UI.U' Wtl~t.<-u\liJ during pi\ '.bi'J'I:nl<1~ Recurl'("nt 
q>lsc• l•-s of tadrytmdia are otkn lrctll<'(l with fl blockers and 



Pregnancy and Cardiovascular Di sease 

TAILE 45 . Modiflttd WHO Classificat•on of Ptegn.1ncy RISk in Women with He.Jrt Ois.ase 

Class 

II 

11-111 

IU 

IV 

Estimated Risk 

No cetec.table increased nslc for 
1naternnl mortality and 1lo/mild inCfe.ase 
in mol'bidity 

Stnal ln<.n:aSl.-d risk for trkJ\crn~l 
mortolity 

S91ihcantfy 100eet$ed risk tor ~Cff\,ll 
mot1.ll<y.,.-~emorhidry 

Extremely high nsk for mate-rno,)l 
mort.ality or severe morbid1ty; 
pregnancy tS<:OOtratndtcatcd 

Conditions 

Uncomplic.mcd 'm;)ll pmont ductus t~rterio$us, mild pulmonary vo~lvo !.lonosis. or 
mitral v.alve prolapso 

Successfully rcpnir~d !tlmple lcsion~{a-tn<~ l orv~ntric,JI;)r ~('lptll l defect, patent 
ductus arteriosus. or .mon1Jiou~ pt.~hnonary ve-nous dra'""9(1) 

lsol3ted atrial or vt"n1rieut.,r e-ctopic beats 

Unrepaued atnal OC" V("ntticul.:w scpt.ll defect 

Repaired teualogyol f••o• 

Most auhythrnid~ 

Mild left vcntricu13r •mp.-.•rment 

Hypertrophic eardiomyop..,thy 

Native or bioprosthotlc valwletr ~u~drl d isea:.€' nol c.;oMidcfod WHO cl4~$l or IV 

RepairL>d co~rctatio11 

Mtufan iyndrome with t'onic: dHnGnsion <.40 mm wtthout aortic dissection 

Bicuspid aorticvatv~ w1t.h asc-end1ng i'tOrtiCd.ameter <45 mm 

Mec:hamcal valve 

Sy!;te...-c ti!Jht v('1'Urid~ 

font<~n CltCUI.ttJon• 

Cyanotic heart disc.,sc {unrepcured} 

Othercornplmc c:url~t:flll.Ji t , ct.~lt di:>eJ:>e 

Bicuspid .:1011ic Wllvo wlth ."15C~nrl1ng aorhcdirtmNm of 115·50 '' '''' 

Mt~rfan syndrome with nort1c di.Jmctcr of 40--4~ mm 

Severe mitral stenos•s 

Symptomai.JC severe aoAA s.tcnosts 

Bicuspid aoroc valv-o w.th <lscend.ng aomc diameter >50 mm 

Marfan s.yndrome wtth aon.c: dt.lmete-r >45 mm 

~fe- systemic vemticvlar systol~ dysfuncoon (left vcntnc;ut.-r CJCCbOO fractioo 
<30%. NYHA fl.Jnctaon._lt clns~ III-IV) 

Ntltive severo coa(ctation 

S1gniricmll pulffiomuy j)!lOtiUI hypertension of any r;t)'-1!10 (i.&., pulmon~ry artery 
systolic pressure >2~ mm Hg .ot ro::.t of >30 rnm Hg wi1h oxot'Ciso) 

..,(III\QII C<It.V4t_.-Jih tl•i• .... ¥1""'" ~:olf'lil"l""~ f"' tlolll! rd l01 1-N"'-"!Uw<1f>Ullt>IJI<'O. "-'-""'""'' ""' II" rt d!M-ol!W: flrrthonefunc:tiOflol"'~l4r••ul• . ..... - lN•j111"W""''i"fl'> 
~-t,~l,olo .od doff'<'11).:101f'wo lo.ngs: -.'l!IMAoO j!UI ' '\J I)#! ~ ""~<,_•<4~l.o1 Bn. 

~•· •h~~~lt'I'C)Of"A ...... P-y < ~:..~'"""""'"r~~l>'..gr\MI"yahhrt.,__ t~2006 'f'llt,1f).'o ~14971109 

dignxln: o;t)Lllol and Ot't-:.linide h::l'"(' ::tlc:o het.·n ~afdy u:st_·cJ. Jk.'t~tuSc.' 
of toxlclt\' (.'(>rll'-'rlllS, am.i<X1~lrone i!=: mrely tL~d. 

ACE lnhll>itors, angioknsin n·c.:ptor hhx:l<...:n., "'ud aldos 
tt'rut)(' an1agonists should be :wold(>(l clnring prt1-,'llaiK'}' 

l"'('(":'n~· oflhcir 3~ialt'tl l('J'":.ltoRrnlc-ily. ahhough some ACE 

inhiOitol") :~re s.1fe to uS<· \o\>'hilc br'-'<~-;tfL"\.'<.IIu~ 111\."t"C is incon 
du~hv C\ idence on tbt" ~fc:ty of :l•lnit~ren.Jn R'<'l"J)Ior block<.·~ 

while bn:u'>IK'<.-<intK; lbus. these dn.g< :ore l(<:tt~'r.lll)' :1\-oided 
durin~ l~t<."IJiion. Spimnolxlom· h t.'tH,,hkrc.."ll ,,:omparible 

"ith brc-J>If<eding. 
l'hc I.:.H.:lMl'll d..t.Laba::.r (to\:ner.nlm.nlh.govlnt-..vtoxnet/ 

laclmt·d.hlm) f)rmricfts in form:Hion on t.l rug~ to \vhich 

bl'\. .. ~t~tfCtding mothers m:.l} be expo~c.~t. indu<ling: potenlial 
;ulvt.-•rM.• c.:rft."th ~ulll Mt.gg\."'Sltd 1 h('l':.l(WUtlc altt:mal ives. 

Anticoagulation Therapy During Pregnancy 
Pr<-gnamy is assodall-d with hyp<.·rc.·nolgulnbil il)•. and antico 
a~uhttiun h often indl<':ltffi in pn.~nant paticnls. Table 47 
lbh. th\.· indicalions. recommmdt-d 1\."glmt"n:-.. ;"llld monitor 

In~ P••n•mch:" for thc:r.J.P} Prepregn::.ncy counseling is n·c 
omml"ttdt.'tl tOr ~111 wom~n fl>tJUirin,Lt lun~ term anlit-oogul~l 
tion to l'n:..•blt~ them to make infonn\.'t.l decisions reg:~rding 
:Htrl<·oag:ul.mt JH1:kn:nct Jnd to un..Jc..·t~ lJnd the matemal 
:mel fetal risk.,. 
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ACE tnhibit:ors 

C.ptopf~. enalapt'il 

I..Jsinopril 

ARBs 

Adenosine 

Atn;ocla<one 

.Annpl.:r.elet ~nd 
a"ltleoagulant ~ge-nts 

Dipyridamole. 
clopidogrel 

Aspirin ~81 mg; 

NOACs (aplxaban, 
dJbtg.xi'Oln. rivatoxabon. 
cdoxaban) 

JHlloclcefS 

Atenolo1 

E."'I'rlolol 

labetalol 

M£"tOp10lol 

Propfanolol 

Sotalol 

Calcium chJr)nl)l blockors 

Diftittzem, von~l)i'lrnil 

Ogoxin 

() sopyf<li'O;de 

Ou,ifetiCS 

Flecainid~ 

Hydralazine 

l idocazne 

Sodium nitsopruu.de 

Organic nitrates 

Phonyto1n 

Procamnmide 

Ptopafenonc 

Ouinid1ne 

No y .. 

No ? 

No 1 

Yes ? 

No No 

Yes ? 

Yes Yos 

? ? 

Yes No 

Yes 'I 

Yes Yoo 

Yes Yes 
y.,. y.,. 

Yes ? 

Yes Yes 

Yes Yes 
Yes y.,. 

y.,. y,.,. 

Yc• ? 

Y~s Yt .. l 

Yes Yo. 
No No 

Yes 1 

No Yes 

Yes Yo• 

Yes ? 

Yes Yes 

leratog.enic:4n first ~N; CboW fetdV~ k.tdnGy f•ilure 
wrth \oe'COfld~ or third t~r cxpowre; scleroderma ren.ll 
em.•1 is ooly indicabon 

Sa.me as: above 

lorlltO~JCOic itl first tnmnstc-r; (JU~C (ct._lVrlL"'natal kidn ey failurP 
with '!f~c:ond~ or third lriulU11tcr oxpoc;me 

No change in fet.:tl heart to'ltflo whcrl used for .supraventri<:ul.a, 
t.>chyc<lrd.a 

N!<al hypolhyfoid""" prom."unty 

Scc.:uu<Jime agent; no GV•donee of harm ir'l aoimoJI clop•dogrel 
$tudies: E"lO human data 

Pregn.ar'K:y o~nd l..ctat•on \hould be avoided'" NOAC lt4.'"'*t.ed 
p.Wcnt>; ov.>olable dat.> do not W<J9"<10 h~h risk loo NOAC 
l'<flb<yopathy Of neonatal con>plit.ltion> 

SC"C4.uK.IIilw agent; low birth woight, EntrautC>rinc 910w1h 
•o::tr.chon 

~COrld li11e1 agent; more ptoE'l0Uf14.:0d brndy<.,:~rdi.J 

Pr€'fNr(!cl drug in t.loJS:> 

Shorten«! half~ife 

Socond-llne agcot; intraul('nf'W'" growth u.~tJtcbon 

Sf..'(.;ond-lulf' ~ent; ins.ufftoan\ data; m&erve- ust: for .Anhy1hmi.l 
not rcspondjn9 to altemat•V('t ."''gcut 

Sncor•d lirrc agen t; mdtern.)l hypotCr"lSion w ith ropid il"llt.wanous 
i11fu,•on; \ lsed for fetJI suprJvcntncut<'r tachyc.:trcli_. 

SN"ond llflc o.~gcnt; short~ned h.1lf lif(' 

S.COnd~Lne ~ c.JSC: r .. -pon~ of preterm labor 

S«:ood·ltf'W! agent; use when 04.:cc.JOO (Of matema volumo 
ov("rf<>.'d only 

S()COnd~IEne agent; inOJdcqv.ltct do.~l.l butu~ for fct.>l 
nrrl'lythmia; CJISC tcporloi fot\11 hyperbifirubil'~emia 

V;)$0d•lntor of c:hoi<<' 

Treatment of choice for v~ntflcular arrhythmi,)S 

Pol('f'UJ.ll rt.~ thiocyancJte IOX.Crty 

No app."~~rt-nt incrcas.d ns.k 

Known tm.'tfo~nir-ity ,..n<..l bk.-cd•ng risk; last resort for 
;arl'l\y1hmia 

UsOO for fflt:d ;urhythmi~ 

S~eond l ine agent; used lor fN!ll ;urhythmia 

Pro(cacd drug'" clas.s: 1n<re.lSE di<.Joxin l-evels 

?-_.._...:ARB ~-· ........ Loluc.l.:•~f'IOIIC.-""""..,....._;vo..r;:gonor.:t'lr.1l r.t -

N~torih~'"-""~..CV..~<.~"'rUl..,IIV.tt..moutlA.NMI.c.ll('•.,•.t•.,.l'tC'(jAWftr~lndfW.U.t."t ...... ~.t"A.:~('~ ... f .. 
~ 2008. pp U6 J$.7 eopyngt.! ?OOe-. A.·~o;;"~t(.,. ~of,., y~o;w,s. 
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Wccks6 12 

We-eks 37 to t4;'rm 

Atrial Fibrillation 

VI<H>b 0-I 2 

Weeks 13 37 

Weeks 37 to term 

Warfarin(if dos.&to attain INR 7·3 i!l> 

SSmg) 

Urli (IV o r SO; aPrr 2 x control) 

Wmght-boood t MWH 

UFH {SQ; o>PTT 2 x contml) 

Weight-based LMWH 

Worforin (INR 2-3) 

UFH (IV; aPTT 2 x control) 

Warfann (d do.sc to attdin INR 2-31S 
~ mgl 

UFH (IV or 50; aPTT 2 x cootrol) 

Wcigl~t-based lMWH 

UFH (SQ. oPTT2 ><control) 

Weight b.lscd LMWH 

W>rfolin (JNR 2-3) 

Un-l {N; JPlT 2 XCOr''llrOI) 

Mechanical Valvo Prost.hesis 

Weeks6-IJ 

Wooks 13-3/ 

\1\'cch 37 to lOI m 

Wa1rann dose ~5 mg for therapeutiC 
INR 

Continue warfann (da.ss II.J 
recommendation) 

UFH. IV: aPTT 2 x control (doss lib 
recommendation) 

Ant~-fa.ctor Xa adjusted lMWH 
(c!.>ss lib ~mendotion) 

wana,..-. dose >S mg for thC~apout.K: 
INR 

UFH: IV; aPIT 2 X <::Ontrol (d<Jss lla 
recommendation) 

Anti-factor Xa adjusted LMWH 
{class II a recomm~ndation) 

Wad arin (th(.~tapeuti<: !NR} 

ut=H (IV; 3m2 x cont,ol) 

•I'Tr i'rt!.V-'It"oi CMrtl·lllllf• '"ll !o:lpl~'l~ '>time; !'/ <~r.l"ICO~ I Mi.'IH .......... 
"""""wl..tl -igMt.c,.Darll\ «1 ., '·•ot>I'UI<l~\; Uft-1 - 'UIIfr~ttiOI'I.'ltt>d ~1111 

Flec:or•rronnrll~· "11 t-vln'l N•1t'l•m•••~ WA, OttoCM. Bonow RO. Ur;,t,...,ltv 81\ bw • 
Jf' !~d. <.Jo.Jo,tl)tl RA, ~A. Alflf>,II'IIA (.()1100(1"' OJi C..rdiott.:ogy/Amt:nun liP 4ft 
~'"'~,.~ "'"""•~,~~~ .._;.,.·~ .. c .. ...wt......., 20t•ArN~<.c~torttw. 
-...1""" ... , .. uf pool Q<lt ........ \ \oolW W ~¥I ~AY ..... ¥0oll<ut-~ • n."port 
of"-~~,...oiC.... .... ?J'A.....r.._.,I~A7..t~~oa.nnb\lh,.• .. ~" 
ft-.-u~ JAIAC:oA(....,II.k.f 201•,6J-l•3838.J"'..I):74603191j 
~ 10 10"6f..,.cc._2014 02 !;]7.--flti.· .. 'tN c..-tA.U:.iddl.tiorpS. ~ .. 
Ot. ~.lbu~M, o\.\t V.o~"'W r(). VfC. d" .. 011iboplooM,. -·~ ...... ~ .-f 
pl~:.-.1 .. ~•.o~·~-.Jpt~ol'fwombosn.,Wt...J 
~·Cvloo<y ~ Ooo'!tll ~·atK~.Ifio>o...: ~clinic:. ~t'L~~·· ... 
O......a ?(Ill: 141,.,-6t1!.._.1~ 0 '.io I~MID:J,"l1S776Jtklo ":(Hl1Sfot•~11-2300.md 
~- 10. ~s.t"' ~.Ad• ,,,.., N~\LW. Buli\r:t. rag.:.nSC..""' 1111. A.~'""f" '" 
H"rt Anoo-'IOn ~oil \.nu1" ol Cvu"c.d Ul 1 C.Wd10Vo.ll01t.VIo1ot N...r!>tng. C".ounc ol t>A 
0 n..._~ C..r..l•ulu9Y. •l'ld IMei"CC4nphN!r~ Cutll•tol vo1 Ou.tlity o' C..o1: .md 
0ut<"tJM ..... Roo· ... Ill I! (..urdotoloi'IO:~ for the PI\WI:II\1 01\ ol :.I.II:X..r ... , P..,.llo! ll> w•l•• :.hoi•M 

or l101n~t ! 'd"l"ol'•'!"ur ,>11.!(~ " •t~ ne !lot hco111tham:~ prai~vo•""=> foo••• l ll!l.l 
Ao·•~' "··•·• He.~ ~·•nn;Vhi'IAIAMMOu\ t;t,c,l;"' Anotilltion. S1rol:1'1. 2Q11;42-l2/ /(J 
lf'MIIJ W66<12lll.ivl 10 11(• 11~1"R.01)(11lt>-'l 181l1d0<1l 

Preg na ncy and Cardiovascular Oisoase 

\.V:lrf:.uin, lmfr.tl1ionatl'tl h('"(Xlrln, ••rul luw mokx·ular 
"\.'ll:ht hl.1l:lrin C":ln :111 be.· l&-d durinR, Pt\')tllJill"\. C.1wful 
monilOring and dosage Jdjtcillll<Onl """ indlc\l1ed for all anti 
co.1gulation n..'JtiJTk'ns. It is importaot lo not~ th~ll \\.uf.trin 
u'c during rh~ first trimester can t.·du~ ,,,,rf::uin ~mhryop~ 
I h)' wht·n the daily dose i~ gR"'dtt·r tlun S mg. \\Uriarin is 

f;1l'\J)J)~d l)c.:((>rt." dd iVCl)' OWing {0 lht• risk r()( fl!l:lJ ill I r..lt'f<Hlia) 
hcmonhage ifspont~uK·ous labor and VJgln~ll ddlvl•ry O('('u r 

whll(' I he mother (and t hus Lhe fetus) is ;tnfi('O;.lgu laled '"'ilh 
w:lrfarin. 

Jln:~n:mt women with a me<:hnnical \+uh•t.: iln>,th("* rep­
rt•seru fl h igh risk subst:l of patient~: t•onrt·rn~ indude \':lh·e 

1hrom~h with irs as..;;oci3t~ llljtnnal rl~"~- bkl'dill.~ . .-nd 
Cctoal mnrbkllry:lnd mortality. Warf:l ruluppt:oar"\ lotx·lhe'c;."'f~l 
:.gent to prt.'\l!'nr m::aterna.l pro,..thctk \;tl\\'" thrombosis: hm' 
C\'et. "Jrfarin IJOSCS an incn":'l~ felal risk. with l~"ibl<:" ter.a 

l<JI."<:nldl). mi<(':)rriag<:. and fetal ""'' due 1<1 In! rntr.~nial 
ht~morrha~.lhbsuggcst th.J.t 10\,-molcnlllr \\t•htht h<.-p:~rin 

and unfmc.·tiotldh:."f.J heparin ;1re "'te-r tor the ftiU~ I han "arf<l 
rln ''·hut lhKe ther:tpksappearto irlCrt.·J~· then,.._ ic,rnlJte-r 
n:-.1 prosthetic \-alve t hrombo~i~. 

Guidclhlcs from lht" AmerlC'an Culleg(' of C.lrdioloj.~Y · 

Amt·rl<"~l '' l lt":lrt fuisotiation on 1ht mo.u •Jgctm·nt of:-tmlro:lgu 
l~ tion dm-ing preg.narK')' in the S(.'lling nf mt•(.•hanlcnl \':.l i V~o.· 

fU'cJS.tht~is 11:c:mnmcnd \·\~trf?l rin during 1h~ fir~ t t rhncstl:r i f 
the <bily dose is 5 mg o r less a l ll tl' tim<.· of <"Oilrf'prion. 
lnl nlVt'nOlL'i u nfmctiOtWl<.'Cl h..:parin or clo'c ;uJjusted lm-v 
motccultlf wdgh£ ht.1Xlrin is prefert('tf if the wolrfJri n dose is 

rnun· I h ,m ... lllj\ dail)C During me SC<:tlllll """ ""'> lhlrd lri 
ftl(.~"ier"';. w;_trf • .uin thcrclp) is preferred. lnlf"'.l\'Cilotl~ unrr~K:­

Iiun.~lc.'tl h<113rin is prefi..Yn'\1 (or anticoo:tgui.Jtlun anmnd the 
rime nf dd.hc.T) in pariems ''ilb a nx.··t.'hanit~l \':11\t' &lrusllK'Sis. 

W<>ekly moni1ori111t of I he ;~nli.-o.-.gtalotiOn ll"\-el I< rt'<'Om 
ntcnc.kd durin,g pregn:u)() Jrrc.~"(_1ive of thl' n..1timc.-n u..;.cd. 
"ilh dn<.1f~ ~dju:.1ment as indical<'IL 

Urniled data do no1~1 a high li<k lorcmhrwp:nhyor 
llt'(malal c:omplkations,vith C.:\1>Q=>1.Ue to non vitau tln K <llll<tgcl 
nlt;t oml antit"<)3btUlants. 110\Vc.'Vt.'r. owing tu \lll:'lll C'\lSe numbers. 
II Js fc.'t't.)mmcndi.:d 1 hal prc·gn:n'K.)' and lut·tatlon hC' :woid~o.tl iu 
pal h..•nls receiving 1100 vitamin K antaglmi'l or~ll i.Ull l<..nag:ulanls. 

Ktv POINTS 

• Womt'n w ilh pt'ripartum cardiumyupathy -;hould he lnt­
li31ly tretned '"'ilh ml-dkallhl-r.tpy. whldt rmy include 
ll blcackNs. digoxin. b)Ur-dla,ine. nilr:tl<'>• or dlurcllt-,. 

• ACE inhihirors. :lngiotcru;in R"(_"Cplor blockers. :md 
.alt.IO\Ic:mnc.· anl3goni~ o::hould be.· avoi&.•d during ptl-g 
n.1ncy bct':lusc: of !heir associal«i lcral<JI,'<.-nl<ll}: 

• In pregnant paticnb "ith a m<·ttlani~l \"'Jht" pn:.bthl"Sis. 
\'\;Jrfarin anlicoaguhtion is prefcm."'C.. dur1ng 1hc first 
lrhne-<ter iflhc wily dose is 5 m~ or It'S> Jllh<: limo or 
t'<mceprion.; imi'"J\:cnou.s unfr-Jcrionatt-d hep."'rin or 
do'o4."-~ldjustN.ilow mole<·ular """'ighl hepa1in is pn: 
!erred if lhc warfarin dose i> more than S rn~t dally. 
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Cardiovascular Medicine 
Self-Assessment Test 

1l1i< -elf :1sscssnwn11es1 t'OntOinsonc be;t answer mull i;>lt·-t·hnit...-quc:.lions. Ple:r;e read thc-;e dir~"<"l ionst·arefullv 
before :llhwcrin!; lhe questions. Answers. critique-s. •llltl hihlingraphic:.lmmctlhllely follow llwse 1111111iple-rhoicc 
qU<.'SI inns. The Amelit~lll <.:ollcgc M Physicians (ACI') is ,~t·en·diled by the i\CI.'re<lillltiOD Council for Oml intting Med 
ical Edu<":ll ic1n (AC:CME) to ;>rovide l'Ontinuing mc:tlic;d .-ducal ion for physicians. 

lhe i\merk~m C.olicgc ofPhy•id<~ns designates \'II(!; /\I' 18 Cardiovascui<IT l\1c~li<.ine for a ma:\lmum of30 AMA PRJ\ 

C.lli<')!OIJJI Credirs'". l'h) 'l<"ians should claim only the credit commcn,llr.llc• with I he extcnl of I heir particil~lion 
In 1 he acrivirv. 

St•cw,;,l\11 complclion ofthc C\1E aclivily. whith lncl11des parrlclp:~tl<>n In the evalwll iou <'ln1ponent. enables the 
p~.rlidpant ro earn up lo 30 medic,\ I knowkdgc· MOC points in the i\ nwrit'an Board of l nlc·rn;~l Medicine's M<Jinte 
"''"<'<.' ofCcrrlflcation (MOCl program. II is I ht· \.1\11 F <ltt ivity provider·~ responsibility to 'ulunll participant comple 
lion Information ro ;\CCME lor rhc purp<lst" <1fgr;~ntlng MOC crcdil. 

Earn Instantaneous CME Credits or MOC Points Online 
Print subscribers <' an enlcr their ~nswcrs onUne to earn instanlanmus CMI: credits or \10C points. You <.~ n submit 
yolll· answers using on lin..- answer sheets that arc J)I"OVidcd <JI rnksap.~wponli nc.org. wh~Ie <1 •·ccord olyour MKSAl' 
18 credits will be ava il>li>le. To cam CMEcrellitsor to apply for MOC:poln t'. you need to ;mswcr all of thcqueslions in 
a Lest .111d earn a st~>rc of at least 50'.1. corr~cl (number of wrrcct ""'"cr., divided by the total numh<:r of questions). 
Please nutcthal if you areappl)ing for ~IOCpoinls. wu llltLst alsot·nteryourblrlhdaleand ~BIM c-andidale number. 

Take t'llher oft he folio" in!l ;IJiflnXKhes: 

• Us<· I he printed answer s heet at the back of1 his book lo rn'lrd your answers. Go to mksa;).;)cpon line.org. 
:lt"<'l'~" 1 he ;Jppr<lpri~ltC' on I inc :lnt)v,.:er shccl. ll":l llSCrih<.· y01 1T ;,ln~wc.~rs. ~md submit your tt~1 for i nstanta neous 
CM F. credits or NJO<.: poln rs. ·; here is no addi llm>lll f<·<· r.>r 1 hi~ service. 

• C.o to mksap.acponllne.org. acces.s the appropriale online answer shwt. directlv cmcr your an,wers. and 
'ubmit your test for instantaneous CME t:rt'tlih or MOC points. "I here •s no additional fc'l.' fur lhisser.ite. 

Earn CME Credits or MOC Points by Mail or Fax 
Pay a $20 ;>roccss ing I~ per answer shcc1 a nd suhrnil the printed a nswer s heet at the back nf l his book hy mail or 
fax. as instn.Jctcd on the ;mswer sheer. Makourt· you t~Jitulate your score ami enter your birl h d,H,. ancl Am M t·an 
didatc number. and Ia• the answershcctlo 21S-:1Sh!799m mail the aru.wer sheet to ~ember ;llld cu,tomcr Servit-e. 
Amcric:~n College uf Phy:.lclan.~. 190 N. lndc;wndcnt"t: \1all West. Philadelphia. Pi\ 19106 I~Tl. "'ing I he t-ourtes) 
envelope provided in your MKSAI' IS~Iifl<>~S<·. You will need yonr 10 digil urder number and 8 digil ACP m number. 
which are printed on your 11acking s lip. Pk"~st· a llnw t 10 6 weeks fc>r yuur score repor11o lx· <"111,Jikd hatk to you. llc 
s ure 10 in d ude your email addr<"~s fur:~ responw. 

II" you do n<ll have a JO-dlgll order number a nd 8 di~l l ACI' If) nu mht·r. or If you need hclpcrc;llin~ a lL'<Crnrum· and 
pm.sword 10 at>t-ess theM KSAI' Ill online answer shccl<. go to mksap .• ll"IM>nllne.org or email cuM~rv(«·acpoulinc.org. 

C.\1E credits and MlX: puinl' arc available from 1hc publication dale of July 31.1018. unlilluly :!1.1021. You ma) 

submit vour ans"cr ,h<"<"l or('nler your answers online ;ll auy lime durlnjl 1hi' P<TlCXI. 
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CJ 

Directions 

E<>ch of rhc numbered items is followed by lettered answers. Select the ONE lettered <>nswerrhat is BEST in each case. 

Item 1 
A 19 year old man iscvalu~ttt:din thcc:rtK'rg<.~ucyd<·partment 

ror a :l wt.·cl, history of "bdomitl<.d p:tin and exert ion::tl dys 
pne.:::1. l ie undcrwcnl cardi~K" lrantjp)antalion 10 montl1s ago 
ror vinll myo<:~lr'ditis. Medication~ :trt> t:ttmlimus, prf•clni 
sone. mycophenolare mofct il. valgan<.idovir. uimcthoprim 
suHimK·thoxat,o lc. vat~arl:.m, <.:alciunl vitamin D ))upple 
.nent, and lm·\1 dose :1spirin. 

On ph)•sical t·x~unina lion. viLal sign~ an.· uorrn~l. 
'Jed< <.'Xouninalion reveah occasional juguhlr cannon o 
W::\V("S wirh no vttnous cl is:lenlion. Cardiac examinat ion i!' 
significant for an Sv Tht' rem;linder of the ex::unln..·nlon is 
normal . 

t\n dt'Cimcar<lio~ram i\::ohown. 

Which of the following tesrs will most likely establish rhe 
dtlgnosis? 

(A) Ahdomin:-.1 Gl' 

fB) Coronaryangiography 
IC) f.ohocardiography 

11>) Endomyooordi"t biopsy 

On physic':ll t•xamimuion. vital si~'lls :lrt" normaL 'lht' 
remaindtT ol the <.·xamination is unr(·marl~ble. 

l...aburatory ~tudk~ an.· notahk fur norn1..tl st:rum 
rroponin Je\·cls. 

;-\n t~k-ttrocardiogr~un denH,n<:tt.Ht·s ~ ·lllm ST :;<:gmcnt 
depressions in le:-lds V 1 through V6 • 

1\.·kloJ)rolol. nilr~II<.'S. <.·lopidogrd. ~mtl hcjMrin arc 
lnfti:ltt>cl . 

Which of the following is the mo.~ appropriate manage 
mc:nt? 

(A) Adt·nosint nu<'k~lr scrcss (('Sting 

(B) (~oronaty<:Tangiography 

(C:) Ext'l\:is..: :;tlc.::;s ~.·J<:ctt O<.:at iliography 
(OJ Urgcntangiography 

Item 3 
A 65 y<.·a r old woman L.:; e valuated during ~l rou tine (·x~Hn 

in:ltion . .She w~ls d iagnosed w it h a c::.ndiaC' mun1mr in ear ly 
aduJthood . Sh<.' is active. healthy. ~md w ithoul symptoms. 
She: lak<.~ no lll.t.'tlkaliun.s. 

I:J Item 2 
~ 6Q year old mJn is cvJJuated in the hospital for four epi 
sodes. of cht'!'t p:1in ::tl res:t in the pa:-;1 2•1 hours. Mtxlical his 
1ory ""'gnitit,lnl for hyperlipidemi~. hypertension. wba<X"O 
usc. and previous tr<:ln~icnt iS<'hemic att::tck. \ledications 
:Jrt> aspirin. hydroc:hlorol hiazidc. atorv~tslatin. <J..nc.J ramiptil. 

On physie}ll examin:.Hion, vita l signs an:• nonnaL A 
g ra<f(· :l/ 6 holosystolic munnur prececled by multipk dkk:i 
is present :u the apex . ._,h ysical finding.~ a re othe rwise un re 
markahk. 

An echcx::.wdiogr~m demonstr:Hes;:~ left ventrlcul~r ej('('­
t ion t'r.lction or SO%. The left venllide is moderately dilated 
""ilh ~HI <.'ml ~.sy~lolic d imension of 42 mm. Myxomaw us 

-"c~"lr~~~-~\-...v--f--v-+-.'- -v,t~~.---v-+...----..~-v"""-~ 
l 1 f .-Vll. VI v• 

'~......-v---.iv--v-.J'-v--,f---v- -.:~~t..---v--+-v-~'---v--Jv------~ 
Vl 

TEM 1 
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Solf .. Asscssment Test 

degenera1ion oft he mitr"l V(llve is prese1u wilh severe reglu· 
gitaHon dw: to posterior lcafle• prolapse. 

\Vhi<'h ofth <' foUowing is the most approptiate ne:d step in 
management'? 

(A) ~·rial c l inic~ I and e<:hOC;lr<!ior:raphicecalualion• 
(B) Surgkal rnilral valv~· n:pair 
(C) Surgical ntitr~1 l valve replacement 
(I>) Tr:1nsc~Hht>ter mitr:l l v:1 lve rep;:.ir 

Item 4 

A 60-ycar-o ld woman is cvt~lurHed for nt'\o"' onsel hyp~r 
ten~inn. r\'lerlic:J I hi$tory is significant lOr mc·fa:)laU<.· <.'<.Tvk;JI 
cancer for which she began chemotherapy 2 months ;;tgo. 
She has uo history uf hyp<.·rtcnsion. Mcdi<:ations arc bcva 
<'izurn:-th. <:ispJal i n. p:lditaxe-1. dex<.tmeth:Jsone. prometha­
zine. and r-.Jnilidin<'. 

On physi(';;t l exarninaliun. kll'liJlTalu r~· is normal, 
blood prc:=;sun: is 17:1./ 106 mnlllg. pulse ralt· is S2/rnin, and 
re;pir:Hinn r:lte is IA/min. 'I he rem:.tindtr orth<.' t·x~mtinaliun 
is unrem~lrkahle. 

Which of the following medications is the most likely cause 
of this patient's hypertension? 

(A) Bevaci:wmab 
(B) CisplaLin 

(C) I )exam<' I h:l~Ont' 

(D) Paditaxd 

Item 5 
AS2 year okl wom._l.n is evaluated in •hccmc:rgc:m·y <-kpt~rt ­

mcnl for progressive dyspne:1 . Me<tir':1 l hi!\to1y I!\ not:lhl(" 
for norlk tilt'nosi:) ~md long slanding hy:IJt=rlension. Family 
hi~tory is unrt?markable. !\'kdi('ations an· mctoprolol and 
c:h lonha Hdont . 

On phy~lcal ex:Jm inmion. temperarure is nonn~tl. 

hlood pres.~ure is 190/ 9Q mm 11g in both upperextr<'mlties. 
pulse r.llc is 80/min .-md regular. and n.-spir-.Hion rare is 
22/ min. 'Jhe j tlf!,u l:.tr VC' r'IOtlS pressurC' is normal. 111<.· ;,lpkal 
impulse is disphl<:t?d ;,Hld sustaine<l. lh<' .S1 is normal. and 
lh(' S:;o is sofl; an S, is noted al l he apex. An c.-jed ion clkk is 
heard at the apex and lelt sternal border. '' systolic ejec­
t ion murmur is noted ::tlong the righc sternal bo rder. and 
a ~<.·pMak sy:;tolk murmur i:) noll'Ll w1der lh l' left t·hwidt· 
;mel ov<·r 1 h<' k·O post<'rior <~hcsl . 'I he fcmor-.:~1 pulses arc 
diminish("tl. ;lnd th <.' radial art(·ry to (~mor-d l ilrkry pulse 
is delayed. 1'/o bruits llrc appreciated in t11e epigastrium or 
ov<·r t he fCm<>ral vessels. 

A chest ra<Uograph is shown (scc lOP of nexl C'Oiumn). 

ln ad<Ution to aortic stenosis, which of the following js lhc 
most likely diagnosis? 

G•\) Ascend ing aorl i<.' d issect ion 
(B) Coar<tarion ofrhe :10rt:1 

(C) .. :sstnl ial hypc:rt~·nRion 

(f)) Renovascular hypertension 

118 

ITEM S 

I t em 6 
1\ 6·1 year old man is cvollunwd in lh<." ('tn~rgtnry dtjKlrt 

m ('m fur ~\C'U I <.' l'ighl Jow<.-r k-g IMin that bcg:1n 2 day~ :tgl 
I he pain i.s now ~:\'<-T<-· at rt>!--1. and he rt>ports t·oolm:ss ol tht 
right tOot. If<- has'' 3 yc:ar hislOry of inter mittl!nt daudJ 
cation. He undervv'C"Ilt right femor:1l po~tlilt·~~ ~ bvpa~ gr-Jf 
.;:urg<.·ry ft>r lift.·-Jimiling chmdk:.tl ion J yt•ar 3!~0 . 1\'k'dk 
history lo.;: ot henvi~f' signit1C':11lt for hypl-rkn sion. hyper 
li ~)id<.'mia. :md 1ype 2 d inhetes melJitus. Ht· quil l'irnokm~ 
1 yl'ar: .. . 1gu. ~kdic:a l ion:-. clrt' low dose.· :1spirin, r::-miprU 
hydrc)('hlormhi ~lzicle. ft)SUVastatin. :.llld mclf<mnin. 

On phvsical <·xaminalion. viltll ~igl\:-. M<.· nonn~ll. lh1 
l'i,f!ht foot i~ t •ool ~tnd pak. sc.·n:;ation is in lacl. :m d muS<:I~ 

"ilrc.-ngth is nonn:-t1. lh(' pedal puis~~ \ll't" nol (Xt1pable m 
rhe righl leg. Al1t·riaJ Doppkr uUr:.1sound signals :lre nOT 
detectab le over fh<" righl dor-.:11is pedis ;,lnd right pOMl•rior 
tihiJI nrt<--n<.-:-.. 

I mraw'nc ,u~ antkoagulatinn with heparin is inil iatcd. 

\Vh.ich of the following is Lhe most appropriate manage 
ment? 

(A) Arterial duplex u ltrasonography 
(ll) <:r :mgiogr:1phy 

(C) Enwr~erH right k·~ ;,uuputation 
(D) lnlr;tvt:now; f{'t:mnbinanllissue plas1ninogen 

activator 
(F.) Urge-nt invasive angiography 

Item 7 

1\ 75 y<-ar o ld woman is <>valualcd <lming ~ mmine vi~ir. 
Medical history is signJ/icanrtor hy penen•ion and coronal) 
artery disease w ith placement of a stcnr in the mid right 
coronary arlcrv S years ago. She iS symplom free. ~kdi 

c-:ttions are rnetoprolol succinate. HsinopriJ. aspirin. and 
atorvastatin. 
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On tlh) >kal examination. temper:l1ul'f' is nonnal. 
hlooct prt"S.\Ul'<"' ~~ 130/80 mm Jig. pulse r~Hl' l\ i :Vmin, and 
rt'>PII'allun r.u~ is !61 min. B~U is 2a. 'I he preeord lal caden<·e 
b i rH:).tul.lrly il rcgubr. 'I he remainderofrheexamination is 
unn.·marl<ahh.'. ' 

An ,,:k·ctrOC':W.IioAr<lm sho,vs \lt l' i:tl t11wiii:Hi(m. 

Which ol'lhc lollowing is tbe m~r •l>proprlare treatment? 

(,\) Add <·lopldogrel 

(K) Add vrJianli<.,a.:uiJtion 
(() l>isronllnue >.<pilin and begin clopldugrcl and orJl 

Jntk'VJAU1alion 

(!)) Discontinue >.<pilin and begin om I anlltoa~ulalion 

(E) 'In chlllll\<' i ll !heropy 

Item 8 
Ass vc.:Jr ll l tl111 ~1n is t·v.11l&lll'tl lOr ch~t;:,l dj::,(·omfort of sev 
era I monrh,' dur:.uiun. lk d<-'S('"ritx"' thl' p.aln .1-<i 'iJXmtdic 
lefi ~kk.-d t.:hl~l h<."'.l\·iness rh:.u l.'\Sl« tOr ~vemlrnlnmes. lli"i 
du .. ~t dbc.vmfott is ~nerally hut not ronshtentl\' indut't.'d 
b) c.·xcn:~· Jnd boflen but not ah\;,i_}~ n:lll"\"t.-d" ith n.~.l k 
b;.l~ S4Jme t''~~1ed ~horn~ ofhr..-.lth l'lUI ntl Cllhf'r symp 
toms. l ie rel"n:.lns acth·edespite the..· pain Jnd i>Jllk Lo w·J.lk 
withoul llmiiJiious. ML"llkal history b signilit'anl fbr hyper 
tenc;lon sr~:nec'l wlth :nnlodipine :1nd h)·drodllhml hi:widc:. 

0 1i physic~! I examinalion. vit~l l SiRJ'l.) :111<1 1 hC' rl'm~inder 
ofUH: phy,)h,:nl <.:xnminat ion are normnl. 

An t.•h•( l tr~<":ml iognml isShO\'~tn. 

\\~1ich ol' the following is tbe most opproprinte m;woge­
mtnl? 

!A) Coronm-y ''nJtiogr:lphy 
(R) <:onmary :trlt~f)' <-akium 5.c·orin~ot 

(C) I· wrcl'oC >Ire-s> t'ChocatdiQKhiPhY 

1 - .JI - J I uVI< 

- .... J -..,; 
I·~ 
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Self·Assessment Test 

(0) f_x.n:l-.c 'tr<"" el<.'<.'lrut-ardi"l(ral)h) 
(F) Ph:.rn'lac·ologlc- nuclear str<-'"S..., l<"'-1ing 

Item 9 
1\ tl:i yt•:l ( old 1\l~\ 11 b hospit;).lize<:J for a h Week h i:-.lOI)' or 
progr..,,Jvc fJiigu<.·. d)~lJOc:-J. on L'Xl'rtion, mtd vagu<.: chcsl 
'"hllln~.._ N lit h-:1s:\lsoh."'!d pedalt"tll·ma t'urchep."lst 2week..">. 
He h~ no hi-sloT) of inc-.trct•r.J.tion or n..•c.:t.·nt tr.1' L>l and is not 
i.Jtunmto<.:ompromiM.'t.L 

On ph)'k:ll examination. lcmpcr.alure i\ 17.5 •c 
(99.5 ·~;.blood pr<>ssure is 132 7C> mniiiA" lilt pulsus par­
odo~us of 1 ~ mm llg, pulse rate is 1001mln. ond respiration 
mlc i' 16 rmln. "I he: jugular veins .. m: t1i~ Jcntll-d to the an~k 
nf t he m:"tncl lhte. "lht> lungs :1rt" dt-:tr 10 ;Ul~\IH::Hion. No 
d i!l~tolic sound o r per-k-ardial fric tion rub Is noted . Hep 
ahnncj.tuly Is pH .. 'M:IIl. Pilling t·c.kmJ i~ nulcU bilalLTally al 
fht" :mkk ... 

L;tburJtory $ludic:;; 
ErythnK.ytt· ""liment:ttion r.ttl' 
l.eukoe)'h! rount 

F11urth r,(. .. rtc. .. r.ttiorllll\'r«:."""t 
AntinlK'Ie:u· :lntibodi~ 
ln tt.-rf...·n>n "'I rdt.;.l~~ assay 

86mm h 
11.000 ~I. (II X IO''·IJ 
,, llh nurm..ll t.liffc.·n.·nlial 
l\t1}\1hc 
1\t>g;.lt l\'t' 
Nq~JI I\< 

An <'1<-..·lro<·:.nliog:rarn shows .!>.inus lat·hyc:mli:-l with 
a nOit.Sl)l.'\'ifk Sl' T w:lv(' :.\bnol·m~\ l ily . I\ t..'hc . .'~l r:·llliogmph 
rrve.lls ;Hl cnlnr~ed ca rd iac s ilhouellc: will·10u1 pe ricnrdial 
l'aldfical l011. An t.-choco.trd iog.r.u11 sho\\':o- a nullkrJtdy sizL·tl 
perl('":lrdl:ll t>tfu-;ion. "I here :tre d iastolk righl ;nrf:\1 itwenoion 
and a 30 ~ lnspir:1tory reduction m rmtr:al tntlm\ velocity. 

1\:rkJrc.litK.<cnh...~i:> n:vt;~ds an intrJpc:ric:Jrdi.tl fKt...-:,.surt.• 
or t<> mon Ill: hcfore dr:~lnage ond o to I onrn llg lfier drnin 
Jge. "I he r1J,!h1 alrial me .an pr~-ure and 1~11 ventrk."Uiar end 
c.lia.,Colh. prl-s .. url-s OCfon: c.lr.tiOJJ.tC: were cJc.h 16 mm H)t. 
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Self-Assessment Test 

Afte r pericardlocen tt'Sis, th ere is no t hange in the int ra 
cardiac pre~surc readings. Pericarcti:ll fluid is neg~·Hive for 
:ld( .. nosine deaminase. 

\¥hich of the following is the most appropriate manage 
men I? 

(A) Cbup roten and colch icine 

<H) Isoniazid, rifampln, pyr:r;·jnamidc·. a nd c.·lhambutol 

(C) P~ricatdil't·tomy 

(D) Surgical pe ricardia) windov,,r 

Item 10 
An 8 0 -y C'ar o ld wom:m is ev:)h,l (l ted for :.1 6 mon( h 
h istory or \ VOt sening c.·xertiona l dyspnea . T\VO nigh ts 
ago . s h e a w oke wit h Slldth.:n ui\Si.:l dyspnea lhal was 
relkved \·vil h ambuJt~lion. She h :ls no t h;:~d C'hest l):.lir\. 
Medic:l ·l his tory is s ignifk ant for m yocardial in farctio n 
8 years ago. She also h as a history of left V<.'!Hricu lar 
dysfwldion but has b('en previo usly \ vdl compcnsatt.-<1. 
I kr medica l ions arc lisinopr il. :lsp irin , ntetopro lo l. ~lnd 
rosuvasra rin. 

O n physic;;)l exam ination. tt:ulpi..:ra ture is norm~1 1 . 
blvod pressure is 95/6() mm llg. pulse r.ue is S6/ m in, (lnd 
respimtion r~ne is IB/ m in. The lungs a re d ear. 'lhe carotid 
upstToke is low in volume. Th(' apka1 impuJS<.· is la tc:rally 
dlsph\Ct."Xl and t:nlargtXL $1 is sofl: 1 he aonk com ponent ofS~ 
is dilnin is hed. 'I here is n o S:\ or S 1• A grMI<" 2/ 6 mid pea king 
systoik murmur is heard through out fhe pret..--ordium. 1h t..· 
re ma inder of the t'X:.unin~tUon iS norm~ll. 

An i..:chocardi<)gT:1m d~monstr:lt~!=; ~l left vent li<:u1~lr 
ejection frtiCtion o f :n~~. Tht' aortic va lve is slightly calcified. 
'The stroke volurne is marktxlly de<.Tc.·ascd (:!:$ ml.!m'). 'I he: 
mean t~ortie gradicnl is 20 m m l lg (c-onsistent with mild to 
moclc."r<l tC Slt·nosis) . and t he aortic valve a rea is c:Jk uJ3tt.'tt to 
he o. 7 cm1 {con.shilt·Ht vvitll sever...· stc.:uo .. -.is). 

\Vhich of the follm·'ling is the most appropriate n('xt step in 
m~nag<."nl('nt? 

{._4.) Aortit valve· rt·placcmcn£ 
(B) Coronary rmgiogra phy 

(C) Dobutaminc cx·hocard iog raphy 

(I>) Switch lisinopril to v:;~ IS:)rtftn-sacubifril 

C] ltem 11 
A 75 y~1r old \tvonwu is hospil~alizcd for a ~~ week historv 
of progre:\.siv(· t.•xen ionol dyspnr;:>;l , jncreaslng pcrlJ>hc.· r-~' 1 
t'dt'ma. a nd mt'n tal s latus cha nges. l·or I he past ·I n ights. 
sh~.,• has b1.."<.'1l sk'c.:ping in a n._"(.'linu inslt.~uJ of hL'r lx·<.l. She 
reports no che"l p:1in. She h:'ls a b )'(;':,\r h istory of isr:hc.mlk 
c.·ardiomyopa thy. for v•thich s he takes low dose aspi1in , 
fUr'OS<.'IHidC. t;lf\'t•tUlol, lb;i110pril. d igoXill . .spinm<>kK'lt.Jil(.'. 
and as nt'cded m c:toh\zonl.'. 

On ph)·Sk<ll t·x~Hnimuion. tit<.· IJ<llknl is a f<:brilc. b lood 
pressure is 84:52 mmllg. pulse rate is ll~imin, a nd respi 
1'<1tior1 rJt<.: is :lH/ m in. Oxygc...·n satumtion i!-. 95'~. brc:J1hing 
amhien1 ~l l r . She is Nmfus~..~d . Jug\1131' V('nou~ disfc:ntion is 
prt'senL Card inc e xaminalion rev<.o:lls :m S 1• 'fhere is ~1S<'il<>s 
oo ;,\lxluminal c.·x:.uulrnuion. 1hc L'XtrcmiLk!-> -.m: l'ool. and 
lhc•rt• i~ IOW('rt"'Xt ft'lllity t>Ch•m:l H•lhe ktWt..'S. 
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l.aboratory studies: 
Ahtn ine 
o.uninolwnsfems<: 
Asp3rtMC 
aminotr:msferase 
Crt~Hinim: 

Sodium 

!nUl L 

163 Uli. 

?.? mp,'dl (25&.'1 JUnoli l) 
(baseline:. 1.2 mg/dL 
]101>.1 lliiK>IILJ) 
·1.7 mEq/1.(·1.7 mmoii L) 
J:J2 mEq1L (132 mmoi.IL) (b;.selinc. 
HU Ol!'.(JII, [110 Ulfnolll.]) 
0.:1 ng'mL (0.:18 nn1<>1'l.) (uonnal 
,·ang~..~. O.S 2.0 ng/mL 
IO.M 2.SI\ nmoliLJ) 

An el~clro<'ardiogram show•; no at·u t<.: t'hangt.:s. An 
t'thocardit>gl':.lll'l shO'W!-> a kft V<.'nlriC'UI:\r t>jC<'tion I"~KtiOn 
of20'! ... 

'\\1hicb of the following is tbe most appropriate iniUal 
trcatmcnl? 

{A) lncre:)se (';~rvt-di1ol 

(B) IJK'I't'<.1se digoxin 

(C) JnC'rease lisinopril 

(I)) Start dobutmnint• 

Item 12 
A 7S yctl r old nt{Ul is evc1lual<.:d fo r p:'l lpitario llS. \·VOr~c.·n 
·ing fatigue, and exercise lntoJerant'l'. Two mon ths ago. b1.• 
'\WlS d i<lgnosc·d \ '1.1i lh atria l flutter atld su~'tJUi...'n Liy umkr 
went cardiOV('!~ion tu norma} sinus rhyl hrn. Amhularor·y 
(.'lt:cf nx-..Jrdi<)graphk monirorinr, fOIIO\\'ing eard ioversion 
<femonstratc.·d rt.·eu rre nt a trial flutte r with a n a vt ragc: vcn 
t ricular rate of 69/IHin. ~kdi<.-al hislm)r is sig nifi c:.ln t for 
h ypert<.:nsion an<l ('Omn:u y :Hte ry disc:ast'. f'vledications 
:)re w~Hfal'i n . m<•l<Jprolol. lisinoprif. lm·v dose a~pirirt . and 
alo rv:1st<1tin. 

On phys ica l exa n"'inafion. pulse r::~ t(-- is i3/ min and 
irrc...-gu l ::~r. Othc·r vit:ll signs an d findings on physical exam 
ina lion are normal. 

Labor3tory studks arc: Sign ilieoml for nmm:1l sen1m 
a hyroi<l s lim u l:lling honnnne and sel'\1111 N L("l111inal B type 
n :.ltriurc.·tk' p<:ptide levels. 

An d ct'trcx.:ard jogr:.un isslu>wn (set lOp of m:xt p:~ge) . A 
stress t't:hm:ardiog.ra m <k monstr:Hes normnf \ ·V::lll motion at 
r~'t ::and during s tress. 'Jhe left vc·ntrit'uhtr cjet1 ion fraction 
is greate r th .tn ss~ .. 
Which ofthc: fol lowing is the mos t appropriate t re:ltment? 

(A) Amiod~ron<: 

(II) < ""'<li:>c '"'thete rl7,1tlon 
(C) Card.iovt-rSion 
(D) Cathete r ablation 

Item 13 
An IS year o ld man is ev:tiU:.1ted f01· a murmur i..Lt ttl'tt'd 
d uring a coltt.oge s pnrts physical e xa m ination . He reports no 
symptoms and hH.s no history of <.:ardi~lc d isco1sc. 1 k l:lk(>l;. 
n o mHik al ion~. 



Self·Assessment Test 
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ITEM 12 

On physical examination, vital signs are normal. .l ie 
ha~ a nonn:tl cenlral vc.:nous pressure. w~wcfonn. pn:cord ial 
paJpalion. and S

1
• A continuous murmur is ht"t~r<l bent"!lrh 

the len clavicle t har enve lops the Sr 'I he remainder of the 
examination js unn:rnclrk<.~l>lc. 

Which of the loUowing is the most likely cause of this 
patient's Jllu.nnur? 

~o\) Bicuspid ~ortlc va lve wlth aortic regurgita tion 

0~) P:-ttc.·nt duct us arteriosus 
(C) Pulmonary regurgita tion 
(D) Ventricular septal ddcct 

Item 14 
A IJ& ye-.lr o ld \ .. •oman is cvalu<itcd for cxcrlional subslt:rnal 
chest pain or scvcml \'ltl~C'ks' d uration. ·I he chest p:1in 
<.'On.Si::>lcrttly ::>ltb::>ittcsv1rith rest. Medical histmy is s ignifican t 
ror e pl$odic migr.~ine. She has no h istory or hypcncnsion. 
hyperlipidemia. or oth('r m<.'dic~l prohlems. She is a 
nonsmok(·J'. Shl' wkes no medjcations other than naprox<.·n 
as nccdcd. 

On physit::~l ex:lmin:ll ion, vila l signs an: normal. 
Oxygen saturation is 98<~ breathing ~lmbient air. ·rhe 
rem<lindcr or t lK· cxamht~ltion is tuuem:.~rk~lble. 

An e lectrocardiogram d<-"monstr.H~'S b..'l..•;dint.• I.S-mrn 
lateral ST segmentdt:prt-ssions. Nude:.\rsiresstestingrev~ls 

a mild antcrior wall pcrfusion defect, and a suh~uent <.·or 
onary angiogrom <lcmcmsirtl tcs nc>rm;J( c<mmal)' arlcrk-s. 

Which of the following is the most likely diagnosis'! 

(A) At'ttlc <.'l.mmary syndrome.: with ::>1)01\t~Jl(.:<>U:> 
rc.'"<:~n~lli?..nt ion 

(ll) Cardiac syndrome X 

(C) Sum:.nir symptom disorder 
(D) Takol"1bo cardiomyopathy 

Item 15 
A 56 year oJd woman is t:'V:.lluated tOr a 6 month history 
o r progre.-siV(.' left calr d istomforl . I Jcr symptoms begin as 
~If l ightness Mt:er vigorous walki ng tor two blocks. ;lnd 
discomfort causes he r to stop walking after four blocks. 
'I hi.' ~ylllplonh; subl:iic.ll" anl·r 5 minuk'S of n:st. Sht.• reports 
no rest p:tin. Meciic-31 history is signilic:1nr for hyperten­
sion and h}'J'>erlipidemhJ. She has a SO pack year smoking 
h istory. but she quit ~ruoking & nlOnths ago. McdiC"J.tions 
::~re low-dose asphin, 3rnltxlipine. dlost~w.ol. h1gh- intensl{y 
rosuvastatin. and losartan. 

On physk~l1 <.·xamination. vital signs ai'C' norrnat Fcm 
or.d and poplitc."al pulses are diminish<:.d bilater:1lly. PedaJ 
pulses 3te not palp.,ble in t:he lett leg. No skin ulcernt:lon Is 
noted. 'I he remainder of' the examination is u nremarkable. 

1llc '"'klc brc1~hial index is 0.68 un the left "Ill! 0.86on 
t:he right. 

Which of the foUowing is the most apptOJ)riate manage 
ment'? 

(A) Add clopidogrel 
(B) lnili:1te :1 supervised ex<>rdsc prOgram 

(C) Obl~tin ~t magnt·lit rt'SOihmc:t> angiogn1m 
(D} Refer for vas<.·u1ar ~urgery 

Item 16 
A 69-year-old m:m is t>valuated d uring :1 routin e examin a 
tion. He is asymptomalk. M<.·ditol l hllito1y is ::;igni11<.':.\n( ror 
hypcrlclt::>ion. H._ .. has a SO pack year smoking history hut 
quit smoking 7 ycan; ago. M<'diC<.\liOilti arc: ~~~pirin, Ji::;inoprll. 
and amlodipine. 

On physical exa1nination. vH-al signs a re norm~1l. :\ 
bruit is heard over the :Jbdomcn. nnc.l a pulsatile mass i::; 
prc."S<'nt in the eplga~tlium. ·1 he- r~m:lind~r of the ex:1min :1 
tion is unremarkahle. 

1 2 1 



Self-Assess ment Test 

\ Uuple• ultr.Jsound Of the alxlumen shows on 
:1bc.lomin~l aortic aneurysm wilh lr.10S\n,:n><: Wamctt:r qr 
6.2 em. 

Which of the fOllowing is che most appropriate next step in 
nuln<tgc:ment? 

(t\ ) CT an)(ingr•phy n r rht• ahdomlnn l :lOri~ :lnd iliac 
Vt'SSf'IO:. 

(I)) Entlovascular n:pair 

CO Open surgical repair 
U>l Swlrrh amlodipine to m<~<>pmlol 

Item 1 7 
A S:l yc .. lr-old mom is <.:valunwd dtll'lng tl visit (0 t-st:.1blish 
(·art•. l it- Js n<;ympwmmic-. but he is seeking advi<X." on how 
to mod if)' h is risk for card ivvu:s<.:ul.lr d is<.:as<.:. l k drinks om· 
.R,I:.l.):) of\\· inc: with <.linnc:r rnoM nlghl~. :md he quit smokiUJiC 
12 )~lN ::ago. Family hl~lory i~ ~i)Ulili<.:~mt ror a myocartHJI 
lnf.ucrion in his falh<..- at age bt Y•"'"·lle ta~<"> oo rn<"\lit•­
rf<>n<. •the patient i:. Hi:.paniec 

On ph)sk-a1 t':\amin•llinn. temperature is nonnal. 
hluod pressure is 12~ 76 mm Hg. Jnd pul!;e ra1e is it1n\lu. 
llMI is 28. 1he remainder of I he.· l>h)'!"'ical c:.xaminaliun h 
ulltt.'tl1arkabl<.:. 

L'\bo1-ntory srudJes: 
Torul dtolcsrcml 200 m~/cll. (5. 1l\ mmol/1.) 
Ill ) I. c hole<terol JO mi!/<IL {0.7l\ mmol/1 J 
I.!) I. choleste rol 130 lllllltll. (:1 .• 17 rnmoli l.) 
Trl~:lycnidcs 200 mg'cll. (?.?Co mmol/1) 

Which or rhe foUowing ri>k fo<:tors most inc~ !hi:. 
p;~licnl'< risk for catd.iouscwar disc-=? 

(tl) tlkohol u<e 

(B) Ethnicily 

(C) F>mily history 
(I>) l lypet•llpidemi;l 
(E} Sn1oking h iSlOI)' 

Item 18 
A U7 yt.".tr nkl man i5 l'\'Jiu.llt"<l during .l follow up vi<>if. 

\l<~liC31 hi<IOl)' is <ignlti(":lnt fOr 0 7 ~l-:lr history of he-~11 
failun· ''·ith pla<.."t·mc:nt of an hnpl:lmable cardio,ertc:r 
<h."flhrill::uor 6 yc.:ars Jgu. He hJ..; Nt.w York I kart J\~!ooOChJ 
tlon funllional d:l~ II \YillJ)IcJI'Il!"' and is (11rnmtly stohl~. 
Sln<'f' hi~ lnst visit 6 months n,~otu. he has had no changes in 
mcdleat ions, symploms. or utiH.'I' nlt:dit<.ll is::>U<.'S, M<.."t.litu 
tJm1s ~ar<.: vaiS<lrhm-s<a<.:ubilril. (':lrV(·clilnl, fu rosem ide. :.1nd 
~rlmnol:lctone. 

On physical examin~ltion, the i>Jliclll is aft:bril<.·. UIUtx.l 
pc't.'l»t.Lrt: is lOS '7-1 nun liJ:. an<.J r>ub<.: r~uc is 61/min. lit" ha' 
nujLr"_...~l:tr \t"ffousdislt"nlkm or S ,. 'ioedem..'l is noted. 

An <'<'hO<::Irdiogr.un ob(aln<'<l t ~cear ago demonsrrnted 
a lef\ ventricular ejection frJt.:llUil of lS~. and kft 'l"ntric­
uiJr end-diastolic diam<.:ll'T ol 6.7 <·m: rhese Hndlng~ ar( 
unchanged from~ rears ago. 

Heart failure educal ion :.'llld the.~ nc·<.:d fUr lli<.:l a••tl11K'tl 
ic-al ion adh<.: rL·nn· ~m: n:in ron "\'d. 
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Which Of th<; following is the mO<I >t>propriatc testing to 
pcrfonn at t his visit"~ 

(II) Echoca rdiogr.mhy 
(II) 2CH lour ambulatory elott.-otat•dio~ntphic 

monitoring 
(( ;) Serum B type n<ltJiuretir IX'Plkk Jcvtl m<.:asun·mt•nl 
(I)) SL·rum ·cktlrolytt" mta~tlrt\IHl"nt and kidney functiun 

11\Wdics 

Item 19 
A 25 }L·ar-o-ld woman is t-vnlwued for intcnnittent palpi 
t;ll ions :lC:!IDC'i!.lted wilh o<..'<.':!Sional epis00c."'S of shurln<.:ss of 
breath nnd lightheadednc~s. 1 h<..'"\4..' t:pisodr:s last from :~0 lv 
tJO minuks. Mt'tli<.:al history Is no I :1hle for !l similar (!pisode 
,,r syn1p1oms duri ng rollt~c.· thai rtoquired ~111 rmci').!L'tl<..'V 

d<.:JXlrtmcnt visit: supr.lv~J'III itui~H l~llhycardi:J was cliag 
nosed. She.· tak<.:s no rnl"\Ji<.:oJI inn'\. 

On phvsic.al <..'xamin:ttlon. vital !)i_gns are normal. Cur 
<li!lC' ex:tmln3tion is nonnal. rhe remain<ler of tltl'llln-;k<~l 
c~amination is unren:udwbi<.-

A 11 k-o.~d dt't:tF'O(._-anJic~r.•m I~ c;hnwn (~"t' lop of nex-1 
paJ.:,d. A res1ing e-choc!.lrdeogr.un tiC'mon~rates norm.tlldl 
\ ·t,:nlrkubr ~je<.1ion fraction JJlU ._1 ~lrudum11y nonnJ I he::a rl 

\Vhich oft he foUowing L~ the most appropriate next step in 
mar1agemenr? 

(A) Arenolol 
(II) Fk"Clrophysiologystudy 
~(.) Ht·<:ainidt• 
U>l Ver~pamil 

Item 20 
1\ 26 year old wom;;ln i:, l'VJIU<Hl·<.l for a pr<'('(>nreptiOfl 
,1.,.St~:sm<.:ut. She.· hn..') Motl'fan o,yndrorne. She reports no car 
d lova ... eu1arsyrnptom~. l ie•· o1lly medi<:alion is long a<·llnl' 
meanprolol. 

On physical t:.,amiuallun. hlood prt"<iSure is 110/bO llltll 
l lg. a nd pulse rate is 60tmln ~lnd regular. Tht' patient h.l 
flleial and skdctal fe-Jtures nf \lorfan syndrome. lhc '"'· 
mated centml venv~ prl~Un: h normal. Gtrdia<' exam in. 
(kill f\."\<.'<.1.1-sa nonnal 3pkal iM['I\11~~ norm:ll S

1 
and S_. and 

.1 f.r:ld~ 2 (, 13ie-pealung ))):tulk' n1unnur and nti<b):,(, 
dkk over the apex. -lht• lun.).t>t an.· dt~.ar to auscultation. \ 
t'1.1ema is llltl<..'ll. 

l'ranst horaci<' t-*<'hf)('arctlogr:am demonstratt·s a dilat,., 
rroximal asC'("ndin~ aorta with a d imension Of -1.& l-n'l. \. 

.l<>t11c regur,(\italion is upprcd.ll•'tl· Rilcafkr m it ral val 
pn>hlJ~L' is flOlt.'<l wit h milfl mlrr:ll •·egurgit~ltion. 1l1e ll 
\t•ntricuiMSiZ<.'"<lnd flUt<..·tion arc nonnal. lherl•ls no rt.'<.:c 
echoc:ardiogr.:un for c.·oml)i.lfl!"!On. 

Whidr of the following l< the mo<t oppropriate ~ 
menr? 

(,\) Advise again>t pfl")!JIJI><) 

(B) Pnx'<.'t'd with mitral ,·alvtlln1eJ'\.l'"ntion 

{(_) l~cpe:at er-hoc-:lrdiogra(lh) in 12 months 
{I>) Swit<.:h m<.:lopmlollu Jos~u'l:ln 



IT EM 19 

C] ltem 21 
A {)2 \'<.:.u old mJn L\ evaluated in the emergency depati 
mem t(H :t 3 hour hislory of tr:msicnl tight arm ami right 
ltog weai;.Jwss. II issvmptoms rcsol\'<: \\'hilc: inth<.· ('fJh:rgency 
dcparlmcnt. Mcdi<.'al hbtory is oth"'f\\ !.~· u nn·tn:lfk:thle. 
JJld l)c;> 1;1k~ nc> mt·<lk<tlion:-.. 

On physical cxamin:.Hlon. vit.tl ::-igns ,,rt· normal. ;md 
Lhl' r<:nwind<:l (>f lheexamin3liolt is u nremarkable. 

l.ahontory stud it-:-. are nol:.tblc..·lbr an ('l')'throcyl<' "i.-'d 
imcntation rat<.' of 16 mm .. ·h :mel 1.1>1. chokstt•rol level of 
70 mwdl ( I.SJ m111ol · l.). 

A 11 h•;ld <-·k<.·lnx:•trdiogntm is uorrn.ll c~u·otid dupkx 
ultrascmnd show~ rao <.'Vitk'nc(' of ht·m(>dynamic:tlly <>ignifi 
canl plaqw.:. CT of 1 ht:" ht:ad \Vii hout comrast <.kmonstratC'S 
no c:videm"· of lwn10rrhaA<.'. M~J of th<." brain i'<.'''e;.tls ~1 small 
left int<:nMI <.';tJ)"Uktr inf:tr,·tlon. A tr:m~<.~oph:lgcal ~.·clm 
~:an.liogrnm i.e; ohlained. Rt·~.m.'SC'ntntiv<.· uud e-.oph~)z<-~:t l 

tOur chamhl'r iu).~!t..'~ a1 t••ul ~yswh• (top ptuwO and t..·nc.l 
tUa~tok"' (hotmm J)(mel) Jn.• shown. 

\Vhich of the fo llowing is the m~11U.;cly diagnosis? 

(A} B.l<'lt'r"i:ll t'tH1t)('arditb 

(B} 1.\'fl atri~1J myxoma 
(C) Nonha<·terioll thrombotk: cndoc;Jrdirh 

(D) P;>plll:try tlhrot'la,loma 

Item 22 
A 47-y<.·ar old v .. ·om~m is evaluated for recent fa tigue a nd 
dyspne~. She nnd<'n\•t·n t an ~hdornin<ll hy:;tt·rcctomy for 

Sclf·Assessmcnt Test 

ITEM 21 
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Self-Assessment Test 

recum'tll "'vere menorrhagia 3 weeks ago ruld h~s h~d IX'I" 
sisrcml faliAue olnd excrtional dyspn<.'3 sintt the' procedure.;. 
She ha' no oth<•r S)'l"llp<Oms • .\ledk:ll hi.tory b sfgnlflc;>nt 
for t-:ic;enmenger ~)·ndrome related to a \ol"lllri<:u1Jr "l")lla1 
derect . Medications arc sildenafiland bo•mt:m. 

On physic:al c..xamination. temperntur<.' is nom1:1l. hlnOO 
prt'S,llrt' I~ 981(>0 mm Hg. pulse rate is 80/miJ\ and regular. 
nnc.l rt."Splr.l tlon rare is 20/ nlill. llh.· '-'Stimatctl l'l'n l r.al v(·nou~ 
pressure Is t!lc:vated wilh <1 promi nen l a w ::we. 'lh<.: npi<.:al 
impulse Is norm:'ll. :md ~ prominc·nt pa raste rnnl im pub~..~ i~ 

llOICd Oi l he lei\ slcmal border. 'lhe S1 is normal, a nd the s , 
Is loud.lli~lhl l clubbing and central cy•moo;is ore no1e<t. 'Ill< 
abdom lnnl wound is h(·a ling well. 

l.nhor:Hory testi ng reveals a hemoglobin level ur 
10 .2 !(ldl. (102 gi l.). lbc hemoglobin lcvd w." IS gldl 
050 gil) !><:fore hystcn:c tomy. One y•ar ago. the h<·moglo 
bin level was Ul.S gtdl. (ISS gi l). 

Which of the following is \he most appropriote m•n~ 

mcnt? 

(A) l·.rylhropoiehn 

(8) 1 kan lung mmsplamatlon 
(C) lmra\'enous epoprostenol 
(I)) Short course iron the rapy 

ltom 23 
A IM vc.·Jr old man i\ ('\ ·:tlualt•rl ln lht' t'UIC.'I1{l'll<.'\' th.'IMrl 
lllt'IH fur t'J)I~J'ltrk dist'ornfort omd n,UJ~.,.t•a tiMC ht·J ~:III 
J5mlnuh:' ago. ML>tl i\·:11 hh l etl) is '>igniJi<::.ml fhr hHWrh.·n 

~o; i , •n lt1h~14.~·o U\l' •• md lwpcrlipidt>mia. I Ii' on I} UH.'\J.Il'<.lt Jon 
h •IIIII"\ .l .. t,atfn. 

( >n phvsk'31 t•xamination. h.'IIIJX.'rdtun.· i'> num1.tl, 
hluod pn,,,un.· i.., I to 60 mm I I g. pul'<' r-Jll' h «H) min . • md 
n.~pirJIInn I'"Jh.'l\ IS: milL Ox\~-en <iaturJtkm;:.. 'IX' • hrct.1th 
1ng .:m1hlcn1 air. I he rcm.lirKk:rufllk.' pln,il::.lll'\Jnunat(tm 
h UI1H.'IIUriwhk 

l.ahnr.uury .. nk1ieoo. .lrl· oot.Jbk for an ckv.unl inht.ll 
-,(,'r\U11 1roponln I k"'\d. 

\n c:h.,·U•K .ardic .gr~m -.ho\\:'•) ~i mm ~I' "'l·gnwnt c·l\"v.t 
l t• •n' in lt·.ut ... tf. Ill . • m d :1\·F. A <:he~t rolthograph i\ nnrnul. 

'lhl' rutic.:nt is :ldminislered .l~pi• iu . dopkiu~n.:l .. utd .1 
hul u~ ol hl'JMI in. Tr:msporl In I Ill' llt":ln''l ho\pi l,ll t \l jlahk· 
of' p~·n·ui.HWtllh<:ornn.Hy ink'r.(.:nt iun would t.lkt.• I hour". 

\Vhich of the fh llowiug is tbc.: mosl approprh1t<: m;ulaJ,tc 
mc.•ut? 

~ \1 FntHLIJMI iuux ;.uu.J lk-agrclor 

UU l-Ull deN' rt'lt'ph\ot' 

H l l l.1l f du\.l'lt.'h:pl.t-.c ,,·ith a bci\imah 

([1) hnnu.;di:lll.' 1r.mstcr for primoll') ~x:rnHJik,JU' 
t,'(UIIII.lf) lfll\'f\t.'ll(it)O 

H·J \ilrupn• .... ,idc.· 

Item 24 
t\ n y<·ar o ld man is .valuated for exe rlion al lcll <all' .111<1 
fOOI IXlin. n,rcc Wt.-cks ago . lhl.' patien t dcvd orwcl :m \ll<'t-r 
•m I he Jncdl:lbsp<'<'l ofrhe lett grea ttoe. I lis mcdkul h l>l<iry 
I<\ SIAilillcunt fUr coronary aJtet) ' d isease. type 2 cJklbCtC:-. 
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mellin•s. hypcrtc:nsion. and h)'{M.~rlipic.lt.·rni.a. Mt.•dkouions 
are low doseaspi.rin.li~inoptil . mclopn,Jol. merfomun. and 
atoi"\<OC)talin. 

On ph)"$iC':ll <.".\amination. blood J>ft.~:>urc: i' 155 S.l mm: 
olh<.-"T \itnl signs are nurn,JI . l11l'n: an.· no p.1tp •. 1.hle pulst.~ in 
tho kfi kg. Ki~:ht !'m10ral. popllt<":ll. and pedal pulses ar~ 
f':-1 in 1. 

Ankle--br"'.lChial indt'X tt·sting: 
Righ t systoJic brachial PI'C~~urt.· 
Ll'ft syslo lic bra<"hial pre~sure 
I .eft poste rior libialli pre~sure 
Left dorsa lis pec.lh prl'l:ll:iUr'C 

1 ~; llll\1 Hg 
I 4; mm IJ~ 
255 mm I ll( 
2.~Smm Jtg 

Which of the following is the most opproJ>riate diagnostic 
test to perfonu next? 

(t\) Exerd~ ankk-brat•hial indt>\ 

(8) Lowerextremit) cr dlil!h*f'JJ)h\ 

(C) Toe-hr.Jchial inU~x 
(D) Vcnuusdupk:x ullrd,.>n<Jgr.J(lh) 

Item 25 I:) 
\ :J:i _VC"':l l' old \'OIIW11 "J.."' hn~pUaJi/.('d Jot da\·, ago ((IT fl~\'eT 

.md ' t:\t:n.· d~·~-pJW;I. I Jt•r •:unt.·nt '\ mpl<nns hc.~.H\ t U1~ 1nth 
.tgo with t·hiJls. makthc:. and low Hf'~t~k lt.·vt·r Slw \\':ls di.)g 
nost:d 5 y t':H·s :.l~to ' "'1th ~1 hic:w;pltl aotlh' valvt· v...illt rt-gur 
gtt~llion hut had bc.•t•n ht';lltll\ ulh('J \\oist• On :tdmission. ~'" 
(.·ch<K'~'rctiog,r..un dt-.nonstr~Ht..'\1 a l:l mm \ t"gl'lat ion invoh· 
iu~ tlw aortk \'aiH ' wil h '-;('\.l'lt' I ('Jo~ll f)tiLltion :1lHl prt....._-r, <.-d 
ldl \'t'l'lh k:u1a.r fuut·Hon. Blood c.·ultur~·' ),!rc..:w Sruphyloccx: 
t. th aureu' lh :ll \\:l' \t'lhlli\c.' tq o\~ldll ln . ..\lrn· H <IJ}~ uf 
hllr~l\cnousantimkrohi.al t l t'l'I,IJl), ,Jw h;t' t.11ntinnl>tl tn he 
(t•hrik·. anc.l ht-r th-,pn-.".t h.L, pmgn ..... "-'C.'\:1 ~ut h rh:.u sht• h.1~ 
wmptums~u rt-"'\.t. 

On physk"31 t'\;mun.utun, h'IIIJN.'ro.~lun.· b "\S. t ( 
OUO.b F). hJuod pn ... -.urc..· h IICI hO mm 11):. pul~ r-.Jtc i\. 
c.)h min. ant1 rt"\pir.lliun ratt" b .l.J nun. IJ.mg t"\:;Hnir~ 
11on ti~muno.,.rr;_nt~ hJI.Ih.:r.llt.-r.td.:h."'"i. lhc.• c.~timJtt.-d n·ntr.II 
\ 4..'1lOUS pn-....surt! i-.10 4.:Jll II () lht:l c i' :1 ~r.utt• :s b tlb~tt1UC 
lfn'l \."")(."t' JlJo rnu nnur .Jiclllt'. rtw lc·n -..u·rn.ll hon.kr . .\n ~ 
h pn·sNH . 

Rqx-at h looc:l c ull un.., l}('l hlrHll-'\1 \'t •-.. t t·n.b~ t·ontlnu.: 
to ' ~ I'm\ S. lfW'Vll 'l 'l'nsilhT to u\~u.·llll t l . ·\Itt."'. hot.'~ll d iugmrn 
oht:lil1('1.1 lcKby ... hmv ... l hu..llng' \UHII.u cot hOSl' o n I lie' i nitJJI 
-..(uth don<: a t ::tdmiv~ion. \ lr;l llM':,oph:l) ~l"<l 1 l'< IHx.·ardic 
gr.am n mtinns t ht..• \~tht· limhlllt' Wllhoul l'\'hl~.-~n<"t'of:t t ld 
I ion. II t.·omplkalir>IJ.., 

\\rhich of the following b the mCKI appmpriJI<" rn::\l step in 
Jnanagement'? 

( \) c .:'trdiat· (~thett.·nzatJun 

(B) <.:arULJc.: \.J.l\·e,ur:-~c.·n 
(() lntr.1 :lon·<: halkKm pump pLin·mc.'tll 

tl)) \wlh:h ,,,:w,-llhnlu \ -~4'U111\'l.iJ1 

Item 26 

A 44 year o ld man is ~?valu~tlf..'(l in lhc ollkt· d uring a n mrint.o 
vi~it. r,.k di<:aJ ltistorv is s ig nifit"OII'IC fur IIIV dla~nOSl"'t1 aL a£!(' 
2S years. hypet1ension. ~ntl hyp(.·t·Jipidemla. l ie is a cun ... ·n 



smok<·r. \kdlc1tions :are chlorth<~litlnnc..• . tc:uofo\ir emtric 
ilJbinc, Jnd mltcgr:nir. 

On phy,ical cxaruinntion, the [Ktllc111 I; arcbrlle. ""d 
blood JWt'S~un· J:- 126174 mm Hg. Cunli.w exnmination 
r('VC:l l~ n r~gular n.ltt" :~nd rhythm. S1 :md S 

1 
~1rc normaL; 

t hcn .. ·l\t.U I $ 1• 

l.nhtmuory l t'S I~ a rc ~iguiriGHlt ftlr :1 fasting ph.tsm~'l 

glu<'O<ie il'vd ofYII mg ldL (5..13 mmol 1.), u total ('Jlokstcrol 
lt'Vd or JIO mg dl. (5.43 mmol!L). nnd nn IIJJI. chokstcrol 
1 .. w1 or so 1111: uL 11.~9 romol;J .l. 

1\n el«tnX-:Inliow-am shows nomtJl .,in~ rbythm and 
len \~n1ricular hypc:rtrophy with rc;-pul,li'Uation abnormal 
flit'\. A t:llc..~l r:.u.tiograph is normal. 

To clru~rminc his nc.·t.-d for~il~Hin lhc:rapy. his:e~timalt-d 

I 0 y~1r rJ!!Ik fur Hthem~cleroli<'<·,mliovu.,ctll~lr disca!loe: usin.,~ 
the P<>tJII.:d Cohrlrr Equations wlll be C:l iCul:l tt'fl. 

\Vhieh ol' 1 he fOllowing risk factors will result in underesti­
mation of the rhk fOr atherosdemtic cardifw~\SCular disC!tse 
in this palicnl'l 

(A) Ar.~ 

(B) Anllh) po:rt<nsi~e mcdic:nion u.o;c 

(C) lllood prt'S>urt 

(0) IIIli. chol..,terollcvd 
(E) I I IV 'talu' 

ltom 27 
A 52 yc..·•H' old wom:m is evaln<tk'<l ror .a U "''c.·tk hi~lory of 
d iL'\1 l)fc~sure. The ~-ympLOm occurs wh( .. n " h t.• walk:> up 
nn indhu: on her c.lJiJy 2 mile w:1lk anc.J lS relieved v • .rith 
TL"SI. She :~ f.;.o had dtt-sl prcssun: durin~ J :.lrL~ful m~ting 
at wnrk la'\t w..-ek. She repom no a'~·I.Ut-d '-)'mJ)loms .. 
Medit"l hl>tul') ">i!lllilicam ror hyperlt'11>10n ~nd hyper 
lipidt111"'· \lcdie;llions arc hydrochluntlhi.ukk:. lisinopril. 
.Uld ~I IOrV,)\IJiin .. 

ITEM 28 

Self· Assessment Test 

On phyc;ical ex::amin:llion .. vil<o~l ~ign' anc.l the remainder 
ofth\"'"' CX;:Imination arc norma!. 

An c.:k.-.:lrotardio~nunls nonnal .. 

\\'hich of the fOlfowit'lg is the most appropli••tc diagnostic 
test 10 J>Crform next? 

{A) Adeno<:int' s ingle pholon t:mbsion Cf 
(H) <..orunJry o.nt<:cycalcium scoring 

(C) ~.~erciS<· ck><'tT<X.-ardiography 
(I)) St.....,_< t'<'f1<K':lrdiogr•phy 

Item 28 
A 7'1. \t.'.lr l)ld nMn is ev:1lu~ned in lhl· hospil~tl lor h('arr 
f:lHU~t'. In l ht' pas l m onlh. h\' hoh d<.·H•turM.'\1 pro~res.">iV<~ 
clvsprll':t, sud t tll;lt h(.'<.'annot walk SO llWlL'f"' \'\ilhout ::;lop 
piu~ to t.lld) hi' hr<•;Hh. He has :1 hblorv of hy~rtc.mslcm 
:md b.dll'mk t·ard i(lmyopa lh,). Ourin~ tlw ho,pil<lli:ration. <l 
tx•rl ll'liifl l lll.lf!ing Stlldy demon,tr:ll<.'tl nrt i-.c.h t'lllia . • Uld J ll 
(••;htx.':lrdio'l.tJ"J.m rt."\<.-alt-d a kft \'t•mrk11tlrt*.Jc:-<'linn (r.K·tion 
nf:.tu \h.-dll~lttcm-. ;Jre a.cq>irin, r.amipril howrbitk monu 
111ft.lh.· •• md runN.-'11\if..k. 

()n pll\'IC~lll·.xounio:ltion, tht· p;ttk-m h .Jkhrilo~.·. blood 
prL,.,llfl' j, L!O 0."'1 mm I f g. pulse ra te.· f~ 73 mm. and t(;':)pir:'l 
tion r;l H' I' 12 min. I he L>slinMit'tl n·n11.,1 \ t.'nuu,pr{"Ssurc is 
C) em I I} ), !\ tmradoxknl ... pfil s~, o111d :\1'1 s I -'l't ' pn:~n1. Lung;:; 
:tfL't·k.~r tu :-~ usrullarion. 

l\ I:! lt:~•d clt.:,:lrtx:ardiogr:un 1-. s hnv .. ·n . 

In addition to diuresis, which oft he fOllowing is the most 
OIJ>J.H''OI)rlue rreatment before discho•rgt··! 

( \) \ololo·.m "IUnl 

(H) \cld 1\o.~hrJtbllL" 

(C.) C.:ardi.u,· r~yochrontlarion th(.·r.tJ>\ 

0)) lmpiJntalile: <.·.•rdiU\:('rter dc..·tihrill.uur plo.h.-c:mcnt 
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Solf·Assessment Test 

CJ I t em 29 
\ t ... t \'t .u •kl ''oman i' hos:pita1izt-d f()f" J)ft;Ji.!f""''i'''IJfiguc•. 
l.h,prn..-.l. orthopnc::ol .• md periphe-r:.l edt·nulh;tt ho&\t"IM.,·n 
plt""i.c.'llt fur the -t"L.~t IS months. Durin>: th1~ time:. ,h,· hol' 
ht't'll ht"flil~llitcd ..,l"\Cr~f tirrtl_.., fhr h<.:dfi I:HIUrl.' Wifh prt• 
wn l'tl t..'Jl'\'tiun fr;HJion. llt-r nwdiC'll h i-.run b HI hc..·n, 1~ 
nut.1hk f'o r hvp<.:rte nsion. Her <.'urrcnt mc..·lli<:atilm.., .u c• 'Pi 
n •nolal'tWll'. fu ru .. ')t..'Ulide, ~tnd a m lodipine. 

( >n phy:-oi<'al e\am in~Hion, kmpL"r.ttu n: j.., nurm.11, 
blood prc..-:...\u rt I!J l30rt-H mm J l,g , pul..,(• r.l lt.' is ')(), m in. and 
11."\J)il.ltiou l;,lt<-is lh.' min. Jugular\·cno usdisttntlon I:, pi <:~ 
~·n t . ( I"'Jt.:kll"\:Jn.· no(l'li ~lt Lht: baM.~( •I hoUl lung .... \loud S ~is 
hl\11 <.1 ~u tht.· aj)(''-'<. A ~!r.H1 e- 1. 6 holosyslulk murmur b ht.-.ltd 
.H rJw h:ll lower s te rnal border and m<.·rc.·~•'"'' in ulh•n,it\ 
durin~ in,pir~•tion. Abe.tuminaJ ~\S(: ire ... Jnd biLnt.•ral pitt In~ 
t"tlt·m:1tu Jht" knt"l'S an- prc."Sc.·nt. 

l.aht)raton· \ludk.··~ rc.·'·l""JI ·' wrum ff.·nhln k\d or 
IMO n~ ntl USU JIJ.t I J ~ll"ki a R ty~ nottriUll'tk Ptl>lltk: k"\f."l 
uf56U 1'}: ml (SbO ng, IJ. Sc:rum prutc:in de.:" trupiUiu-..i, •. mc;l 
11rinc 5mKf.'ln dl'\·tnlllhort"<ii-. ~lrt> unrt"ff\~lrt...;lhlc. 

fU~hl ht.";ln <:.llhctcrization d\.·mun,rr.lh ..... ch:hfnllc. 
c.'tllt.lli/.iliuu uf j)t'l.."-'llrt.'::. ,It IS mm llg. Simuh;lnc..•ou-. rf)(ht 
.uul lt•lt \'c.•rHric;:u l.-r h-.·mcJdynamiD tkmon'ltr.Hc llJn4.:or 
tl.lnl rht· nnd fo.11l of~:-. ~Lolic." prt'M:;ur~ \\ ill' rc.·,pir.uum. < ar 
d iotc..· fii,•Hil<.' l il rt."'o(JI1~lnt't' i111:1ging with inmw<:nous g;ldohn 
I urn <.·om r:l\l :-ohCJws a pc rk.m .lial thk:l..nL·~~ ofl nun witllnut 
t•n h:U1l'l'llltn t m 1d m~u " <.'d l~t<: r.~ldolinlurn t•n lun r't'nU.'I'U o f 
1 h4.• pa Jlillary mu•icle. E<:h()cardiogmm shov,·s syrnnwlrlc ldt 
'\'HI rh·ular wall I hkkn<::,S of 11 msn, nornu r ldl vc1urkular 
t.';,-'\JI\' \ IIA.' . u lt.'fl \'t"nt rin.Jiar ej<.·c·lion frauion u f .c;s· ... o.11u.l 
\t'\l'fl' h i:ltrlal dilat:.t tion . Ri~hl \<.~m rkul;ll -.lzc.· :llld lllm· 
1;on 1n; rlorlllJI. Tric..·u.,pid n•gurg:itJ(ion is nott.xl, Jn<.J tl\4.' 
rl~hl vt.•ntrit1Jiar o..yslolk pr<.-ssurc..· i-. c..~lhnJic.."ll .ll 72 mm II)! 
'tlwrt· i\ no pcrit·J.rdial t.:(fu~ion 

\\ hlch ofl he following;,. the mo>~ lil..el} di~Wl<"i\? 

(\I f lln..,rkthc.~pt:rtc~.uditb 

(B) 1-';thl'\ tli~l"< 

iC) llcnh~.:hrotu,lttl"ob 

fi>J l'rimary rc.' tric:tivc c.·artliom}H~l<lthy 

CJ Item 30 
1\ h·1 \'CJI o lc.J wom~tn i' 4.'\ '<lluated in I ht.•t•mcc-gcn,·v dc..·pa11 
lll(.'lll ·1 hour') o.tfl tjr the ahmpt o11S<:l of!-tlt:.\rp, Ctarln~t d wst 
;HHI h.u.·k pain. Ml"tlicul h lCSlc)t}' i.s sign ifk :nu fnr hvJX:tllpi\1 
(.'lflia l k r (•llly nwd k;Hion is aton ·;l\hlli n. 

On ph~·:o. ic:JI l'~ o.llllillation. tempc--ra1Lirt' b ·~c,.~ '( 
(C-JS.! ·Fl. hluocJ prt."''*' l ll"t.~ is 173 9<} mm Hg. Jnd pul,c.· 1,11t' i' 
cxl ·min. llk)O(I pn,~urc m1.. .. .lSU11..nl<.'llb i 1 1 lx~h Jnll,;lrt•t.oqw.J. 
'I he. n.·nuindcrol' tht.· J_)h)'Sic:lJexamin.1tiun i:-.nnn·m;lrkahk• 

CT ar~io)tr.J~lhy shows a desc.,·ntlin~ thorad< .. leir11<' 
.lnt"Uf)'\111 \\'ith a maximal diaml"tt·r of o.N nn and .aontt.· 
c.li-..sc.:'(.:tlnn ori~n.ttmgjU\l di•·a:tllo the ldt•i:tlb,:l;l\'lan ,lrh.1') 
.mc.J ,.,ll·nding 10 jtL~t bclo" th<.· <h.-phragrn: tht·r"· '' m• 
in\~11\f..'nll"nt c 'lltf.' n'll<.tl <lft<'rie<o.. 

Which uf t he: following i~ rhe most approprldiC initi:.ll 
moan~jt('mcnt'! 

(t\) lmnwclial4.' tjndo\'<l\t'Uiarst<..·nt ing 

(IU lnulltdlat<.: ' 'pen ~urr,k\11 re p3ir 
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(I } \kdK-;JitiK•rJp~ 

(I)} RtTX~.u Cl an~iu;o..,.;tph\ In 12 huur. 

Item 3 1 C] 
1·\ .58 } t:ar old U!.Hl i\ hn~pil;lliZt"'.J fur ;I I c.IJy hb tot) of 
\vorsc.·ning d\'spnt":l ~md i.l 1 munth h l,(llr\ ur im:n.:a~iug 

' "C.'Ight a J\<.1 f>t>tiplwr:•l c.'d('tll;l. I k h;l\ a lon~ "tanding hb 
1ury or poorly r.:ontrollt"{t h\'j)(,' ft \-'lhlou uutl ~IJgt· lV t•hronic 
kidm·\' diM:~l'J.t.', Miuo,;idil.u ul h~dl.tlazint.• ' ''t'r\' adt.h..·c1 to his 
nH.'d cC~l l regim<'n 1 tuonllh ;l j.tO. Ill' uthc.·r mt.'t.Hcalions ar<: 
lalx-talol. a dontdine poHc .. h , nnc.l lum, c.•midl' . 

O n ph~·!)k·;tl t."'\,Hllin~ulon, h ... · ' ' in di\t rcss . \'l.'ilh 
intn"!-i~ '"'·ork c.)f hn::ll hin..: :.md d1,1pht11 t'"h. Tl·rnpcr.tturc: 
i~ nunnotl. blooc.t fl((.OS.\IIH" h •)() M) mml lr. with JlUI~u\ JXlr 
,1doxm. ol lb mm ll::t, puJ.,.._. r:.ttt' 1\ I UJ min. and rt•:spirdtion 
r.ah: b 2S min. Ox\ g,t."n "'llur~ttiun i' tJ()'t,luc...,,thill)t ounhi<:m 
.1ir Jugular \"I;'Ouu' rll-.wm•un 1:\ pr'"'-'lll. lh.1n VMJn<b an· 
dbtant. and no JXTiclrdi:al IO<.IIOil ntbtlt murrnur ~~ nolcd.. 
t roKh.k.~ J.rc: nott.'<l.at Clk· k'l\.,,·r qltlntr ,,f hhlh lung fh:kh.. 
J)jtling, nlt·tna b pn.· ...... ·nl lc• I Ill'~''"'"' 

L.abor.ltory ')l\adit."' rt'\\',11 .1 hloud un.·:.t nitrogen lt'\c.'l <J;: 
Hh mg dl. (10.7 mmol U. a "ot•rum t.T1.\IlH111W k"d ofS.l mg 
dl. (.tSI tlmol LL anc.1.t 'K."nuu pot,l'">llllll k'\'f.'l ul'~.u mEq L 
(:,.o mmol U. 

;\ \'!lest r:u.liogr:lph 'ihovv"> .u1 <.·ni~H~(.'lt c.·~m.lia<.: :;ilb uu 
t.'Ul'. promiuc.·nl puln lnll;ll)' "·''"'ULHurc..·, ,1nd t'\'kk•nt't' of 
pulmonary t>d("'Jll:L Echm·ardiOJ.tl'aphil' hndings a rc l'ompat 
ihll' w ith <'ardia<· tampou•ld<.· 

Whkil of the foiJowin~ j.., CIJe nlO\C QJ)lln>ptiare ma1lagt' 
mt"nt'! 

(AI liesnodiJlysi, 
(IJ) lrUra\·<.·nou~ nilrugh <.'t'l in 

((:) 1\"ri<-Jrdino..nh..,is 

(I>) Ri~hl hc.."dfll.HIK"Ic.•rtr.ltiun 

Item 32 
A 52-ye::~r old wom:m b l'\:iluJictl du ring .J ro llow up 
visi t. She was disch~uged rrum tlw ho~pital 3 Wt"eks ago 
following a small nun ST l'kv.u iun myo~..~~u·diol l in fa rction 
t rC'ated w ith d rug ehuing stl·nt p l;n-l'cl'ltn l in lh<: rig ht 
corona ry arte ry . An n ·hol'tH(IIOA,I':'I m oht~lined dur ing 
hospilalil' . .ation s hov•.'Cd normal left ventricul~u fLmc.'tion 
:md normal va lvula r rum:tiou. I k r hospital <.1Juf:;c.: \\'J~ 
unt-omplie~l te<l . Since d lC>{·hnrg<·. 'ht· ha~ had shortne-ss of 
b reath. Medkal h islor)• is >iJ:Ilillcan l lor hyperii J>Idemla. 
Mt:dil"af ions a rl' aspirin. ti('agr~IOI', ll'\inopril. m etop ro1ol. 
and \l torva$'l.:l1in. 

On physical examination. \'tl:ll ~inn~ arC" nonnal. 0\'Y­
)t(.'n !ioalurd.lion is 99" brc.'3lhing 3m hit.~ I air. lhe estimated 
c.-entrat venous pres.~urt" i' nonnal. <..anJ&.K: l'XJmirwtion 
re\·eals noS; or murmur.;.. ·thl" hJ"&" arc-clt'.lf to au.-.cuhation. 

A <.:ile;l mdioguph i< norm;~ I. An d<:<1nx:anliogmm i> 
unchanged from tho:st·oblJinC\1 in rhc hospitJ.I. 

Which of the following is the mosl lik~ly cousc of tbis 
l"•lkol's dyspnea? 

(1\ } I lear! faihor• 
(B) In s tl'n 1 rcslt nosis 



(G) Stem thrombosis 
(D) Tica~rdor nwdial(~i side dli:cl 
(E) Venhi m i:Jr«'pl:ll ruplllre 

C]ltem 33 
A 68 yPar old \oVom:-l n i~ t'V'..JhJ:lit.'d in t lw C'mCrgt;~nry (kpan 
nk n t for ~u.·utc on~·( d y:--pnt"<-1. pal pitations. and chc:sl pain . 
l h(• symptom~ lwg::an shon1y :ltle r lwr d og tV;)~ a tt:l('k(->fl 

by another dog. She is othE='rwise healthy aml takes no 
tnedit<H iOI)')-. 

( )n physi< ... ..JI <.'X:mlina1ion. llw patknl is :lftohrik . bluod 
pr(':!!.Stm.· is 150' 78 mill l lg. :.Hld put::;<.~ ra t<: is sgt m in. Car 
dia<· e'\omin:Jt ion revr:tls no ('\'id<"n<'\' of inc-re:l~ « ntral 
vt.•notL'> pn:ssurL'. Th(:r<: i::; no h<:art murmur. hul an S1 i\ 
pres~nr. 'I ht> lung~ :lrt> cle:lr 10 :1\IS('IIIf:Hion. 

l.abor:ltOI): <;tudk>s are signi llcant lorn serum lroponin 
llcH•I ofS.:l ng/mL (S.1 ftt.t 'U. 

An e1e<'troc:lr diogmm <ft>rnonsl r:_~ f(->s ~int~ rhy1 hm :ln<l 
a nl<:rior hytx·mclH<.' T wave.· t'kvations sugg<.-st iv<.· of au 
ST clev:uio n ln\'0 (';.'1 rcli:ll in(olrc rinn. C.'1rdia<· c-JI ht'wriz~l:l ion 
shows nC)rma l ~-·oronarv arlt·rk~. Svstoli<. (lefi poneh <tml 
di::t.~tol ic (right pont~O im:tg~ rmm Jefl velllrkulogr:lphy 
a re .. hm\:n. 

Which of the followin~ is the most likely d iagnosis? 

(A) At·ute myocardilis 
(B) Gi:\111 c-ell n1y(x~rdili-> 

(C) Tadwcardi~l rnt•(.H~HL'd <.-artJiomvopalh\' 
(D) 'l'akotsubo cardio myopmhv 

Item 34 
A 52 y~M-old vvoman is evaluntcd lOr recent -onset exer­
tiomll dy:;pnc..·~~ . tvk'<.l i<:~~ ~ history is nonc.:onl•"ibutory. ~H\d she 
1akc:s no medic~H ions. 

ITEM 33 

Self-Assessment Test 

On physical ex,Huination. vital signs arc normal. 
'I he <.'tnlral venous pressure is clcvalcd \\'i1 h :l prominent 
a \'l.r:~ve. Apical impulse is normal. and a promincnL para 
sternal impulse i~ no1ed ;.'I t I he lefl Slernal botllc..T. l11t: S1 
i~ normal: chc S:.- is s()n. l\ gnJdL· .t/6 hJk peaking systolic 
murmur is h~rd a t thr left sten1al bord<.;r and s<:>cond left 
fnter<.'Ostal space. An ejection d ick is not a udible. 

Edux:an.liogram dl..'mOn::aralt'S doming o f 1hc pul 
monary valvt· '"rilh steno...:is. :1 pe:1k inst::mt:~ne()US systolic 
gnu.lient of 65 mm Hg. and a mean systo lic gn1d iem of 
So nun llg. Trivial puhnonary regurg1Lation i:; prt-scnl. 'll1~: 
ri~hl ventricular si:t.c .-nd funct ion are normn l, hu1 1ig ht 
venrriC'ul:~r hypertrophy is present. 'I he left bea n si:t.~ a nd 
function a re normal. 

Which of the followin~ is the most appropriate manage 
ment of this p:ltient'! 

(A) Endocarditis prophylaxis 
(B) Excrdst· slr<.·ss lt-sling 

(C) Pulmonary balloon valvtJiopl:·lsly 

(D) Pulmonary v~1lvc rcplacc..·mc..·nt 

Item 35 
A 60 year o ld man is ev:lluarecl in the hospHaJ for a :t day 
h istory ofinl<.:rmill<.:nt chcsl 1>a in and dyspnea em ex<-rtion. 
~,1ed i<~£ hisrnry is signitic::mr for rype 2 diabetes rncHilus. 
hypertension. hyrx:rlipidemia. COPO. :1nd perip heral neu 
I'Oilatlly. His "l>ility to excrds< is limite-d by his COPIJ. Med­
ica lions arc mcllbnnin, simvas1alin, low close aspil'in. li~­
inopriJ. amlod ipin e . and an albulerol-ipra tropium inhaler. 

On phy~ical ex<l m inarion. lemperalUr<: i:; nut·mal. 
hloc:xl prc.-.;surc is 12S/7S mm l lg . pulse ralc is SO/ min, :md 
r~spirotion rate is 16/ min. Oxyg~n saturalion is 911% brc-.tth 
in,~ <ln\bient air. Pulmonary exam.ination reveals C':<piratory 
wheezing Oilafcrally. I Icari sounds arc distant . No edem:1 is 
present. 
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Self-Assessment Test 

Serial se n.1111 tropon in I measurem.ents are n egallve. 
An ek<:Lrocardiogra m dl'mo nstralcs len ventricular 

hype rtrophy \\rit h repolariz::.tion abnormalities. 

\\~1ich of the following is tl>e most appropciate diaw:>ostic 
teSLlO perform next? 

(A} Adenosine single-photun e miss ion CT 

(B) Coron ary angioh'T"dphy 

(C) C'.oronary Cr angiography 
(L>) Exercise electrocardiogra phy 

Item 36 
A 35-y<:ar-old \•voman is cvalua(cd for c hest discom fon 
t h3t sometitnes occurs :It the beginn b'l.g o f c xcrdse but 
abates completely even thoug h she continues to ex(·rcise. 
Sh e dcscribt·:; th e diSl•om (On as sharp in char~H'ft:r ;.mel 
notes that it worsens \'\then she bre;:~thes i " . 'lhe pain doc·s 
not r;.ldi:Hc and i"> nol accompa nied hy other symproms. 
Sh e a lso re po rts occ<Js ionally feeling lig hthc"ded at the 
l'nd or exercise o r as she is ~cooling down."' ~he nores 
thar hl:'r rypica l resting hea rt nlle is <19/ min. She ta kes no 
medications. 

On physical <:x::unination, pui$C mrc is .-t~/min: other 
vital signs a re n onnal. <>xygen S::ltur.nrion is 994~ br('alhing 
.nmbitnl air. Card iac e xaminat ion reveals reguhu bradycar 
d ia.Uearl ra te varies w"ith respiration. The rcmaindcrof lhc 
physical examination is non nal. 

1 .... '1borarory s tudies arc ::>ign.Hicant for norma l h em oglo 
hin and serum lhyroid stimulating honnon~ l<:vd .s. 

A 12-J<'ad <:lccl rocard iogram i~ shown. An ~ho 
cardiogr:1 m demonstrates norma l cnrdlac Sl ructun· <lnd 
function. 

Which oft he following is the most appropriate next step in 
management? 

(A} Chc<l CT 

{B) r.oronary angiography 

(C) Exercise treadmill stress testing 
(D) Paccmtlkc r implanta lion 

Ill -:tVF 
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Item 37 
A :~S-ycar-o1d woman is t•valua.l<'d f'or hypt>rtension. $h(' is 
:.t 12 week<' gestntion of h<·r !irs! pre-gnancy. She re ports uo 
symptoms a nd h as no history ofhyp<.~l"lensjon or cardiovas 
ntlar tlisc:a::;c:. Sh<: has not rout inely had her hlood pressurt.· 
c-hecked- F~mlly history is si.gnilkant lor h}1>errension. I Jcr 
only medicati on is a pre natal vitamin. 

On physkHJ l..'xaruinalion. blood pr<~'!mre is 166/()4 
mm Jig in both anns~ and pulse r;:~te is SO/min. An S,

1 
I~ noted m lhe a f.X'x. There are no m urmu rs. Pulses ~U'<: 
normal throug hout. ThC' rcmainckr o r th<: <.'xam in ation is 
tum:rnarkabk. 

Semm c-re:~tirline i('Vel. plasma glut·os.e lewd. and uri 
nalysis a re normal. An ambulatory blood pn:ssun: monitor 
cl t.:•Jnunstralt'::> an av<:r&gc blood pr~"Surc of 162/ 90 mm II g. 

W h ich ofrhe fOllowing is the most ilppropriate treatment? 

(A) Diet e~nu wdW>tloss alone 

(13) L.~bctalol 

(C) Lisinopril 

(ll} Spironoh>ctonc 

Item 38 
1\ 55 yt"<lr o ld "''oman is evaluated durin .. ~ ~l l'Out ii iL' c:xam­
inatioo. Her 11\t."'(tital hislory is signi ficant lhr milral rt-'f.,'Urgi­

ta tion. She IMs no history of carrliov~scular symptoms. She 
i!=; moderately ~lC'tiv<· . phlys doubles tennis . and OCC:.lSion3Uy 
p a1iicipates in road cycling. Sh<.: has no other med ical proh 
k.·ms a.nJ takc.s no medications. 

<>n physk:ll t.>X:lmination. vital sign::> are nonnal. C.1r 
di<.lC auscultation reveals a h igh pitched ntidsystolic d ick 
and a gn.u.lt :~/6 Ia It· syswlic murmur that is loudest :.ll 
1lw <lpex. Standing results in rhe click m urmur complex 
increasing in inten:\ity ;:~nd moving closer lO S1• 

An <:th(x:ardiognuu shows severe- m ilr.tl regurgit~tfon 
and myxornatous <1egener:1.tion of th~ mitl':.ll v~Hvt· . Th<: left 
ventrlc-ulare-jtX'lion frat·lion is6S<.t wilh nonn al chamber si1..e. 

After discussion regarding early surgical repair v<:rsU!) 
survdllalll"<.'. she c hooses: lO defer surg(-ry. 

V3 
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In Lhc abscn<.'<.' of c linical symploms, which of the following 
is t he m ost ::-ppropriate t iming fOr the fiCXl clinic-JI evnl ml­
tion in this patient? 

(A) :1 months 

(13) o 10 12 months 
(C) I to 2 years 
(D) :! to S years 

Item 39 

A 64 year old man is evaluated in the office 1 days affer 
d isch.-arge from I he hospiral ror non-ST-ck valion myocar­
d iol in r:~ ret ion. l i t> \'l.T:l$ rre-ot('d \'l.ri th pe-rcut~1neous ettronary 
intervention using a 111dial artery approach. Right f'emo 
raJ arlc.ry <l<.'(J:SS w as iniliaUy allcrnplL-d. bul Lhc catlu:tcr 
b'llidcwir(' <:oulcl not he p::tSS(!<i. During llw pr<)(.'ednre, a n 
abdominal aortogram was obtained (shmvn). He has nol 
had 311)' symptoms of c lau<lit-ation . Meclical history is sig 
ni Ocan( for hypcrlipiclcmi~l. l ie i=- :.'1 cun·enl smoke r \Vilh a 
40- pack-year hl~tory. Mt'Ciications are low-close aspirin . 
ticagrelor. metoprolof, and arorvastatin. 

On physical examination. vital sign::> om: ::;ta iJh:·. The.~ 

right fC'morol puiS<' is fair\t. and a bruit is he::ud over the 
right remoral art<:ry. ~o foot or t(X' ukcr~ltiun is noltxl. 

In addition to aggressive: risk f3d or modification. which of 
the follo"rin..~ is the most appropriate wanagelnent'? 

\) Cilostnol 
8) Cardia(' rehahililalion 

) Enc.LovascuJ~u iliac stenc_in .• ~ 
D) Vorap;lX;ll' 

Item 40 

~ 18-yea_r-old man is L'V<lluatcd as parlof a prl'p::trtit ifXlOOn 
'IJ)Orts exarn in~-rt ion. l ie is :)ttend lng col lege> on a h~sketh::. l l 

Sclf·Asse-ssment Te-st 

sc.:holarsh ip. He rcJxn·1s no symptoms. Medical history is 
unremark:.lbl('t and he takes no medicatjons. 

On physical examinat ion, vital signs <Ue normaL car 
<.liac <.'X<lminat ion rcvc."'al.s a brisk carotid upstroke . . 4 grade 
:1/ G systo lic C'rescendo-decresterldO murmw· is heard best 
a long the left sterm1l border; it de<:reases wl th squaUiJlg ;lnd 
is illorc pronOW1<.'i..'tl in the up righl position. t ung; are deilr 
to :mscn lt:lt ion. 

t\n eltX'lrO<.·ardiogr._lm ::>how::; voltage c1iteria for left 
ventricular byperlfoplly with abnorma l rcpolari?.at ion. An 
('chocarc.liogr.am demonstrates -asyn1n1etric sept:ll hyper­
trophy with septal th ickness of 18 mm. SysLOiic a nterior 
mot ion of th e mitral valve is presem, and the peak lnstan 
Lan<.·nus lefl ve-nt ricular outflow t ract gradient al resl is 
:10m m l lg. 

Which of the following is the most appropriate manage­
men t r(.-g-J.rding this p-dtienf s participation on the ba~ker­

ball team'? 

(A) Advise tbe patient that be should uot play basketball 
(B) Begin Jl-blocker t her:lP}' 
(C) Refer for almhol septa l a bla t ion 

(I>) ~efer for implantable cardiovcncr dclibrillator 
p laccmenl 

Item 4 1 

.-\n H( J yF.tr old WI'H1l:ll\ ~ov;h. lw ... pi,alit.c:·d fl 1r <.'h<.·sL pain 
and findings of a lateral ST (•}t>v'.Hion mym·.nrd i:l l inJJ rtl ion. 
Sht Uttd<.·rw<.·Jll pcrnll,j iK~Ht~ t..'On>Jian in lcncn~ion of :1 

margi n:l l hr:uw h or I ht• k fl d rcmnflt>\' 3 1' rf' l)' 16 hou~ ;"l ftt>r 
:;ymJ)Iorn ons<.' l. < >n ho::;pital <t.l) ~3 . lwr cardiac examinal ion 
i') normal, hut :1 how:-. l.tlt.'r, :-.he.• rJ~,_· vc.·lup~ ~uddcn OIN._.l 
('ht-sl p;l in and h)S.f"S con!'('iousnK~. 1.\he i"\ foun(l w h::w~.· 
pul::ick.oss d cchi t".ll act i\'ih . Ht:a rl sounds a re si,g:nifkantl\' 
dimini:-,lwd. 

Which of the fOIIO\'' ing is the rt1os1 likely diagnosis? 

(!\) \ orlkdisSt."<'tion 
(B) In ~km resh;'tlO'li~ 

(c:) \'cnt ril'ufar rn·(' \\ ~~ ~~ ruplllfi .. · 
({)) V(•OI rk u ltlr :-><.' J)lJ.J dd~'l·l 

It em 4 2 C) 
A o.-1 VL':lr old m an i ... ho:-.-pil:llii'.t'tl fhr pc.·rsis t ~.·nt low gr :Hk 
rc.·vc.·r. c,;h t...,t d i•·.n unr()rC :H\tt IO\\'i:r C\ lremity t:d-:Hlil. I h: 
nndf'rwt~n t l ripl t> <'Oronary .:ttien · bv pas .. ~ gr:1fl surgerv 
6 Wt·c:k~ fl}W. i lh mc.·d ic.:al hil->lOf) io.; o l hcrvd l->(" nnlablf.- ror 
hy pertension. hyperlipidemia. :md pre\'lou< smoking. IIi< 
C'urrent medical ions :1rt: aspirin. m ctoprolol surcillille. awr 
V~I'-;IJLin, li~inopril . <llltl rurcl~.·miLi c.-. 

On physil·:ll t--xamin:Hion. l ('n11Wrattm-· is ;0.7 ~c 
('>9.8 "F}. blood prcs:mrc: L" J:l&. S 1 mm llg . puis<' rate i:s 
~u,/m in, ant i n:-spir:JI inn n1fc.• is 1+1 'min . Jugul01r venous d i<> 
lcntion b nolcd to th<.· angk· of lhl' rrmndibk. I k'<.Tc.·asc.·d 
hr<·::Hh :,oundo; :1nd dullnc.~~ to pt'n·u<:slon are nmc.•d ~ll rhe 
1'-"'ft 1 >;_1~. No cr:l'-"kk:-. .l n• noted . . \ pericarclial n 1h i<> present. 
I her(; ifi no g<.~flnp. 'lh<.· li\ t:r i ... <·niJ r~c.·d. I here i" hila I <Tal 
pin i•1g c.'drma1o tht"' micl t.hln. 
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Self-Assessment Test 

..., Labomtoty studies: 
Ll.l Er).lhl(>l)'h:M.'thmcnlo.lticHl ~\h.· 
COIH I .Nlko<-ylt" <-'t>Unt 

Sc.·n1m creat inine 
Troponin {two sample ... ) 
I~ type natriuretic peptide 

76 mrn/h 
D.UOl)'~!l. (12 >< 10' '11) 
1.4 mgld I. ( 12:1.S It mol; I.) 
Normal 
105 J)l!iml (105 nwLl 

;-\ I:! ~t.~:lcl ekctiX>• .. ::Hdiogmm th:monslralt:S nom 1al 
sinus rhythm wit h nonsp<·citkST T \~·.n.:t',lhnnrm,tlitic.:s . A 
< IH.~st radiogn1ph dc.:numsl rak'"'i. hilcH•:ral..,mall pleural dfu 
sions. An c.•<·hoc·:trdio~ram shm-..IS no peri<'~l l'di:~l effusion 
1\ {)oppkr ot.x:ho<:ardiogrmn shows enhanced V< .. ntricu i:H 
inlr-rd~.,·ptn<lt..·nct.• ,Hl(l dilalioll vf the iu f(:riOr vena t<Wa. 
ki~hl hc:Jrl (-atht'lt•rizntion demnn"lrat<os t"quali7.:ltinn of 
<iiao::tnfk prl'<:Su r('s in ,,11 ht·01rt <.'ho.1mbcrs. Gado1inium 
< .. nhJnced carrlhlC' m:l~~n<.'ti(' rfo;,ml;,:mt.·<" imap.ing dt•mon 
~tr.ltt.os irl(:n·ascd PL'rkardi<ll th ickm•ss and c.>vidf:nC."<' of 
;K·ti vt.~ pt:rk'<lrrl i~J inllamm:nion and t'dem~l. 

Which of the following is the most likely diagnosis? 

(t\) l l<":lrt f:lihm: w ith prt':..t·rvt-<1 t•j<·•crion fr:wtinn 
(B) P<.·1 i•'l"'··r;l( ivt: ~r;Jil {~1ilun.: wilh info.•r1..lion 
(C) Rt'Slricli\'<.: cardiomyofl'J thy 
(I>) Tr:m-;icm ("(Hl~(fkl in:- pt·rir;lrditls 

Item 43 
A 7'J. year old \\roman i~ \'Valuated during "' roulinc offlc<.· 
vi:::il. She has a ~~ year hislm)r ofhe;1rt f.1 i lure wirh preservtXI 
eject ion fraction and a tong his tory of hypertension. She 
has exerrional dyspnc~l with w~1kiug arvund the hous..:. 
almost ni~hl ly p<J rOxysm<l l no<:IU111HI dyspnc·:::~. and JWliph 
er;1l edem::~ . (~rdi::~c C3theteliz::ltiOI1 ~rtbnn('d :l years ago 
revealed normal coronary arteries . f\•kdka tions art." hydro 
chlorothiazidc ~md diltiazcrn. 

On ptrysical cxarninalion. Lh<: pa1icnt is a lehrile . hlmd 
pres!'ure is t36.'S2 mm I tg. pulse rate is JtS/ nUn . and rc·s 
J)iralion r<J1t i:-; 18/ min. 'lhc:rc is jug ular venous d ist<'n lion. 

1\nS..~ is PI<..'s.:.:nl. PulnlUJMry~xarninat ion rc.·vl..'tlls n<> whcc:t.t'S 
or cra<·k1es. J•eripht-1":;11 f>(lemn is noted. 

Lo.lbora lo ry studies arc sign ificant for a sertUll cn:~Li 
n ine lewl of 1.1 mgldl (!06.1 ~mol/1.} and a strum sodium 
level ofrl9 m l'ql l. (rl9mmolll.). 

Which of the follov.ring is tbe .most approprhltt manage­
ment'? 

(A) Add lvahradine 
(B) Add valsarlan 

(C) Discontin ue hydrochlorollliali<lc and d iltiazcm and 
start ruroscmidt· 

(D) Refer for p<1cen1<tker placemcm 

Item 44 

A 47-y<.:ar o ld ln:m is <~va luated for gr<ldually progressive 
ext-rtionnt dysprK~l and two episodes of' .self l imited atrial 
fibrillation during til ~? past 6 molllh~. llll..' alrial Obrilhltion 
was attribtttc:tl to alcohol C(.msumption, :mel no :tdditio nal 
lt'Sling was pPrformed. Medi<'~l history is ot herwise non 
contributory. Ht.· t.akes no medications. 

On physical <.:x~ullination. vil~ll signs a rc nonnal. ·1 ht" 
csti m:.~lt'<l c<·n tr.•l vt>nous prt".~·mre is e levattxl. A parasLer 
nal impuJsc is noLed at. the left stem al border. P<'11iiSl<'nl 
splittinR of the S! is present A gnu.k 2/6 systoli<' munnur 
is heard~( fh(' sc.:cond l<>fl intcrcost:.l <::ptlce. with a sc·parate 
grade 3/6 holosys1olic murmur at the a pex. The remainder 
of the e xamination i~ normal. 

AJ'I t•kt'lrucardiogr.un is shm\•n. 

Which ol'the following is the mostlil<ely diagnosis? 

(A) Coronary sinu' a1 rial septal dcfcc1 (AS I)) 

(R) Ostium primum ASD 

(C) Ostium secundum ASD 
(I>) Sinus venosus 1\SD 

I I I 

.,.,.r·~,.(~~-- ]1r··--..h.,~---l-lv2 f~-,r~A,, .. ,.)~,;'···I~s~'--- ~-1'' ·\rr~-l~l 

ITEM 44 
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Item 45 
A 59 yc.·ar old man is evaluared du ring a rout ine examin~l 
rion. l ie ft!cls wdl and has no sym J)lorn::;, rvk di<:a1 history 
is ~ignilicant for hypertension. l ie doe~ n01 smoke. and he 
docs not IHwe di ::~hetes mellitus. He is aclive. perfOrming 
:-Wn)hic (->Xc r<·ise ror 20 f(') :~0 m illUlt'S fou r l i lll('S pc:r 1tV('('}\. 

Mcdk:.Hions nre l i~£nopril :md c-h l01i h:llidon(•. 
On physical exa mination. lhc.'j)<1tient is atebrile. hlond 

pn..-ssurt i:-; 112/74 nun l lg. :.H\d pulse rate is 76/m in. Card iac 
(>X~minarion is unr<'111:ukt~bk. 

l.aboratory studies; 
Total cholesterol 169 mg/dL(1.3S mmoll l.) 
I JJ )J. cholesterol 36 mg/dL (0. 93 nm1oi/L) 
t.I)L chok•tcrol 10& mg/llL (2.75 mmoi/L) 
Triglyceride.< 135 mg/ <11. (1.5:) mmol/1.) 

\ Vl1ich of the foUm ... ·ing is the most approprL'lte next s tep in 
mmt:lg<:mcnt'? 

(A) Begin low in tensity stat i n thc::rapy 

(B) 1-k-g in m odcralt· il'Lt(·nsHy ~hHin lhCnl r>Y 

(C) Begin high intensity sta lin therapy 
(D) C~liC'lllate the 10 -yeor ~lrhemsden>l ic·c:ardiovascular 

d isease risk 

(E) Retx"lt Lipid tevet me3suremen 1 in S ye:trs 

Item 46 
t\ 66-ycar-old rn~IJ't ha.s jusl rc.·<.:dvt.-xl ~l ll 30rlic valve replace 
ment wUh :.1 m<.-><.:h:mical pros t hcs:is. l ie is otherw is-e: lu:althy 
and takes: no mt'dk~lHon::;. 

On physical examination. vitnl signs are norm al. Thcrc 
[sa regul;:~r rhy1hm with a no nna l Sr e~ mtthmtiC.ll Sl . and 

Self·Assessment Test 

no mttnllUI'S. ·1 he rem;lind(~r of llw physical e x;:tmination is 
normal. 

Wh ich of the following is the: most appropriate anti throm­
botic rheropy·? 

(A) Apix:llxtn 
(R) Dahigatnm 
(C) W3rf.11in 

(D) 'Warrarin and aspirin 
(E) No anticoagulation requirc·d 

Item 47 
A 79-ycar-old '<voman is<:valuatn lln thc:t.·m<.·rgc:rKy dc parl 
ment tilr J).11pit:ltions: 1ha1 have· occ·urn.'d intc~m'l i l tenlly over 
the past 48 hours. Medical history is ~ignifkant fbr hyper 
tension aml hypL·rlipi<.lc:mia. Medications arC' low dose aspi 
rin, atorv:-lsktlin. and lbinornil. 

On physi<'~ll cx:unin::ttlon. temperature I$ :~h.8 oc 
(98.2 ·~). and blood pressure "' 110/74 m m Hg. The resting 
pulse r.uc is 110/min with inlc:nnittc:lll irregularHy.1l1e L'Sti 
m;.lted cenr41l venou.~ pre.~ure is nonn:ll. C~mli:-.c examination 
reveal~ tachycar<lin with a splil S.,.l h c: lung fidd<>~ll\..' clt".lT. Thc 
<:x(r<:mil k.'S arc w:.trm and wt·ll p(.rfu~cd "vjthout c.'tk·ma. 

An elect-roc.tlrdiogr;:am is s hmvn . 

\Vhich of the following is the most appropria te next step in 
management? 

(/\) P Bluckcr lhcrupy ;lnd ;lnticoagulation 
(B) lntr:wcnousac.kn osim· 

(C) lulnwL·n.o~ PIOt·ainamkle 
(I>) lJrgent cardioversi<>n 

1;-~J·~\/v( ~Vvv~\~)\}vAJ\Ar~~7~~J,+ 

l~~~-'"'J0J,_).r-'('(Y~(j(::.~A-~~-~¥~j .. ~JL.0-o\r\('+\r" 

1~;----t_J(}J\"JWt)__,J)":~J.,Jv.~J~r\_ V'"-VV" -tV. 
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Item 48 
1\ ()() yc-.1r ukt mo-m b t"\aluatrd for aS momh hi.-.rory of 
C\ Crllon:ll •·h..-sl diS<"Omforl that impru'"" whh re<l. Hl< 
sympt()ln~ ha\·e progressively worsenC\1 sudl lhJl he .. · ha' 
n.'tJU(,.'\.-d ht.;; a<:tivily to .a minimum. M<:dit"al hb.tory i~ ,_;g 
nifl!":lnt lor hyl)<'nension 3nd hyJ)<'rlipkl<:mia. ~kdK,tluns 
,;.1re l ov~.1 dose aspirin. los:uian, hydrochlorolhi.Jth.tc . .. uld 
Jlt)IVaSIJ l il l. 

< )n flhyskal f''.::lmin:Hion, t he p:n iem i!\ atChl'i le. hlond 
pn.~ul'(,.' I~ 122171 mm Hg. and pulst' rate is 74/min. Car 
<iinC" <·xamlnalion shows ~l nornull S1 .wd S2• A ~1\H.Ic 2/6 
~··csccndo dccrc.'S<.x:ndo syswli<' murmur is h<~lr( l hesr a t rlw 
upper ~rcm:ll border with no r.tdi~ltion. Lun~ c-xumlnation 
is normnl. 

A !'ttrc:-.' c..'CluK:arcliogr-am sho'~NS 2 mm s·1 't~mt.ml 
dcprt"-,lon at pt>ak !\rres.c;. llormal len ventrlc,•lnr tun<.·tion 
at rt~t. normal' ~alvular runction. and anrerior hypoklncsf~ 
Ql pt..'.ll.. ) (((.."» (nonn .. ll at rc:st). A 5.--l-c.:m .L"jl~nc.lln~ tho 
r-dck .wn k ;ln<"nrysrn i~ nored ::u the f{"\'C'I ofrhe ~tnu~ o f 
\·~ll :,.Jh a. Coronotr)' angiogrJ.m rcv<.·als so ...... stenoslc; of I h e 
left m:.ln cnronary anel)t bifurcation '"ilh no 'innifh.:.mt 
di'4. .. J...C of t he lc.:Jt anterior descending. lt:O c:in·umfl\'\, or 
right romn:uy :ltTe-rl~. 

\\'hich of rhe following is the most a pp.roptiatc next ~lcp in 
the pallcnfs management? 

(A} Co1'0nary :lrtt'J) ' bypass graft su rgery 
(B} \<kloru·o tC)I :m d isosorhide mononitnHe 
(C) J\•r(.'UIJtiL'Ulls t·oronary intt.:rvcnOon 
(0) Simultaneous coronary a rtery hypass~rnf1 SU!l;l'I'Y 

~1ntl aortit: rqMir 

CJ item 49 
:\ :n H·oar nltl nun i~ evalu;11Ni in tht> t.'H't.'rl!''lll1 
t.l<.'llJrlnu:nt for right ~idc:d wc-.J.knl-:ss. \lcdJ<.'J.I hisrun· 
h \igni0(.lfl1 fur hc.""Jrt fo.tilur...~ \\ith I)),U,:t,.'IIH."11t or 41 

Jdt \l'rllru.:u1.ar ,a..,;,ist d<·\il"C 1 yc:ar.. J~n. f01ntil\ h1' 
tory I' s.lr.nttk.uu for f';)m ili~l (',lfdiomynpol l h) ~kdi 
c Jt ion'\ ;lrt.' w:l rf'arin, aspirin.li~inopril . <'arn:dilol, ancl 
ruro, .. ·mlc.k. 

O n physic11 l'X:tmination. tc.•mpc:nlturc i-: ttorm;ll. 
lllt':ln ,,t tt.' l'l:ll pn .... '->:-. ttn .. • tn('~l::.Un.:d by I )Hpplt.:l u lt l oll'-4 tllt 1)', 

n1phv h IOh mrn fig. pu l')<: rah.· is <>S min. and n· .. plr:l 
tlou 1':HC I\ ll•·m in. Oxygen satur~Hion i.., (Jr:;, hn.•:H hing 
a111hknl 1lll'. 'I here is no jugular vc:nous d isl<:ntion . Ncum 
logh' ~ ·\~IIUiiMt lon d~·monMralC"S ~J()lxd ,1ph,..,.i,1 nght .11 111 
r; l ra l~·.,b. :m tig:r:wily movl'mcnt in th<' righl k·g. ldl j.~.l:tt' 
J"tn.·t'c:tl'nt.'C. ~md dl'(.'tc:a.s~:d blink rt~ponS(.' to lhn: .. •l I rom 
tlw ri•:ht 'ltk. 

< 1 uf lht· hi.;.KI '1-hU\\~ sukal dfaC't.'nlf.'nt and ~ "' uf 
w.•~ \\hilc.' lhlh .. Tt"flli~tton in lht· t<.Tnlory Qf thc.·ldt middle.· 
n·n tl .tl au,·r) 

Which or the foiiO\\ing i~ the most likelv au\C of thl~ 

P"lktlt's ;tro~e? 

(A,) (.,II otlcJ .H tc.·ry ' tl'JIII:'o iS 

(H) Cr;pl<l):cnic sm>kc 

(C) I ;H'Uil;ll' i nftlrnlon 

(l )} l .dl \'l'n 1 ric:ular as..,isl dcvkt'· n.·lalt'tllhn1111hn~l~ 
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Item 50 
A -1R-year-ofd \\ Oman h (,."ValuJh.:U during :1 new p.1riem 
\.i~it. She repon-s no sympton~- She b fJirlv v..'tll'111al) bm 
i' If) in~ 10 lx.·co mc mon..· .K'Iin· bv joining 1he- IOC'al health 
c:-tuh. She h3s notk'<"<i lb:ll she" "<>ul uf <hope· hut can cyde 
o n a stariona1y bike w ith m\Xh:nHt· inlcn .. ity to the- end or 
l1cr JO minut<.·workt•ul . Mc..·dh:a1 hi~lcny i c;ol h('rwise unre 
m:lrk:thJt~. Shf' take~ no n"'edlcafiOlh . 

On physkal examination, vllal SiR•'$ tlfl.' normal. 111c 
estimatrcl ccmml wnous pr(,.·ssu•·c.: '' 6 ,.m J 1,.0. 'I he api 
<.-al impulse is not palp:1hlf'. C;u·d i:lr ~xnmlnntion reveals a 
gr~'lde 'J. I& midsystolk murmur lc.x:allzed ro 1he left s te rnal 
border without raclialiun . "l hi..' muru 1~1r <.locs no( ch~mgc 
wilh rt.'Spir~Hion or h:mdgrip hut dot•, <limlnlc;;h in i ntensily 
with ""' ding. lhe s , i< physiologic:> II) split. There a re no 
clicks. The ltmgs are clear to auo;cult.nion. P('ripherdl pulst.-s 
Jte no rma! in volume.· and <.."on tour. ~o t.:dcm:a i-co pr~nr. 

Which of the following is I be tttO>I opproprl:tte manage 
ment? 

(A) C..ardiac magnc:lit• rc.~.m•lf'K"t' im .tglnc: 

(K) Trnn<eSOphag<'al<'<:lwl'JtW()j:l Jt>h} 

(C) 'l'rnnsthorndc n·bo<:ardlo~raph) 

(D) Routine clinical follow upwltholllim"~in!( 

Item 51 
An f; t year old wom:Hl L-; (,.'Valmlh:U lollowlng <I rug duting 
~ll'11( ph.K"CITI<.'Ilf (or ,!)table but cfhabl ing:Ulfli O~ 1 Jl1011{h 3go. 
An E-r srenr pl~('ement. she wa~ ::, l ~lrtl"\1 on aspirin and clopi 
dogrel. She is curre ntly asymp1om~1 it:. nnd ~ltl.' i..; intcrc..'St<.:d 
in m.in.hnizing thl.' duration u( duJI nntipl:ltt·le1 therapy 
he<"''"" of her 3ge 3nd comorbld llln<"'""'· Me<lical his 
tory is significant for hyperlipidemiJ , hypt:rtc:n~ion. st~ 
~ dtrunic kidn<'Y di><:'.l><.'. and pn.-vlCJo' pt'ptl~ ulcer d l=se. 
0 1hM medicatiorn. are h~tooprll. mecoprolol. alon·3Statin~ 
and pantoprawk. 

On physi<-"31 \'.,.:Uuin..tUou. ' it.al '11-tn' .an..· no rmal. Oxy 
gL"n ~atur.!tion is 9s·· .. brcathinJ.tdmbk·m alr. lhe remai•lder 
oft he e~amination i..; unrentarJ..o.\hlc.". 

Which of the following is lhe most ntmropriatc mana,oe 
ment ofrhic; patient's antipl3telet fher3py? 

(II) lli<cont inue clopidogrel now 
(II) lliscont inue clopidogrel in S rnvnl hs 
(C) f>i:-;continw: dopidop.rd in I I munths 

(U) l>iscont in ue dopidogrel and a~pll·in in It months 

(F) lllscontinue clopidogrel ln 24 monlhs 

Item 52 
\ S2 v~r old \\llnun 1.-... n"ahtutd in lhr hn ... pit"l fnr It 

.am1 and k·O lc.~ '''-"'..tf...n.._,, uf 12 huur.· dur:lliun. She: h:J" 
:1 1 month hi-c::tory nl prot~'\1\c' cl)~rmr-a nn t'\f"nrcm. 

fah).,.'l..tt'. hl\\ gra<k Il""c.-r .md .utlual).tb. Sht• takes nc 
nwdic:o.11 ions. 

f •n Jllwsic.::JI('\;mlinalion.t(1JliX'f;llun:h :utl·t (tOO .. ) '1·). 
Ot h .. ·r vitul ~igns arl' 11o1n1.11 On IH.·urologic.: c:\amination 
muo:;desl rt>ng1h i -..~ Sin t lw ldl.lrl 'l'l ;Ul<l lt.:O k )t; 'hl'H)~lh in 
.lll Hthl'r mtt')dl' gn.1u1y.;, is:,. S. ( .. Jntku: ~·x;ullln;Hion n·n-..1h 



CJ ~~ loud 51• :l soft diastoliC' rumhle h('ard at I he :lJlt'X, a nd an 
-c.·arlv d iastoli(.' :-;ound. 'I ht• n.:maimkr ()f tlH.: l'X~llllin~llion is 

C.OI~L normal. 
l.alxmllon studi_l'S arc significant [or <tn <..Tyt hmt'yt<.' 

M"<limcmation r<.lleor87 mm 'h• normocy1ie, normochromic 
:mf'nl in: :mel a nomu i iN iktX')'terouru. 

An t•l<:clroc~1rdiogr;lm dt·molt~lra(c.'S t'1011ll~ll sinus 
rhyHun. MRI of the tw:1tn rcv~liS muhipk small in ra rcls. 
An c.x·ho<.·ard iogrmn is :-;hl)wn . Len v<:nttit·ular funt·Oon is 
raonn~l l. 

'\\'hicll of tbe tOUowil)g is rhe most approptiate treatment? 

( -\} A nricoa.gul~tion 

tR} Chl'molhct"<-'P.V and radiollu.:rJ.py 
C) Empiric; broad spectrum antibiotic therapy 
D) Pcrcutaenous tn\JJS<.'SOph;lgcal cch0<:3rdiogmphic 

guic.kd biopsy 
F.) Surgic.·at excision 

Item 53 
,\ 19 year ol<l man is cvalua uxl for a ht·art rn urmur noled 
n physic;\ I cx.lminmion. l ie repon:s no symptoms. Medic" I 

history is noncontributory. l le hlkes no medical·ions. 
On phy~ical ex:lmin:ltion, vilal signs ::tre norma l. 'I he 

rorient is of short s latun· with hyJJ('rtelorisrn, neck weh-­
ng. a nd a lov\r hairlin e.Th ecemral venous pressure is ele 
lted with a prominenl o \v~wc. Apk"<-ll impuhK· is norrnal. 

md a prominenr impul.st> •~ noted at the tef1 upper sl<'111al 
rder. 'I he S

1 
is normal: th~ S:: is soft. A grade ··t/6 l;tte- p('.,.k­

g sys1o lic murmur is hc.<~.r<.1 bc:st a t th e left sterna l border 
tld second left inrt-n·oslal sp:H~. An ejection d ick is nol 
ruble. '!he rema inder of t he t'xamina tion is unremarkable. 

Ecbocan.li<~ran • dcmonst tal('S ~· dysplastic pulrn onary 
\X' \\tit h :1 pe:1k inst ;.mi :U1t'Oll~ S)"SlOik gnuliCill or65 mm 
Pulmonary regurgitat ion ism<Xk·mt('.1 h(' light ver'ltricu­

\Ue <Uu.l fLultllun an."' normal, bul righr ventricular hyj)er 
~y is present . ·1 he: ~crt hc..--art siz~ and runcUon an.~ HormaJ. 

ltlch of Ute following is the most likely genetic disorder 
~nsible foe t.b.is patient's Jiudings? 

Down syndrome 
\hr l'a n syndromc 

Self~Assessment Test 

{C) Noonan syndrome 

(I>} Tum e-r syruhrome 

Item 54 
A 51 Yt."<-lr-l)ld man is c.:valuatc..·d in the cm<.-rgc.:ncv dcpa rl 
mt"nl lhr an :1hrupt h~ of consdousn~s '"'hilt;> s itting in a 
n.:.staurmll. The t•vc.·nt was wiLu<.·ss<.·d. and I he patienl \\~ls 
110lt.•cf {O !ih:.\k(' ror S('\'t.•(;l( :O,(.'('()nd~ h<.•l(l(l• h<: lt.'gai i H,;~J ('iJfl 

sd<m:-nc&. N(l pn>dromal -;ymplom:-o cx_x·un·<·d hetbrt- the 
episodt·. After rht- t'V('\1C, he hnd ll<H'''nfusion oralt<.-rc.:d :·R·n 
sorium. Medical hL~tory is sig:nificml for nonischc.•n1 ic c.1r 
tliornyor>athy. lit.- is slighLI} l iiHikd by shor,n<.~s nf hrcal h 
d.urillf! exer<:i~. I te ha~ het>n r:1king metnprolol Stt<"cinace 
:..~nd Usinopril fOr () mouths. 

On physital t·x~tmin«~tlon. tc·mp<.·r;Hm't.• i~ normal. 
hlo(xt pn:~..;urc is I:J.J/7B mm llg. pulse rale is 72/min. a nd 
J'(·::,pirmion rat<: i.s lS min. Cardiat. <.·xaminalion reveals a 
regular rhy1 hm with intermittem P('topy. 'I he <'ht.."Sl is dC'~\1 
to iJUl'c.:ultalion. IlK· <.':-.1 im:Hcd ct.·nt rat vt·noul\ prc.·ssure i'i 
nonn:1l. No t>rl t>m :l i~ p resrnr. C.1mHct m:1~s:1ge- procht('e~ no 
1->mdycardio.t. 

Lahorotol') fi ndin~~s nrc nol<lhk· fbr a nt.·g~Hivl.." result u•• 
a~erum troponin lest. 

Td cmctry in the cmt·rgcnt·y dcpartment demon 
Sll..lll":'> :o,h(.)Ji tlUl:::; ur I)IJIJ:O,U:O,laillt:d V<:i'll(kular l._tciJyt·ardi.l, 
A 12 h:ad el<"<'lroc·ardiogr:~m !.:hows prem:1111rt> ventrkui:Jr 
t'orHra<.·Jions. An l't'h~J<.•ardiogram <.li:monslraks a lct'l \'en 
t ricular ejecl ion rr.-iCI ion or2;;<;;1, 

\ Vhich of the follov.ri~ is the mo.."'t appropriate manage 
menr? 

(,\) F.k't'tr<X:IICt'llhai<J!!raphy 
(B) l ·:xrrdSt~ treadmill st rt•ss teslin.~ 

(C) lmpla11tabk c:mlio"crtt·r dt'llbrill~tor pklccmcnt 
(I)) l'l·: r ofth<.· m<.'di:Jstinum 

(E) lilt t~hk• I<"> ling 

Item 55 
A '1.5-year'- old \11rorn:1 n Is ev~tu3tefl tor a 12-rnonth his­
tory of exertiona l dyspnea. She experiences shoJtness of 
b r<t'.Uh du ring m ild cxt·rLion . such as house chores a nd 
walking on flat surf:1<'es. She describes her syrnptorn~ :1$ 

dehilitating, a~ they have interfe red with her act ivities of 
dai ly living. S1h.' has nuL hall symptoms at resl. and she 
Ius had no palp.ilaHons. She tak~ hyd roc.:hJoro Lh iazidc­
ror hypertension . 

On physical exa minat ion. tempe rat ure is no rmal. 
b lo<xJ pn.'$urc is ll:l.f72 mm Hg. puls1: rate..' is 76/ min. and 
r(·spiration r~H<' is norm:~l . 'lhe apical impul~ is slightJy 
SllShlined hut not d isplaced. S1 is increased. There is a n early 
d h1stol ic sound ro ll owed by a sofl runl:ble h<.·im.J bCsl :.lt lhC 
ar~<.~x . sl i~ normal. 

An e<.'hO<."<-lrdi ogram shows findings C'OnsiSf('ll( wilh 
nwc.h.:rale rh~umatic mirnt1 ~tenosis and minimal mitral 
rt'hrurgii:H ion. 'I he: mcan gr~dicnL across t he rniLra! valve is 
8 nun llg. ;lnd rhe ntitrnl valve ~rea is catcul~ted to he 
1.8 C'm2. 'Ute Jl'litr(l) valve? is pliahle-. C\•fode-rate pulmonary 
hyp erte nsion is p resent. with ~ln c.:stilllatcd puhrumary 
Mtery systoUc pressure of ·tS mm II g. 
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Self-Assessment Test 

\Vhich of tJ1c. following is the most appmpriMe ne.:x1 step i.o 
management"? 

(/\} Exercise eclloc"nliography 
(B) Mec:liC;lllhCnlpy 

{C) l'ercut~meous b:~ lloon mitn\1 v:.\lvuloplasty 
{I>) Surgical mjLral valve rcplae('mcnt 

1:] Item 56 
A .'16 year o ld IH<111 is t•va.lu;tted in the emergency d<:pan 
mcnL for progressiv(' C'hesl pain and lhspnca l h~1 1 began 
a hc>ur.> ago. MetlicaJ h istory is signifk:ont fOr hy(X'rlensiun 
tn':lt('cf ""'ith 11-;inopril. 

On physical examination. he h tm1fu~ct1. TL·mpl"rat urc: 
is norn13l, hlooll prL·ssure h 86/50 rnm fig. pulse r:ue i~ 

118. min, an<i respir;lfi()n rar~ is :l iJmin . Oxygen S;tturdticm 
breathing .ambiem air is qo·~· .. C:~rcii:l<· examination rt' \11.'all'l 
an s.t gallop. Crackh.'S arc noL<..'<.I on pulmonary t·xamin:l1 ion. 
111<: ext rcmilk·s ;J.TC ('Ool to 1 he t<U.l('h. 

An electnxardiogr:.Lm is sho,,rn . . \ che.<::• f(Jdiograph 
r<.·vc-als pulmonary edem;) . 

Aspirin i::; iniliak'd in thl: cm<'"~~t-nc·y dep:lrtment. 

\\'hlch of the following is the most appropriate immediate 
management? 

(:\) Admio.;.~ ion 10 J he IClJ for rnedk"<.ll stabilizat ion 
(B) lntr;lV('I)OUS ILlt'lOIJWloJ 

{C) Percu tancotL<; coronary intervention 
(I) ) .Suhl ingu:ll n i1roglyt·erin 

(E) 'lhrombt>ly lk lhcrapy 

ITEM 56 
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Item 57 
J\ .:;A year old maa is evaluated during a rout ine exam· 
inaticm. I k is asymplom::-atic. nnd ht~ Cx<!rcise."> regularly 
wi1 hout any limilnUons. Medical history is l'ignifk:an( f"hr 
hypertension ::Ultl a hk u:;J)id aortit• valve with nn enlarged 
aortic root Cmcasuti11g 5.1 ('Ill 6 morlth.s ~tgo). Family hisrory 
is unrem::~rkabk\ I J..U; only medication is losar lan. 

On physical exarnination.. blood prt":-iSun: is 12'2l711rnm l lg. 
carclia<: cx~un i11at ion reveals •1 midsysto llc ejed ion d ick and 
a gnHic 2/6 c·rt>SL"t'ndo-de<.'resC'endo systolic munnur at thl· 
s~nd right in tercostal spt1ce. 'I he renHaiuder of I he exam 
inat ion is un rC'markabll'. 

TrM1s1 horati<" echocardiogram show~ nonnal left ven 
rri<.·ular function and a bk uspid aortic vaJvc. The mean 
gradient across the aortic valve il'l 20 m m l lg , :md t he ::lOrtie 
valv<.~ ar <.·a is 1.6 <"m1• 'I he a~t<•nding aorta is 5.1 em: the 
dt'SCC'nding tho~cic- aorta is incompletely visualizt'(l. 

Which of the following is the mosl appropriate manage­
ment? 

(A) Aortic valvL· n ·pkK'Cment and ascending aonie repair 
(R) AS<.'Cndin~ :~ortic rep:1ir 
(C) I >obut;.~miJl<.' stn:::;::; cd aoc.ard iography 
(D) Repe;.l l cch<>car,diography in6 month:=; 

It em 58 
A :l6 -y(-ar-o ld vvom:.:n is ev:~ lunted in the emergency depart 
ment fht' progrt·::;sivE: dyspnea. She gav<.· bi rth :~ WL't:ks t~go. 
'The pregnancy and dclivl.·ry Wt'l1..' uncomplicate<1. ~he has 
.no history of cartl iov~l S<.."lJ iar diS("ase. 



On ph)'-c;lral eY:lmination. tcmper.uure is normal 
blooc..l pn.~ure is 100/n m rn ll.'t in bolh Jrms. pulse r.uc 
is 102/min anti rt-gular . and r('Spir.llion 1':'11(' Is 16lmin. 'lhe 
cstirna h.:d <.x•ntral vc:•nous prc;>~~ure is dc,,-v;.llt•d. Card iac pal 
patl<m r{'V~o::liS tl diffuse apkal impulo;e. 'lhC $1 3tH.l S2 an: Sofl. 
An S, and:) , fll'l' prcsc·tll. A grad(' 2/6 hohJ:-;y~tolk mlnmur is 
heard J llhc "'"''· Crackles ore "u<cnltnled bll:llerally. 

An t' l r<:'UfiC~\rdiogr;.lm dc:monstrnt~ slnu-; mc·hy(1W.Ii~l 
''ilhuut S1' T w:t.ve changes. TrJJbthor.tt:lc: c:thocanlio 
gram rc.•H-;tb 'l:'nlric:ular dilatation \\'ith glob..1l reduction 
in mnt m<tlllt), the left ventrkular <'J<~llon frJCtk>n i< 30"'.. 

Which of the following is the most Ukcly di'lgnosis? 

(A} :\(.'Uic ~mrtk disseMion 
lB) 1\ CUIC J)Uillloll •. U)'CU)boli:-;m 

(C) Peril):lrtnm cardiomyopathy 
[I)) 'l'nkll l 'inho c:udlmnyop~lthy 

Item 59 
r\ t8 \c..oar okJ m:m is: e\~h.&.1ted tOr ;.l 6 munth hl"Story of 
lrlt(mll((elll palpitations \\1lh acromp.1nyhl!( lighthc·ad­
ll!d.ness :md nc.1r :,ync.vp..:. lh..: cpisutk"' I~•'' .tpprm:im:nely 
5 minute.·' omtl cx.'(·u r onc't" or IWi('t' J1t'f w("('k. He c:.mnol 
~tie-ntlty ,uly r~r<-c ipitating Lriggers fo t• his ~ymptoms. ~k·di 
cal history I~ nnrahle for by!X't k••~ion. I ll-: on ly nwtlkation 
t~c.hlorllmlldom:. 

On phy'l"i<':ll exatnination. vil~t l si;tn:. and I he rem::l incler 
l lh~ <.:xamination are normal. 

An ~k"'\.'trvc:o~rlliOKr..un show~ normal sinu..:; rhythm 
· ith no C\ ldcll('t' of preexcitation. 

Which of the following is the n10>1 appropriate d""'ono<tic 
ICSiing option? 

\J Ek<:lrophy<iology study 
' F-~xlt"m:l l evrnt recorder 
) :.24 I lour J mhu1a1Ury dectnK-:mliographk mnn1tnr 

J) l mpla ntnhl~ loop recorder 

tem 60 
iO )c."ar old wonw.n is c'alu.atl'tl In I he crncrgt"ncy 

wrtm<'llt fur dy<pne:J. For the JX15t S d3)'>. Sit<: has had 
. Wl~' c: )hortnc..-ss or breath a."\SSCi:Jied with a non pro 

1iYe rough. Symptoms are grcau.;,.t \\<lth c:\:crtion and 
..... ,ibly "hen I) ing down. She has tud no fevE>r. ch~r 
n. or intrr:.l-.e in her chronic IO\o\o'er CXI I'C'mity t..Xkma. Her 
h~ JnC;"tlical problems are chronic v~.,.·nous insu.Hicicnt'y. 
tPD. utld hypl·rt~:n:-;hm. Mc.:dicaliun~ arc (·hlorlh:·l1idone, 

'TIIc.xlipirw.lislnopril, ::md :.l l lotropium inhu l<.:r. 
On physical examination. she is olfc:brllc:. blood pr'-·s 

~ b 11•1lS8 nun Hg. puiS'-' ratl' i:-; 90/min. and rc__ospimtion 
r b 22 min. <>xygen s.1mr:ulon Is 9 1',... hre:~thing ambknl 
8\11 "'36. ~IUS<' her n<'Ck is large. it I< nnt JX!"Sible 10 

matecemr:ll venous pressure. BrcJlhwum.b .tn:c.listant. 
'rl OC.."t:ohkmal t"Tld-expir.IIOI')' wht't~tJng. I It-an ~und~ 
Jt\1:'101. :Jnd e"<tl":l ;<;OUI\ds or murmu~ an: not detected. 
~e is 2+ ankle edema with hyperpiJV1l<..'ntation l c.x:aJi~lxl 
he llh •• 'lliotl o.I'I.H.."t'l of th<: ~mkks. 

H tyr<: n:ll oiur~tkpeptide level iS 118 pgi mL (128 ng/L). 

Solf-Assessment Tost 

A cht. ..... t r-.1diograph shO\~ incTf':l~ rJc.holuc..-ency of 
the.· lung. tlat dl:lphrngms. and a narrow hean shallow tvn 
sistt-nl with C'.OPf>. 

AJI c l'-.'i:lrtK'ardiogr.!m shm<\~ t•vi<lt•nt-t 01 IC'fi V(.'lllri.::u 
Jar hyp<·rt ruphy. 

This JXI.tlcnt'< R type ""triu.rclic peptide k'vct is most con­
si.Mcnt with which oflhe followJng causes of dyspnea? 

(A) Ac-ut~ h<-;Jrl failure 

(8) Chn>nlc he:art failure 
(C) Nonrnrdianli><:-= 

(D) Cannot b<· determined 

Item 61 C) 
A 77 \''\':.lr o ld m;lll i~ t-'V:llnall'd lor :l 1 wcc..·k history 
of prof~rc.' "-'h'<.' lt .. ·ft foo t pain lh<Jt Ht'CLI1'~ ;ll tl.':-.t. lk also 
h.l!t c.·JII muscle p3in thal \\ot <.;t''" vvh<.·n ht· :lmhul:.lt~ . 
Mt:dk.ll h i,lul) i-, ..;i~nifk•;.ml for h 'JW ') <.li .lhc:t<.·~ meili 
tu ... h't pc.·rwn ... ion .. :md hJ. Pt'rlip~e.lc:mia \1cdic.ltions at<.' 
lm\ dt»-.c.'I'Pirin. mctformin. d:mk"'lipiu<.·. ll';,inupril. and 
flt'~U\'J_...IJ 1 10. 

<h t llh\'i<.~I<.'X.olminalion, lt'1ll(llf'f'.lfUrt" I':J0.8 'C(9R2 1-). 
blood p~t·,c;,ure I) 1J1 7 t mm H~ .. and pul"· r;Hc ls 91 min. 
lh<.· h:ll fool j, ('fl<d . Th(.' fl" i-. ,1 "hal1o \\ ·t.o em x 2.5 em 
uk'l'tJ liou un I he nwdial aspt>c1 nf tlw 11.·11 Hrsl me•atarsal. 
Ped:11 puiM" :l rc.•d iminishe<.l on th~ rlgh l :md .thsc:nl <tn the.· 
k ll. l.c.:lllonl scns;1tion and mu">(. k ~trc.·u~lh arl' in l :l<'l . 

I h1.• .ulklc hr:.tchial indt"'\ b 0.61 em tlw right a nc.J uoob 
lainJh1c.: un th<.· J(•fL 

Whidt of the folloo.ing is l11e mostappmprlatc next step in 
mJn.a~rm.:nt7 

(A) \dd \nr.lp;IXar 
(lU ll1\o ' i\(".lllf!IC>graph} <Jfthc.• Jdllc.').t 

(<:) M.1 1:•1dlc. r<.~manct: ;.mgiogr~lph) 

(D) I 11 i nt:trv lwlow knc."!' :11llplU;Hiutl 

Item 6 2 
A us n ·ar old wonu n 1.'\t:\'JIU:.lt<..·d ln tJu.·c.•mt.'rgenC')' depart 
mc.,lt )l)f .L I hour history of d1~t p.un \ fc..'tJit: •. ll histOf\' b 
\i;tnith .• tnt ft•r hH-..:rh:n~-Km and 0110 \t..~ar hisiUr) oft}pt: 
.! c.Jiab,:h." n'll"'litu,. \t~kJt._m, 3rt.' m~lonnin. quinapril. 
.lnd .t .. plrtn. 

c ~-1 ph\,lt-;11 "-'\~tmjn;-ttitnl.l,ltMKIJ,rc.~'urc h 95 00 mm 
t 1}~. (HII~· ratt· I' SO m in. an c.J rc..,..pi r.tlil lrl r.tlt" i.., Itt mJn. lhe 
p.Jtic..·nr ' ' ;llt'ri :l ll<ll'flm er'J.,tllt lhl" prt't.'ortlial c:utence b 
not tt').tlll:n 'lhl'l'<.' i-. no l"\'id("nn · of puJmon.uy or pc:riplu.:r.tl 
<:on~t'"'' ion, .uu.l tht• cxtrcmil k~ Jrt.' '"'~Htn. 

l.ahor:HI•f)· .. Judirs rt"\'t:al ; ~ ' <.'l'tlll1 lropo nin 'I' level ol 
I. IRJ.: n oi.OI !IJ: U . 

.\11 ~·k<.·l r1M..udiogram i~ "ho"' n hl.,.'l cup of IWXI p;lg~). 

\\ lllch o ft he following is the mO'>I Jppropri•t• next step in 
nun~·mc:nt of this patient's anft\1hmla·t 

(.\) < ... m.la.ac. lJihl'1l"ri/..a1iun 

(In t-:<.·hc)\,:ardif,gmph~ 

{C.) t\~ t matwu l tM<.'<.·mak(.'l irnplantJtlon 

{I I) l't·mpur.trv padn~~ 
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Se lf .. Assessmen t Test 

IHM 6 2 

Item 63 
A 7:3-ycar-old man is ('Valu:lted d uring .:l I'Ollfitl t- cxamina 
rion. I l e i~ physic:.l lly :.lC'livt· and pa rticipa tes regularly in 
<.:haritable running events. H~ h:.tS n.o t·ardia<.: symplOms. 
and his nlt:dical hisl<J11' is u nrcmark~hle. 

On physit' ::ll ex:Jm ina tion. vital sign:; ar<.: normal. 'I he 
lungs a re clear. Jugulilr venous pulse i:; normal. r.arolid 
upslro k<.:s an: norrnal. 'I he apic-al impnlst> i~ p~lpnble and not 
<lisp fa<'ed or sust:~ ined. ' lhcrc is <1 gn1de 'J/ 6 diastolic deere 
s<.:endo murmur hest hea rd a l lh<' lefl low'-·r stt-n wl bordc:r. 
Tile remainder of lh<.: exa mination is no nn a I. 

A tr:'lnsthOI":l<.:ic e<:-hocardio~ram s hows severe a 01t ic 
regurgil<Uion. The ldl ven t1·icular ejection fr~lction is OS't. 
'I he left vcnlricl<.: is minimally diJ:.Ht..XI \.vit h an L'nd-systolic 
di1ncnsion of -tO mm. 

Which of the following is the most appropriate n-ext step in 
m anagement? 

(A) C.arvedilol 

Ol) Usinorril 
(C) Surgical a ortic valve n:plac<:mcnt 

(0} Clin ica l and <.~hocardiographic tOllm.v up in 6 to 
u rnonlhl::i 

C] lt em 64 
J\ 65 Y4--'~lr old woman is cv~lluated in the hospir:tl fhllow 
ing pri ma ry pt.~rcll l:lOtou~ <.l.Jronary iiH<:rvl·nlhm v,ril h ~l<:nt 
phK-cmt'nl in thl· mid ll'n :m lt!rior d -.-'SC'ending :.tr lt•ry. She· 
prcscm tt>d , , hours :lgo \"/irh findings or an <ll1t<.: rior myoc~tr 
dial infh rc tion (.Xnnpli<:ated by he:tn thilure. Medical h is 
tory [l) ::;igni1kan( fur hyp<:rlipitlernia. hypc:rtension, lypc 
2 di:Jht> l t>~ m el lilllo;., ;lnd prt"viml~ A<:.E inhibitor- induced 
<.:ough. Mtdicat ions are at<>rvasl:ttin, aspi1in, dopiclog-l'el, 
lllet(Ormln, and rurosl.'mitl<:. 
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On physk:JI C'"X:t m in:nion, vitaJ sign::i an: norm~11. 
Oxygt; .. U :-.~llur<tl iou is 98'X. on:~ f. oxyg<•n hy O.:l~l l cannul:l. 
Thl· l'St imat('d cent r:ll venous prt:s:mr<' is e levated. An 
SJ io; prl'S<.' III. Pultnon<ll)' examinat ion n.:v<:~t ls bil.msihtr 
t•rackles. 

LalJC,ratory studit."S arc notrthfe for nnnual S<.'n lm cr(.'at 
inine :md scn.nn poras:;iuntll'vt·l:;. 

t\ ches1 r:ldioRrJph sltO\"\'S pulmunary <.xlcn"':l. An edw 
<:ardiogram demons! ratt:s :t lt•ft vcmtriC'ular t•jl-clion f'r.K'Iion 
of ·IO'.li,. 

Which ofrhe l(,llowing is lhc mosl appropriate 
lrca.tmenl? 

(A) Carvc<tlilol 
(B) I> ill iazem 
(C) I lydraJ;v.iJw bo~orbidt• dinitn1te 

(D) Vals:n1an 

Item 65 
A 36-yca r-o ld ma n is <:valuatc:d ror a 3 day hisrory of pro-­
g ress ive exerti(m~t1 dyspnea a nd palpit;.ttions. M<::dicod h is 
tory is notable fbr hypertrophic card ionl)'opat hy ancl mild 
milrai r<.'gu rgil.atil,m. His only medication is metoprolol 
~"tlC'dn:1te. 

On physical examination. pulse ra te is H6/min and 
irrC'guiarly irr<.-,?.UI:.tr. Oxygt'n satura tion is 9S'X~ brt':lthing 
ambient air. lhc:re is jngu lal' vt>nom; dlstenfion. A grade 
3/6 systolic c reSC'C'ndo dl'<.'rt'St'<.'n do murm ur i5 heard nlong 
the left ste rnal border. ·1 he renHlinder Of tht• L'XaJnin;.lt iOn b 
normal. 

An electr()('3rdiogrnm de monstr.\ t('$ a lrial Hbrillatior~ 

with r<.lpid ventricula r response. Transcsopha~c:al e<'h t.o 
t·ar<.tiogr.un ~how~ asy1nmc:tric s<:plttJ hypc riTophy ~no 
dyn:nni(' left ventricular o utflow (T:.l d ob:;trudion. \ \itf-' 



3 gr:ulknt of 36 mm If g. Th~rc is no t'vic.lcnt't.' of k fl a lria I 
.1ppend~lge thrombu$. 

llis Cl li\ ) >S, Vt\Sc score is 0 poin ts. 

In addition to acute anti<.·oagulation with heparin~ whlch of 
rlle fo llowing is most appropriate tOr thromboembolic r isk 
reductior'l in t hi$ patient? 

A) D;:~hig:t l mn 

B) Dc>S<: adjusted warfarin 
~} High doseaspitin 

1-l) No rurrher t her:lpy 

tem 66 
7S ycou-old man is t'valm.tCL·cJ f(>r ex<:rtiunaJ dyspnea. 

e was previously asymptom::-ti<.\ hm "1 m on1 hs ::tgo he 
.c.-gan ha\ling shonness of brt-alh during mO<.krall· kv<.·ls or 

... :rivily. Ute dyspru:a dissipatt:s vvHh rest. lle is Olhenvise 
nlthy :;1nd t:lkt>S no medkal inns. 

On physical examination. fempermu r.;o is norm:~l. 

upirl<: blood pcc."SSUfe is 1:\2/SO mm llg, pulse rate i.s 80/ 
ln . and n:spiration ra1e is 22/rnin. The: lungs ar(.' dear to 

.us<.ult:Uion. '!he c::-mtid upstroke is dtol:l)teCI. 'I ht->rC is a &rr.td<.: 
o late peaking systolic munnur hest heard at t he base or 
e: hearl wil h radiation w both ('an>tid arlt ri<:s. S1 i:; normal; 
.e aortic con1ponent of S~ is d iminished. 'I he rcm:·linder o f 
~ L-Xaminat ion is unn·m~~rkabk. 

An c<.:hO<.:ardiog.rarn demonstnltes a left. veruricula r 
~ilon fr:lclion of 65'lt\. 'lhcrt- is modcmle aortie ~l<.:nosis , 

th a mean gnu.Jien l of 28 mm llg .nnd ;:~n ;:~orti(' v:~lve area 
1..S<.:m2. · 

bich of the tO I lowing is the most appropriate next s tep in 
""""gentent? 

C'lrdia<· c:lth<-'l<"'Tizalion 
Surgit~lf aorlic varve replacement 
Trans.<.'41.th<.:tcr aortic vo1Jve rt·placem<;>nt 
Cont inued clink :-11 obscrvalion 

em 67 
_..1 ye~1r-old \ •Vom on undergoes routine evaluation. ShL' 

not seen a physician re<.x:nt ly but reports no symptoms. 
\\as diagnOS<.'(l vvilll a ve ntricular septal deft-ct a l <lg<.· 7 
rhs. Regular evaluation '-Vati pcrtbnn<.·d durjng c hild 

d. MeUk'~ll history is othen vise noncont ributory. and 
iakes no mcd.ications. 
;Jn physical t'xonninalion. vila.l signs are normal. 'lhe 
~r venou~ prt"SSute ~Hld :lpic:ll impulse a rc non nal. No 
>tetnal impulse is noted. The s, a nd s, a~ masked hy 
xi holosystolic murmur nolt•d al Lht' lefl lower sternal 
JeT_ The remJ:Inder of llw examina l ion i;-; unn.:rnarkabk. 

A.n elect roc:tnliog:ram and <·h<'St r~<liograph :m:· n or 
A tran:;lhor:adc echocard iogram demonslral<-s <l mem­
.us ventricular scplal c.kkct ' 'vitJ"l a smal11<'ft to right 
t. 1l1c ldl ventricul :~r sizt> ::- nd function ar<: normal. 
.m <:j('(:lio.n .f.raction of 60<x •. The right hc<}t( chambt:'~ 
\aJve fun<:li(m art' normal ll'lt' t"'Stil\HHed pulmonary 
~ pressure is normnl. 

Self-Assessment Test 

W'hich of the following is the most appropriate managem(.ont? 

(A) C::lnl i ~wc.:al hdcri:/;;J tion 

(B) Cardhw m~~~U<.'lk rt.·son:.lOC(' imaging 
(C) Endocard itis prophylaxis 

(ll) Follow-up in ~ tn.'i ytors 

It e m 68 
A :35 _yt·nr old WoJnan i.l:i <.~v,\lll<\ tt.-<1 in 1 he-emergt . .-•ntydepan 
menr fo r a :1 Wt't.'k his lory of progR'!I."SiV(;' dyspnc.:a, fhllgue. 
c.:h c.:~L -ru1ln<..'&:i, .. ~md bU~IlL·r~ll pt. .. riphcral t:dem;'l. l lt:r mC't.l 
i l..'~'l l hb tory is not:1hle- fnr systemic lupus t~rythematosus 
manift~ted by m•tlar rash. p<>l)'<lrtk lilar o.lrthrili'>. and prc 
viou:; plc:ural r1fm:i(Jil. l k r m<.'d iC':Hions :lre hy<.lro\:y('hlom 
q uine . ihuprot't·n. a nd prt'tlnisont·. 

On phvsil~lf ('X<unin~tion. k mper::tture Is 3-8.1 oc 
( l(}().v '' F), bl()()(t pn.··:.~sun· is WH.'Ott mm l lg with pulsus p.1r 
:uto:-..:us of IS mm llg. puiM: r.:ll(.' is 160.-min. and rc...,piratio u 
rah· i.., Uiimin. 0\)'gt'll ~:Hu r.Hion i~ •)7'~. hre:Jfhlng amhient 
air. Jug:uhtr venous d istention to tht• angk- of the mandil>k 
•~ prt~llL I ka ri M•u nd::.: ~ut~ o;ort. No rnhs, murmur$. or<H~l 
stoli<· sounds :ll"<' present l1ill ing t•dt·ma is nott't.l hih..1tcrallv 
to above: I he.: an.h.ll..' . 

A t'h \."'St r::tdic)flraph :m<l <•kct ro<.':lrdiogram :ln"' c::hown 
(So\~• I OJ) o f 11t'Xl p~lg<·) . 

Which of the following L• the most likely diagnosis? 

(/\) (::.1nlia<.' hunpo mH.k· 

(fl) Constrklive pe·rkarditis 

(C) Pn l ttumary <·mholl~m 

(I>) l'ulmonary hvtx·rtcnsion 

Item 69 
A 56 year old man is evaluated for card iovascular risk 
asS<:s:•ant'nt. Al a n.'t'l'nl t'mpiOyl:L' ht·ahh S<.:n:<.·n ing. he V\1:.t$ 

in formed tiKI{ he h:1s ele-v:lfe<l dlOI(.osterol levels. I I(' f(~cls 
well andext-r<.'is<.'l:i tlut·<.· tu lOur tiin("S per \"-1t"'ek wHbouL ~1 ny 
~ympttJom.s.lle d()("SUOt use tob:)cco. Medical history is unre 
n1:arkable. Family hisiOI) ' is nulahk· for a myot-ardial infarc­
tion in his J'atht·r al agt' S-1 years. l ie takes no medication~. 

On phy~k:~tl ('.t;.iiUinalion, the patient is a febrile. blood 
pre~sure is 12·1/82 mm l lg. and pulsc mlt' iti 76/ rnin. BMI is 
28. C.1rd iovaS<·uh\r t•xat1"Jina(ion is nom1:11. 

l.uhomtory m.tdies: 
Total c llokskrol 19·1 mgfci L (S.02 mmol/ 1.) 
HDL t holcste rol :lS mg/di.(0.98 nunoli l) 
l,lll. c holesterol 111 m~/dl, (:l.lb mnto!IL) 
Triglycerides 170 mglcll (1.92 mmnl/ 1.) 

II is 10 year risk for at ht·roSd('rOlk Ci'irdiov~lscul::-r 

d isease using !Ill..' P«>olt:d Coho11 Equations is 7'X .. 

Wbkh of the fOllowing is rhe most reasonable next step in 
management? 

(A) A<lc.:nosinc Dtrc.1ielc nmgn<.:Uc n.:sona.nt<' im:.lging 
(B) Curonary :ute1)r calcium scoring 
(C) Ex ercis.: slrt-ss cthocard!O!lraphy 
(I>) l.iJ"lOprotein(a) mc·a:-;un.·mt·n I 
(E) Ph annat•ologit· nw.:kar slr('S:S tesUng 
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Self·A$$e55ment Test 

"" 
ITEM 68 

Item 70 
A 69·yc:Jr·ulcJ m.Jn 1, 4,.'\olluatc:d :lfi<·r a rc."<."<'nl hospit:ll 
i/.alion for ht"an f:lilurf'. On htKpi1.ll ;ldnnsston. he was 
oppropriatdy tr•:utt-d. and an <"·hocardklgram <howed a 
Sen venrrK.·ulart..·jt..•c.:tion CrJc.;Lion ofJO'~. Jnt.ll\.·0 Vl.·nlritular 
h,p,:rtmt>h)'· lh' is """''nil)' ·")lll('ltomatlr. Medical hk­
tory ;, othl·rwi><.· >i)tllilkunl for hypenen<lon and hyper 
lipidemi~. Medk~Hjof'b :,uc l.'JlJI;,tJ)J il. furo~.:lllitk. low-clt~ 
:bopirin. antl.l(orvast.U ln. 

On phy:,h,:-al c>.amino.tllun. vital st~ns ::an.· norm:tl. 1lu~re 
is no jugular venou~ di,tc;-neiun. Q\rc..li.u: l'XJtninatiou is 
normal. No l.'(kltla Is noh.'C.I. 

Which ofthe lollowing Is the most nJ>J>ropri:llc tr<':ltment? 

(A! Add bisoprvlol 
(B) Add t liltlazcm 
(C) Adtl spironol:l('l!ll1~ 
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(ll) llio;continue erutlapril and add losanon 
(E) 'lo additionalth<T:IP\ 

Item 71 
A 64-yl.·ar-oW man i'i t'\.'3luatc..'ti rolkl\ving ("'mll~U) angt 
ogr:~phy. lie lniti:llly pre>cnll'<l ><.·wml weeks o)lO for pro 
gressive e.xenional t.·hest pain .1nU :,ho11nl'~' or bn.·J.th. 
Nudl'ar stn:ss ll.osling d<.·monslmlc..'t.l a Jongt' :mlerior Slf'C'9 
deft-<·• and :m ej('('"tion fraction of 33'.;,, Coron,ary :1n~l· 
_gr..1phy was significant for 90'.::, stenosis oft he pruxlmJl k 
amerior cJCS("<'J.l~ art«:ry . .a thronitaHy oa.:lmkc:l rff. 
{.'Oronary a rtery. Jnd SO'.t stcno::.is of 1 he ld\ cln.:umfJc 
nne•y. l ie rurrently has ~tabl<.: dyspnl!a and du.JoSt pr('\)\L 

with moderate activity. Medit<ll history I> si~tn l llcont 
hypc:rlipidc.:mia. hyp!..·rt<.·nsion.and ty p<:' 2 diaht,.tc.~ •ndlltw.. 
I I<: is [:l king optirnal dost"s of nsplrio. Hsinoprll. C"llr\J't''<H' 
<lmlodipine. atorv:1statin, and metfvrmin. 



On physical C'X:.nuination. tempera tu re is normal. 
blood prC'ssurc is 125170 mm llg, pulse rat<.: i:-; 60/ rnin. a nd 
respiration nne is 18/ mln. ·I he remainder of the physico I 
~xamtnation is unremar1\ah le. 

Wbjch ofthe following is the most appropriate next step in 
management? 

(A) Add lic"l(rdor 

(B) ('.oronar.Y artel) ' hypass graft surge ry 
(C) \.1 ultives..<:el perc:·ut:meou~ coron:ll)' inrtorvenrion 
(D) PcrcuLancous coronary interv<:ntion of th<.: lc:ft ~ull<: 

rior df:'Sc..-ending :1r1ery 
(E) O"lnt in uc turrCnl nl('<.Hcallhcrapy 

Item 72 
A 42-y<.'olr-old '"''Oman hi c:va luattd fOr a 3 y<.:ar hbtory of 
p::tlp lrntion~ :1nd f:uigue-. She rtoporrs: no che~t p:tin . <li:r.t.in es.">, 
near syncope. or sym.:ope. An ex<.:rdsc ~lr(·ss l<.~ l and (•c:ho­
<.~ttdiOW"<.tm w<:t(' .uormal V1lll.C'n she was cvalu~lted for p;tlpi 
tati()ns 1 ye-t~rago. 'I here is no f:m1ily history ofsuc.kk:n c.:ardiac 
Uc;.llh o r ht"art f:.l illU'('. I fer O•"'ly rnedie3tion is metoprolol. 

On physical examination. vital signs and the remainder 
of the examination :.m: un rc rr•a rkabk:. 

:\Jl electror:~rdfogram is sho,..,•n. Ambul::ato ly 2•1 hour 
electrocardiographic monitoring shmvs i'requenl· mono 
morphi<: prL'malun• vt·ntricuJar t·onlrattions (22~. of aH 
be-:1ts} :md frt"(lut'n l ventricular bigeminy. An e(;hocardio 
gram obtaint·d 1 wn·k ago ~hownl mild lo moc.krutt· g lobal 
decr..-ased left ventricular function with n left ventricub r 
eject ion rraction o f 45'X>. 

Which of the foHowing is the most appropriate management? 

(A) Amiod:m nw 
(R} Cardia<.: cuth<:tc..·riz:.Hion 

• 
ITEM 72 

Self·A$$es$ment Te$t 

(C) Cardiopulmonary exercise testing 
(I>} <:atheter ;:~hl:)tion orprem:1n.tre vent ricular contrnctions 

Item 73 
An su y<.-.tr old vvom<.m b ho~pit.aliz<.'l..l for ,tc.:ute c.k <:ompc.:n 
s:ued ht>:tn t':tilnrc->. IIE•r medic':-ll history i~ signltkam for ;.1 
s trokt' ·l) c.·ars ago. hyp<.Ttcnsion. Sl'VC.T C COP I>. ::md stagt:'" :~ 
thronk kidrH.·y di.st..>,\b<.'. Sht· und ... ~rv-..·cm LliLut-sis '" itl t furo 
..;crn idc overnight and is llU\\ rc.:sling comiC>r1:thly . ll(~r ou1 

p;;Hh.•nt Jn('<h<-atiuns M<' li'!>JilOpril. o.uorvaMatin. Jow dose.· 
3spirin. 1 iol ropium. :1 nd .1~ needt!'d alhult'rol. 

On phy..,i<.\t1 l'\.Jminalion. ll·fnpl.'r~nurc b normaL blood 
prt>So;ure h <>s. o.s mm 1 1~ . pulse r:11e is .HO mln. and r~pira 
lion r.lll' L<i non nal. Oxygen satur.ttion is 90'X, on 2 1. of oxygen 
hy n,t::;al ~utnuJa. Bilatc.:ral t l ~u:kf<.·:, .. u'"<.: uott·c.l iu lhl· bottom 
quartt'r of 1 he tung: tit> Ids. 'J ht> eslimah"(l ('t~ntr:l l \'Pnou.., prt'.., 
~urc.· b c.·k'\'akd. S

1 
is t.Hminbht'tl. A grac.k- 3 1 b holosystolk 

murmur ;.1nd sc)ft dk-lSiolit: nunbtr ;~r<: pr<:S('Ill ~1t Lfll' ·•Jk'X. 
An c..·dtOC.'<lrdiogr~m shows a n~l il '1-C..'gnlClll ilw olving I h<.: 

posterior le~tlet o f tht" milr:1J vr~ lvt> :1nd .:;c:"ere re~urgir:Hion. 
'I he Jefr Vl!nlriculllrejection fmclion is 60'~ .. 

CJnJi~u..· ~t nd l' uhuoual } MUKKalJt~k:-i Jfl· '·:='l i ll l~kd to 
he high {c.•stim:lh:d 1lp t.:r.:ttin.• mort:! l i t~· . to·~·•· 

\Vhich ofthe following i~ the most appropriate nex1 step in 
management? 

(A) Milral valve..· n:pl;.ln·mcnl 

(B) ~'urgicalmitr:J I V:liVf: rep:air 

(C) Tr~HlM:~Hhclt'l mit ral ,.,\l\-t· rq>,l iJ 

(D) Continu t· c.:urrcn l metht·allh<:rapy 

Item 74 
A 62 ye:tr old woman is <~v:llll :Hed for a 2 momh history of 
ext•rtionallig ht kg ~Y.Jin. She hus no associated chest pain, 
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Self-A$sessment Test 

'hormess of brealh. o r other symptoms. \lcdical history i< 
significanr for hypertl·nsion. Mcdic:Hion<; ::are lisinoprlJ and 
l'h lort.li3lidone. 

On physic;.tll·xaminntion, vital ~iXI"lS an: nonnal. ·l ht• 
right dorsalis pedis J lld poste rior t ihialis pu lses are mint. 
nnd the: l<:fl dorsalis pcdi~ nnd postC'rior tibialis pulses arc 
>iiAhily d imin i<hed. 

l.llbor>tory studi<-s: 
lot> I cholesterol 
IIDlcholesterol 
ll)L t•holcstcrol 
frlgl) cerlde< 

180 mg/dl. (-1.66 mmolt lj 
54 mj: dl. (I. tO mmoFij 
101 mg'dl (2.62 mmolJI) 
125 mg ·'dl. (I AI mmol/0 

I he right3nklc brachial index is0.75, and thc kR i<0.97. 
The patie.nt"s 10 yt.:ar risk f'br nthcn)L';('IerotiC' canliovas 

<:ulnrdi::;c.u;c isS.4'X~h:Js(·•d on the J\m('ric.-.m C'.ollegeofQm..li 
c>logy/ Amerie3n l l eart/\~:;(x.'lutlon !Jooled Cohorc EQuat ions. 

In additior1 to aspirin and dietary and ex-erdse coun.seUng. 
which of the folloY.ing is the most :appropriate treatment? 

(A) ~:voloo.unab 

(8) E7.etimihe 

(C) lligb intensity atonast.otln 

(ll) Modera!c intensity prd'ast•lln 
(F.) Noadditionol therapy 

Ite m 75 
A 72 year-old man is ~vnlwlh:d fur a 4-month hLo;tnry ol' 
progres.c:ive exertlonal Oy~pr1c:J. l ie h:ls a .~-year history of' 
Ischemic cardiomyopathy. and in th~ post 6 months. he IMs 
h:1d lwo hospitali:zaUoro lOr hean raUure ('~~rbalions.. I It> 
currently has shortn<~ of breath at """· \tedk<\1 lli>l<>f) is 
Otherwise signifkctnl for renal c<"IJ c:m:inoma treated\\ ilh 
surgk<\1 resection 4 years ago. \lcdkations arc cnalapril. 
bb.oprolol. furosem.itk. i.ttorv.l ... talin, and :tspirin. 

On physical cx:.nnin:'lt iOI1 , fl'ffi)X'rnture i~ normal. 
hlood pressure is 101/80 11"1111 l lg. pulse ra l<: i:; 9S/ rnin. anc.J 
rcsph1Hion rate is 18/min. I lis neck veins are fl:.t. Can1il.lc 
exunt ination reveals an S

1
• 'lh(•l'C I~ no periphcraJ cdcmn. 

E>.tremilies :lrecool. 
l::ll.x>ratory studies shov.· a blood urc<l nitTogen leve-l 

of 10 mgfdL (14.3 mmoli l.) ond o <erum SO<tium level o l 
11·1 mEq/1. (13-1 mmoL L), n,., llenom creatiuin~ k ' cl ;, 
1.7mg dl(J50.3pmol. U. \\hi<:h h lncrcast-dfrom 1.4 mg dl. 
(I:IJ.l! pmolll) 3 month'"~~·· 

An electTocardiogmm sho~ a QRS duration of90 oru.. 
An ech()(':lrdiogrnm shows :1 len- vcntrk;ulat t.•jt•(tion rmc.:· 
liun or 15'~. left ventrjtulur dlu~tul ic diameler or 8.2 ('nl 

(normal :J. 9-s.:~ em). and moder::ue mitral n.-gurgitation. 

Which of the following is the most ~lppropriatc management'? 

(A) Cardiac r<>syowh ronizotion t herapy 

(!I) Cardioc rr"nsplantalion 
((~ l.eli ventri<,ll.'li assist device pL'lCCmem 
(0) Mitral \".tlvc rq>air 

Item 76 
A :n year old wom~n und('~ocs prt"<.'Onception carllkK·t·val 
unli<>n. ~ledical history is sip.niflcanl for tetralogy of Folio! 
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with a palliafu:e right ~ulxiJ.vl;~,n .Jr1c:ry to- pu1monal)· a11ery 
(l!laloc:k Taussi):) shun I in lnt1ncy and subsequem do>un: of 
I he shunr :md e nlatgl'lllcnl of the righl vcntricul:u out11ow 
1 r:lC't :U 3 years of <lP,t'. She..• b ~~"ymptmn:ltk. 

On physical cxaminatiful. vft:ll si~ns are normal. ·1h~ 
c.-...t im~Hed jngularvt•nuus prt.""SSurc Is C'l<:vatcd wilh a vi-;lhlt" 
aw::we. 'Jh<·apfca.J impu iSt.' b norm~! I; a p:tnsternal impul~ 
is noted at tb<: J<:rt ~l<:rn~a l horder. S1 is normal. and S, i..., 
sing!<:, wUh a son early sy~tolic..· murmur atlht.• SL'Cond it'lt 
lnter("'..C;{al spa<.-c. i\ grade: J b c.la.a-,.rolic det:rescendo mur 
mur is noted a1 the: k:O 'otc:m;ll hurdc:r that intTeases with 
lnc;piration. Tht: n·maimkr of the- examin:ttion ~ uorrn.al . 

A ehesl rildiogrnph l.l't ~hown. 

Which of the following Js !he most likely di•gnosis'/ 

(A) Aortic rcgurgitalion 

(D) Mitral <tenosis 
(C) l'ulnlon.try valve r"!lUI'l!itation 

(0) Rt-current ventrkuL~r :.cpt:ol deff'(;t 

It em 77 
A 6R yt>:lr-o1d m:tn 1S c..· ... alu:ued during a roulin<: <:xamin 
1 ion. I h.· is asymptomal it•. Mt"tlitotl h is tory is signifiC'Jnta. 
hypertcn>ion and hypc.'rlipi<kmi>. l ie has a so pock >c. 
...,moking history hUI qull:,moking at :.ge 45 year... f\1<.-dk 
rlons ~rc low dose a~pirin , ,uorvnstn l in. and amlodlpint 

On phy:;il'a5 cx<.~mi lhl l i<>n. vll:ll '\tgm: ;:~re normnl. 
An 3hdomin:l l :lOrlh.' dupk•x ultrasound ~ho''~ _ 

:~hdnmin~tl aortic aneur;•,m with J maximum di~lmt'trr 
3.5cm. 

Which of the following Is t.,_, mosloppropriate maoagemtnl 

(A) A<>rtic aneurysm r<'f)Jor 

(II) cr ongiograph) 

(C) Repeal aort ic uli r.l'i<lll<lf:r~phy in 21 lo 36 month> 
(Ol No further !<·sli n)( 



CJ Item 78 
,\ ·16 v<.oar old man is <.·vnlumed fn Hw hospital thr a o \\'<.'ck 
h is lot) ' of I~Higuc :~nd ·wor<>ening dyspnt'".l. Mc:dkal history is 
sfgnitic:anl forabicuspidaortit• valve.:. ! h: WI<('!; no medic~uiort~. 

On physk'n1 ('X:.lm in:.ltlon, rempcmltlft: is :uu oc 
(100.6 >). hloocl r>res." >re is 118158 mm I I):. pul<e nl!e is 92! 
rnin, and rcspimlion n lt«: is IH/rnJn. O'=)'gC"n sacurat ion is 98');';. 
bn::HJ\Jng '1. I. or oxygen by nasal t'<mnuJa. Cardia<.: C'X~min;l 
tinn reve::1ls a grade 210 diastuli<: murmur he;~•lnl lwst at th<.· 
ld l lo\o\'<.·r sl('r'-no\1 ()()rdcr. lhere ~uc crackles at t ill' lung IX,!)(·-; 
bli;H("r:~l1y. O:mjuncliV<11 hc.:morrlmg<.' i:s: pres~n1 in the lef1 eye. 

l.abOT\I (OTV SttU.Ii(~S :H'(' r101:1hte fo r ~l lt-tJk(X:\'(C t'OUilt Uf 

IS.OOOi)ll. (lS;, to'' II.\. l hree se ts of b lood c ui1Utes are posi 
(iVP fhr g r.nn posiliv<: <.'<.X.'t'i. 

An (._·kcLrorMdiogr:ml shows sinus rhythm,·' PR il\l('J 
v~l l of 220 m s. :tnd QRS c.luration of 100 ms. 

Wh ich of t he following is Lhc most :appropfi:lte diagnostic 
test to perform next'? 

(A) < ;;.l rd i3t' rn:lgn~.~ ti C' reso mlne<.> imaging 
(IJ) Coronary Cl' augiography 
((:) Tr:ln.;esoph:::tgc-.ll t>t•hocardiogr..Iphy 
(0) Trans( horad <' (.~c,_·hocardiogrnphy 

Item 79 
A 69-yeor-o ld man is cvaluak'<.l during a roUuw up visit. 
l-Ie inilial1y prc.'S<:'nted '\\lith a :1-month history o r chest pn:s­
Sur<: and dyspnea that occurred primouiJy with exertion. 
Oespilc maximal mcdit.'ill th<.:r'..Ipy. his symptoms have not 
abated and adversely ~l ltt><;l his qu:11i1y of I if<.·. f\kdical hi~ 
tory is s ignificant for type 2 diabetes mellitus, hyperten 
sion, and hypt:rlipide.:mia. Mcdk-aLious 3:re l0\1\f dose aspirin: 
metformin: Jong-;.lCting nitro~!ly<·erin : and opl i rna I doses of 
metoprolol.lislnopril, ranolazine. and simvastatin . 

On physical cxarni na{ion. bloo<.l pressure is 128/73 mm 
Hg. and pulse r:lte is 60/ min. c:.ml iaccx~)minalion n:vcals 
a norm~l l .s, and S

1 
v1.rithoul an S~ or S,1. 'lhere Is no low<.'T 

c.x lrcmi ly l"dL·rrm. 
Coron:H'y :1ngiognun is ~i~nifkmH fur a uonn:1l left 

main coronary aru:ry <lt1cl a 90'X. stennsis in llw proxim<ll lt:ft 
an1crior tksccnlling anery resulring t'rom uk'<.'t"t\l('C.I plaque. 

Which of the following is the mo.'!t appropriate manas:e 
mcnt? 

(A) ~-Drotene 

(ll) C'<mliac rdmbililelllon 

Self·Assessment Test 

(C) Percutaneous <:oronary inlcrvct'1tion 
(D) Tiea~:tdor 

Item 80 
A 26 yl·::tr old wom~m seeks preconception counseling. 
Sh(-> has a hislo ry o r mitral ~l<:nosis ~1nd undL·rwc·nl xni.tral 
valve rcpJ:lceme nt with :1 tilting dis(· mechani<.:al prost hesis 
S y<.'ars ago. She is asymptomatic:. ML'dkalions arc· WMtarin. 
t1 mg/d, an<.lluw-dm•<: uspirin. 

On physi<.':'ll ex:1mination. a not-mal mechaniCal s, and 
normal S., an· appn'<:kltecl. 'I he rem:linder of t he ex::.min:l 
lion is wii-emarkable. 

l.:~bor:Hory studi<..-s r<:ve.:al au INR of :3.0 (tht:rapeulic 
target. 3.0). 

A n electrocardiogram d(.'mon.strnt('S nunnal si nus 
rhyt hm. 

In addition to continuing I0\•1'" dose a:~p irin, which of the 
following is rhe most approp1iate runticoagu:Jation r<'gimeo 
fbr this paticnl during ilic first trimester'? 

(A) Cont inu~ INR -adjusted W;lrt:.ri n 
(B) Swp warfarin ~md starL a pixaba n 

(C) StOJ) w arfarin and start unfract.ionated heparin. 5000 
unir~ suhcutaneous1y l\ovi<:c.: daily 

(I)) Stop warfarin ;.tnd:;tart weight based l0\\1 molecular 
'"reight hep:~rin 

Ite m 8 1 CJ 
A 51 year old wom:ln is !!Valu~tt-'(1 in Lhc ICU a tkr tx:ing 
::~dmi t led 2 day~ ago for sevt.T<..' t'(Jrtununlty acquired pneu 
moni:l. t\ d l (.':St radiograph lh.'HI(ul ... t rat<-d 1 ight lo~.ovt>r l oh~.-~ 

consolidation. and she w~s started on moxifJoxildn. Today. 
:-;ht,: d<"Vt'loped an ~lrrh\'thmia I hat lerminalt"{l ~t ll<..'l' :l.O st.'<.: 
onds. An <.'ll'clroc:ardi(tgtam (ECG} oht;)int~c1 :l t I he l ime o f 
.. u.hnission was noml:ll. Mc..->(He.tl h istory is ~ignHh.-oml fOr 
hypertt>nsion. hyperlipi<.f('min. :lnd clepression. 01her mt:d 
k';.ttion.:o .are vt~nbtaxim•. caf\'(:'<liloJ. and .sinw;~sl~tin. 

On physical cxarninal ion. ten'lpt!'nll un· is ;~S..J. ··c 
(101.1 "F). blood pressure is 1-10 90 mm llg. pulse rate is 
hit nHn. and rt>spirotion r.1te is 18· min. l)hninish<.'d bre:.lth 
souncts are loc:a l<:d in the righl Jow~r po:-;lt:rif•r thorax. '!he 
remainder of the ~.·xamination is unremarkable:. 

An ECC :H rhe time or the arrlt_vlhmk ('\'l~llt is ~hown. 

An ECC ;.1fkr 1hc t•pis()(k· reveals a corr<.'<'t<:d QT in~l'f\'al of 
550 ms. 

----·------ --- - ·-- ----.. --- ·-·----·--- -··------- - -! 

- --------- ---- --·-- - --- - _ _... ... - -------·-----' 
TEM 81 
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Solf-Assessment Test 

CJ Whleh oft he following medication< <bould be dis<'onlinU<-d 
on the b:tsis of this patie nt"; HX. findings? 

CONI 
(A) < :af\ t..'tJilol 
(H) Moxi1I11Xj<.:in 

(Cl Sill\\ astatin 

{1\J \ l ·nhtf:txim· 

Item 82 
\ 10 year old man is C\J.IUJ.ll'tl durin~ <1 murine e'\:tmina 
lion. lie Jus a hi.slory ofcoanJiar murmur. lie is asymptom 
JUcand active.,cyding 12 mlh."!::> thn:eorfourrimes perwl't'k. 

On physical examination, viw l S:igns arc normal. ' llu~rt' 
is no jugular vtno~ Ubh:nt ion. CarcHov:lS<:UI:Jr exarn.inalion 
rcvL'als t~ poin t ormaximnl lmpulsc that is d isplaced latt..•roJUy 
nnd Is diffuse. l\ gmdc 316 oorly dhtslo lic tlccresccmlo mur 
mur is heard at llle Jcfl purush.:rn:l l thir<l intercoswl spate. 
LUrtAs an: d~..tr. 'I here are hrf<:k . J'lrominent distal exrrem ity 
pulses. 

A tr.msthoracicechocardioRrJm dtmonstralt:s a hkus 
pld !lOO:ic- ' ah·t: .:U1c.l Sl"\'Crc aortic regurgitation. Lcrt vcn 
trlcular cnd-systoli<· dimension IS mlarged a t s.~ mm. L<:n 
vc:nrrku1::'1rejection fr..1dion is50'1..1h\! pro:dmal a."l"\.·ndin)t 
;l011 k diameter is SO nun (JU.rlll:JI. <:~S mm). 

Which of the fOllowing is the mo..~t appropriarc manu~ ... 
menfr 

(A) AorLk valve and root rt·rb<·t'menr 
(H) Clinical and echoc,ln.Jj~ruphi<..·survcill~ul<:(· 

(C) lnili>tion ofnift'dipin~ therapy 
(0) Trt·•dmill stroo.' <'<"h<X':lrdiogrophy 

CJ Item 83 
.\ ~:'! w-ar old m an i'-.l"\J lUdlcd hc.·fcm· disch;nge. \ kdk-.. llllh 
hH) i.., ..,i~nific;ml fc>r ai Ji~l l tlhrlll:nion Mtd :.1 7 )"< .. -ar h isto ry nl 
1wan bllure \o\o'ilh rt·dm.·t<tl '-'il'tlion fr:lt l lon. I h..· wot.'-. iniU .. liiY 
h~pitnlizt.'<l fo r a 2 \\'l?l'k history of im.·n:asing cxt~rtion:ll 

d)·~piW•'· p~.·riphl'ml <.'<.knM. ami a wt'ight g~lln of 1.1 kg Nih). 
l it· had noc hef."n t~lklng llb mt.·c.hc.:;.atlons for rhe p:l S{ mouth 
I k· underwent diun.:.c;is with ol Jck'\..' nl b .. S kg (15 !b). ancl ht' 
c:un~.·rul} (<.:ds wd l. ~kdk.Jtitl~ ~lrt· h trosern.k.le. d igoxin. 
\\.n1'.3rln. <ind k,\.\ <kr.;c.":> or <.:Jr'\t.,JIIol .md lt)inopril. 

On phy~ic:~l examin.ltkm. \ llal 'i~Jhan:nomul. ()lht>r 
1h.111 .tn irr«..-gularly irr<..··gular rhy1hm, (':'ltd inpulm••ll~ln 

~·\: lmin:Ji ion h. nomu l. lht•• t' t'\ no pt.·riphcr.ll edema. 

Which of the following is th~ mO~I appropriate manage 
mcnr! 

(,\) Add lv:tb rad inc 

(H) Add ..,pimnolnctnrw 

(t J l'l:rr~~rm c.:ardio\ t·r,ic.n 

(IJ) Sc.:hcdule follow up wilhin I \\ t"l'l.. 

Item 84 
•\ SO )'t:ar okl man w.Js diu~nt~'<l with hypertrophk c.:ar 
dlnmynp,. hy following a n c·p i><Kicursynm pe. An im plant 
nblc· cardiove1te r defibrilta lOI' was plaeed. and mclo prolol 
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\\ ~•~ ini1i;1red. Gt."JlC'lic.: ll"SI1ng fe\'taled a mute~lion of lh~ 
~ myosin h e:l\ ) r C'h..'lill ~tnc J~scx.ialcd \'ltiTh hyJ)t'r trophic 
cnrdiomyopathy . Mt:dkal hi~tory Is othen'l.rise Ull.rernJrJ.. 
a hie. 'llw p:trient has a l6 yea•· old da~IUt.'r who is a\ymp 
tomntk . 

Which of the fo1Jm,o'ing iS 1 ht· most appropriate mam1gc .. 
ment of this poltiCnt's daughter'? 

(A) Hooroc:udiogm{>h' and "<hncardiography screenln11 
dl age 21 years 

Ul) Electi'CX3fdiOI:rdl>hv and <'<·hoc:lrdiography screenitlj( 
dl age: 40 years 

(C) Elecrro.:ardiogrJf>hy and <.-ch<K-ardiogmpby s<T<.>eninA 
ir ..;ymptoms d t*Vt-lop 

(D) Generic toLUlsclil•g a mJ lcsl lng 

Item 85 
A :l9 }'l .. d.r-old '"oman Is evnlu:ll<-'<.1 du ring a roululc oOkc: 
"1...,il. She W;tS l'("('t"Utl) di.agnowd with rht:umatoid anhriti'. 
ror whk·h she is rakirijt n.tproXl.'fl Jnd mclhorrexate. She i.-. 
nt~n\i!le ''ell She: dol" nul ~moke. drinks one akobofk 
hl"\·c:r.t<Al' daily. ancl eng~llrr:l"'> in >lrenuous phy:;,.i(.:al detivh) 
5 dl}'S per \HX'k rnr :10 minute.~~ <.·a<.:h St.':l.Sion. Iter lllOihl"f 
nnd f..·uher an: first-gcn<.·ralion l:lJ'I:Ulest:· immigrant~. bolh 
l n<..· x<.'t.'ll~·nl ht·aU h. 

On phy~it·a l examinnliun . vitul signs arc norm::al . Qu 
diovascular e xamination fs rwrn1:ll. 'Jhe•·e is evidence- o, 
synovitis involving lht• M*<.'Ond. lh ird . and fourth mcla<-Jr 
puphal:lnge:~ l joints bUult.'r~ally. 

IIC'r most recenr lipid profile ..;howcd a to t:1l chok")l<..'ll 
~'CI ofl28 mx dl. (:1.:!2 mmul I ) and a calcula ted Wld>< 
btt-roiiE"\el of72 rug dl (1.86 mmol l). 

Whkh ofrhe following i> the nlO'it <lgnifi<:;ml risk factor for 
ruturc t--ardiovascular di5e'lse'! 

(;\ ) 1\C'Iivity kvel 
(K) t\lcc>hol c:ons11mpt1on 

(C) Ethn icity 

(ll) Rheumato id arthri li' 

Item 86 
A 16 yl-ar-old woman h t:'·:tlu:u <"d ror palpitation\ 
faiiWJC of severo! month>" dura lion. Her symptoms an" p~ 
em :'lt rest and aggravated during li~lu ~lclivity. indull 
climbing stairs and w;.\ lkan~ quickly. Sh(· reports no (i, 
puca. chcsl p;1in. ort hopnt-n. IO\\'tr <'x l rtmity edem.1 
syn copt>. (\'ledital hislo ry is olhcrvvis<' unrcmar kabl!!. 
s he takes no mcdkatjons. 

On physical c:xamil"':llion, tempt"rnlure is nonr 
hi<")(i pres.sure is 110 <>S mm Hg, nnd pulse mld> 115 = 
Orth(.)e)"'tatic vital sign:\ (Ju nu l <.kmonstratc any signltk..a::: 
<'hang<..,. wilh l~lurt· l'r\.'\.'t1nJS.1I t.•X:lmin:ltion n.>vt-ab ... 
t.x:h\<'<lrdia but reg ular rhyt hm " llh no gallops. 'lo lh 
f\llln~ or tn"'mo~ an· nottd. ·I he remaintlc:r or the~ 
tn:nion is normaL 

l..o.~borJtory s lmlit:s :1rc- \lf;Jllficanl tO-r a norma~ t 

pl<·te h lood counl. S<:nun 1 hyrolrl <rimulating holll" 
h:vel. and 24 hour c.·xutliou or urine.· L-:H<'<"hol~mln~. 



-

A J2 .. ftad d ('C't i'(')C;'Irdiogrum is notable ro r Sinuo;; t:K hy 
c<ndia wlrh ~ nonnal P wove Jxh. A 'l l hour ~mbubtory 
~lecuuc:~rdiogrophk: mo nitor <how< •inus tachyt":lrdiJ 
lhroughout the waking hours. with a decline in ht.•urt rJtc ro 
k ss t h:~n C)Q/min d uring the niAIH. lht avcrag<· ht>nrt rntc· i~ 
11 0/mln. An echocnrdiO)!rJm rc\'(:al<i: a (tructurally normal 
hean \\i lh nonnoal vcn100Jiar function . 

Which of the following L• t11e most likely diagnosis"/ 

(A) Gent rnlizcU JJI\icty di">rder 

(8) Inappropriate <I nus t.ldl)CJnlia 

(C) Sum :> tit' symptom d isorder 
(D) Subcllnit·JI hypcrthyroidl<m 

Item 87 
A 68 )'t"3r old ll\:oUl is evaluJil"<l for :,a. 2 month hb.tol) of 
exenion:>l dyspn~a. \ktlit"UI his1<ny I< Si!lnilbnt fnr dill 
hetes mcllilLL.~. hyp·crtcnsion. ~llld hy pcl'll pid<"nlia. Mt.'tl i<-"<-l 
lions ~n.: l isinopril. hydrochlormh.iatic.lc:. rnctrurmln. and 
:aton.":l:St3lln. 

On J'hy:coical ... ~,.Jmination. v1ml sig,tu, nrc normal. 0 .\ygcn 
<;atUIJLion i'i 99'·.t lwto:lth1ng tlmhie m a il', CJrtliopulmnn:uy 
cxamin.ulon shows a regu.L.u rhythm dlld 3 pamdoxk·;.tlly 
sptil sr 11~ere is no Pt'riplwral ed<>ma. 

An clL-ttr<>c:11"tllogr~un i:, ~hown. 

Which ol' the toUowing is U1c most appmpriote diagnostic 
test to pcrfonn l.l.C,\':1? 

(A) Adcnosint>sii"'Aie photon cnl.i:»iorl Cl' 
(B) Corn nary a rlcrv c<lkium c;.coring 

(C) U <'rti.<;e sinldc photon <'mi«ion Cr 
(D) Ewrcise elcclrncardiogratlh)' 

[ __ 
~ [l:l~+'!P+j' 

-. 

ITEM 87 

Self-Assessment Test 

Item 88 
:\ 21 ,-l·:.r olcJ ,,·omo.m i:.. h•,...l 11alil.l'tl wlrh a 'l momh his 
tor) c flr<~t".,i\t' c.'\t:rlion.ll c:ty ... pn<.".t Jnd t>d~m;1. Sh<." ha..., 
no hi~lOI ) of rt''(.'t·nt flu liJ"'·: ·wmplolllS, V'ltdgl11 d lJf\gt. 
arlhriri~. O f t:ht,;'\l pot in. 

( >n phvsk~.JI t"\.UniJlJ.UrJ.O. lhe p.JUc.·nl is alt•hrill' blood 
pn...,..,urt• ~~ 118 bb mm IJ~. pul-.l· rntl' i.., 112 mm .• an(t rt,"<;pi 
r ;.ltion r;1tc i s IX m in. <>xygt•n ~::ttunulon is ?~ :1. lm.\llhinn 
:mtbi('llt air. 'lh<•rt• f._ jugular \enouc:: t li~h.·ntion lolhc: omgk 
or ttk· j.l\'\. cr-.lc.:klt."\ :tre pn-...c.·nl al llw lung bd.st'S, ( :.1n.li...t< 
t'X~Hl\JM:llion rt'\t'~lh Jll $

1
, l't•riphe-ral t.'tknta b llllh.'t.i. 

<:ompll-t~.· hloocl ('Oll lll. st:nnn ~·ll"t lrtlfvk:-. . ki<1nt') 
runttion lt'StS. II\'C..'Cthemistry tt:Sl:;. g !U(.'1lSe lev(."! tl11d lipid 
l~·rt, .1n.· normal 

.\n dt't·tmc.:.uxUogr.un 'hn\\S sinu~ t~t<:h)'tJrdia wilh 
nonu~JIInh:rval\: .11"1d no t·onduction t..ll.:lav. An <o'<'hOt'anlio 
gram dt•mon.Mrau.•.., o.1 len \t.'rl trit:ular t'jt•c.1ion fr-.Jctlon nf25' 
.mc.l nnnnJIIt•fl ' ·ntrk·ular d t ... tolK: c.lklmeter 

Which of the following is the most .• ppropriate ~!agnostic 
test to J>erform ocxt? 

(.\) \t tt·~•nc.lotn\3\t"SC."t"lll \ir:tllih:'r> 

(B) < .\I d l<.l t' cal h~·((· r it.ahon 

(C) Sl·rum iron :.t11d fen·it in ... rudil's 
(f)) ,,,) ruic.l rum llc.-"1 <:;[uc.lJl"!\ 

Item 89 
,\ (,(, ~l'<.IC old m. n i"l"'~h. llt-d in lht' t'Tllt"Tgt:l'k."\ .leJMn 
ml-'nt lnr dH:~t p;.~Jn a nd <ty ... rnll'<.\. Thrt"': r1::ty\ at!"· ht t•xpt>ri 
t.'ll<.'l'd t ht· :-.uddc--'11 OJ\."<.' I of o;uhst<>rntll d u.:st p:1in. I H'- symp 
tom" \\:1\'-'tl•md \\'Jtll'U o\·l·r ol pcrin(i of 3 huuN .Hld llu:n 
spomant ,u~l) '"1-,...idi'd. Tod.1~ .lK." l.x."J:ln ~~'-perknc:in~ pro 
gnos..,iH· ~hontw...,:-. of bn·al h ,...,.il h "J'IlPI<)nl '< O(.'<.·urrin~ a1 

Cl 

Cl 
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Self-Assessment Test 

Cl rest. His nK'dical history issigniik1m1 for hyperlcnsion and 
hypt•rlipi d<•mi:l. I lis me<llC3tions :.1re hyclm<:hlorothiazld~. 

CONT. :w.·nulol. and atorvastalin. 
On phy:sk;,tl <.:\;.•minalion, h~..· appcar:-> tlistrcs.scc.l. 

'l't:mpt'f"dtun· is norm:-11, blood pn·s..~nre is <)5/;)0 mm I lg. 
pul-:>t.' ratt• is us,min. and r<:•spiration r;J.lt> i s 2--llmin. 
Oxygen saturation is CJO'X. hrealllin,g ·1 L of oxygrn by 
nas.tl <:;.lnnufa. Jugular venous pulst is el~\':ll<~d and \'isl 
b it'. with ex::lgg<:"r;:~te<1 xand Ud<'scems. and thc·(_-stirnatl'd 
l'l'ntml venous p ressure is 12 em 11.0. Bil:Hcr..'l t·t~ltkk~ 
:He HcJtl·tl. A sofl. l".lrly ~y:.tolk murmur wHh an Sl i.., 
audible ln the api<.'"JI area. An early dkt<>to l ic rm11hle i~ 
present. 

An dcctrot;.lrdio~.rom demonstrates Sign ifi(.'atll 
(_J waves in llu· inferolatcral le:u1s :met elev:tted sr ser.nw·nts. 
t-\ chesl radiogr:.lph <:onHrms Lh(.' prl'~<.'JK'(.' of ht"art failure 
with (.'ardiomegnly and hilmeraJ pulmonary cd~..·ma. 

\Vhich oflhe following is the most likely d iagnosis'! 

(A) Aorti<: sknosis 
(B) ( :ardi:w r:nnponade 

(C) Mitr.J Jrq~urgitatiuu 
(I>) Tricuspid rcogurgilation 

C) Item 90 
A 76 :'-l'<JT-otd woman is ~..·valmH<.-d be fore dlsC'h:lrge-. Stw 
was d i:1_gnoset1 \Vith 3 non S"J -elrvarion myocardial inltlfc 
Uun .:! days ago. She declined angiogmphy. :md nudc.'":lr 
~Ires::, lt~tin~ rcvt"~dl·d ,l ~lli~IUI.tl<:ml p(.'rfusion dc:f(_'<.'l an-d 
normal ft•n venlricular ej<'<.·rion fr:Jtfion. Sht.• has h;ld no 
ru,·thrr <tisC'om{Orl sint't' admissitm. Medical l1istory is Slit 
11Ukant for hyperJipidemia. hyp·c:rt~.:n:-;ion. and ll·;m~knl 
isclwmi(' "ttadc C\·lectkations are low dose aspirin. mm.ipril. 
mt:toprolol. and ator\'~J.stal in. 

()n ph)~kaJ ('.X;unination, vital sign~ and 1 hl' remain<kr 
uflhet·xamina tiun are unrt>m:uk:1hl~:. 

ln addilion to low dose aspirin , which of the following l~ 
the optimal antithro.mbotic n::gimen for this patient? 

(!\) Prasugrel 
m) Tkagr<~lor 

(C) Warfariu 
~[)) 1\o addilional anl ithromhotic l herapy 

Item 91 
A 72 ye-Jr o ld m:m is ev:ll nared f() l' :1 I ye:tr his!Ory o f hi i:H 
(•raJ lo\v~r t<xtn·mity <.'tkma and abdominal di~iention. 

Eight years ago he had esophagc:al <:ardnomn lrt-ak"'<-1 with 
radiotlwrapy. Medical hislol): is ol henvist~ signilk:m l f() l' 

hYJX'rtcnsion. l)'PC '1 diabetes mellitus. and hyperchole.s 
terolemis. Me;··<Ucatjons arc bun.l.Nrtnidc. ~Horva:shltin. ruct 
fon nin. and lisinopril. 

O n phy~ic.:l l ex:u n ln .:ltiorl, the p:~riem is ;:~ fehrile. 
blood pressure is 170 /90 mm Hg. pulse rate is 90/m in .. 
and respi r<ltion rat~...· is norm~l. Jugular v~..·nous distt.~ t ) 

t ion is p resenl fo I he :-tngleo f [ ht m:-mdihle v~.rhile se:11ec1. 
with p ro mi nt•nl pul:sations. Card iac examinat ion rt'vculs 
:lJl early diastOJi(' sow1d at tht" apex. Tl11..· liver is palpable 
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Scm helow lhe c·ostal m~Hgi n. The .:lbdomC"n is distended 
\'l.' ith ;l:s('ite;·:s. Th <.'rt' is bilateral pitting edC'Jlla Lo t he 
level of the thighs. Pul monary (.'Xa min<l l ion rev<•als no 
crackks. 

f..aborarory s tudic.s are significant for a B typt• ualri 
uretic peptide level of% Mfm L (% ng/L). 

C hl'Sf raUio~raphs ;JT<"' shown. A 1 2-lea<l elcctrt:K'<.Jr 
di ogr :1m de-morlSII"'a les norm~IJ sinus rhythm with normal 
QRS voltage. F.chocardiogn•m demonstmtc" normal right 
and k fi v(.'ntrkular si'l..<.: ~md function. l.<•f£ ven rricular w :.lll 
1 hid m<-ss is norm;"~ I. Mild tricuspid rt--gurg,italion is p resent. 
1hc·re are;· r('spira tory variation in the fiJlill.,~ of lht· righl 
and left vt?ntricles. venLrkuJar S('J)tal shift during n"'spil':} 
t ion, and d il;.ltion o f' lht> in tt>rior w•n.:1 C':lV;,l. 'lh(' l'Stimated 
l'igh t ventric-u lar syslo lk pn:.ssurt· is 46 mm II g. l here is no 
pericard ia1 effusion. 



Which of I he fo llowing is the m osl likely diagnosis? 

(A) \.ardlac 'myloidosis 
(B) c~,,~rrlcrtve pericarditis 
(C) l lcurl rdilu n.· Wilh preserved cjc<:l lon frarfion 

( I>) Rc<rr·lcrlvc c;Jrdiomyopa thy 

Item 92 
A lS )t.:.lf old \\Oman bt.·,·.tllW.tt.-d fnrc\c:rtiona1 d~~l)I'H:a of 
6 monlh'' dnr.nion. She repon~ noolh~ 11\)'mprom~. Medi­
t.'31 hi\lHI) ts unn:markabk-. and she takes no medications. 

On phy-;lcal examination, vit31 >iltll> Jre nom ~a I. O.'<}l,><:n 
'><Hurul iun '' 96't, breathing amhienl ~Jir. '11'H' PSiim:nect cen 
tr:~l ve110u~ 1"1 1 es~ure is e le-vmt"tl. Apic.::.allmpulS<.· is nom1al: a 
p:mt'itt!n 'u'll l mp ulse is noted a l l ht~ lcfc ''('rnal bord('r. A soil 
~ysloJlc muru1ur is l1c:ard :.ll the M..'t:Uillllcn inll'r<·ostrll spr1cc. 
and ·' dino:toll<: flow rumhle is he~ rei ~t the- len sternnl bord er. 
Fixc'<hPIIIIIngufthcS, is noted thmughour rhecmdiaccycle. 
1hl' rc,:m.linc.lt:r of lht: Phy~k;.l.l c .'\amht .. tllon 1 .... normal. 

t\n ck.•·clrt)(-ardiogr.am dc."'lllcm,tr.alt:' right axl~ devia 
lion and Incomplete right bundle br~nd1 block. 

Which ofrhe followiogis lbe mmt llkdy diagnosis? 

CA) Alrl~l <eptal defecr 
(B) BlcU'J)Id aortic V<liVl' wil h aort k· ~ttl"'c)sl;; 

(C) <:nnRcn lltl I pulmonary stenosis 

([)) ~<lltro I Sll'OOISIS 

Item 93 
A 55 y._"'Jr old woman is e\--a}uated after a recem hospilal 
..ldmb .. ')hm for i"i(·hl"mic ~1rokc. She 1,n.:":-ntt.'tl '";ah mild 
rlghr ,;cl<'d hemlp:~resis. bur I! complelcly n-sol'ro after 
the <erond hn<piral day. An ele\"'roc>~dl<>j(ram. 1ranl>ll1<> 
mdc.: t.-<:hcw..::lrtJic~r.am. and carotid dr1cry uhr:hound were 
norm:ll. A <;uhsequenr tran~e!=iophage.tl e<.~ho<'.udiogrnm 
was ~1lso normal She has a 10 yea r hi~ IOI'Y of hypenensioo 
ltcJlt.'\1 w i l ll hy<.lnx:hloroth iazic.h:. 

0 11 physk:ll ("X:-lmin::tlion . v i1:1l signs :ll'(' nnn nal. C.1r 
d iac examination reveals a r<·gular rnti.' nod rhythm. Neu 
rologh. ~\.llllination is nonroc .. ll. HJnd ~rip strcrlAlh . arrn 
tie\ ion. nnd :tml exten..~ion areS'S nn the: right :md left ~ides. 
1 here I> no edema. 

A 12 lc:-.1d d<.-ctnx:·an.li~rdm dcmon-.rrcth.."S normal 
<lnu.< rh} rhm. 

W1t ich of the foJiowing is t he most :tppropriate diagnostic 
testin~ opt ion? 

(A) /ln llphOspholipid anlibody ttsll nA 
(0) C:l r<l1:w t·a llwtcrization 
(C) 30 O,Jy event Lriggcrcd loop rc't:otdinJ.t 

fO) -IK Hour amhulawry efectrc.x:urdiogr"".lphic monitoring 

Item 94 
-z \t.:.tr olcl woman is c·\'alu.Jh.-d In tlw huspital for a 

2 ,,,...,.k hh.lt•r)· ofhKI\."3~itl~ c.:\.<.'rliiJJhlf d) 'Jllll'.t and "'dglu 
.l in of ·t.1 t.. t! (7.;~ lh). \1t'1lkal lm.tnl') h si~!flifk:mt tor 

idiopalhi<' l ;m.honwop:.tthy with a k·ll \rl'n lril'u1.tr <:jl-ction 
rrartlunol J.'l'.,, ,1 nd hyp<.·t1c..·o\ion. Mt..·d <':tile 111, ilfc.·ll\ lflUIJI il. 

Self·Assessmont Tost 

nu-1op1utol ' uc.·<·in.llt>. htro~rml<.k'. !.l'liHmoL.tclont: . .and 
c.ligo\in. 

< )fl ph\ 'llJil' \ .. UJ iiii<Jiion. fht· p .tl ll'l \1 h .lh:hJik, hlocxl 
prt·ssun• Is tSH.'(.n m m I lg, pul-.c.• r.Hl· I' 11h min. :1nd n:spi 
r.Hiotl 1.Hl' i:-. IR .. m in. f h vgcn S.lhtr.lllnn l ~o 9H':. hu:;,llhing 
a mhit'lll 1il . ht~~l• lou ,,.(•nous d i..,knlitm 1.., prl'' l'nl. C:anlioK' 
t '\anl ln;ll hm rt' \ e:1ls ;.Ul S .md ;I ~!l .tck ' h ;tpl< .\I holosy~lolic 
n unllltlt lh t· lun~' have ()(.X.'asiruJal hth.,,ll.lr trat.:kft:, . 'lh'­
t'XIrt•mhlt-...ln~ \\..lfnl Pt.'tlpht..'ftllt·•lt'JII,l l' ncdt:(l 

l.abur.tlon ..,ludil .... an· ''1!nitil 1n1 lor :l <;,("nmt t·rt;dl 

inhh' lt"\('1 of 1.'1 nlg dL (\t.J.X JUncal U •• t S4:rum put3~ium 
k.-y .. ·J ut I ~ mEq I. (-t5 mmol 1.), .md :a ~·nun !-.~JC.Iittll' k"\d 
o I ~ · J mF.cJ I U ;•) mmnl I J 

WhiC'h of' thr following is the mo:,;t .appn>f)riatc intravenollii 
tn."<.Hmcnt? 

(,\) I >op:uu hw 

(II) l;llU l"i('lllid~· 

((') \ 111nw•nc 

Ill I \l·,irtlitk 

Item 95 
A 26 year old man is hospitali.tl'll ror >USJX<:IC'I.I bact<-rial 
cnuoc,rrdlr l,, I k has a long hislory ol injecrlon drug USc.' and 
h~lS u~'CJ ht..~roin within the past mont h. Two weeks ago. he 
~x"gan fcdlng feverish. and OVl'f t h l' pust :~days. he htls hccn 
h'lcn.:asingly shorl of brt.'ath. I 1c lak<.·s no me<ilr~t ions. 

Oil p hy<lcal examination. lcmpcraLu rc is ~8.7 "C 
(101.6 "F'). hlood pressure is 90 '50 """ l lg. pul•c mlc ;, 
1).', . min. Jlld n:spiration rate i~ 16 min. HiiJlcr-JI Iung cr.tck 
Jt:, ;.an.· pnosenr. Jugular ,.'t"nou~ di~enrlon i~ noted A grdd.e 
2 6 hul<»)"lolic murmur is heard ar the apex wilb an S,. 
Skin llndirl)l> arc'""" n . 

'lhc electrocardiogram is normnl. 1\ c-he$1 nl(Liog,roph 
sl •ow~ hilatcr.1l pulmonary t.•,kma Ollll.l <.:ardioml'galy. 

IUood culruri.'S ,.,. ohtaln<'d. 

Which oft he rollowing l• the most opproprlate next step in 
man.mcnt? 

(AI Cardiac cr 
(ill Chc-sr MRI 

(C) Trall'>l'><>Phal\t';lil'<:hO<-arili<>I(IJJ)hy 
(D) Tl'an~thoradc echocardiogr.1phy 
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[:J Item 96 

A.\:) Vt\Jr nM \\oOnl.IU iH ' \ ;tl tz;tlc.'tlln t ht· hO\J)iloll tur a \ in 

gl .. · lit minu tt· t"P"-'Jtlt.· ( tf t'ht'\ 1 pain .tt rt"t. w h i<·h OLx:u rn:d 
I hnu r hdnrc.• J)r(.'\c->111~11iun \ft'\lit~f h hlof) h ~ignifkoHlt 
ror h\'pc.~rtc.·n..,lon and h\·pc.•rlipitkmb. Mt"<ht .Hhm"' .art· 

h~dn"-hfttn 'thiJtitk-. r.unipril. and pr.l\ :ht.ll in. 
On phnh •. 1l t'\.Jillln.Utun. \'lral ''lot"' .lrt"' nomut. lhc: 

n·m;.lindt'Tortht·c.·\.lmin.•li(tn h unrc.·nurkablc.· 
1 .. 1horo~lof) ~lud"-"' .ltt' nnl.lhlt• fnr num1al .... ~nJm lrn 

ponin lt·\'c•l, 

.\n det1mt:.ardic~r.10t dt"'OOil\lr.Ut.' I ntm \'T X")..•tllc"f1l 
dt>pn..~siuw~ in k-J<L, V, thmu~;th \ • 

\<o;pirin md nlt·topruk•l .nc.· Jnili.Hc.od 

Which uf t l>< following i~ the m0<1 Jppmp.Ute m•nagc 
ment? 

f.\ ) ·\ml.,<ftpin,. 

on 1-"no\..lp.um and ..-plifil><.t11th: 
It) E\.en..-i' t' \In~' tt"IH'I.IJ. 
(f)} l 'l')!c:n l Jnl.!io~raphv 

Item 97 

A Ot; yc:n-oJd man i\ t'"vulu.1(1..·d (br .a 4 111on1h history of 
ifi(L'rmltknt h:fl t•:liJ' pa in. l it• h:.as :l h i:-.fnry or l 'ig:l rNtt· 
Nmoking bul quil6 monlh~ nnv. Mt.'\lit ul history isof he1·wi~ 
~lgnifltant for hyp ... :rllpld('t'lll:'l . Mt·<IIC3tlons ar(• low dost 
aspirin :md h ig h fnf(->nSlty tll<U'V;l l\Hi tin . 

On phy:-::k:1l t.".xn.mirld tiOn . vlwl signs 11 1'(' nonn nl. 
llMI is 29. Fen1<>r;tl J>Uls~s ot'<· dim inished h lbrcrn lly. 
PopJitct~l. right d<H~~IIIS pcdb. and rfght posrerior lih i:l 
lis pu l st·s arl' f:lint. Thr k fl dorsali\ IWCifS and l>osre rior 
l ih ialis puhes ~1rt: not p:l lpabh.:. ( ·nrcl itl c exurnin:ltion b 
noonal. 

111l' ankle brac.:hi;J I index b, 0.67 on rht: left n nc.l 0. '.)J on 
the ri.~hr. 

I k is c:nroll('d in <.1 ~upcrvi~'Cl t>\c:rcb<.: pr<>gnun. 
lhrt't' mon ths later. lh<· p;llient <dlls to report th;~t dewlt<• 
adht:rcnce to tbt: c.·xerc.'ise program. hi.s symprnm, hJ\'C 
pn>gres.cd. 

Wbicft of the following i< tbe tllQSI appropriate next 51ep Jo 
redu<-c this patient's leg pain? 

(i\) Add dot>idngre I 

(R) l>isconrinuc arorva.'\13lin and mitiJ.ll' rtx:U\":IStJrfn 
CO ltlili•t~ dlostuol 
(0) Refer for imasn;~ dngingraphy 

Item 98 

·\ 3<t )ear Hid man f., t"\,&fuJ.It'\1 in tht• i.'llu.·n.:c~nn tit-parr 
nwnr for palpit~li<H'I' a nd "'honnl"'-o;. of 1m~.ll h l h,l l dt·\·d 
•' IX'rl.lbrupth- lS m inu t<.'' agfl I Je h.t .. no 'IJ.:nifit .m t lll(•dlc:.ll 
h isttU}' ~•nd l:tk.t"S n1t m cdiC.Itfons 

On physical t·xamin~lliun, hlund pr,·v.-un• i-i 110 IN mm 
Hg. :md puis<.· rdh• i"' 21h ·min : or her \ il ~1 l \ l).!n\ :11 <.· normal , 
C1rtliac t.'Xamin:llion r<.'H':lh a r.tpid and n·r.uJ.u· ht.·mt 1.11t' 

llw S1 d<JM: nor C'.xh il>it v~ui;JI,k int<:nsit ~· llw rhr t h1n do<·, 
nut <.·h:1nge- wil h a Vals:t lva m :1nc:uv<•r 

A 12 IL~1d <""kctnt(.\ trd iogmm ohlodnnl in 1 ht't ' tlll't'At'fl l \ 
dc:pa n rn<.·nt I~ shO\vn. 

Which of the following is the mO!I:t a1>pn>pri;1te next ~lt>p In 
t~tment'? 

(i\1 Aden<t>in~ 
(IH A OJitxJ.m.m e 

(C) lbutiliu~ 

{D) Synt·hmruzed (';lrd im't.•r,if•n 

CJ 

lJJJJ1UL~rrrnrrrnrrrrm~~\M,W,,! 
~u+~ti,#~JlUJ)l,LtHttt+f!jJtUU.UJ 

mfrt\itJ+WrH+H1+!J~H4tUJJ .UJ 
1Jr.-J~W~~J\J~~~~l~)~r~~)rt,~+f~{~~-t~-\AJ~~-tJ\iJ 
I IE M 98 
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Item 99 
. ~ 6? yr;n olcl man i..; evatuat<-><1 for :l 1 )t\l f hblory or pro 
gressivc I JLI~uc. <.lyspm.':l on t•xt·rtion. olnd low<..·r c:xtr<.:mitY 
L'<.lt mJ. I I~ hJ> been hospitalized 1wltt In the IXlSt year for 
h(·;.wl failtm:. rvll't li<:al histo •y is olhl·rwis.; unrc:mnrkabk. 
llis c·un cnt mcdlcarions are furoSC'Illide. :unlocllplne. and 
o:opironn1:'1C101le. lie is black. 

On phv~kal t.•.xamination. LC:rlll)l'fJLurc is nurltlal. 
hlonci Jlf~<IO.urc- i$: t06i6S mm llg. pul~ r:Ut> i~ 6& min. 
and re-;plr::uion r.lle is J.t min. Ox)gcn \atur-.Jlion breathing 
aml>i'l'lll Jir h nonlJ.tl. Jugu.l.\t \t..'llW~ dbknlion C;. rlOled. 
'lo t1':W"k"' .1rc prDCnL A grJd<.· 2 6 hul("\"'lolic munnur 
is heard .11 lh<•lcft lower sternal border and lncrea<e< wlrh 
iHspirJtion. 11u:r" is no .5.l o r S ,. ·1 he liver I~ enlarged. Pin ing 
cdcm:ll:- Jm."M:nl to the mid shi n hihucrally. 

/\ n (' l e('trocardio~!r:lm r<:'v~:~ls ~inus rh)'f hm. hiat1ia l 
eni::Hgcmcnt. and lo\\r vo ltage of the Q RS complexes. 
QW<-lVcSJt<: lli"CS<..'II( hi kac.L~V, Lh w ugh v:t. E< . .'hOt:.u·c.Uogram 
rew·:~l~ IOt"Vt'J't' ('<m C'f'nCrk l(>ft vemrknl:1r h)'JX'rtrophy wit h 
wall l hickm.~ of 16 mm. modcratt· bi:Jirial cJU.U~1tion. nor­
mal lcfl ventricular cJvity size. a lefl \'Cillricular ejection 
fr:actk>nofSS•l •• and no n.-gional \\JII molhm .llmorm.llilk.--.. 
Di..lSrnli<" dy~lunC'tion i" n01ed. ~fghr \t'ntrlnalu si7e and 
S}"rnllc funCtion are normal. and the right \ cntrkular \\-all 

thkknt...,, h ~hghtiJ incrcasc::d. Thc t...,tunJh .. '\1 right vemric 
ul:1r ~y"i.roli( ruessure is 6S mm l lg. 'l'ri<' l1Spid rt'gurgitation 
i~ prest:nr. I here is no pe1icard ial e(fuslun. 

Which of the: following is the most likely diUJtnOSis? 

(A) Cardiac amyloidosis 
(B) <:On~C•irl i,< .. J)(>ric-arditis 

(0 H~ llo.'rtCIN\dWart dise:lse 
(Ill llyJ'('nmvhiccardiomyopalhy 

Item 100 
A ·lS )'t~lr uld mun urld<'l'gfi<'S a prt"" t."mployment physic:tl 
examin:n ion. rvledical his tOI) , is nornhlc for aortic coarcta 
lion wich an cmJ- to-cnd anastomosis p~,.•rfuru~e...·d ~ll ·1 y~rs 

of nge. l ie r\•('>nlts no symp loms. wc.rk~o, l'ull l ime. ~md p<.·r­
form~ rcgtJinrexercisewithout limilaliun. Hl'takc.·s non1cd 
iC31 ions. 

On ph)~k-al <""<3rl'lin3tion~ vil31 <i~n~ a~ nonnaL An 
cjcx·lion ditk i' noted at the left lower slcmal bonkr. A 
gr:adc-:! 6 mid p .. :aking systolic murmur b oou .. '\1. at t.bc SC<' 
ond righr lntcr~tal space. 'lh!- fMnOr.ll pul~ 01rc nonn..tl. 
and no radl.ll ancry to femor~l :lrtel) pul<;<> delay is pre< 
cnt. nu.· r~,.·rrw.i.nderofthe physical exan1inatlon is normal. 

\Vhi<'h or 1 he fOllowing i s the most likely c•msc of this 
patleru·~ systolic murmur? 

(A) AHrtk slcnosis 

lll) I IYI>l'rlruphil t;Jrdio myol>alhy 
(0 \1111':11 regur~:ilation 
I>) R('(-um·nl nxarcloUion 

Item 101 
·\ 45 yc:Jr ukl man is evaluated during n srt·o nd follo\\' up 
Yl~h alkr ho~pitaliz;Jt ion for ncw-o n:-.ct h<.:all ra ilun.: \\'llh 

Self-Assessment Test 

rt'tiUl'l.'t.ll'jl'(,."liml rratlion. His (.'jt.'t.1ion l"rJttiun Jt the tim(' of 
di~gno ... i'\ 2 months <tgo \"\':\S ·12'~ •. l lr r'-' J'Xlrt~ tee ling better . 
wilh lmpro\"iny cxcrdsc tolcranc.·e anti no cxertional dys 
pncJ. M\.'\Lh.:t•Huu.s an: U.simiJ)ril, low dUM: t..::.lrv<.·dilol. and 
l"nmM'Inide•. I k i~ hi:H·k. 

On physka1 c.·xamination. th(' p:llh:ntls afebrile. blood 
prr<''"" i> 1~0 176 mm Jig. pul<e •·a1e Is ~-1/m.in. and respl 
r:.1tion Y"Jic: i'> 16 min. "I he <'slimcatt.xl <.-.:nlrJI \.l'TlOUS pr<'ss.ure 
Is norm31. I here ts noS.._ Lung< lr<' c l~ar. and !here is no 
pcrl1>hernl edema. 

Which or lhe rollowing is the most appropriate 
rre~tmen(? 

(A) M<.l di~ux.in 
(B) Add hydralazine and isosorbidc llinfl rate 
(C) IJWrt\tst• C':JIV<'<Iilol 

(D) l nCI'\'J"it' rurosc.·milh: 

Item 1 02 CJ 
-\ U) )l' l f old nt.HI ''"~h hn,J)il;llil\"\l :l. l huun, at.'U \\ Hh 
findinJ.:.' ul ~~ hn}.:.l~ anlt'Tior m\oc:~rrdi<~l inran-tion_ llf" 
umkr\\\'1\l pnm.tr) pernHJm."f)U' \'urona~ intc.·n c.·n 
tion Wllh 'i<nl j)lacement in t he j)rc>, im.ll lefl ,lOterio r 
dt.'scc:ndlng :lr tc rv. I IL' is cu rn.·ntl\ ;1,\'mf)tom.Hi<'. Medk"""al 
lu>tof'i I> >l~ni!IL·nnl (or h} perlipfdcm 1.1 and hytJ<·rlmsion. 
r..kcl k·.Hlon .... 1re ;.ltorv:-'l"l •~ t in. ;t..,pirln. pr.hllftrtl. ~:aptvpril. 
and nn: toprolol 

On Jlhy .. kal t-X:lmin:~l ion , h'111 J Wr:unrl~ i~ nonnal. 
bJ~x)(l prc,:s"iun.: is llOiOS mm JJg, pul\4.· ruh.· is 65 .-'min. and 
noc;pir.uion r.Hl' is IN ·min. 0~,:::\.•n o.;,1U1r.1tion l~ Wt" .. bre.ath 
in:.t .lmhit·nt .air. "lhl· n·maindt.'"f of tht.· C.'\,lmin•llion is unw 
mJrl....:lhlt• 

~U t'l\"llrtK.\iH.IIClJ!I.lm .,ht.Un4.•d an th(.' c,;uton.ary lw..UC.' 

unit i' 'hot..\n ('l"t' topofnt•xt p.;1gd. 

Which of the following is lhc mosl appropriate 
treatment'? 

(1\) 1\II'Oplnt• 
(H) I >1~-. mlinuc.· 111L'toprulo1 and oh'-o4..·rvc 
(C) 1.-mt·l-,:_,·nt ,'t,ronJry arutiograpl\\ 
([I) fnwt}:<'lll padng 

Item 103 
A IS )Car old man •s e''>lluatcxl for hrfl<'n~n<lon.lle l<olher 
wise hcahhy and has nol had ;my s} mplortU.. His father ru('tf 
ur :10 :ltlltl.' IH\'O<.:ard ial infarc..Liou .. H a~(,' 19 )!l\lf.S. H .. · take.~ 
no n1C<I I~llii011S. 

On phyl{ical examination. t<·mpcra turc is no1111<1L 
h1ood prc:.:~u r<.: is 172/ 80 mm Jig. pub<.: rate i!) 80/ mi.n. 
:.lnd r~pir<ttion rate is normal. l h<• lungs :nc dt'ar. Jug 
ular veno~ pulse is nonnal. Sl and ~ .-rc nonnal. There 
i' a -.on <'J<'\:Iiun d K:i- 1 hal r recede< a jll':lde 2 b diaslolic 
d<'(·rl"'("t'Tldo munnur. which h bt."'l h..-J.rd at thl' right 
lo\H'rMcrn ... l l horder . 

1\ tran\thorncic echocardi<>Jtr.un ~htm~ a bkttspid 
aorti<'V;Jivcwilh mild <JorticnogurgitJii on . Th<.: ldl \'cntrku 
l:.lr ejc."Ction fraction is SO':, .. I hr asc:·(•nd fng ;mrta i~ cnlar<6Cd. 
w ith a dlnwn-sion of ~2 mm in the mid purl ion. 
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IT EM 102 

\\'Web of th e foJlo"''lUg is the most appropriate next step in 
manag<.·•ment? 

(A} An n ua l t nmstho racic echocard iography 

(ll) CT angiogr.phy <lfthe "ortu 
(C) lnfc('tive c ntlot·an.UliS prophyk1xis 
(D) Surgica l aorlic va lve replacement 

Item 104 
A 62-year-old \<\.'Ofll:.l ll is evaluated d u ring fl routine t·xam 
ination . .She feels well 11 nd has no exercise limit~Hions. 
Medieal h istory i::; signifitanl ror hypcr(cnsion l rcated 
wirh en:11:lp ril. She does not smoke . At her l::~s t examl n::~ ­

cion 4 ye~1rs ago. her b lood pressure was 122176 mm Hg . 
Labora tory studi(•S ~~t t hat linl(' rc vcal<:d a scru rn total 
c holesterol level of I R·1 mg/d l. (~ .77 mmol/1,). serum II DL 
c holestero l level o f 42 mg/dl. (1.09 mmoi/L), a nd hemo 
g lobin AI(' va lue o r 5.4,.). At Lhat CimL'. act.·ording lo lht· 
Pooled (:ohorr E<')ll::ttions. her 10 year risk for ;:~ the•·os(' le 
rotic t•ard iovascu lar d isease was cakula ted lo be 3.8%. She 
ll<•s gained S kg (ll Jb) s ince the n. 

On physic;.ll examination tcx lily. hJocx l pressure is 
I ~Oi90 mm llg. liM I is 29. '!he: r~m;> ioder of the physic:-al 
examination is unrem.arJ.~able. 

Labo ratory s l udics a rc si~niricant ror a s t rum to la l cho­
lesterol l~vel of2SO mg/cll, (6.~7 mmoll l.), n serwn l llll.cho­
lesterolleveJ of:lO mg/dL(0.7S mmol/1.), a nd a hemoglobin 
A

1
t. value of 6.6~ .. A subst'quc nt rasting plasma g lucose level 

is ! 30 mgid l. (7.2 mmoi!L). 

Which of the following confers the highest risl.;; for athero­
sdcrodc eardiovascul~u dise-<.\SC in this paliCnL? 

(A) Db bctcs mcllilus 

(B) Uhtslo lk blood pressure o f90 mm l lg 
(C} HDL c holcstcrol level of30 mg/dL !0.78 mmoi/U 
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(D) Syslolic hloo<l prf'ssurt-ofl ,IO mm Hg 

(E) Total chok stc rol kvcl of 250 mg/dl. (6.'17 mmol/1,) 

Item 105 
A 71 -ye~lr-<ild 01<)n ki t'valu;.tt(.'<.f for n !O day historyofm~da.bc 
and fa tigue. '1\vo years ago. he w1derwcn1 d ual-ch>lmbt'r 
pacemaker implantat ion for third degree :ltriov<·ntrkular 
block. l ie reporiS dbmmforl a t the site of his l>acemaker 
l ie has had no fever. chills. or wdght loss. Mc-dk-,1 his lory k 
otht·rwise signiricanl for well controlled hypertension and 
hype rlipidemia tre::lh.'d '"1itb chlorthalidonc an d a tOJvastatin-

On physical examination. vital s igns are norm.a1. 1hc 
skin overlying the palicnt's pa<:<·rnaker pocket is slig:htl} 
cry I hcmatous a nd is w <1rm and tender to pa lpation. Thf' 
remainckr of l h(.~ physical examination is nonconrrihu tot) 

A complete blood t'Otull and ('l)'lb.rocylc S(.'(Ji mcntatio" 
rate ar<• ord <'T<'<I. 

Which of the following is the most appropriate 1naoagemenC 

(A) Blood c ultur('S 

(B) Empiric therapy with cephalexin 
(C) J>acemak~r pocket aspii'<Uion 

(D) I'ET/CI' scann ing 

Item 106 
A 69 year o ld mao i:) ('valuat<>d in the..· c..·Jrh.·rgt=ncy dcpw 
mcnt for a 1-wt't'k h isiOry of progress ive ex<~rtion:l l d:; 
pnea followed hy the development of rest dyspn<':l. h. 
reports an u nchanged nonproductive cough \¥illlOUl c~ 
pain. Symptoms wt•rc..• rlof prC't"i."{k'd by a n:spiralory tT.1!: 

inte<'tion. l ie h:ts heen sleeping in:~ rt:"clining chair a l nigh 
Mt'd i<:al history is s ig nificant ror COPT> and isch emic n 
diomyolXlthy wilh a l('fi Vt'1HtkuJar t•jt-clion rratl ion 



20'1. •. He has a 30 year hl>;lory of cig:l rctte smoking b uc quit 
7 yco1rs ago. Curr~..·nL medications are a tiolropium lnhaler. 
lisinopril. ca rvedilol. furo .. -;emidc. and low-dos<.: aspirin. 

On physk·:.ll <'Xamin:.uion, the t:tatiem i~ ::- tt:-hr11~, blood 
pressure is 152/SS n.1n1 l lg, pulse rate is 9Sl min, and respi 
ration rate is 12/min. Oxygen ~aluruUon is 95~. brt;..Hhing 
ambient :~ fr. 'I he neck vein~ <:~mnnt be 3sscssed because of 
large neck size. TI1e hemi sounds are distant. Pulmonary 
('xarnination rt:vc-al:; c.listanll>rcalh sounds and ~~ prolonged 
e:q)il'tltmy phase hul no w hcei'.<.'S. Peripheral edcm<J is noted. 

A chest radiograph shows an enlarged cardiac silhou 
<'llC ~md no jnfi lt rates. /\n echoca rdiogram reveals a left 
venllicular t jccfion fract ion or:w~. <1t1d a righ l ventricular 
systolic pressure of 110 rnm II g . 

Whieh of the following is the m ost likely C<Juse of this 
patient's symptoms? 

(A) \.OPD exacerbation 
(B) lleart failure e"cerbalion 
(C} PnC'umonia 
(ll) Pulmonary embolism 

C) Ite m 107 
A 6·1 yt":lr old man is ev~lluatc.:d in the emergent')' <kp;Jrt­
ment fbr a I \Veek his lory or ~o::xt·rtional dtCsl pain :.md onsc• 
of rl!-st pain 3 hoursJ.go. During thcev;.llu:.t ion, ht! develops 
ventric-ular fihrilla lion. "lh<.· pal icnl undcrgO<.'::i mpid dcfibril 
Ia lion . fle is currently awake with ongoing ch<."t pain . M<'rl 
iraJ history i~ signitican t for hJ>v e rlipidemia. hypertt·nsion. 
type: 2 d iabetes m<.·llilus. tohat<.:O UM .' , and pr<.''-''ious strok<.~. 
Mecllcation~ are ::aspirin. UsinO]'lril, meloprofol, melfom1in. 
:.nd s.inwastann. 

On ph,vsil'a l examination. lh<.· pati<'rtl is all·rt and ori 
enkd. Tcmp(·r~nure is n.onl'laJ. blood pressure is tOO 60 mm 
Hg, p ulse ra te is 110/min. and respiration rate is 24/min. 
0:\:ygcn satumlion is 98'X. br<.·a lhing ~ l. of oxyj.!en by tHISo.ll 
l':lmn lla. Pulmon;1ry ex::aminalion rt>V('~ll" hiha~ih1r cnH'kles. 

An ekocl rocardiogra m dc.·mot1Slralc.·s ld l btmdle branch 
bloc:k. a new OntUngsinc'C eleC'trocu·diography ft months ago. 

Which of the following Is the most appropriate 11ext step in 
management~ 

(A) ln lr<wcnous amiocl:lfone 
1B) Ptimary p<:r<:ulam:ous (.'oronary ii Jtcrvt:ntlon 
C) TI1erapcuric hypothermia 
D) Urg<·nt roronary :lttery hyp:1~s gmft surgery 

Item 108 
.\ 68-ycar-o ld man b c.·vo.:tlu!lted for a 4 month histOI) ' of 
right ann f(ltigue :mel d izzim:ss. L<tSI week, hC' lx'<.'llll'l<.' d izzy 
"nile standing on a 10 fooc L~dder and cleaning h is gutters 
wilh his righl haud. His sympmnlS imp roved after 3 min 
utes ofresr. l ie repor~s lhal right ann ad jvlly r<.'ptoduccs ll.is 
.um fa tigue ::md discomfort. m:1in ly in 1 he forearm. M<.'d ical 
Pu:>cory is significant for hyperlension :lnd hyperlipidemia. 
!e has a 60- pac.·k-yt:ar smoking histo ry. Medications are 

.JSiooprH. amlodipine. :m d aiOrvast::tlin. 
On physical examination. temperature is norm::al, hi nod 

-m!SSurc is ll0/65 mm Hg in tllerighc ar m and 145/SSmm Hg 
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in the left ann . ::and pu lse r<.lte is 72/min. A bruit is he::ard 
over the righ t supradavicu)ar fOssa. Len carotid upstroke 
is norm~!. The righ t radial pulse and righl carotid pulse a rc 
f.'lin l. and 1 he lefl r ::tdial puis(• is s1ighl ly diminished. Car<liac 
examination is tiDTm~ll. 

\Vhich of the foUowing is Ute most appropriate diagnostic 
resr to pe.rfOrm ne:\:t'! 

(AJ J\dson maneuver (thoracic outlet maneuver) 
(B) Ankk-b rachia l index 

(C) <:aroli<l duplex ull rasonqgrar>hy 
(ll) <;r angiogra(lhy of the chest and neck 

Ite m 109 
A ·t2 year old man Is evaluated in the emergency depart 
nwnt for :l :'l hour h istory of severe ches1 JY.lin t-hat rarli:;t1es 
h> th<.' lx1ck. 1hc p:.Li n is shJrp and tcarJng in tharactc.·r. t\,tcd 
1('~1 history is ~ignific::mt for hype-rte-nsion. (I.,Jedk~ltions are 
amlodipin<.' and Jisino~)ril. 

Oo physi<111 examiJlatinn. blood pressure is t2$i7ll mm 
Jig in 1 he righl arm and 16:!/99 mm llg in tht.· lcft ann, and 
puiS<" r:lte Js 110/ ntjn. Lungs are cleor to ;luscultntion. Other 
than t:l<:hycardia, examination ofth~ hcati is nonnal. Right 
radial and brachial pulst.-s a r<.' dimini.shc.·d . 

A Chl"St Cf' SC";.l n is shown. 

Which of the foUowing is tbe most approp riate m.anage 
mcnt"! 

(A) Coronary angi<•grophy 
(ll) Medical llwrapy alone 
(C) ()pen SUrgi('~t l aort iC" rep-..lir 
(l)} Thora<.:i<' c.· nd~)\: ascul~lr aurlk rep-ail' 

Item 110 
A 48 Yl"'~lr~old w o m.-.n is e\1::lluMed during a new p:;~li~nt 

visil.Shc rcports no symptoms. She runs5 miles a day Sdays 
p«;"T wet!k. Medical history is oth<.'rwi.st: unrcrnarkahk-. Sh<.' 
lakes no medicarions. 
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On physitol exomlnotlon. vital signs a rc nom1aL The 
estimated cemral venous pres~ure i~ 6 ern I t,O. C:ardhlC' 
examination rC'vcab; a g rade 2/6 holosy~rolie: ni'urmur chat 
is best heard :u the ::.pt>x ::.nd rarlkHe~ toward the axill~. An 
ejection click is not :lmlible. The lungs are clear ro ausculta 
t ion. No edema is present. 

Which of the following is the most appropriate manage­
mtnt'! 

(A} \..ardiac ma~nd ic rcsonanl-c inMging 
(R} Tnln~esoph<'~f;eal echoc:~\rdiogn~phy 
(C) Transthoroclc eehoeardiogrnphy 
(D) Rout inc d inicnl follo\v ~up \•Vii houl im:-lt.ring 

Item 111 

;\ 62 year old man is evilluated for ~l 6 monLh history o f 
bil:.\l.:ral low<:r <:xtrc:rniry <:(.kma. He was start<:d on ruro~c 
mide 2 monrhs :1go. with minim;:~ I change in the t."'<lc."ma. llc 
b:.ls no history of lung disease or re<.<>ent surgery. Hi~ rnedical 
history is notable for permanent paec·mak<:r implantalion 
2 years ago ror symptmnatit: .sinu!' nodt~ <lysfunrrion. I le 
t.:1kes no medications other than furoscmkh:. 

On physical examination, viral signs are normal. 'fllc 
lungs art.· ckar. lltc <:sl iml.ltcd l'Cnl ntl venous prt'ssure is 
e lev::tted :lt 10 c•n I ll() wi(h a promim:nt v wuv<:. A mild 
righl ventricular heave is pa lpable. A grade ~/6 holosy•tolic 
m.urmur is HOlet.l at U1~ Jc(i_ lower st<:rnaJ bordc:r. 'I he mur 
mur varies slight ly with respir~ltion and is associated \•1.rith 
an C':.lrly di:.lS!olk Hlling sound. S

1 
and S

2 
are normal. 1l1ere 

is no hepatosplenomegaly. BH:lleraJ hJ\'\'t'r t.·xtn.:mily pining 
tc.lerna is present up lo the lcvd of 1 he kne<-s. ··1 he rem:1in<ler 
of the physical examin~ltion is nom1al. 

\Vhlch of lh<· following is the most appropriate 11ext step in 
management'? -

(A) Garctiac magnetic resonanc-e imaginf! 
(ll) Coronary angiography 
(C) l{ight hctlrt calhct<·riz:llion 
(D) Transthoracic c'Chocardiography 

Item 112 

A 64 year old man is C'V:.~ I uated during a fo llow- u p visil 
for stahl<: angina. l ie is curren tly taking metoprolol <lnd 
\\'ishe$ ro discontinue this medication owing to side 
dfects. He h:-1s normal left ventricular funcliun and nr> 
sym ptOnlti of heart failure. Mcdic:-tl history i~ sign i fic-~lnl 
for hyperlipic1t-m i~L hypertension. and coronary artery 
discast· lr<:atC:'d with corona ry artery bypass gran surg<:ry. 
Me<l iC(1liOH!'i an: low do:;c ~1Spirin and maximum do~es of 
lisinopril. mctoprolol, isosorhide mononitrak. ranula 
7,lne , and :.Horvastatin . 

On phy~ical examination. l('Jllp<:ra.t ure is nornML 
lJiood pr<."S..<)u r<: is 120 /60 mm Jig. pulst> rate Is 70/ntin. 
:md rt>spir~ltion rate is HUmin. 0).."ygcn satu mtion is 98'.t 
breathing ambient air. 111e remainder of the examination 
is uun.>m:.trkabk·. 

'I h" palient is switc-hed ro dilt kw.em. 

Which of the following .is the most appropriate mana.bre­
mcnt of this patient's m<.·dicalion r<.:ogimen.? 

(A) necrea~e r~H~ol :.zine 

(B) lncn:asc atorvastatin 

(C) Switch lisinorrilto ,-,unipril 
(ll) No medication acljusLmcnt 

Item 113 

An 81-ycar old man is ev::.lu:ltt>d befOre electiv<: hip arlhro 
plasty. Medical history is signHk:mt for h ypertension and 
osteoarth1it is. I fe reports no chest pain. palpilations, cxcr 
tiona! dyspn<:a. or oth<:r symploms of t-arc1 iov:1~C'Ul<lr dls 
f':lse. I lis medi<":Jt ions are Jisinopril and celecoxib. 

On physical examination . vital sigus a r<: norm~ll. ~~he 
<.'arc.liopulmonary cxaminalion is norm;:~l. Range of m.olion 
of th~ right h ip is limited by pain without overlying e1y 
thema o r warmth. 

LabtH'alOry :;tudic.s rcvt:al normal kidney func tion :md 
ckx:t rolytc levels. 

A J:t-leacl e lectrocardiogram i::i .shown. F'indinw> are 
unch;mged from 7 years ago. 

l-1.,.-~ .r-_,__~Jv_,'"-·J'---.,.-,.---,Jh--~~- ,)L-._ iL Jt "--t~ J 
I ~.VR VI \'4 

lo~.~~~\.-~--\r.r~-·~~-'-Jt~lr---- Jl~ r---JL/'--_Jc 
II llVI~ VJ \') 

1~--- '-~~~\..-~-"----' ·· ---A-~ ~-~~-A--~ --A,. .• -~ 
II 
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Which or the followiog is the mo.<r oppropriate manage­
ment? 

(M l )nhuramine echocanliography 
(Ill I·:C11 <><:~ ,·<1iography 

(C} t•n>ph,·lattil• pa<.:cmakcr ius<: I' I iun 
(I)) 1\o rurt her testing ()f intervention 

Item 114 

A 72-yr:\r okt woman is ev-dlu.alt-"tJ durt~ .l folio'' -up visil. 
She""'' a 3 y<:ar hhloryofhe:lrt foilur<"wlrh o left \'entriru 
ldt ejection froclion of2.5'!, and New York B<"•rt i\ssocialion 
ftJn<·tlonal tla:-;:-.111 sym~>toms. ShL" h.t~ un ln•plaut.abl<: tar 
<liovcner detlbrillmor. She repnrr< m:1n:og~.1blt• lighrhcad­
cdncss wll h stn nd ing. rvfedications nrc U~ino~ru. c-urv<'(UIOI. 
ancl <pir.moll1Cl0ne a t maximally toJc,·arcd doses. 

On f'lhyslco 1 examinatinn. the• p:-1tkn I i' ufcbrlle, blood 
pre«UI'C I< 98164 mm Hg. and puiS<' r:lt<' is 6~/min. 'I he 
blimJll't.lt.'\'ntr .. tl "..._.nous pressure i~6Cnl t I}>. An S'* is p res 
enL 1 he IUnJt_\ ut· ck-ar to aU<.,(.'Ulldlion. 11wrc: is uo IO\H'! 
extrcmlly <'<lema. 

Which or the: foUowirlg is the most appropriate rnamg<'­
menr? 

(i\) Add iv.>bmdine 
(8) i\dd v:l l.-lrW n-s~cuhlrrll 
(C) Di<t,mtlnuc carvcdilol and s tart lvubrudlnc 

(0) Oiscomlnue Jisinopril and starl vah.artan sat·ubilril 
(E) Conl il>u< current medicarlon< 

Item 115 
A :!8-~ear uld \\Oman is e-'3.lr•1ted for lnwnnillent palpi 
mtlnn~. She rt>ports no oth<-"T S)'lnplum•h Mt.:dical hi:>tory is 
unremarl-.abk. ~and she t:.lkes no mt"'<Hc:ulnns. 

On phy~i<:nl examinmion. vil:.ll signs an: normal. 
'llw t::•il lmak d central vc:nous prL'~~un.: is tlcVtll<:d. Apicill 
impnl:>(' b. normnl . .:1 p:lr :lstf'l'n :ll impulse: i~ pn.:~t·n l al ti1<· 
k ft s ternal border. and a soft systolic mumllU' Isheard at the 
second len lntcrt·osl.tl spac· ..... Fi.M:d sJ)Iiltinp, of the s .• is noted 
t hmughout the cmdlac cycle. 'I he rem:tlnch·r or 1 hc-r>h)sical 
e~dminJlion b normal. 

Andrt1nx-anliogr.amdcmonslr.llt"\righl axisdeviarion 
and iO<'Umpkt<· right hundle hr.ln<h hk~t·k. ' ' chest rad~ 
gmph shows right heart enlargcmc:nL t\ lr.UISthor:>eic ectlo 
c1rdir~nun th.•mon~lt'.Jl<'S ~l l.S em ostium ~mdum ;.ltri31 
seprnl dcl'e<.1. ' llw right hc.1r1 c harnhcn. ·"" cni,U')t<'<l an d the 
<'Stirn~ted pulmonary artery systolic pres~Hirt' b normal. 

Which of the following .is the l.x:sL management? 

!A) C::11'dlac magnetic resonnnce lmnglng 
(B) J)(ov~cln<ureof lheaorial >IOI>Ial dcf<"<t 
(C) ~nducJrdiUs vrophyla,is 
ID) Mea<unmwnl offun('tional a~rohl<' C':lp;odl) 

Item 116 
An IIH ycJr o ld man is evalunred for ch""t lighlnc" and 
dyspnen. I lis ,\ymploms l.x-g<ln B monl hs 4lP,O tlnd HO\'\' occur 

Solf~Ass~ssment Tes-t 

'"'II ambularlon. Medicll histol) h 'lgnill<-:mt for type 2 
dinherc. mellilu.<. hypertension. <·hronk t-idncy dis<'<>S<.'. 
<Jnd u tran"h.:nt tsdu.:mi<.: atL~tck that Ol'CUJn .. "d 11 years ago. 
Current n'\e-dications :1re mett<muin . :Horv:a!"I:Hin, lisinopril . 
nnd low dose aspili n. 

O n phy))il'ul t:xaminaliou. lt:ill&.h.:Hili.IH ' j :; nurrn<.~J. 
hfr)(,(l rm."\..'oUfl' is 14Sl S2 mm IJ~. pul..,(· I"Uit' i'- 6-1/min , ;md 
n~-piraliun mlc.· is normal. 1hc." lunr.~ ;.lrC (.kur. 1\ grade :~If, 
Lue peakinJ! systolic murmur i< au'Cuhared at the cardiac 
b.lW \\1lh r.KJiJiion IO Chc ("amtkJ Jr1Crlt"'. 1hc.'n' iS nO$:)._. 

1-:c-hocardiogram demon<>rr:uc-s "<'\t'rt" aortic -;renosis 
with a mean grudient of 62 mm Hg and an .1ortic valve area 
ofO.C,St:mJ. 

C..l rtli.l<' :mrgt>ry a~·nwnl <~lhnall"' the.· :mrgkal risk 
to be hi!(h (<-.limat<"<l risk lor mort:llity, IIJ'1.: estimated ris l­
liJr lll.ljOI morbittity plus mo11ali1y. ~R·x,). 

Which oft he following i$ the most appropriate treatment? 

(i\) U<llloon "orti~ valvuloplasoy 
(B) M<'<lk~lther:1py 

(< l Su~it.·al ::~orlic valve n-plMx.·mcnl 
(D) TmnscMheter aortic \-alve repl>remenl 

Item 117 C] 
.\ bh yc.•.•r old man is t>\':llu:ued in the hnspital fo llo\\ing 
Sl t'lc.·v;u inn my<K'ardial infarct ion lrcoucd wi1 h primal) 
pc.·n·m:lnc.•ou"' t·oron:l ry h11ervc.~ntlon of I he.• lt>lt :lllterior 
dc:, <.·t•ndilif.! artC.'I)' -1 d :1ys ago. I ll\ hti11.JI pr<.'scnlaHon 
,,.~h l'<ll11pl k~ll c."<.l h) the.· i>rt'"tt'lln.' o f hc.·~11 t f~1 i lun ... and 
puhn01un t"dt~ma. lit• i:-. a~\'lllplum;~l k .md ambulating. 
and he h 'neorh read) for di"><·hor~o:<- ~1<-dl<.ll h~IOI)' Is 
.,.iKniH ... ..ant fur h) P'-'rlipidcmia. 1~ pe 2 diahc-te-o mellitus. 
:md h) pt•rte-n..,lcm . Medi<':llion.., .lrt.' J'p1rin. prasugrel. 
lbin~>prll. ~·an.·c..-diJol. atorva!>t~lin . anti w~t ~nd pr-.• mdial 
l n ... ulin 

On physk.tl examination \'ltJI 'l,:,n' a_n: normal 
Oxy~l·n '" tur~1Hon b <.J9':. , hn"":llhlnH ounhient air. lhe 
rc.'m.lfndt.•r of the examination ls unn.:ma rk..lblc. 

l~lxm1 tury o;t uilic.-:; ~n~.· 'i~nHlc:olll1 l'h r .1 wrum creali 
nilk k \ d nf l .O m~!<il (AAA JJnlOI .. I.) ;md a ' c..·nnn potassium 
kwl of~.? mf.q L (3.7 mmol. L). 

.-\n (."\:huc.:J.rdiog.mm show' 3 lc.·f) v,•ntrkular ejection 
fr.Jc. lk,n,,l.l'i t . 

Which oft~ follo\\ing is I~ most oppropriat~ lmllment? 

(A) t-:ph.·n.·nunl" 

{R) l'i(~'rhide mononi tr.J.te 

(C) Vab artan 
(ll) W.trr:orln 

Item 1 18 
A o3 \'CJr uhJ JtlJn i~ t"\·alll;.lte,•d tn tlw c.·mc.'T}..tcru-y depart 
nwm fur pn~Tt"Ssive d\'spnC".J. lht· JX11i4.1ll n.-putb irK-reas 
ing dllh<UII\ hrc.othing "hil~ ~ ing !131. lie I= • hislol)· of 
JtrtJI fihrill.ahon .md undt-"T\\t"nt t:alht.1c.·r ahi.Jiion I \\('\'\... 
.l~O. \ k-d11.al hc,ton is othc..'0\1"< 'i~nif\<..mf tnr hypenm 
,ion. I k h.l'i 110 hJ;tuf} ol' h~n f;1ilurc.• f)f lt.-0 venlricular 
dy<>funnion. M<-"<ii<·ations arc w.1rfalin . t.lronc.'tlJronc..·. <lnd 
li<lnoprtl. 

15 1 
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Self· Assessment lost 

CJ On ph\ "kal e\amination. temper:nun .. i~ nunn.\1. 
blood pr'-"-'Ur~~ i., 8S 12 n.rn Hg. pulse r.1te i-. 112 min. and 

Olll1. ll'>f)tralion rJic is It> min. l'ul<Us p:~radoxus ol IJ mm IlK 
;.,. pr("Wn1. c h)~en ~atur.Jtion breathinJ,t ambient Jir J, %"' .. 
f..ardi3C: cx3rnin.;uion reveals de\Jll'c.l <.~timJtc.-d C..'\:nt~Jl 
,._.nuu' pn,:,surl!. J k·art sounds art> dittkuh to >lli"-4..Uitj(c..•. 
l.untt "•\:lmln:nlon reve:lls no t'rJ.d.k~. 

An cll·urO<-ard iog:r:lm dernom;l rJll"~ 'inu' l .. u:hy<:otri.JI,l. 

Which of I he following is mOSI likely responsible for lht 
pallenl's symploms? 

(A) 1\tri<>t''"l'h.lg<'·lllistul,l 
(I!) Cardl.lc tamponade 
(< :) l't1llnon:.ry vt'in stt>noslo;; 
(D) ~<tr<tjll:rlwneal blt't'lling 

Item 119 
A 13 yt>Jr okl \\Oman is evaluated during a foliO\\ up \'isil. 
Six mon1h< ago. she was di:lgoosed wilh hc.J.rt failure •n<l 
pulmonary \drcoido:<iis. Cardiac magnf'tic rec;onantt im:tg 
ing >ugge<ted po<,<ll>le cardi~c .arc:oidosi>. She is feeling 
beth .. T:Int·r initbtio n of therapy, hut she stm hJ~ C..':\:l.."rtion~'l 
d~pnea Whl'n walking up one flighl of ~lain,. An Cl'h() 
c.::lrdlc)J,trnm ohtainecl t week ::~go showed a lcfl vcnlrlt"ll 
lnr ejc:c.•tion fr..u.:lion of 30~>. Medications are CJt1\ll.~urtun. 
cn1'Vedi lol. and spironulat·tonc. She hl.ls also n..-~~m 1 :'king 
pn:dnlsonc fhr t·ardia<.: s:ut·o idosis tor the p;:~sl 0 months. 

On physlcnlex;Hninalion. temperature is normal, blood 
pressure Is 98/60 mm I lg, and pulse rote is 58/mi n. 1hcrc I' 
no ju~ulur venous c.list<.:ntion. l.ungs art• d t.oar to :auscuft~ 
lion. t.Jrdi:tc c-x:tmln~tion is normal. No t.'dc.:ma is noted. 

An clt'<:trnc:trdiogram shows a QRS llllfJtion of 158 rns. 
lefi bundle branch block. and firsl degr...- atrioventrieulnr 
hl<t<'k. 

ITEM 120 
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Which of lhe following is the mosl oppropriale mamge 
ment? 

(A) Add ruro:.:midc 
<B) lntn-asc t-arvedilol 

(C) P<-rt(>m> endomyocartllal biOI>!>)' 
(0, Rc.:ftr fOr plat't.'mcnt of an imf)l:lnr~hlr c-nrdiovert<.->r 

dclibrillator with ('tlrdi:.\t JX.·synchroni7.al ion therapy 

Item 120 
A ~12 year old man is cvaluah.:d In 1 he <·mt·rgrn<'y de pan 
mcnl for an S-hour history of a<'ut'-" ons(·t c:hest pain. 'I he 
)Y.ltient characterlu-s th l· pain tts sh:lrp and pcr:sbtl'Jll, Ml-"<.1-
kal hl<tory is significant for hypcrtcn,lon nnd hyperlipid­
eml .. l .l\kdiealions arc lisinopri I and ntot\.'l"Hatin. 

On physical exaiUIIl3tion. tcmpernture is 3i.2 'C 
(99.0 "Fl. blood pressure is 130 Sl mm lin. and rcspir:nion 
rate is normal. lhcn:is nojugul.lnt.·nousdlst .. nrion.llte hmgs 
a.n: dear to auscultation. C1rdlac:~XJ.mination re'\"e3ls no rubs. 
murmurs. o r gallops.l\.'riphl'l':ll pul""' are fWI and <'lwl. 

Laboratory stud.ic::. rc..'\.·t:..tl Jn ck"VJil"tt C- reaclive pro­
tein It-vel and lcukocylc mun1 of QOOO/p l (9.0 x 109 L). 
Serum rroponin T leve-lls nunn:ll on :1rrlval and I hour later. 

An elt"Clrocardiogram is shown. 1'mn,..lhor.u:k echo­
carc.l.iogr~un <.l~.:tnonstralcs norm:•l l<•n vent ric-u lar size and 
fun<'linn without segmental Wtlll mc•tlon abnormalilks. 
1h<·n: is a small pericard inl etfu slon mwsuring 4 mm. 

Whicb or lhe following is the m.,;t approprhlle manoge 
ment? 

(A) Echocardiographic Rul<lcd. pcrlcardlnccntesis 
(II) 1\mergent t·ardiac catheteri;->tlon 

(C) Exercise tre:tdmill <tress ICSitnjl 

(D) HiKh-<iosc a>pirin •nd mlt'hltin~ 
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Answers and Critiques 

Item 1 Answer: D 

Educational Objective: l>iagnose acute rejection in a 
cardiac transJ)Iant patient. 

Endomyocardial biopsy wil l mosr likely estahlish the 
diagnu~i::> . For eardi3C: tr:~nspl::mt re<:ipients. the risk for 
n:jc(·(iun is hight."St \·Vltltin t he." fi rst(, month!-: :1tl~r tr:ms 
phlntalion and then wllhin the n~t ye:u. A fr~r rhnt t lnw 
period. the incidence of reje-ction i~ quite low. Thi..;: post 
tf' . .:wsphlnt patient is pn.•senting with sign:\ :md sympwms 
of al·utc ht'-art f;tilu re. lnrJuding abdominal dis('(uniOrr, 
l'X<:rtional dyspne;l, :."'fld ~Hl S~. :\dditiOil:llly. t he pres 
cnt'<' of C:lrt non o '",.~lves sugg('~ts <·omplere he!lrt hloc·k. 
:.lfld the e1<:ctrocardlogr.lm is confinna10ry. vvith P waves 
that march independent of the narrm•.: QRS c.:ompll"x 
(arrows). All of these tindings are consistent wilh aculc 
rejt><"l ion In 3 p:nlc:•nr wit hin the tirsl year arter cardiac 
transphmt:ltion, :md lhe most appm prhtte tt•st l'or dh1g 
nosis is endomyoc-ar<iiul biopsy. It is i1nport~mt to note 
I hat most J):lCic;-ncs \·vlth clinical rejecrion will not havl .. 
any symptoms of heart failur(>; then ' rort>. rouline endo 
myoc~\rdl;:'ll hiopsh•s :=~rt> performed within r lw first year 
::~ fter fmnspl:tntation. 

Abdomin~11 cr would not esr:1blish 1 he d iagnosis. 'Jhjs 
p;ltlt-nt'o; symptoms are most likely S<:'condary lo <K'Ult· 
congestion~ ihe p.1tienfs cornplett> h~-lrt hto('k and other 

ITEM 1 

c;H'di:lc tinc1ings shou h1 Hlcus the d in k i:nfs attention on t he 
he:U1. Ahdomin:ll Cf should be perChrrned only when tht~ 

:l hciomen is thought 10 he tht' prim:try C':mse ortlw 1.,_\tient's 
symptnms. 

Coronary :1rwry disease is a <.'<>mmon long term 
<·omplk :Hion of t·:1rdiae tr:m~planl<t t ion , and hy S ye:-ns 
:1 ner tr.mspfantation. vas<·ulop<tthy is present in ahnosl 
so·~. or p :1ti ents. Coron:n y :1r tcrv <Hsease would be more 
likely in a pa tient furl her removed from lmn!-;phm tation : 
t herelb r(·. coronary angiogr~phy would not c.·stabli~h l h~ 
cfi:1gnosis. 

Echnt-.:trdingr.:~phy will confim1 a decreased ejection 
ff:lclion in this palienf hut cannot ~:stabHsh 1 he diagnosis of 
n .. ·jccti<m. 

KEY POINT 

• 'fhe risk for cardi:1c transplanL 1·ejedion is highesr 

within the first 6 months afler transplantation and 
th<:n v.m hin t hl..' fir::a year~ <:udomy(K"ardial biop~y 

should be rou tinely perfOrmed within the first 
year afte r cardiac transplantation to diagno~e 
r('jC"Ction . 

Biblk>gmphy 
ll\t:.li IN, ~um..- JE, Pusl ht-;.u1 t f'..atl:'il)l:llll <'c"•nll) lk,.-.u in n )<., C ri l C ;;;r~ <:! ill 

1014::30:62'? 37. LPMII): 24?% b l21 doi:IO. t01(o!j.l'<.'1:.20J·I.O:l.OOS 

153 



Answ•rs and Critiques 

CJ item 2 Answer: 0 
EducMional Obje ctive: Treat a patient with a non 
ST cln:~Uon acute coronary syndrome with ::an C"'.u1y in\-a 
;I\~ >lr.>IC$:) 

ll1h pallcm 'hmtkJ und~'O urgern angicxuaph~~ I'Jtat·nt~ wath 
;.t nc>n ~~ c.·kv<llion arutc <:omn~uy syndmml~ (f\S"I F \L'\) 

~huuld unt.l<.·~o risk strJrification hethn.· inva~in· ln•amh·m 
bc:<.·all\C lh<.· link I>CC\\'C~n n..·vascularizalion and <.· link~llclut 

c.:omc:s b k"\~ dear in these palienL\ lhan in Jl'U i4:nts with 
Sl' c.•lc."•utl<ln mycx~u"diaJ i nHm.·Lion (S'fl-.MI).I~i~k ~11'31 ifkntlcm 
toob. -,uch :.1s tlw TlMI ri~k S<..'on:. c.•an be used to tktcrmfnc 
\\hk.-h p~tth:nl'i \'\'ilh NSTE ACS should be tn.".lttd wtlh ;m 

uw~J~Iw strJt<.X) \'cr..-us :m isdtcmia guidc.-d ammxu.·h 1\n 

<"'rly '"'"'"''' >trJI<')() lx'11Ciits patients "ith hi!lh riM I rt.'~ 
><""" (S 71 and ontenll<.'tliatc TIMI n~ ><'<>"" (.1 .1) , 1111' 
patll:nt hJ\ a liM I n>k ><.'OrcofS, as indic'.llru b\ thq>n''''"''" 
of lhn.,· tr.KiiUorul !"bk facto~ lOr <..-orown· <.~rtt.-n' da~.....-. 

~lrtn u.....- \\ilhin the: lohl \\'l.'\i...agt:okkT Uun bS ,,_~Jf'. l\\O 

ur mur\· .mwna t"JM!'o4.~ in th<: ~ 21 hours •• uKI 'wtili 
t'o.Ull Sf 'J.C."'jq!k'OI dc..'\t.1tton on el{'(.""£nM."'3J'\1Jogrd.tn. fh, <.,(,;on: 
pbc.\..., hut1 .u hig,h rhl.. lhr de-.. uh and c..·a.rdi.lc..·a'){ht·mk c..'\\."'nh. 
oln<l d(,,)lh' tfw nhst'Jl{'(' of dev .. lk"'-1 (-.trd.Kll b•u• nar~cr k\t·l~. 

lli')!I.;'O( (."Onlll.H')' .. lllg)Ogmphy is w:ltl'allll'd 

Sin.."~ tl"'4ing wilh ac..l<.·nosiru.· nudt.-ar strt.·~~ u .. ·,thu; nr 
c:xt.. .. rt·is~.· sCI<..'"i" d<..'<.'tnl<..':.trdiow.lphy t·oukl Lx.· c..·on:::id(.'r\'<1 lor 

11li'1X"<'' ul' risk stt:ttlNcmlon if Ulls p;l!ient dt..:lhl<':\ '"' c•u 11 
lmw .• h,.,· ..,tr.H<.1t_\o; I lowt'\'t'r, an in\.'3'->iVt·~trJllfC.' II.<.'' ht'\.'n "how11 
to lmpr'O\ ... ·llw <"OillJ)()Site dlnk'"J.I ettdJX)Int ol"<.ll"Jth. n.:c.urn.·nt 
l'l'l)'lX--.mlbl ulfMt.1lon. :lnd rept>;u hospHalu ... ltlon c.-umfXln .. '\1 
wllh tn hd1<1'11~• gui<k.'d approodun p;U~t•OIS\>~Ih IWI'I- .\( :\. 

In p.u~t·nh v.ath su-spected .:\STJ:: AC '' alh a nunnal 
lnlttJ.llruponin k'\d and in<:ondushl.' dl'l1nK'an.ltoW'..t.l>hh.· 
tam.ltlllor">. lurthc.-r d.iagnostic !>tLKlk~ mav lx: inc.lk:atc.-d. Com 
lUI"\ <T Jn~I<O'gr.lpll} ~appropriate. anc.l n~l ~~~· phu(un 
cma'''un <..1 m~ be..· approprtue. tJo'-"·"u-. m lhls a...atK:nt 
wJth ~tlu~h J)fl·lc."Sl proOObilHy ofC.t\ll. t"'I'Uil:.lf) C:T an~H~ 
r.tpltl v.ould onl> dday mtic-.ll ther•m· 

KEY POINT 

• l'~nit·nts "'"'ith a non .sr ekvation atutc cownur)r :.yn 
drm'll<:" whn h:w(• a high or intemwdi~IH-> 'l l rvl l ri~ l\ 

~<.'tU'I! should be treated \Vith an early invasive stmt<.1(Y. 

Uil>llogr:JI)hy 
J\m~(·rd .un F.A, Wen!..'t"t 'IlK. Rrindis RC. f'..uSt:)· 1)1-: Jr. G.mi.Jh ·n:. ll•,lnk"'> 

I)~ h', ,., al: .\CC .-\I lA T~l.. Fon.'c M~..mbc..'"'l"S. 201 1 AliA At;l;M.ukkhl~t'lur 
l l .. lll.lll,IJ<>."I'WI'H t>ff\;tl~llCS WUh flu n S"r cle\·;U)on 31. Uk'<I)R)f'I;U'} ~TI 
(LU.nM.") \' .\l.'\:Uii\..: 't•.nuna.o . <1 (\1>0fi of tJx An~rk"-;an ('nl~ nt 
("..11'\1••~ ,\nk·rka n u,.-.ut •\.~'(()("i;lek,., T."'k hmT '"' •'W.-·Iin• 
(;uwJctn~no('ircublion. 2UII:lJ0--..2JS..f 9-I. (PNIO: 2521YSt1411\h·10 lie» I 
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ltem3 Answer: B 

Educational Objective: Treat dt.1,'<.'nc:rativc milr'.al n.:gur ... 
gil at ion with surgical mitral valve repair. 

"lht' mo~:;l :ll' l'roprl3te ne~:t step in m:magt•nwnl i!'-1 'u tgk:1l 
mitt~ I \"Jive rep:.l r. My'lom~tous dt."~!ener:llion o l' l ht> mit ral 
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""'""is common. atfectlng n. to J • uf the I(Cill'T'JI popu 
l:ltion.ln 10'!. oftx•tieob. th.: \~tl\ ulJr k~hnt <.".ln p~rt~ 

he<:omc life lllreatcning. and l'l'quin: '"'!."'"· The only 
definiti\-e therJpy for ~·\t't\' ndrr-,tl r<.·gur)tltaliun i~ mitral 
val\'e surgery. Option~ Jfl' mitr-..•1 \Jh'l· n:p<lir. mitr-JI vahf" 
(c. .. pltl('('Ol('fil ,, ith Pfl'"M.'J"\ .Ilion o l i)Jrl Hr a ll or I h<.· mi!T:1I 
:lJ)j):lf:l(US. aod UlilHtl VJIVt.' 1\.'PhU.:<..'InCil l with fl'"nlO\'al 
of the mit ral app;.~r:HU~. l\1itr;,ll \1;11\'C fl·pair i' gt:nL"n:tll\' 
p referred to valve repl~l t...."t"IU&:Il l !x•<.·au, ... · il is nsso<.'ia l~d 
w it h improved survival in h: tr• •)p..;c..·livc slmlk s. Mitral 
valve repair is str(•ngly n,'l...'UilHHt.'lld(.:d 1\)r t.•h rnnic sever\.' 
primary m itral regurgitati<>n i n (J) sym ptonullit' P~llicn Lo;; 
w ith left ventricular eject inu fnlt'lion J.l.fc.'ilh.'r lllan ~{0~ .. 
(2) a. ... )·mptomatic patients with l ~fl \c..'lll tkulur dy .. runc..· 
tion (lefl. ventricular e jection fr.lctiO!l uf :30',., , UO~. dOd 
or lefi ventricular end sr~tolic rliamrtcr G' 10 mm). Jnd (3) 
p.,tients undergoing another t·.udi:u.· \UI)ti<:.ll J)nx."t..'tlun:. 
Additionally. mitral valve rep;air i\ n.·.lwr\.tbll' ln a~·)'mp­
tomatk patients with chronic \4.'\"en! (lrimat) mitr •. d n-gu.r 
~itation who have m..·w onS(tl alrl31 fihrlll:~llon or pulmo 
nary hyp<..·rt<.·ns:ion (pulmonal) :tl,~rv ~yssolk pr(·)~1.m: 

>SO mm Hg). Notabl\'." 1<:11 \Clllr1l'Ufor ej~rt ion fr,l<'tioo 
o f 60':t or k-ss is usl'tl in ddlnintt left ven1rlcul4!r S)'')toliL 
dy~function in mitral rt!gur,gitaOon hccnu~<.~ :·10rl it .;:mpt)­
ing into lhc tcn. atriu m t'on trihult's 10 the rrlnr iwly lowe:r 
<1ftcrload t·onditions and h iglwr cj c.."C'I ion f1':u.:! ion (.lL"::;pite 
im paired Jell vcn lrkult1r pt:rfhrmancc. 

Serial l'Vtdu:.ttions <..·•vf!ry b It) 12 mo111 h~ a rl' t\ :com 
mended tOr p.UknlS w ith !)(.'vc.·n.· n11tral r~u rgimtion ''hu 
do not have irt<.U<.:ahom lOr ~1.1r~·ry. Thi'i p:uienr meets che 
c.·ritcria for s:u.rgtT}': thendOr~. serial e'\':llua1fons would OOl 
bt.> appropriate at this time .. 

M•ny patien" \\i>Ocould benefit front mitral ,.uw n.1>Jir 
are denied surgery becalL-;c of high «orp.k:tl rbf... ad, allt't'<l 
o.tg<.>. or <."'nKubid conditiono;. A cnh~er ha~t c.lt"'ic.'c: t·m 
improw mitr.U vdl\'c fWK1.ion by dclr.'eting • dip pem11a 
nroUSI) to appro.xunatc tht· "llw k:tlkt t'dgcs •nd ionpom-e 
le3tJet coaptation at the ori~n ol the: milr.1l n:gurgita1ion jet 
ll1c: dt"Vit.'(' is appruvt'tl tOr }XIUt-nl~ "lth o;lgnitic:mt syrnp 
LOmalk c.J(·~·ner-.tth"e mitral n..~tl(.il~ll ion fnr whom mitr.ll 
valve surgc..-ry poses a prohibHi\'l' risk 11\IS pmlent is health) 
and doc-s nol have (.'OJUorbid <.:undlttons 1 hnt \-'\IOUld signifi 
c..·:mtly in t'fl'a.St' surgical risk: lhl·rt:lOrc. tmnscathete r repair 

b nul indi<·m<'<.l. 

KEY POINT 

• Mitral \'alve repair is <itrongl)· r~C'ommrmlcd for 
l·hronic st•vcn..· prim.ar\ mHml tl.')tur'J:1tatinn in 

~) mplomati<.· pahcnt!t \\ith ldt \Cntrkular ejec 

tion fnction Jt(e--• .:uer lhom :~o· .• • h) 1111>tomJlk 
palicnts "ith l<.·n '<•nt rkular d}"\fun,·rion. :met 

pottients undergoing 3nnlhC'r c;.trdlott• ~urgical 

procedure. 
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ltem4 Answer: A 

Educational Objective: Diagnose hypertension related 
to bevaci:zumab therapy. 

UC\>i!cizumab is the most likely cause oft his pMient's hyper 
tension . newciztmt<ll.> is a monoclon<~l antibody tim blocks 
angiogenesis hy inhibiting v·ascul~r endorhelinl grovv-rh 
factor (VE<;I·) A. It is effective in combination with stan 
dard chemotherapy for the treatment of metastaric colon 
and gynecologic cancers. fnhihit ion of VF.Gf. appears to 
cause hype11ension through several mechanisms, includ 
ing altered nitric oxide product ion. increased endothelin I 
production. and altemtions in the pressure natriuresis rei a 
rionship. t\s such. bt."vacizumab related hypertension is a 
mechanism dependent. on target toxicity. whkh results 
directly fi"um inhihition of the VEGFsignaling pathway m lhe r 
than ao; a nonspecific drug side effect. Revaci'l.umah related 
hypertension aHects: a high proportion of Lreat(."<-f patients .. 
and indden<.."f! is dost' lkpt'ntk nL Hyperlcnsion is most 
commonly dct(_'<.' l<:d aL appruximatdy 60 days alk·r thn 
apy inilfation and is f'(·vCI"Sibk upon dist'Onlinn~llion o f the 
mc;•dit~!Uon. Bt'l1lll.SC.' I~HgL· iJ1Cr<::.lst·s in both diastolic and 
!>)'SlOiit• blood prt'SSUlX'S t:.\11 OCt'Uf <lS e:.lrty as lh(' tirSt \'V('(·k 

ofLhcr~py. all iJ')Iients taki~ an angiogenesis inhibitor (such 
as bt·va<:izum,lb) should howe thtir blood pn:::;::;urc t·:ud ltlly 
monitored during Lhl'l".tpy. p:.lrlit"uklrly early on. 1l1ere is no 
preferred antihyperlensive agent tor trt;\tment.lnter<·stingly. 
tht' d<·vd opmcnt of hyp<.'rt<'n::;ion m:.\y b<" :.\ mML\l'r of ~1 tht-r 
apeuric response or improved cancer outcome tOr patients 
tf('31t~d wilh this d:.1ss of drugs. 

CisphLtin has been associated with increased risk tor 
\·enous thromlx>cmbolism. supraventrkuJar Lachyt·ardkl. 
01yocardial ischemia. and cardiomyn{klth)~ but it has not 
been associated \Vith hype1tension. 

Gluccx:orticoids. such ~IS dexolmttlhasontt. may contrib 
ute to hypertension through an unckar nKchanism. How 
ever~ Lhtt liming and d<:-gn.·e or hypc..·rlt'tlSion obsc·rvt"<.l in thls 
p:uient are typk'al or a bt·vadzumab induct"<.t rt·acUon. 

The most common cardiotoxidties assodo1tcd \"'ilh 
paclitaxel are bradycardia and heart block. MosL of these 
t'Vt'lllS are ~lsymplonunic. and routine cardiac moniroring is 
not advOC'3t<"d. P:.lcliraxel c;;~ n uncon1monly cause hyperten 
~i011 (I~)(, iucidente) but js more likeJy to cause hypotension 
tup to 12'};, incidence). 'When used in combination \·Vith 
doxorubicin, pacHtaxel is associated with cardiomyupathy. 
wltich occm-s at a higher i nc idence than \Vilh doxorubidn 
alone. 

KfY POl NT 

• The monoclonal ani ibody hcvacizumab is a,')..')()dal('d 
\o\•ilh the tk"\'elopment of signific:.mr l)ur revt-rsihle 
hypeneosion. 
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Item 5 Answer: B 

Educational Objective: Diagnose aortic coarctation. 

'fhe nX>S-f likely diagnosis isaortic·CO:lrct<l tion.1his pati<:nl ha~ 
flyspne1 ill the setting of aorttc St('JlOSjs SJlcl hyperlt'lt~ion. U11c.f 

she has dinicalfeauues of upper extrem.ity hypertension and 
a r.adial anery fO fen10n1l SI1.Cl)' pulse dC'kly that ::ilt._~<.·~ t a 
m<..ochanical obstruction between rhe mdi:1l ~1 nd fcmora.l ancr 
ies. J\ sysiQiic murmur he<trd over U1e left t h c:st is t·omnlon 
in patients with severe aortic coarctation; the.se murmurs 
<:an a1ise fmm the ol~'tmction or rhe collateral bJood Hovv. 
The l"Xltienfs chest radiograph demonstrates rib notch.i~ 
(Cirrows) affecting sever:1! of the posterio r 1ihs; rib notC'hiJ~ 
n:suhs from exaggerated collateral hlcx>d flow diverting blood 
around the area of obstruction. ·n1e patient additiontllly has 
;.tort it' stt.>nosis ass<x:iatt!d with a bic.:uspill aortic valve. which 
is present in more than so·~. of patiems ·with aortic CCXlrtta 
tion. Cerebral artery aneurysm also occurs \'l.tith increased 
frx:quc.·nt'Y in patil·nts wilh aorlic t'Oar<:tation. 

ThL· ~yndroH'I t: of aorrk Ul::;scdion usually prt'St'nls with 
sharp or t~lrin~ t·hL':<:t and/or h·.tck (Xlin. It may be acl''l")mpa­
n i<."<J hy syncopt. heart railun:. o r stroke nnd i:-: rarely asymp­
wma1 ic:. Chc.'Sl pain with <.'<ntt·ornitant acute i:;chcmitl in a 
d istan t .urtc:ria1 lx-d (stroke. limh iSt·hcrni<l) ~houkl pmrnpt 
(.'(ml'iider.J.ti011 Of' di~SC."<.:tiOn. The: d lt'Sl ~l<.liOgl'"aph dOL'S not 
tk·mun::;tr:.ttt·ii..·;ilutt·s uf Hurtt<· c.lilatation Qr m.<."d.iastinaJ wid 
c.·uing t.·haratlL'rislic of dis:sc.>ction. 

Although t.lLt physinu c•xam.inationfinctings in a patimt 
will I st·V<.·rt: c::;ocnlialllyJ)L'rtcnsion ofkn induct<: an S.,. blood 
J)r<.'SStLrc.' and pul~t· ditiC.·rt·lllials between the.· uppL'r and 
lower (':\'trc.·mitic.-s a.n.· not cxpn·tt."tl. 

R<:uo,,...JS<.'ular hy(.)L·rkn::;ion is J C...'UJlUnon <.'~n.t::;e of 
hypc:rlc:nsjon. ot·t:urring primarily in patients with dif 
ful>t' :.tlht·rosc.:krosis.. ·lhc pbysk-al examiination in a patienl 
wilh rt"'novascular hypel1.('nsion is usuaJiy non11.aJ. with th.e 
cxc'<'ption o r hypertc•nsion and possible eJ)ig,tstric l.>ruit; 
blood pre-ssure all<l pulse differentials between upper and 
lo\1\tt.'J' l"Xlr<·milit:s :U'«.' not t'XJ)<.'tlC'cL 

155 



--~---

Cl 

HY POINT 

• Aortic L'03T<1ation i~ chanu:.~tclia·d by clinical fearurt":> 
of upper <..'Xtremity hyi:H!rlcn~ ion ami ;.1 radial art('rV 

1o femor.ol ;,U'tl'ry pul!'>t.' delay ns vvcll :1~ rodiogmphic 
findings or .. ngure :1 SIAn .. tlnd rib nmching. 
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ltem6 Answer: E 
Educational Objective: M:.tna~ a patient with acute: 
limb ischemia. 

'I h .. • m~t dppro prialt ' Ill' \ I !"h'P In the: m:.m:.agt"mcnt of chi' 
J'XIIknt ' ' ilh .ttulc: li!Hh i•,c:twml.t (AI.U b urgt·nt lffi"'aShl:' a1~i 
·~·ll)h) tu tk'tcrminc lh<: c::-.h.1U t11' dise::t~ .;Hxlto pLm lrt"at 
nk·m. ~U i><ldirll"<ll'l J ""hlo.-n<><rapklde..--re,-..,m hnlbi><1" 
ru.Jon. t{tcn m.tnifl"i.{«..'\.1 ..._,d l'k'\\ pukt>detictt. rt"5t ~L JXI)Ior • 
. md ur ~tr.l.J)~r.. 11x.· mu•.;t t.nmmun t:a~ of AU Ull-ii.K.k.- in 
..;.iru thmmbc:xtsor a It "''l'ff.'\tn.·mil\ ~ p;t~ grnft on:ndcJ\o_l~.:u 
l:tr 'tcm JJid lhtun\bt'K.'I'Ilbulh.m. l ~1 1 it'nt;;; with AU J.nc..l J '1ahlt• 
t'~ l 1\."l'lljt)• .. 1~ mo::.t L'Oilll'llonly tn·:Ht"'<l \\il h :-.urgilod <:mhokc 
tomy or c..;~thctl.'r Llin:Llcd th u tmh<tlysls. 'J hi~ rxtti<:nt i~tkn1011 

str.uing S<.""\ t:I':.tl t l.t..'-':lit' ..,ign' of J\1.1. induding pubt·k~"''nc:-.-,. 

p~1Uor, ~1nd pain. ~mu he '' at hdAhlt•nt'd risk tOr AU owin~-:. to 
hi' histOI') of f-t.."tllor,tl l 'lovlltf.~.ll h\ fX'""' graft surger). 1hc..· nt~,...l 
.1ppmpri.tte fH."'I Mql 1, tn JX"rfc>f1n inv.tsive :lingk~.;r~tph) to 
c.k"fi~ rht-le\\'1 o( IJldU,MNl and lc,dt."ft'mlinewhetht.Y MU'Jdc,.W 
,·rnbuk."l'tocny or toatht..1c..T d1n.'< r,'<l 1hmmbol}~~ b d.n optktn. 
lk·l.l) in •n.·atmL1lt Old\ k~•d tc• wot"'<ning limb JX.'rt~(m. hnth 
l'k"l1tr-.h. ur tJ1~ nc..'L-d J(Jf Jo\wr t.'\11\"0lll} ~lrtlJ)UW.lion. 

:\ouim".J~i't' im<&)tin~ 'ltHfl(""· ... ufh ••s artt'riJI duple~ 
1111 r.t ... ont•grJ.phv anli < -r an~-ti 1)1!1':lph}·, m:1y bt· usc.·fuJ toddct·t 
t ill' k\t.:l of :sh:m~i~ ;md t.·~tl'nt o f db~··l"-e. hut theM.· tL·~L<.; wiJI 
\tth:-.t,Ultiall)-dcl.ay the tn.·ollnlt'nt of ;\l .l ln a hi~ palknl. 

Fmcrgcnl IO\H'r t·.,tn·mfl~ .mlput:l{ioo b nt.x·t·:ss..u) tn 
tMIIt'nl\ \\ith ;\IJ who h~•"\' a n(u'"·l;lhlet.·\trl"mitv (gan).!rcnf.·, 
JX.r.aty,hh hO\ .. t'\ttr, thh J'l;,l,tlt·nt t'\hibits signs ot 'i.1hil 
ih (intat1 SM1.. .... 1tion and nlU'4.:k· \.ln.,Jgtld and shnuld nol 

urllkf'h'O immt"<li.3tt' ampur.niOC\. 
In nmtra.-J IO IIW tn.•;JIIll\'111 of oU.:U(C: ist-b:i.•tnk.• ~rukt.• c1r 

.u. tHe..· S I d<.'\~linn 111\'f.K':.mH.d ntln.:ti<u,, s)~lt'lllK thrumbo 
I\ tic..- thl'rJ.fl\ (sueh a\\\ il h rt."<·••mhlrl:'l lll tissue.: plasnuno)(l'll 
.tc..: li\~llor) has nol ht't'n pmvt·d h,•n,:tkl;ll in thl' trc:a lmc.:nl ol 
AU <~nd <ihould not be.: 11'7t.'<l i n 1 hh p:.ltit.·nt. 

KEY POI NT 

• In (Xltienrs vdth acute limb iScll(mfa. ill\oasi\t> angiogrn 
phy sbould be periOrme<l immedi:ul'ly to defurc the ana­
torok: k"\t:( of c.x.·c::h.~iofl unc.l plo1n aOr rev.J..."'iC'Ubri7:ltion. 
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Item 7 Answer: 0 

Educational Objective: Abnagc anti rhrombolic t h<:r.apy 
in a patient with atrinl fibrilla lion a nd corona.ry artery 
disease. 

'I his (Xltient \'l.tilh t't>run31Y al,t~ry dis•:~L-;c (CAl)) and :llli.ll 
librill:ttion.should b<.· tw.ued with oral antit'O'.tgulalion :alorw 
lhmmhoemholism {struM· o r sysre1nk" l1llboli~m) i:s ttw tll(')o..t 

lc-arcd ond de\;l>laling <'lmpllc:ltion or ~lrial llbrill.otlon 
l'•li<"llls \\ith otri:tl fibrillation ond a rllOd<T~Ic 10 high rh k 
f<>r <lmke (CIIA,DS, \:\Sc: score ~) sb.ould be llt"dl<' l \\ith 
or.tl antic·oagulation lor )lrukc pm-eJ'Itioo. This JXIH~nl h.a~ .3 

CIIA))S, VASe «:011" of S (I poinl each for fc·m:>k ><:X. hyper 
lcnsion. and \'aSC'UJar di:scusc: 2 poin1s for age ~75 )r"(.'~J r-.) :md 
sh<RIId rc<xoive oral tllllk'(Xt~u lntion lherapy. OOSt.'-<Jdjusl<'<l 
warrarin i.s :m etf('('tiVC' low (,'OSf npfi{)L1 for Slrokt: pn:wn 
t ion in p:1tie-nt~ wath ~Htial Hhrlll:nion. The cl1il'f limit:1tiunc; 
or w:.Jr(;trin all" the n«d tOr frequent INR muniturin)( and 
udju~tmc..1lt as w~ll ac; tile: nunu.·ruu."i food and drug inu:rJC 
lions <1§()(..-futed \\.i th iK uc;e. I he: FDA has appM'l-..1 M."\'\:l':ll 

non- \itamin K ani.:JtJlni~ orJI :lnhc:cagulanrs for the: pl'\."\ 'l"l'l 
hon of "iimkc in p.1ttentc; '~ilh num':l.lvular atrial libri11Jtion . 
irK:Iuding dahigatr.m. ri\':'lm'X:lban. t·doxaban, aOI.l ~tpixab.ln. 
111l"Sc agents <}ft" snperioa·. OJ' a1 k-:1~1 noninfe-riur. tu warfarin 
it1 tlli.· prt.·vt:nthm or stmk<.' In p:llk·nto; with nonvalvularalrlal 
fihrillalion anct do nol OLX't'ssitutc murine t:oa~ul~llion monl 
turing. \¥-.trfarin remahtS thc:' :1~111 of choice in puli~11 t<t \"- llh 
valvular alrial fihrill:lilion. 

Antiplatdcl lh<T.tpy with ;\Sptrin is typicaUy ludl<Oll<"\1 
in patil'nts with CAD: hnWt"\'t'r. aspirin alone or Uu.tl anti 
pl~tdct thcr~py (aspirin plu~ tlopidogrel) i.< insullidcnt r ... 
,amkt· PJ'l"\'t'Tllion in paUcnb al hhth risk, such as thi~ ont•. 

C .. o mbination t hC1":.J)) "ilh or'3l antilu.~gul.stion and 
antiplalc:le-t ther.:apy. ~uc.:h :.1~ >~>--phin or clopitlogn:l. i~ ,a~lj(~ 

dJLl-d wHh signific::mtly intn.:uscd risk for b1ct·Uing and 
riO appart:nl in<•J'f'nlf'llf:l l lx-ndil. n1is patien1 aJ.ri::Jlly ha-. 
~c..·vt."ml risk f~Jcltn·s lhr hf<"'("(tl ng, lnC'IudJng a low BMI, h)'l>c:r 
H.·n:sion. and fcmaJc st•x, :md tt J..; Jmportunt to minim.iz..:- the 

risk li>r b1c.·<...xling wht-'n o~l nntlcoogulalion is prescrilx"\L In 
(xolicnl> wilh atrial Hhrlllotlon 31ld CAD. it is recommcmk"\1 
that antiplaldt't lherapy he dl<;('t)ntinued unless l b..- patient 
h.a:. n.·n·nl activ~ CAl>. defined :ls a(1.de coronal)· sync.lromc 
or rt.'V'dS(.'1.Jiariz.1tion In the p:a<;t l2 nxmths. Hecau~ th" 
p.Jlk'nt has a hi<ilory of pc'r'(',lf:ll'le<>us coron:.tl)' inten.-e-nl ion 
pc:rfonnc..xlS )~a.r·•s ago. thc.·n· is no lndica.uon for concomt 
tanl ~uttiplatclct therapy wi l h oral :lntlC'OOgulalion. 

KEY POINT 

• For most S):ltic.:nts with high risk <llria1 fibli ll<.lLhm und 
~'tahle coron::1ry artc...'l)' c.lbc;.t"'-l:, oral anJico:Jgulnfion 
tht~apy wilhoul an anrtpl;nclet agent Ls sufficient for 

p~-entlon ofbolh J<"UW <"Oronory syndrolll<."> .m<l 
thrumboemboli<m. 
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Item 8 Answer: C 

Eduational Objective: l~"llhrare for C(U'On!lr"Y artery 
disc.>ase in a paticnl with left ventricular hypertrol)hy. 

'I his potienr <hnuld undergo exercise stn."" ccbo<·:ll'lii<J!Imphy 
to e\'3lu:ne for comowy 31'1el)' dlse= (CAD). 11u> p:llient'• 
symptoms. ::tge. ::tnd sex plo('t hhn nt lntermedkUc risk tOr 
\.AD. Ill< resting electrn.:ardlogrnm (1\CX:) demMstrmes 
tell wntrlcnllr hypt'rtmph) \\1th slgnltlc3nt n.-poLuizalioo 
abnonnalitie< (ST segment depression< >O.S mm). hndings 
thai limit the ;~bill ty to inte'1ll'<l rhe E<X; during exel1'1se. 
lle<:ause rhis pallmt require< further testing to diagnose 
obsttucl'-'" CAU an<! i< :lhle to e'<erclse. he shoukl undergo 
exerci~W -.~s l~l ing \A>ilh ac1juncrM;> lmnglng. ei1her echo­
cardiu)tmphy or a 11udcar rwr1\tsion study. Other \llllnte r­
l>rewble ECG findi~ that should pmmpl <Ires< re<rlng with 
imagjn!( lndudc leO bundlt• braoch bi<M·k, \.-ntrlrular po<:ed 
C..'Omph:Xl.'S. <.l igihtlis cm.·<:'l, and preexcitntlon. 

('..orunary anJ,tlogr.:tphy Is :m invasive rest that (":lrri t'S 

,;goili"'"' risk>. 11 should tx· ronskk•n.'d in potient< who 
haw a high prc1c"il probability for ohstn•CT"-'e CA l), includ­
ing :->ymptomatic patients with :·lbnonn:tl fincting~ on non~ 

in\"·.&Si\\! tt-sling rur CJ\1) or p;.utcnts "ith an an11r coronary 
syndrome. 

Coronary ~1rlcry cak:iu rn S(.'(.)ring is prcdominnmJy Ust'fl 
in asymptomatic palh:nls with intcrm4..-'t liatc risk t'br CAl) 
to provide addilk>n:ll ri'k \lr.Uific:Jtinn for lhe (>llrpn<e ol 
guiding primary pr(...-vention. 

Exc·r<:ise stress ECC is innpproprlntt: In this patient w ith 
abnonnalities on a h:lseline ECG. Such tindlngs preclude 
the use of ECG stn.-ss testing he<':lu"" they Interfere with the 
abiiHy tu ac.:cumtcly i ntcq)IVI chan!_~ th:11 m:ay ()('(1lf with 

stress. 
~~<crri<e str<.'S.< resting l< prefem-d ro phanrocologic 

stress t~ting in m<y;t clinicnl scenar1os hec':ms~ vahJ~hlt' 
pmgnosrtc inti'wrn~tlnn Is g.1lned from 1 he IX\tient's exercise 
capoclty. Pharm3COinglc nucle:~r Sll'eSS testing Is generoll) 
reser\'ed for pot~ms who •~ unable to ex=lse. 

KEY POINT 

• Slrl'SS testing with adjun<:live im:l¢ngshould be per 
ft)(tl'k>d in paticnb with ~uspet:ll'\ll'Otunary .an ... ·ry 
d lseose who have baseline ele<:tnx·ardlogrnph1c (I;CG) 
abnom1alitie< t hat preclude the u<e ofE('.G sire<< 
""ling, •'UCh as ST~wncnt d(,ressions gt\OJlcr than 
o.s mm. let\ bundle bronch block. '~nrricular pored 
con'lplexes. dlgitatis effecr. a nd preexcitation. 
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Item 9 Answer: A 
Educational Objectiv,.: Treat effushe constrict I'" 
periC2rditis. 

'I he nlOSI appropriate manai(Cm<:nl is lhuprofen and cole hi 
cine. I hiS patient has S\Jba<.'UIC •ign> uf ele\'ated rlghl hean 
p11"ssm-e-. Pu1su~ JX\radoxu~ is pn.:.~.·nl. :md the echocardio 
gram demonstrntcs a modrrotely sized pericardia! effusion 
"1th e-•idence ol" tamporu<k. The intrapericardi.ll press= 
is wduced to normal following dr .. litu.b"t?'· wherea~ the int 
r:'l(':u'dlnc prf:"!'."ures rernoll'l c-Jcvntetl und equalized despi1c 
drain:l,b't". L"Onslc;rent With :l dk,gno:,b of cfl'u::;ivc COn .. •striC 
ti\'t' perlc:uditi<. Ul'u<i\l:' con<trktiw pcrkarditb m•y ocror 
rollowlng idiopn1h1c-- or infectlous peric::tniiLis or r:1diation 
thcr-Jpy. cr or C':trcli:lc mngnetlc-- rt,"~l)l1:1 flt'4..' imaging ma)' 
demon.<rr:tle thickening or the peri<'Jrdium. bul c:Jicific:l 
lion " urually ab<ent. Fe\w, leukocyl<»is. ele\':lted ery1h 

mcytt> ~ediment:Hion rnt1.'. nnd ;.1 JX.'ri<:ardial frict ion ruh 
may tx· pre::;ent hut are not universally so. Similar to acute 
peri<':lrdiris. 'ISAII'I< and rokhicin~ an: first line thera~·· 

(Jose fc>lk>w-up ts r<:'<'Ommended. ~rlcard1e<:IOmy may be 
R't..IUil't'<.l in patkrus with JW11carrl1ti~ that does not rL~-pond 

IO m"llt-al lht'r.IJ)y. 
l<oni:l7id. rrflmpin. pyr:\Zinamide. and ethambutol are 

initi:'tl ther~py fOr rube.rculous p('rl<.:om.litis: ho\o\'eVer. lhis 
p:tticmt doe~ not hnve risk thctors tOa· tuberculosl-.. and his 
int~rf<>mn yrelea<e 3SS3Y ~uh is ru:g;U.i\'o:. An"''""""' con 
ttntr.:nton of adf'I'IOSine df':lnlill::tse (>50 UJL) in the pericar 
d ial fluid is IOO'X, st>nsilh't' thr tuhercu lo(\IC:; :1 tl('g:uhrc· rt~ult 
ruk~uul tubcn:ulous invt•l"'emenl. 

l'crkanli<'<'IOmy i< 1'\'('0mmended for p:lliCntS walh 
dfu~h:<• (·onst rirtlve pe-ri~rcliti~ thnt does not rl'SpomJ LO 
tirst line rheropy with NSAII>< nnd colchicine. 

A perl<':lnllal <~~hxtrhnld "1ndm,· is lndi<'ated lur 
pari1•nts with r<'<'1ment 11\•mn<lyt10mle:llly slgnllk:ml peai 
emli:tl clfusion d<-spittt nwdtcal thf'l':lf)}'. ns may occur ,,.,.:Hh 
m"<llignant c:ffuslons. 1hi-. Intervention \Voulcl not provide 
a<k:quate hemodynamic n•lkffrom <'>llstriclion. 

KlY POINT 

• Etl'uSivc lVn-->Lrictivc pt.'ficardit.b ls charactertn'<l by 
findings wmpotJ'ble "ith COib1rk:liw pcriWrditiS and 
., (:on<nmi t.tnt e tTusi(>n: 1\SAII>s :t1'1d colchltlne nre 
lirst line theropy. :111d dose lollow up is n:<~>m 

mended. 
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Item 10 Answer: C 

Educational O bjective : Di([crt:ntiate between pseu 
dostenosis and tnu;: ~tortic stenosis. 

llle most :lppropri:U(: next step in managcmc:nl i::; dobutamine 
echoelrdiogmphy. lhis patit:nl ha~ low-flow. low gt~dieM 
:'lOrtie sreno~is. the primary abnormality may be d lher severe 
ventricular dysrunclion with fJ::><.·w.lu::>l<'nosis or critical aor 
tic s tenosis. Severe venlrit·ular dysrundion with diminished 
c-ardi::tc output letlds to <.lccocasL'tl Op(.'Hli\1{ fOR'X'S on the aortic 
'i.':llve, :md the valve ma may bc <.:aku1ah.·tl to be 10\Y even 
though th<' v:.tlvc is n()t anatorn iGl.lJy severe (pseudostenosis). 
Dot:mtaminc . an inotroph.: ag<:nl, can IX' used ro increase 
c:lrdiac ouiJ)Ut and c.lifk·rt'ntiah: lx·lv~<.."Cn these n.vo entities. 
I >ohutaminc will t·.au.s<.: aH ·incr<.·~tst ... in lhe ao1iic valve area in 
ps('"udostcnosis, '"'h<:R".l.S in <lJJatomkally severe aortic steno 
sis, the :torlic: valw arta will nol sig.nilic.<ltltly increa~e. 

Aorlk vdlve n:pklctm<:l'll ~hould be considered for 
palicnts wilh <matorult~tlJy st"\rere ~011ic ~tenosis. 1hi::; pro 
cedu rc jS c urrcmly inapproprinte for a patient in whom the 
d iagnosis of st'\l('rt: ~'ortlc.: :stenosis has not heen establi:sh<.'tl. 

f.oronary angiography .is recmnme nded bel'on: V<llvC' 
surgtry in patients with severe valvular heart dise:.tse ~nd 
a hlslory of coronary a1t et) 1 disease . .'.itsp('(·led my<K':lrdi~l 

isdlentia. or left venrricular systolic dysfum:Hon. ·1 hese 
poHico.l:s IH<lY require concomitant rc,~t:sntl<l ril.<ltion ~lf the 
time of surgery. Ho\vever. t·oromlry ~lngiogr..lphy is lnd i~tt>c1 

ooly in patients for whom v.tiv(._· surg<.·ry has been ctere r 
mined to he approp tiate. 

·111e 2016 i\mcrk;ln College of Card lologyl.4merk :m 
l le-al1 Association/Heart failurt· So<:i<'ty of Americ~1 hemi t:.il 
un: focused upd$1te recommends lhat vals.lrl:ln S.le ubitril he 
substiluted for a n ACE inhibitor or an ~mgiotensin recet)tor 
b locker in patients wilh dU"'nic symptom~tic he::~rt f.l.ilure 
with reduced ejection froC'lion (Ne\\1' York l l~rt Assoc;blion 
functional dass II or Ill) who h:.we toler:~ ted ACE lnhihilor or 
<tn!,riotensin R'<.'('J)lOr blocker rher::~py '-"'ell. In rhis ~ll i<'nl . dir~ 

tt:renli ~llion of pseudostenosis from 1rue aortic· stenosis is moSI 
approprial<t tx·for<: i.tlitiacing ~Ul incrense in m-edk:tl thc>nap)~ 

K EY POI NT 

• lr'l P<-llit:ll~ ' "tilh fulclill ... ~ of low tlm\1, low gradient 
nortjc stenosis. rhc p rimtlry <Jbnurmality may bt: either 
severe ventrkubu dysfunt lion with pseudostenosis o r 
t'ritk:ll aortic stenn<i<; dobutamine cchocaixUography 
is needed lO disl inguish lx.:tv-,~:<.:n Lh<: two entities. 
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CJ Item 11 Answer: 0 

Educatio nal Objective: Trear cardiogcnic sboc.·k. 

"lhc most appropl'i~lll· ulili;.tl u:c.~Jtmem of this. patient \'\·Hh 
t·ardiogenic sh<K'k b to Man dobuta.ntine. < :..tniiogenic shot:k 
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i~ ctetinffi by persistent ~ympwmatil'" hypotd'l~ion and e;·nd 
4;r~;1n dy~fun~tion. Patients pn.-s<.·nt \-\ ilh a<.·utc- kidney f:.ljlure. 
l'Vicl~n(.'t! of liver dysfunction wHh t.'lt."\att:<.l ~li'Il.iuotrJnsf~·r 
:\Sl! !t•·vt..,.s. ponr pt•riphcr.tl pc.~rru..,ion with cool l'Xm:mitj(':'\, 
and impaired ment:1l status. Canl.togcnk shock S<.'-"'m.tuy to 
pmgn."S..,.ivt• ht>Jrt failure is gt'flcr.tU) treated whh an inolrv 
pic ~-tgenL o;uch a.'S dohutarnint' or rnilriuont·. P:.tlit:nb with 
peripheral \'asoconstril'lion (lnaea.~'-"<.1 ~ysu .... mk \;lSCUI~r 
nosL<;tance) often IX'ndit from tht· ~ldditlon or a pure '-'~l.~O<.tf 
I:Jtor. such as sodium nilrupru~:si<.lt·. In tilb ~"'"j:,e;;. <.lobutamine 
would he a better option than milnn<.mc-. <.'vt'll in the .;;ettlng 
nfrelati\'c t.:.tcll~'<..~.mUo.t. lx.·t·au~.: milrinone is ex('reted through 
the kidntys andt·mdd build 10 ;l tm .. i<. ((.•vd givt.•n her c-urrrm 
kidney fum·Uon. 

p Blo<:kt:rs :surh a., <.:<ll'\'t:rlflol o;hnuld he L"Hllfinm·d 

duritJg a heart fuilurt· hospiC:.lli7.~ltion wlwnevt"r p0$Sibk. In 
~1 patient with vulwn<.· ovl'tlo.H1 '''lthout o;ign ... <lf low ~lrt1i:lc 
outpuL p blockc~ <.':.111 often he continut"d :H the m:linte 
nam:c dO:><.' while the l""lalit•nt is undo..!rgoing diun."'Sfs. I low 
C\1\'r. ill a JXHi<'m '''ilh lov. c:udi:t<.' ..-mlput -;uch :L') lhi<.> nne. 
~ bkx ... ken. shtntlcl be <li~·()nlinuecL owing to tht'ir ncgali\'<.' 
inotropk t.~m•tiS, ( '\'\"11 in Cht" Sl .. Uing or tachycardia. 

I>Jgoxin i'\3 \W;J.k incHmpt" ll1al rc.·du<'L."'i hospitalizations 
in p~\tit'llh with ht~lrt t:tilure. All hough thi.<.; patient's digoxin 
k"\'d is low, tht.• d(JS(' o;hould not be incrc·ased in t ht• Sl'tting or 
,\CUte;' kidney 1:1ii•IH'. Add it iotl:tny, im·r<-:tsing digc}xin "''<>ukl 
no1 lw t''!llt'<'k'd to adt>Clll:ltdy impmv~! <.":m:liac output in 
this p:t1it>nL 

All hough alkrlo~~d R·ducliun is n.:asonablc tu c.k:t·rl·~ 
mycJc:tnli3l oxygen demand and impru\<: (()f\.1\t.lrtl Uo\"-' in 
palic:'nts with :lMJtt' dt•comp<.·nsation, J shor1 a<..·tinginlmvc 
nou ... >tgem. su<."h :1.., nitroprussid<.." or nilrogly<.·t·rin. would be 
oldmlnl.:;:terecl inste:ul ofint:n->:'l'iing the dc)S:Jge of an oml AU• 
lnhihitor, such a~ Hsinoprit. 

KEY POINT 

• In p~tlenVO with c;:1rd iogeni<: shock, inotmpes ~'Ut:h t~s 
rlobutamine or miltinom: may be considered to 
improvccunliac runt lion. 
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Item 12 Answer: 0 

Educational Objective: Treat atrial flutter refractory to 
m<'iliColl therapy. 

Cathc.:lcr ablaUun is tl1<.' most appropri~le treatmenf for rhic; 
l>ati<:nt willl d<.·ttro<.~latiogntphic evidence of atrial flutter 
J\1 rial fluUt.·r h; an o~anizc..~d macro reentnmt tachycardia 
wilh difit·rdc n.-gular ~tlrial arlivity on electrocardiogram 
usually With a rate of 250/ m.in to 300/min. Typical at rial 
fluntr is d>amcltri:a:d ckx·u-ocardiographic:ally by a S>I'Aiood! 



pattenn11.rith inve11ed flutten\rave~ in leads Tl. TTl. and aVfand 
positive flutter waves in lead V 1• Mana&Jt>ment of atrial nutter 
is similar to that. fbr atrial fibrillation and inc:ludes cathelt-r 
ahlation, antiarrhythmic d rug therapy. anti cardioversion. 
Carheter ablation is the definitive treatment fbr typical at1i al 
flutter. ov1,ring ro a very high succes.<; rate (>95'>:,) and low com 
plication rote. This (Xltient with typical atrial flutlt-r has symp 
toms. (paJpilations. raligm:. and t'Xt:rdsc.· intoJ<.:mmx:) tf('~pit<.· 
adequate rate control wilh metoprolol. and tre-.ltment wilh 
catheter ablation offers Lhc best balance oFbcndiL<i and risks. 

Antiarrhythmic drug therapy <:ani<..os a high risk tOr 
recurrent atrial nuw:r and is tht·rc:fon: nul lhc best option 
fur this patient. AddilionaUy. amiodaron(• is assO<.iat<.'d wilh 
substantial riSl{ for end organ toxieily. including thyroid 
Uy:;fundion. n<.·urolugk side l'llt·('tS (such as tremor). liver 
dy:;fundion. and puhnonary wxidty. 

Cardiac eilthctetizalion would be ;lppropriate if t here 
were: a high prctcsl prub~1bility ofobsLruclivc c.--oron<lry :.U'tery 
cJiSC':.lS<.': ho~tvt·•ver. this p:.ltie-nt h~lS nor·mal tindirlgS on echo­
cardiogmm \'ltithout evidence of stress-induced '"'--all rnotion 
~tbnorrnaliries. 

CMclioversion to restore sinu~ rhythm could he consid­
e,-ed, but this patlent is hemoclynamically stable and already 
h~s experienct"<l a recurrence of a trial flutter a fte r· previou~ 
eard!owrsion. CarcUo,-erslon may therefore he inelteerlve tor 
long-term control of the p .. "ltient•s symptoms. 

KEY POINT 

• Patients with sympLOmatic atrial fluUer d~J>ite a de 
quale medi<.'a1 Lher.tpy a.nc.l r.llc: <.'Ontrol should 
urldergo catherer ahl3tion. 
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Item 13 Answer: B 

Educational Objective: Oi;>gnose patent ductus 
artei;<)SUS. 

This paticnl has <1 patCnl d uctus artt'rio:>us (PDA). A t·onli.nu 
ou::; munnur ht'ard bcn'-"llh lhe ten clavicle tllill envelops the 

S, is typical <>fa POA, it i> ortcn dc>cribed as a ·mach inery• 
murmur. A finy Pl>A is g<:J'tl:rally asympton:uHlc vvith an inau 
dihle murmur. Pal iL'nts wilh a small POA may h:.wt.: ~Ul3udible 
mum1Ur but no other cardi0\1lSCular JC:atm<..~. P'&Uc:nls ""Hh a 
mo(h"Tate si1..cd I'DA may have bou nding puiS<.'::i. a \<\•id<..· puJS<· 
pressure. lcfi hc.:art c.:n1al).r.c:mcnt and dyl>fun(:tion. and cJin 
ic-.tl hearl railtm:. A large: PDA may Pft'Senl with p1.ilmonary 
hypertc:ntiion and shunt rc:,'l'rsa1 <EiS<'Illll<'ll.gCf syndrome) in 
~ulls. 

Aortic n:gurgitaUon dnc to a bicuspid aortic valve 
c.1usts a d ia:>tolk murmur. most commonly heard aJong the 
k!'ft sternal hordc:r. A brief :>ystolk murmur is ~Jsocommonly 

heard at lhe second righl inle-r<.'O::ilaJ space. t'mm increased 
flow across lhc bi<."l.tspid aortic valve. A systolic ejection dick 
is often he-.:1111 in palients w ith bkuspid aonic valve. bur a 
continuous murmur that envelops the S:~ is not expected. 

Pulmonary regurgitation occurs Jn('>-'1' commonly after 
balloon o r surgical intervention tbr congenital pulmonary 
stc:nosis. h is t•har.lclerized by a d iastolic murmur heard 
~l long the: lett :;tcrnal bontc:.r Lhal in tr('ascs \Vilh inspir:~tion: 

3 ~)''Slolk· cjcdion mw1nw· is also commonly heard from 
intTC<J.s<.xl Uow a<.:n>$ the puhnonary vaJvc. Although the 
pulmon:;lry t'Omponcnt of S:e may OC rtxltt<.'t'd o r absent in 
rx~U('nl::i With pulmonat)' fL)!,Ur}tilatiOn. S<:paralion between 
systok and d iastol<.: is distinct. and lht· aorti<.· <.'omponcnt 
should be audible. 

A small ventricular sepia I defe<:t (VSD) pr<:>cnl> wilh " 
loud holosystoUe murmlll' located ;11 the kfl >lcrnal border 
th;ll may oblilcrate the S,: ;1 palp:lblc llmll is ofl•n prt'Sent. 
1 he pressure gradient bel\r.te<'n the ventric:ks dctcnnin(·s the 
rnur'rnur qu~lity ::~nd dur~ltion. A diastolic rornpon<.~nt of th(' 
murmur I~ not eXlX'Cted. Small VS I)< do not cause left hearl 
enl:lrgement or pulmon:.1ry hyperren~ion. Pmgr('SS:ive- pul­
mona ry hypenension l'esulg in shortening oftllt" murmur. 

KEY POINT 

• Patients with a small patent ductus arteriosus may 
present with a continuous munnur beneath lhc left 
clavicle that envelo;>s the s, hut no other cardiovaseu ­
Jar features. 
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Item 14 Answer: B 

Educational Objective; Diagnose cardiac syndrome X. 

··1 he mosl likely diagnosis is cardiac :;yndromc X. 'J his rda­
tivdy young palicnl with 11() lntditional risk ractors fhr l'()TC)­

n<lry arwry disc;:tS(' htas lypi<.'al ;mgina. <1hnorm<tJ s11~ I<.'SI ing 
re~"UIIs. and angiogmphi<.:ally norma] t•onmary artc:ric:s. Car­
diac syndrome X i:> a frequent <..~lll::)C: or diCSl pain ~yndnJIHC:::i 
in \·vmnc:n. anc.l l.>.''llic:uts oflc.:n present wilhouttmdjtionaJrisk 
factor~ for <:orunary arl<.'ry <.li.scasr:. The dll'Sl pain is unrn 
indisti nguishable from da:;sk ex<'rtional angina. and Str<."SS 
tesl ing rc:·mlfs an.: rn .. -qw:nlly abnormal. Many hypolh~s 
have bc:.:cn pmJX)S(.'d to cxpklin the: ptllho}.,~'I'K'Sis of cardiac.: 
~yndmmc: X, with one: or tht: UIO:>l ~K'{"t.'J)lt.-d t."t'nttrir~.g 011 

micmva:-;c.:ular dysfunt:Uon as. the: t."aUS<.'. AJlhoug.h vasoctila 
tor.; should be Lric~l. •ymptonlS can b~ dillkulllo tf<'<lt. 

An a<.'ute t·urouary ~yn<.lromC' is unlil<ely given the lac:l.­
of risk f3<.'tors.. duration of symptoms, and normaJ c-oronary 
angiogr&nl. 

Diagno~tic: crilt4 ria lbl' somatic symptom <.li~urder are 
a:-> roll<.>\~: ~1t l(.".ts t one somatit· ~-ymplom causing tUsLress or 
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intc.•rl("rence \Nith daiJy life: excessive thoughts. behaviors. 
and feelings rel:ned to the somatic ~)'mptoms: and persistent 
somal i<' symp1om$ fOr ::u least 6 months (dO<'S not have to 
be: 1 he same symptom tOr 6 monrhs). This patient does not 
fulnll the diagnostic criteria tOr som:.uic symptom disorder. 

·n}kotsuho cnrdiomyopathy: :.llso kllO\'\'Tl as stress card io 
m,yopal hy or apicall).."llfooning syndrome. is a t':mse of non 
t'Xt'rlional chcsl pain :-l~-soci:lred \Vlth electroc~lrdiographic 
<.:hangcs {c,ncn sr scgrnent ele\"::ltions) and ele\ttlKxl <:.ardhtc: 
<.:nzymc.:s. 'I here.~ is often . hut not :JI\vays. an ~nttt(·d<:nt ~y 

<.:hologic:JI or physic31 stressor. 'I he timing and ('xertionaJ 
na tun.: of I his p-.-lticnl's sytnptoms are not consistenl wilh lh<: 
diagnosis or tako lsubo (_~-mliornyop:uhy. 

KEY POINT 

• Cardiac syndrome X is characlcriz('tl by angina and 
~Tress testing abnonnalitit.'S in lhc ab:;en<.:t o f ang:io­
graphically signi l'icanl comna1y artery disease. 
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Item 15 Answer: B 

Educational Objective: ·r re3t a paUent with intermit­
tent claudication with supervised exercise tnlining. 

'I he most appmpri:lte next St<'P in lhc mana&'E"ment <>f this 
p:<lient \\;lh est,IJii<h<'d periphcr.ll •lrlery dis"""" {PAD) and 
:,)'lllptoms of lnterminent claud ication is to initiate a super 
vised exerc-ise program. In addition m medical thetilPY ,.v-itb 
cilosmzol. supervised exercise rrnining is reconuncndcd to 
lrnprotre symptoms ~md \ova1king d isL'lnce in paticnls with 
interminent claudicalion. 1lu~ recommended prog1'31ll t."'n 
siSts of supervised cx<·rt·isc Lhempy tbr at least 30 to 45 min 
mes OC<'\Itring al ltasl :3 limt>s per 'v'/eek for at least 12 \'\i'eeks. 
A mem-a•l<llysis of 27 stud ies demonstrated that supervised 
exercise training vvas more effettive than home based exer 
cise lr.lining tbr improvement in \valking distance and dau 
dkation <.lishmce. However. there was no differenoc in gcnei"JJ 
quality of life or community based wnllting Ul 3 monlhs. 
Unsupervised exercise pmgr:.1ms are defined as walking 
advice or a structured home hased exercise progr.llll. 

Arnipl:'lld('t thc·mpy with aspirin or clopidogrel is re<; 
ommcndcd in palk nls wilh ~·ymptomatic PAn and can be 
consid('rtxl in palit'nls wilh a'iymptomatic PAD iO reduce the 
risk fOr myocardial infarction, stroke, or V'iiSCUlar dcath. Du:.U 
anliplalelel thernpy is not re<:ommend in patients wiUl PAD 
in the absence of' other indications (drug eluting stctlt place 
mentor prosthetic d istallmver extremily bypass) because of 
lhe in(T(•.:.l&."tl risk tOr bk't-ding and the ahsence of evidence 
demonstrJUng il11prov<;'d dinical outcomes. 

ApproXimalcty 2% to 4~, of patients with stahle claucli 
calion progrt-&> to t.TiUt.'Z!J limh ischemia or require surgiC<tl 
revasculari:Z:.Hion ~md/or amputation annually. ln this patient 
v,rjth st::tbl.:- but progr<'SSiw intenn ittent claudication, medical 
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therapy ~mel exerd Sc: traininf4 <U'l:! indic-:ned at this time: 
however, if t·on:;crvalive therapy fai ls or symptoms become 
l ife Um.itin ... ~. aoatornic imaging with m:lgnetic resonant'<.' 
angiogmphy or cr angiogr<tphy and subsequent rev:.1scu 
larjzation (cndovasc.:ular or s urgical) \vould he appropriate. 

KEY POINT 

• In patient~ with inten11ittent <:l::ludication . . supervised 
exercise trolining i:; recommended to improve symp­
toms a net walking distanCI.!'. 

llibliograpby 
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Item 16 Answer: A 

Educ:ational Objective: E'13.luate an abdomjnal aortic 
aneurysm with CT angiography before endov~•s<:ular aneu~ 
rysm repair. 

The most appropriate oext step in manag<.'m<:nt orlhis patient 
wilh an abdominal aortic aneurysm (i\AA) is Cf •ngiogr:~phy 
of the abdomin:.tl aorla and ilk~t.· v('sscls to plan for ;'lOrtie 
repair. ·1 he strongesl risk th.<.:lor l()r ruplu re of an AAA is 
maximal aortic diameter; this l"O.<..:<lStiJ'(.'mtn( is the dominant 
indit'Zition fh r repair. Aortk repair ::;hould be perfhm1eci in 
suilablc patient<t wirh an AAA diameter of 5.5 <..1n or larger. 
i n P<lliertts \/jtith rapid expa nsion i n AAA.sizt (>0.5 em/year). 
and in patients presenting wiUl :;yrnptoms n:..~ulling fl1)nt 
AAA (abdomina) or back painl!cndcrnt"SS). In palienrs wUh 
an ind ication for aorlk n:pair. the <.·hoke is het\"-''eetl open 
t-.'llrgicaJ rep<lir and ~odoV'JS<:ular aneurysm rcp:-1ir (I.;VAR). 
Open surgical rep·o:lir iJl.'II'Ohrl"':S abdominal nank incision :md 
opening the aneurysm sac with interposition of a synlhetic 
gnl.ft. EVAR is a less in\>-asive methocl illVolviu~ inlr.tluminal 

introduction of a covered stent through L.h(' anc:urysm sac. 
with Lhe stent acting as a sleeve. 1111.!' t hnk:l' of pruc:ednre 
i..'i: driven by .several <:onside.mtions. including lhc p;.ll iL'111's 
operative risk, expected lili.'SJ.XUl. and abilit)' to adhere to rhe 
monitoring requirements of EVf\R: t.bl· location or ~he AAA: 
and invohtement of the ren:!IJ :.-mel m~nltric a.rlt'ri<.'S. Supra 
r('naJ and juxtanmal aneurysms most often nt.·t'<'SSitall· open 
surgical n:puir. whereas: infr.rrenal aneurysms m:.l}t be treat<..'CI 
with open surgery or EVAR. In this patient, CT angiugrJph) 
or tn:.lgndk r<:sonance anb1iOb'Taphy should be pcrtOrmtd 
to detemtine the location <lnd extent of lh<.' AAA. Abdomi­
nal duplex ultrasonography is hl~'Uffit"iem to determine: A:\A 
kx:ation. In addition, Cr measurements t'X('Ct'd. u ltrasound 
m('UsuJ..mumls in 9Sr:', of cases. 

Although controHing risk factors for cardiOV'J.S<.:u.lar 
discas<· is t'SS(•ntial iu patients with AJ\A, there is llu.lc t'om­
peiJing t'\1dcn<"e for treating hype1tension in these patient> 
with a Spl'dlk agen!. including P hlod<ers. to prevent aneu­
rysm expansion. &-><.:ause th is patient's blood pressur~ is 
W('ll controllc:d. no change in antihype1tensNc therapy is 



indi(':ltcd. Importantly. an AAA \\i th a dl.rn>ctcr ur 6.2 em 
hns n IO'X, to 20'~ annu31 risk fhr mptun:. am.J c.lcfin il.h\." sur 
gicol thc r:rpy Is indiC'Jled. 

KEY POINT 

• fn rxlLf<.•JllS Wilh an ind icalion Jbr ~ll)dnmln:ll aortic: 
:'ln("l.Jry:-.m R1XIir, Lhe(·hok(' bCt\'\"CCn npen surgical 
rcp;.1ir Jnd endnva.sctJiar ancur\>-...m n:pJir is drh en in 
pan~· 1~ location uflhe aneurysm Jnd hm>h,·mcnl 
ofrhc renal and n><.·scmcric anerle<. 

Bibl.i()jtr.lphy 
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Item 17 Answer. 0 

Educ.atlonal Objective: Recog:ni7.e hyperlipidemia as a 
ride rac:1or for cardiO\'"'nSCIJlar di~~. 

Tirb P,11ient'< hyperlipidemia mnst IRC''Il':l."" hi> risk for 
l"Jrtlio\..hc.:uLu disease (CVO). \ t()<J <"ll"dkl\':1'-t'Uiar ri~k C'd.n 
be a u rlburcd 10 modifiable risk f.1CIO,.,, a nd a mo ng them. 
d ev.n c<.l cholesterol levels impa rt the hrght..,l ri'k fur CVD. 
Rt'dtt<.' lion~ hl l ipid levds t'<1n de-creJ~ ow rall risk. and 
currc.:nr cholet.aerol Lrealmcnt guiclellnc·s fhC'm: on ri:-;k fh r 
futu re <.':ln..liovascular events ~llht•r l h:ln :ll'lso lutc lipid lcv­
ds. Fu r prinu ry prevention of <'lrdlov:'I*"C'n lar CVL'nls. tJ1<: 
treatmeru StOOl is a nxluction in 1he 11>1. c:hoh,_~h:ml lt:''l'l 
of a t Jea,r 50;%. in high risk patienT~ :md :a n..'<.luclion ofl<Yt 
10 so··, In moder.ue rtsk patients. 1hl' p;llk'nt's 10-, car 

c-•rdio\,o><ullr risk based on the Amcrle:ln Coli<'!,'<' of C.ar­
dioiOK) ·Anrcri<·Jn lleart As.<Oeialion l'oolcd Cohort I'Al'"' 
lions risk \:'J it..:UJ.Jto r is 7.9%. :md st:uin lher:~py should he 
initiflll'\1. 

rv1odCI'tltC alcohol inlakt." (one ro twn drinks daily for 
men~ unc d ri nk daily tOr womC'n) hM lwt·n linked w ith 
d('C I"Ca~(.·d int idenre of CVD: howx.•vc·r. h(>:lV)' a lc-ohol con­
~mptlon has bet'n shov .. rn to im.T(';)SC C':lrdiov:1.snllar r isk. 
lhe dcktc.'1'K~u::. effects of alcohol <.'\.msumptinn mtLSC be: 
\\xoigh<.-'<.1 J~in::.t UlC IX)fenrial bendils '""~ p.1tients are 
roun-.ck1l :ol••ut ri>k modioou ion. 

lhl• rhk ror o ·o \"3fi~ consid<.·r.ahl)' :unong differ 
~t e thnic.: t-troup~ The preva.le ncr· of he:trt di.se:ISt" i~ Jowt-r 
.1mong pc.:r:,uru, of lli~panic cltmid ry t han in must olh(·r 
elhnic gnJUj)S. tllld llispanit"S tend 10 h:.ve fnw~·r r.Hc:-> or 
T.lditlcuml moUUh1ble risk ractors. 

F:omlly lr l>tvoy of premature CVJ) I< M Independent 
.ardiova"t'ul._lr • bk .fuel-or hut typically add;; titlle p red-!'ion 
,ben intluUl'<l in multivariate risk modtl:>. In rnost studi<..-s. 

<IDalurc CVD is defined a< CVD on :l flr<r d<'g!'CC male 
..Uii\C )OU•!&<'r than .55 )"""' or :l 111'<1 <lt'l,>n'<' female n:l 
t\e \tMJI~"Cr than 6S years. A family hi<fnr') of pn:matun· 

:\I) dnuhk> the risk for ln)'OC.':lrdiill inf3R'Iion in men ami 
"l't':IO,C."\ the: riSk by 70<:, in \'I'Offil. ...... . 'I hi' (l.Jtic.•n!'s (athc:r 

3rd at ag~ VL ye;n·s: t herefOrc. f:lmity hl">tory b nol l he most 

portlllll rl:.l\. factor fbr this patient. 

Answers and Critiques 

i\lthough active smoking n-m:tin' il ")trung rb"- factor 
for <:VD. Mnu"ing C'eS.S3tion substantlallv n:duccs ca.rdio 
\':lseular risk \Vithln 2 ye:trs, with risk returning to the lC'vel 
or a nun:.moker ~t nppmxim:IIC'Iy 10 }'t'd i'S. Sn toking status 
~hould h1..· uc.ldrt'SSt"d a t every visil. an<l c.'~-·!lo~at ion l'<mnselin~ 

should he olfcrt'd to p:ltiellt:<: w ho :ux• ac.-l lvtly \moking. 

KEY POINT 

• \ l()l.t cardiovascular risk <-•n be anrthulcd ro modifia 

t>k· rt,k factor>: amorog them. eiC'\':ll<d lipid le\-el.s 
impan tbt' hlghesr risk ror <':lrdi<>\'J...Cul•r di><."....,. 

Hibllogr•phy 
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Ite m 18 Answer: D 

Educational Objective: E\'Diuare a patient with stable 
chronic h<':ll't failure. 

Serum eleclml)~e measun.'lll<'nl ~nd kidney lun<1ion Sludics 
>llould ll<' perfom><.'<l at !his visil. In p:lllenl\ wit h hl'art fuil­
u((', C'J<'h follow up visit should inc-lude M lu:.tion or ntrrent 

t.ymptOrllS :1 11d functional <:ap:1Cil)': nssessment of volume 
:-:latus. Clt"ttrolytes. and kic.ln<:y furl('linn; :'lnd review of !he 
p..l t iC'nt·~ l'fl\.~ ication regimen (br ndequ:'I C')~ It i~ also irnport 
am tO J'Cinforce heart fuilllf(" e<lurntion :m tl nw need for dkl 
J.nd medk:ation adhcT\'n('e. 1hi(\ f'\.1titnl V•:ith ~t:1blc l·hronit.: 
hcan f.1llure is lakmg approprta~e nl<"Cik,uions. has had no 
dlallj(<.'S In his >ymptoms or exei(Cise mlt>ranc<'. and has no 
t"\'kknc.'\' of volume O\l!'1'1oad. 8<.'\.~u~ he: r.o t~tking a diuretic. 
.an .anWotcnsin l"("('eptor blocker. and splronofactont". OlS.~ 
in)! hb dt'\'t rolyte level-;: and kidnt·y t'uncrion rs nppmpliatt>. 

Routine repeat echoc..":.trc.liogrnphy I~ not ~VC'f)mmcndcd 
i n a '\tnhiP p.1tienl with heart failure. Af•t·ording to c.~urn::nt 

Jot,UidC'Ilncc-. repeat t't'h~lrdiogmphy :-;hou ld bc JX'rl'brrncc.l 
if t he pntrcnt has had'' cha nge In dln k :rl 'l:l' u, . reed,~ '<I a 
llC'W medication that might slgnlfk:ll'llly imprO\<.' cjeclion 

fmtlivn huch as a ll blocker). or I< heiog mnsickrcd for 
d<~ iw 1hrrapy after medit-al oprlml7.>tlon. 

T\\cnly four hour ambula!OI'} ~l<'t'lnx'3rdiogr•phic 
monitoring i!' not indicatt'd to mtltlnel'} \Cn.>t->n fhr arrh}th­
miM In patienb with heart failure in lh(• .lbscncl.' or ~)'TUP 
1oms nr sfgn~ '''urrlsfJme for :m :lrrhythmlJ, 

'the ll type r1:ltriuretic peptide (liM') level hJs pr~ 
noslic vnluc In p~t tkn.ts w ith h(oarl (allure und t:an b<.· used 
to dt.•ICI'mine whetht•r he~trt f..'l ihn'(• is r~n~rcssin~. HOWCV('(. 
ddt"rm inl ng a prognosis according 10 an :llM lutt.· v·J.Jm: is 
d rllk ull. 01\d models that h<l\"t' usNI IINI' i<•wh haw<.liff~rcoll 
Bf'il' CUt]>Oinlb and kngrl>< of lolkn• up. AI I hi' time, a s:o;p 
IC'\"t"ll<nnl ruutonelyoht:1incd in anothcrwbc:>Wble pariem . 
01hcr hlonurkcr.> of ln)'OC:Irdinl fihn"l'· '\tth.., wlublc !>1"2 
re<'cp1or and ~<'Ctin -;l, h,,.,. been 'h'"' n to be predicti\-e 
or death and hospirali7.~tion in <mall lriJh. but their role 
i n the 11loU1a~(.;ffit'lll of p3tienls wil h hl .. J rl ruilurt.• i::; llOl yer 
~-rabllshcd. 
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KEY POINT 

In p:llicnrs wilh he-tlrt failuf\', t<lCh folfnw up visit 

~hould 1nclud<.: l'\"3lu:nion of ntrrent s~·mptoms and 
fun(.1ional C'Jpa\:11)': a_ssessm.,:nr of\'OIWllC slam~. 

elec:ll oly lcs. and kidney func.:l ion: and rtVil"W o f the 
pa(it'l'IJ's !llt'<.lic;.ulon CL-gimcn lOr adequacy. 
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Item 19 Answer: 8 

Educational Objective: Manage Wolff-l'arklnson-\Vhflc 
syndrome. 

·111c lll<l61 JP\Jf"Opriau- next >tcp in nldold!(rnl<·ml~ an dmro 
p~~iotO)lY 13otud~~ ·1 his )"Ung wom.11) with a hlc;(Ot)' of palt>i 
t:llions and paroxy!-in'IS of dyspnetl and lighthea<1ed n<.·ss likdy 
has alriovcnlrk'ular 1\:dproca.Ung mchyt"an.li ~t a~iak"tt wllh 
aJiat"<..,..~ puthw;oy hm'-cm lhcaui.land wntricks.Aro.'> 
~ry patll\\,l)• <.undu< 1lon isofien obs.:n!t.-d as ru-eexdtation on 
efC't·Uuc:trd iugr..tm (L( :<:). lk<.'aLL\C of early venrricular acl ivu 
rlon over I he ~ll1.'L."\..~)ry fXl thway rh<' PR inlcrv:'ll '~shortened. 

OnU the iniliJI j>ar1 or !It(' QflS t'OIIli)Jc.X i> <lum..J (dtlia 
\-Ya\-'(') because of \\_'nlrictlfar deJ>(IIari£alion ;tdj:'lcent to I he 
p.'lthw~y. \<\<'olJf Parkln ... on-\\lhHc syndrumt is (·hn~lt'l<.'rl:t.ecl 

hy pn...,xcllntion on ;u; accom pm>ic'tl by symptoms e<m<ls 

tent with I.J<.i"c-Jnli.l. \'ymptoms l'UrK·eming to.- arrh)1hmi.a 
in a palll,H \<oilh W<>llr I'Jrkill50n V.'hilc ')ndrume shouloJ 
pmmpl rtrc.:rral 10 a ~rdiologi :~,l ur an <'k'<'t l'fiPh)•sioloW:>t. 
In these- p:.HiL'nls. il i~ :tlso import~\nl w ohc .• 1fn ~ln echoc:1r 
diogr.>m 10 cxclud<· "noctur.ll hc-.>n dis<.""' ;t«<Ciatt-d wllh 
n<.'l'tSSOl)' path\\'a\-"S. fndoding F.l~'h.-..in anomdly. 

Jn I his <.'aSL". lht' JXttlent's symptomaliL" c.'pisodes t·ou1ct 
IX' cau~cd by supr.av<·nrricular tachyt~lrdia (orthodromic nr 

3ntidromk n:cipmr:otlng tach)-r:~nlia) or p=x~itcd atriJI 
fiboillation. l\ dia~'llO<TiC Clt'ctrOphy.ook))!y >lnc1y is indicated 
to u ncov~o;r the <-au~e nf her palpil:ltions and IH drttrmine hCI' 
risk for >eoddcn t':lrdl.1c death. ·111c dt'Ctmph}'l'IOIOjzy pm 

t-cdun· .olw •ITonb th~ opportunh} to abiJtc I he- at't't..,.>"' 
p;_ttln\"3}' and JX)Il'nlblly CUT\-.. the :lfrhyth.mh.l. I h (" C'.ll'e I':JlC 

of <.·athe1l'r abfali011 il'O :1'\ high <lS 9~'X, to <J9~. 1n patients With 
nn uncomplkalt•tl at"<·r~o::ory pathw.1y. 

Atenolul and -.r:tpamil ore alriovcnlrkular nod>! 
blocke~ Jnd mav tx· unS:lf<.· if 1h<" IXllknt h.t~ :mtero~rude 

tonduclhm dov .. •n rhlo' :-~ccesso•)' pal h"vay during :urial Jibl"il 
l:.llion. 'lhts<.· drug.'\ f')mmott· cupid 1:1 t'Onduct ion from the 
~llria 10 at.._· vt:ntridc.'" 0\·er the acce;.s()t) 1\0,Uh\,."a)~ dunnJ;:. 
ltric.d flhrlllation. ''hi< h can k-ad to very r'tll>lcl \-l'ntricuhtr 
rnlt'ti a nd vcnlricuk•r lil1rillatiun. 

Flecolnidc b J n :onliarrhythmlc cln 'l\ LhJI Is frequenlly 
used to tre:>l p .. ro.w.mol "trial Ubrlllatioo a.rlololhcrarrll}lh 
mi3s. f.lecainic.k is nnt indic:.lCc..'tl tn this p..ltit·nc bc<·3use lht..· 
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type and ffit•t·h~H'IiSm Of the :lrrhylhmi:l :\re' tmknOWII, 1his 
l);ltlcnt rec.tuirc.."' li.~;.k Slr:.lllflrs.rion. whl<•h can he :lt.."t'om­
pli>hed with Jn •·lectroph,-.;lolo:>gr Mud}. l'urthennorc. the 
JgC of the p.uocnt .Jlo\okl he ronsioltn.-d hefon: anliarrll} th­
mh: 1herapy b Initiated. C::uheter abblfnn io;: pr~fc1 rt..-d in 
yotmg pct~<m:-. 10 :'!Void IW:Iong Lt.SL' of potentially loxk mcd 
kalion'\. lhh wnmg WOUL.In may a]sc.) wi.:;h to a\1>ill lht."SC 
tyj)l"S or mcdicJikms ir >he will """'"'ldering pl\'!tflaox-v 
in the future..· . 

KEY POINT 

• 1'-Jtil-nt> ""l><'Ctcd of h:J\iOS: \\oUT 1'\lrkinson While 
S\ll dmnw should unolci)..'O electruph)"<iology u-.olng 

lOr Tisk st r..ll itkation fhr sudden CUI'f.llac: deal h. 
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Ite m 20 Answer: A 

Educational Objective: Ma1lage a patient with M:arf:tn 
synds'Ome whu Is considering preg.nancy. 

llw most appropridlc ""'"'*''mtnt is to .xhis.- :>g:~""l ~ 

n:.ncy in lhis p.uit..·nt w ith M~1rfhn symlrnm<~ :tll<.l ~· di1atC'c.1 
:HH1:t All \·vom~o:n w ith M:t1'1~n syndrow c h~we :H'I lm.·reased 
ri~k for pregnJut·y-n::Jatt'd 3ortic d.is.M.x.lion :md ruprurc. 
In ,.,..,ltlln wilh M.arfan c;yndrome and Jn ascendil'l)t OK>nk.• 
di~•me-ter of 4.5 un or gn-::lt<,r. :lOrtil' repair surgery I~ rt.x.·on"' 
mt'l'lded IX'fore ll fL-gnant')' 10 redm:L' this n sk. Some \Nomen 
wil h ~hlrfan synt..lmme :md an aortic diameter h.'SS rhan 
L~~m. indudinl: thosc\\ith mpiddilatJIInnofohe•tSt-ending 

:mn:.l or a family hio;lmy ot aorticdi::r.::.L"\.llon, :.rent high risk 
thr di~.·ction t..luring pregn:lncy <lnd nrc t•oun:->t"ltd to have 
suyt('ry befo~ pu.ognanc.')~ (;ent."'T~tl.J).: pl'\.')t.ll;.lO<.·v is <"Onsidered 
'io:di• lf the aonic di.unl.1«:r i' 'm..'llltt than 1.0 t·m. 

lhic: l:xllitl'll 1s asympiOn'l:ltlc With normal kO \·~n1 1ic: 

u l:lr ~ize and. funC' liull and mile! milml n..,:::urgitalicm: there..· 
fun•. she doc.~ nm llll't."llht.· ( rit~ria tOr mitral ' 'al\·c inlt"l"\\."11 
lion. ,\llhough the m.itr.tl \,al\.e m3) warrant mlc:n .. -nrlon at 
~omt.· point. Lht~ Jl;.llic:nt's dllared :.mna lt; 1 he major dt·lerm.i 
nan I nf prc..--gn~mcy rj~k. 

P:uient~ with Marf.J.n s\•ndmme who an: con-.Jderiog 
J)R.')..'l\:-mcy shuuld lm-t."' o&n ;)(JrtiC' dlmt"llsion Mrulk."f rh:ln 
1.0 to 1.5 em, vvith demon:str;;llt't! s1:1bUity l'hr ()months or 
lon~-:cr. ·I his pntic,:nldoes uot mt't.'l these CJite rht. Jnd repeat 
imJt.ting demOJlstr.ltin,g aurtic stability" Jll not pfV\ ide reac; 
SUf'.lfK"t:' :thoul future prl~f1.1nt"): 0\-\·mg to the ~/.C of the 

.. mrl:l, •his (l."'lltnt should Oc..· t~d\ised H')oi\'Oid prcW,lJ11C.l and 
c.,m,lclt>r elecliw s-urgit_~;tl t cl~lir. Jfshe <·IC<.'IS not to pmc_x'e(l 
with f)regrt:Ht<'> or sur~;k.LI n:potir ~tt thh time. repc:Jt aortic 
rout Imaging \houkl be pc: Orrnc..-d in 6 months to <.'->nfirm 
::.t,il>llil v ofthto aortic dim<:ll'!-.lons. 

Al'lgio~e->m: i n n.x_-eplor blockers. surh <.ls los~111an. an­
t'Oo"ltkrt'l se~ond line <!)II; IIi' I<> jl hlocker lher:tp) ror th~ 
l"'iliR)) of hy~rtt"llSiOJl JJUI slo\\ing :lOrtic mot t'XJ)a.O 

siuu In pal ienlc;; \\Hh M3ri~Ul symlrome. FurtJ1en non:, AU· 
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tn.ILibitors and an.t:iocctJ:sin rtttptur bloc:k<.·N an- ronlr.lindi 
C:liC\1 during Pn'S"'"<1' bc."t-au.<e of fcl.ll toxidty. Fetal expo 
sure to Lht-·s<' .. 11-,"(-'TU~ during the ft rst lrimcsl~r t·;m C':'luse <.'t11 
11'31 Hl'rvuus S)t:'iiMn a nd c:ardiO\'l.lSCtdar malthrmatlons. ami 
('XJ)osu~ duri 1'1g rhe second trimt:sh:r c.:an <.-au:o~t- d~'\X'IOpmen 
L1l m.Uform<~tiun• nfthe kidll<)'t and j!(:nitourin.uy S}'\llcrn. 

KEY POINT 

• \\'Omen with rvf:ufan syn<.lroml' have :m itl\.:ft'ased risk 
Jbr p regn:11le.'Y rdatt'd aotiiC' d issc·t·tion anc..l rup(urc. 
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Item 21 A nsw er : D 

Educational Objective: Diogno<e ''papillary 
llbroehstoma. 

llus txttit'n1's tlink·.tl history. pll\-..k.-a.l c:xamln.Hkln Hndi~. 
.and c..'ChocardkJAr~IJ)hic feanm_, an· mos.1 ('tlll'l'lc..·nt ,,;th J 

papillary rihrod.l-.lOnlJ {PFE). ' )hi,.' L't:hoc-art.UO)ti"UJ)hic: im:lf!t"' 
hhlJwn) IWt.'al a PFE (armw..;) ,,rl-.ing from the,: mil til l valvt>. 
\1~t PFEs:are ,m .. 1ll (a\craging l:! nun x 9 mm). inc..k1XTKiently 

mohilt'. ~lntillttac.:hc..-d to ttl(.• t.•nt.loc.:ardium ll) .a sulk. 1h~~ .tn: 
mcm:comnw~ttl\ a. .... sociat("(1 \\tth lc:n sided \aJ\l.'S 1han right 
.. tdt'() vah•t"S or oth<.T encl(IC.\ltt.lkll surfa<:es. P·.,llc..•nts may pn.·~ 
c..·nl with sympwmsof emh<>fi'lm (indudlng~lmkt.' or rran::;icnl 
1""-:hc.mic "llto.K."-). o1n¢na. mye~<.:Jr<li:l l fntiux:tJon. :lrKIJX.'riph 
c...-ral emholt7.llk,n. PI+ ll"W) Jl""' be di.<;(.'"'-"n.-d incidentalh 
on c..'Cht:x-.m:h•JW".lffi. Sur~:l) :' indictted for wmfl(onu.tk· 
&l.tlk"'lts \\ilh PFE with .-1('-'-'Pt.thle oper:lUVl" ri\1,. llle Lrmt 
men I of tl ')"fllJllomatic p~1tu .. ·nh with len hc-JJ1 1'1-'E is C'Ontm 
w rsial. all hough in one l:u}.....- ta"it: ""~lies. the 1i\ks tOr stroke 
diKi <.lcath \Wr~· hight.T in I"Xlhl'l1l"i "'ho did not h~l\'e <>UfRC~. 

Ba<:tt'Tlal '-·:\docarditis 1, Jc.., ... ukety in th1~ p:nit'flt ~''-"" 
•hl' dlh.t.'n "· ot (.''OOstituliunJI ~\ mploms. t"VIdt>nC't' of ')' 
u:mit· inflnmm.111on. :1 prt>di'-J)C)sing valvul::ar h.·.,.lon. :·md ril:ik 
t:\ctors lhr hat·tcr<.·mi:l {su('h ,1, dc:mal deanJJtg or injectJbk· 
tl n~t.:. ust•) . 

l.t:fl ~1tri.ll m\ xoma.s llW) c..-..usc C't"rt"hr.tl t-mbolic ~">11c 
rw•mrna. hm\t"\\.'f. most lll)"\CJU\,b are ··•nh-.l.mtUIIy laJ~.:r 
rh.tn fihrrK·I,t,tumJs and arc.• .1,\(X.'iah"d vvilh ohstrUC'thc 
,ymptom:-.: and, Ill IO'X, lo l.'l',, of patients. nn aus<'ult;Hory 
"1wnor plop."' In 75';, of <'<lM'"i, myxomas: e~rbc within th"· 
ldl .t.trium .&ll.•t.'h~'<.l to tlw fn'-"'l 0\-a.li~. Jl() \41l\ul:J.r sur 

f.ll."l''"· O:m.,.iltntcmal !l.)"mptnm\. -.,ul.·h ac;; (("\l!'f. jOorexia. and 
\\1.:ight 10'>.-... n.~tak'd to 1umor inh:rlt"U.kin production mav 
,tlso ht· pn_.'(_.nt, 

N"onh:u'h'ri;JI thmmhotlc..· t·ntlo<.·arditb (.\JHTE), <-tho 
h.nown as "'-'rflll'uus. m.J.r.liHit.'. or libm:m S.~tk-~ t>ndocar 

dhi,, h likd~ t";lll\('tl bv c-ncfothc..·li.ll injury m tilt.' P~'-'-' 
elf,, h~ pt'rt.'ll.;l~ulahk !)tau.·. \1m: cx.:t.·urs on 1 h(' .at rial sorfac.:t' 

of till' mil r.1l \.';1lvc..·. lh<.' 'vnlrintl.tr si<lt• or Cht• aortic vaJvl'. 
c)r lxJih 1<~-alirnh. Vtogc•l:llicuh arc t~1Jit':111) sm:lll (<t em). 
h111ad oos.·d. and irregul>rl} 'hJjK:d (wan llkcl und 3te tll(bt 

c.: •mmonly .1,\Cil:i.tted \\ith o~d\.lOll.'tl mJiignJIK."\·orror\n(.'( 
·r\~: tissut> dN•rd<.TS. Jhi\ p.lltenl do<.·s not hJ'\"l" C\idenn· c•f 
;t pn.-di.,_-p<,,ing <.,lrnlition for 1\RTI·~ ::md the lc.: ... ion dOL"S not 
h,l\'l' i.l Wdrl Jil\t• I II broad hil ... ~'d :.'IJ)p<."'.H"dll('('. 

KEY POIN T 

• l'apiila .y fibmelastom.» ~n: <;mall. inc:k.-pcndently 
mobilt> cJ<dio~e tumor< tMI are l)'JlicaUy Jtlached ro 
the lcfl sided \0\lvular endocanlium by o \!;Ilk: they 
1nay be us..c;ochH<.·d with strokt.•, rr::msknll~chemu: 

attack, a!Wna. myo<-:Jrdi:ol infarction. and peripheral 
embolir.ltlon. 
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ltem 22 Answer: D 
Educational Objective: Treat iron deficiency anemia in 
a patient with ()"OnOtic congcniw h<-art dL<tGSe. 

l'ht- mo~t :.1 ppropriate m.anaj.tclnC'nl i!\ initiation of a shor1 
cuur:::e o1 ircm therapy tOr this p:uient with Elo;ennH:.·np,tr 
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symJr(JinL' and symptnmali <.: posto pe rative <-lnemht. Most 
palit.•nts with cyomosis h3ve compens.'lt(.:d <::rythrocyto 
s is wiLh SL<-lhlc: hemoglobin levels. lrort dctkitm:y and 
n:sullanL m icrocylosis in 1hese pa tien ts is ol'len caused 
by inappr<)priale p hlebotomy or b lood los:-i. Correct ion 
o r iron dcOci<:ncy is :lSS<l<:i<lted \ 1\.tith increased exercise 
<'apati(Y ami improved quality o f life. Th is patie nrs 
baseline hcmo~lobin lc:vel w:1s g re a te r than 18 g/dl 
(ISO g/L). She developed pn•npentlve anemia and suhse 
quem periopcraLive anemia thar ha~ j}ersistcd and caused 
dyspnt.a and faliguc. Oral iron therapy often causes a 
rapid intreasc: in c ry t hro<·y tt· m:~ss .and requires tare 
ful monitoring. Adminislr:Hion of f(' rm us sulfa te or fe r 
rous g.luconatc h n:commendc:d with repea t hemoglob in 
assessmem in 7 w 10 days. O nce the serum te r rit in level 
or transferrin sat uration is ·wi thin t he norm~ll runge. 
iron sup plcnu:nLation may he discontinued. Jt is import 
ant nul lo C'X(.'<:('d t ht· <K'<:cptable serum ferritin k vel. In 
the absence of d('hyd nllion. a hemoglohi n level gr<'a ter 
than 20 g/dL Uoo p:ILJ and a hcm•tocrit level greater 
than os·t art· assodatcd wilh hypervisco~ity symptoms. 
such as h eadache. di fricul~y conceni r:'lt·ing. weakness. 
and farigue. 

Elythropoi<'Lin is us.::d primarily in p.1tients with anc 
mia related to kidney diSL~lst. Iron t he ro.1py. nor erythropoi 
e rin. is rcconu:nc:ndt.'<.l ror patients with cy:m otic eardi:lt· dis 
ease witb iron clC'ficicnc.:y a m:mitl. ·1 his pal ienr with cyunotk 
congenital he:.u·t dis<:asc and relative ¢~nemia is likely to h~wt.· 
a n elevated erythropoit:tin level; cry I hmpoietin therapy tOr 
this p(ltient will be expen::;ivc. likdy inc•rft-><·tive, a nd poten­
tially d~ ngerous. 

Heart Jung tr-an::;plant<ltion is a n option for end Shlge 
cardiopulmonary diS<.:asc in pas ients wi'th EisennR·ngcr syn 
dtOmt•; hO'IN('VCr, it is no I indica ted \vithOU( ~l frial O[ stan 
clard m('dica l therapy \Vii h iron. 

Lilll.iled dala arc availabk regnrcHng rht> efficacy of 
epoprostc·nol in paLienLs with Eisenmenger syncl romt.· 
and pulmonary hypertension . lnt r::.vcnous epoprostenoJ 
is typica lly avoided because of 1 he ri~k for paradoxi 
cal ('tnbolism \'\lilh continuou~ inrravenous t herapy in 
pat ients: with an in t r:~cardiac righ t-to -le ft s hunt. Oral. 
subcutaneous. and inhalf'd thf'r:~pies M<" preferred . Hov~o• 

ever. th is paticnt·s symptoms a re ll keJy t he rt.'SuJt of iron 
d<'Cicicncy, and a lr ial of iron repl::t('emenc is f·irst-linc 
therapy. 

KEY POINT 

• In patients \•Vith cyanotic conditions, su ch as 
Eisenmenger synciJ'Om .. :. iron deticicm::y is common. 
}Jnd shorH<mn iron the~py wUI improve cxerdse 
cap;ldty and quality of life. 
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Ite m 23 A nsw er: B 

Educationa l O bjective : Treat Sf-<.'lcvation myocardi~l 

iufhrc:tion w ith thrombolytic therapy. 

·rhe mosl appropriat<.· managcnwn1 of this patk·n t ·with an 
a~utc inJcrior ST elt~·ation m)"c:m1ial lnfa relion (STEM I) 
is IO :adnl iJlil:itt.•r rull -dosc n.:lcpl:tse_ All patitnls \VIto pres 
cnt \Vith STEM I wiLhin 12 h<)UfS of symptmn on:::K't require 
prom pi 1\'SIOtation of now wil h primary pert utam.'Ous cor 
on~uy inlerv<m tion (PCI) o r I hromholy'ti(' Lhtr~1py. \Vhen 01 

hospi1al is e;,~p3b](' <Jf f)<.'rforming ptirn:tl)' PO or the pati<:'nl 
can Oe rransferr<·'{t from an iudc:x ho!>.vit:ll to a PCI capab1<:' 
center quickly ho ~h.:hic:\~' au cxpc:ck-'(1 fi r.;t mffi ital coniad 
lo dt"'\rice lime of l:ZO minuLl's ()r kss). plimaty PCI is the 
prefer red u·('mnwnt oplion. Primarv PCI is :l~~odated with 
higher rates of vess<'l patency and imprnwd overall stLrvival 
l -c)m rx:u N I wtth thrombolytic l hcrarn~ In fhis ClSt. tr.m.sfcr 
time is prohihitlv<.:Jy ton~~. ~.lnU lhl· patk n t is lwst (remt.'<.l with 
immedi:lte thmrnboi.\•Si..s with n:tl1)1a&·. Allt•r :l<1minfslr:Hion 
u f Utromtx,lytic thentpy. tlw patk·nt ~hcmld be n~nstern."'tl to 
~1 PCI capable Ct~ llh~r for f<..'S(.'U(.' ret in (•ast• of rhmmhofytic 
f~l ilurc or fh r noneme-rgent ~H~iogr.tphv bdhre clisc·h:nge. 

Evitk:nce supports \1~ cffi.c-..ley or fhndaparinm: ond tica 
g,rdor as a11tithrombot.ic ther:.lpk>s in thescttingoiXIl~MI: I low 
cvcr. neither tt!'-.'ell.t wil1lik<..•l). rt~1.dl in lysis of a clot. ·1 hesc drugs 
rcm ... 1.in adjuv:ml Ul"Jtnwnt to a prirtr..ll'\' thmmbolytie slraft)..1V. 

Half dose rhmmbolytir tht·r:.JpV in c:omhin~lfi()n with 
~lyt.·optuti.•in llh 'llla hlockad<..· dOt..'S not orrer any addltionaJ 
bt:-ndit compnred with fuJI dose th romholvsili in p::~ tiellts 
wilh S'TEMI. 

Nitropruss ide is -:.l pO'A'Ct'ful vJsodilalor :1nd h:ts no role 
in tht" m:lllagement of STEM I. \~nodila tors. su<:h ns nitmlcs 
a nd n itmprussich.•. must ht.· liSt.'() \·vit h caution in rh<' setting 
of in ferior myocardial in r:.tr<.'lkm lwc:mst> t lwy nlay f(.':)Uit 
in sih'll ifk:l.lll drops in ~"SlOHc blood pressure. pa rticularly 
wht·n associated w ith right vcntrk'ula r infarclion. 

KEY PO I NT 

• Tt-mnn holyt ic t hernpy is recommended lOr patienr.s 
with ST-eleV;.lliOn myocardial inf.'lrclion Wllc:Hsym))­

tom onset i:s \Vithin 12 hours and prirnary percutane­
ous coron::.ry interve ntion is not i'IV".l.iJable within 120 
minutes of first medical contact. 
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Item 24 Answer: C 

Educational Objective: Diagnose peripheral artery dL•· 
e-.l:Se in a patient with noncompressible arterk's. 

1he most approprialc t.Ua.gnostk test to perthm1 next 1n (hiS 
patient is a tO<' brndl.ia1 index. Til(• diagnostic 1ool t hat is most 
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frequently used to identifY peripheral arte1y disease (P.W) 
is rhe ankle brachial index (/\Ill). To calculate the ABl, the 
higher ankle pressure in each leg is divided by tlle higher 
brachial pressure. lin /\Ill of0.90 or lower est;>l1Ushes a diag 
nosis of .,AD. whereas an All! greater than 1.-10 indicalcs the 
presence of calcified, noncompressible arteries in the lo\ver 
e:\i remi[ies and is considered uninterpretable. In patients 
with an ABJ greater U1~mlAO. an appropriate next step is to 
measure toe pressure o r (.:akulate a toe bmchial index (systolic 
great toe pressure divided by systolic bmchia1 pres.<>1.tre). 1\ 

great toe systolic: pres.<itu-e below 40 mm Hg or a toe br.l<:h ial 
index below 0. 70 is l'OJtsistent with PAD. BccmiS(: this: patient 
has a left ABT of l.65. a t(X' bmchial index is indk~1tro. 

Exen:ist> 1\Bl tl-"Sling is useful when patients have a 
bunkrlint• ABI (0.91·1.00) or normal ABI (1.00 ·1.-10) and a 

high likelihood of PAD. The Amcric<m Hcart1\ssodation has 
proposed a postexercise ankle pressure decrease of more 
than 30 mm Hg o r a poslt'xercist- ABI d<.·<.'ft'~~ of mon.·Lhan 
20'~ as a d iagnostic: <.Tilc:rioL1 !Or PAD. Oth<·r organizations 
have propOsed a pOStexercise ABI of less th<ln 0 . 90 and/or a 
30 mm Hg drop in ank l<: pn·ssurc· ;.lfl('r <'XC'rctsc. l lliS 
pnrient's resting ABI vnlue is gt<'ater than 1 .~0: therefore. 
exl'rdse ABI is 1101 indicated to diagnose I'Ail. 

C..T angiog"lphy <lnd magnelic resonance angiography 
ar<' oft('n n.·strv('d for pkln ning cndov:lsC'ltlar or surgical 
revast'ularizalion r~llher Lhan fur diagnosi!:i of PAD. 

In J)<11ients with venous leg ult'ers. venous duplex ulir.l ­
sonog.raphy is intli<.·ah.·<l to C'valuatc tOr <:hronic venous insuf­
ficiency and d C<'p vein thrombosis (acute or chronic). 'lhe 
location of the ulceration and the lack of other findings 
coruiistt·nt with venous diSC<.lS<' m:lk<· that di;.lgnosis tullik<'ly. 
and venotL'> duplex ultrasonography is LheretOrt unneecs 
S<lry. 

K EY POI NT 

• In palicnls with anankl<:-brac..'hiaJ lndcxg«.·::Hcr than 
1.40, 3 toe-hr.:lchinl index m;:~y be usffi 10 d iagnose 
peripheml artery dis.<a..,. 
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CJ item 25 Answer: 8 
Educational O bjective: Tn."3t a patien t with inf<.'<'tive 
endocarditis and refra.ctory bacteremia with <."ardia<" valve 
>urgery. 

The m~"'t ~1ppropri~t<.> ne:-...1 st<•p in management is <.'<lrtliac.· 
\ah-'(.' bUJ'gery. 1his p.:Hient h:-1s infeclive endocarditis vvith 
rclroctOI)' h::tcteremia. for patient'> suc:h as this one. t.-arc.lial' 
\Utg:Cry is the most appropriate nexl step when there is l'Vi 
dence of ~14;"rsjstem infection lasting longer limn 5 to 7 days 
\\'h.ile 1he pol ient is receiving appro-priate antimic-robial thtT 
am~ Cardi~K· surgezy also is recommended for patients with 

inft"Ctive <:ncbJCMttitis \\1lCt IMvc- Llle fhllowing: sympwmatk 
ht>~H1 l3ilun."; ~t-n sidc.:d ilhohx.:m<.·nl ""Hh Swphulo(Y)('{'Us 

otttt•f.rS. ftul~ll inli.'<:lions. ur highly R"!-iiStanl OJ'R.~misms: assn 
\ i:l t€'<1 f·ompJi<.:~ltions, O)lJCh ~ls heart bJotk, annul:Jr o r aorliC' 

::tb:;<'f."'SS, or dc..-strudh't." JX:nc..·tralin~~ lc."Sit1nsi or prosthetiC' \ralve 
inft•etivt.' <>ndc•(:~u·djt is ;.Hld rdapsiug, int<.:di<m. 

C..1rdiac cathetcri7..a1 ion is not inrlic.-aled in I his p~~tit·nl 
and may int.·n·asc (hl' risk for l'mbolization of vegetation or 
\·vorscn hcmodynamil' status. C:.trdia<.' <:~ttheterization hefore 
plannt·d l'ardiac surgery is indil'all'<.l in patienL<i w ith risk 
t~Jclon; fOr coronary artery d isease. which are not present in 
this patknt 

Tht• mosl c..·onunon indil'alions lOr inlt-TV<.'ntion wUhan 
lntm norlic balloon pump <l.re c~trdiog<.:nk shod\ um--e51xm 
sht to other i ntc..~rv<.·nlions and ;.\Cute.· mitral rt-gurgitation. 
'this p:.\tic:nt do<·::~ nol hav<.· any indication for an intm aortic 
b<.tlloon pump. AddilionalJy. an inln\ aortk balloon pump is 

<.unlmindk...:tlC'c.l in till' prcsl'nt't of signitic:mt aortic rt':l,-rur 

~i(~tlon, :.lS stcn in this patkn(. b<·<·:.Htsl' it will increase th(' 
volume or rl'glll'gliam blood flow. 

Surgic:ll lntt.'r'V('tllionshould noc bed<•kJyt'c.l forobscrv:.t 
1 ion of th<' p:ltie-m·~ r<.'~pons<.> (():mother anliblotic onc.x_· sur 
gi~l indic~ltions have he-en met. In lllis patient. swiL('hing to 
anoth<.' r ~ntihlotic without hnm<XlialC' surgi('al inl<Tvention 
lllilY f<.'Sult in furth(•f dct'ompcnS:ltiOJt ur Lhc patient's d ini 
l'al st:.Uus ami an inuc.·asc.'<l op<.Tali\'c..' risk fbr intervention al 
a tal<.'r time.~. 

KEY POINT 

• For patient~ with infecti\>-e endocttrd it is. cardia~ sur 
k'-Cry is indieatt:d for p<.-:: rsist<:nl infection Itt sting longer 
than S to 7 d~lys ,,_,.hile on appropri::.tle antimicrobial 
therapy: syrnplomalic lu:art thilure~ 1<:11-sided involvc­
mt-nt with Staphy/()('()ccus crurPu,o;. fu ngal Infection!-':, 

or highly resistant organisms: comp1ications such as 
hcatt block. rulmtlar or aortic abscess. or desuucth1c 
penetr:uing lesions; and pro s1 helic val-ve in rective 
endocarditis and relapsing inl<.>ctiun. 
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Item 26 Answer: E 

Educational Objective: Recognize the potential for 
underestimation of cardiovascular risl\ in patient~ with 
HlV infection. 

TIIis patient's IJJV status will conn·ihute most to the under 
estimation of h is lisk lo r atherosclerotic cardiovascular dis 
c;>se (ASCVD). This }'OWlg pat ient has both m•ditional risk 
f.\ctors OJYpenension and smoking) and a nontraditional risk 
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factor(HJVJ for ASC'VD, wJlich is defined as corona1ydeath or 
noilll·U.81 myocardio:ll info:H<'lion. or f.'l tal or uo1lli-lt::d slrol.:e. 'lh~ 
Pooled Coho11 Equations are a risl< assessment instrument 
developed from multiple commun ity b.•sed eohorts: their 
use as a prillllll) ' risl< assessment tool was reconuuended ill 
the 2013 Americ::ln College of Cardiology/American !lean 
Assoch•tion {J\CCi.AIIA) Guideline on .Assessmem ofCa11l io 
vascular Risk 'I he ACC/ Aii1\ ASCVD risk Ctllculator h."lsed on 

tlte Pooled Cohort Equations includes age, sex. n1ce, total aod 
IIIli. c holesterol levels. systolic blood pressure, blood pres 
su re lo\vering medication use, presence of diahetes mellitus. 
a nd smoking sratt.Js.. With use of this method of calculating 
risk, a 10 year risk for ASCVD helO\'-o' S'X. is considered low 
1i sk. .:;~~.to below 7.S'X. is classified as intermediate risk. and 
7.Sl)(> or higher is designated as h igh risk 'I his patienr's calcu 

lated 10 year ASC:VfJ r isk is 6 .2'X •. 
l .arge oh$PrV<ltional stud ies have rlemonst r}lred a 1.$ to 

2 fold increase in the risk for ASCVD a mong pat iems with 
fiiV infection. llte increased risk for ASC\10 in l-llV infected 
patients is likely the result of intemclions among the viml 
infection. host fuc tors. traditional 1isk tactors. and thera 
pies for HT\~ Traditional risk models. including the ACC/ 
AHA ASCVD 1isk cakulator based on the Pooled fA>horl 
Eq uations. underestimate the 1isk fbr ASCVD in pat ient..o; 
with HrV. Alternative risk models, including one hased on 
the D:J\:D (Data Collection on Adverse events o f Anti HIV 

Drug."~t) Sll.Jd y . have been deve loped. but they lack va lidation 
a nd have not been widely adopted. 

This patienfs age. blood pressure. use of a ntihyperten 
sive medit•;JLions. imd HDL choleslerol level are a<.'t'ountcd 
fbr in the ACC/AHA ASCVD risk c~lculator and are not fac 
tors responsible for underestimating his ASCVD risk 

KEY POINT 

• In pa licnts wilh I I IV inf<.-clion, !here i:;; a 1.5- lo 2-fold 
in<TC:.\sed risk (Or <·oron:.lry artel)' d isease. 
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ltem 27 Answer: C 
Educational Objective: Evaluate tOr coronary artery 
disease w ;lh exercise dcctroca.rdiograpby. 

'llw mos! appropritllc tt'SI lo establish ;.J d i<¢.nosis of toron:.tl)' 
a rtery di!>e::tSt' (CAl)} is exercise dccln K!ardiographie (ECG) 
slress lesl ing. 'Jhis p:.llient wilh cardiova:;;cular r isk fUdors 

(hype liension. hyperlipide mia) is c.-..:hibiting lypical a nghklt 
\'l.'hi<'h h:ls th(• f()J iowing char.acfc:risli<..'S: (I) s ubsttrn{d c h('::;( 

pain or discomfort thai (2) is provoked by c:xcrlion or ~mo 
tional sln:ss and (3) is rdi<:wd by n.:Sl and/or nilrog.lyt..,·rin. 
Given ht'l· age. sex. anc.l sympwms, she h~t.'i an inl('tmediatc 
pn:lc'SI pmb 1hilily of CAD (73'1(,) and >hould w1dergo stress 
lC.'sting. In pa1k'nl.'i v • .rith a nont1al basdiru: ECG ~Uld th(' ability 
to cxe:n.·isc, exercise F.a; is rccomrncmk'tl a.\ the initial test 
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of choice. Exercise Ea.; can identify flow-lim;ung lesions 
;ndic>~tive of CAD and also further risk stralily this patient 
'lhe additional prognostic illfonuation "''lil~ble with exer­
c ise. including functional capacity and bean ml~ a nd hlootl 
pressure responS<', tan be used in pl'l-dietion 1nc>c.1ds. such as 
the Duke Trcadnlill St'Orc. which l""-'S sevcrJ.I factors (devel­
opment of symptoms. tkgrce of Sf ::K'Wllt·nt depression. and 
exercise duration) to provide i.tl<:rcmc:nte.ll prugno:;tk: in{hrma­
tion for 5 year mortality risk. Heart r.rtc? re<:overy is t~nolhcr 

powerful predictor: patients wiUta he-art rate tlrup ofless than 
12/ min in the llrs1 minute ::11'\er <."CSS<Hion of I.'Xl'L"Cisr have a 
higher mort(llity rate. 

'I here is no indication for stress tcstitt.g with ;:u.ldiUOn;ll 
imaging:, such as :~denosine s ingle pholon emission CT or 
stress echocardiog:rnphy, given th is patient's normaJ ba:;d in<· 
Ef.G find ings. If the baseline ECG fimlings wc:rc unintc r­
pretable or the ex<>rdse ECG stress l<'Sl v•ia::; i.mletcrminate. 
addit ional testing \Vith imaging ,.,rou.ld b(' warr~u'll<:d. 

Comna1y· artery calcium scoring \ii/Ould id('nlify t.hC' 
presenc:e of \.AD. hut it ·would not d ete<:t a tlo' "r limiti.J.\(1. 
lesion as the cause of this patient's symptoms. AddiHon:.llly. 
the absence of' calcification during c01-ona1y a rtet)' calcium 
scoring does not exclude the presenceofnoncakified plaque. 

KEY POINT 

• In pa.licnts with an in1crml-diate probahitiry of 
obstructive coronary arre')' dlse;lse. a normal baseline 
electrocardiogram, a nd the ahility to exercise. exercise 
ck'<'lrueardiogr.tphy is recommended as the inilial lcst 
of chni c;e. 
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Item 28 Answer: A 

Educational Objective: Treat a pati-ent with heart 
failure and ev;dence of eonductioo de lay. 

The most a pproprio.ltt' treatment h tht· :.tddHion nf C.'.U"\t'f.lilol 
This ~rJiknl with hc:art t;uturt• with rc."'tLUC:l'<.l L'jl't'liun fr.t<.: Lion 
h;\> N,w Yor~ I IC;>rl i\=cimion funC1ion;JJ das.• Ill ')'lllP 
tom~. Guiddinl· d in:t'lt'd rnc:'Cli<.';.~l therap) JI"Jr h~rt t~lllun· 

ind ulh trt'<tLnwnl w llh an ACE inbibllor. ll blot~<·r (spe 
dlkall.y. nwtopro1ol..,,K't"ht.llc:, l'<.H'V~.:dilol. OJ' hi:i<>prolol) •• md 
'Ul a.ldosh.'r<nll' ~lllt.Jgcmi~. fl Rlo<.·ker:-. impr<>\lt' fl'tnoc.kli~ 
inen::.a~ l'jl'<.:tion fr.t<"Cion. :md reduce hospitaHt .. 'lll<m and 
nlortality when .llltkd 1n ;ut ACF inhibitor and d lur\'tic lb.·r 
apy. "{his p:ui~~nl is nHI1:lking:a p hl<X'I\er; lhNf'fhre. (hf.> mrN 
imJ)Ortanl intcrv~_.~mion v.-ould he inili:uion of L.-arvedilol tr 
optimize the patit•nt'~ rnedie~lllheram~ 

In p~1tirnts with chronic symptomatic hean tllilurc anu 
ld 't V(.'ntri ct~I:.Jr ejt.."Crinn fraction less th:-111 or cq\l:tl to :~!) 

who :nr in sinu~ rhyrhm and 1nking maxint<llly mler.Het 



,., dUM.-s of:.\~ b1o<.'kt·r. 1v·..1bradinc r('dut't."'S h.('art f~tlu r<" ;,1~o 

.... l'lah:d ho~q)it;dizatiuns ancllhe c."'Oanbint."'<l endpoint o t mol' 
cour lality and hean l<>ilure hoopitali7.alion. Because this patient 

i~ not taking;-. fi hlock<;>l', ivabr.:ldine ls not indk':lted. 
C:>tdi:>c resynchronlzationlher.>py (CRT) Is Indicated tor 

prirn:lry prevention nr sudden c~\l'di<l<" <1e~1th :.l nd to reduce 
the risk ror hospft:lli7.fltlon :lnd denth in patients wJth h~rt 
failure who hnve dys."t)in<..·hrony. Critt>ria f(}r CKT tnclude an 
ejt><'rion ff':l("tion of less t han or ("qtl:ll to :3S%. 1\:(.-'\¥ )()rk l lf";l rt 

Ass<>dation fuJwlicm:ll d;Jss If to IV heart 1:1i lu re ~ymptoms 
despiHj guidelin(' directed nwdic:ll 11wrJp)': sim1s rhythm. 
and len bundle bmnd1 biO<:k with a QRS<·omph•x of 150 ms 
or gre-.,ler. 'I his p:Hienl fuUiUs I h(-> echc)('ardiogr:~phk :md 

electrocardiographic c ritcJia f'br CRT, a nd if he <"<mtinues to 
have rcrrdctory hC<Jr( f<Jilun: <lt·~l>ite guideline dire<"lt!d nll'<l 
kal Llwrapy lhr 90 days, he vvould bt> a c:mdi<bte fbr < :J.fl: 

An lCD would prolt'<'r this patient ag::~insl sudden c-:tr 
diae death: however, medk·al tht•r:lpy io; m .. < '<''SS.::~ry fi rst to 
alleviate: his heart l~1ilurc symptoms :md impmv<"" his func 
tiona! staws. Many patit•n(s with new onset ht-ari ~hilure 

l'Xpcricnc.·<· signHic~mt impr<w«.·ments in <:jt:t:tion fracHon 
with mt-dk·al therapy an<.l may not r<.:quin: or bcncHt from 
lCD placcmmt. 

KEY POINT 

• P:ltients with 1eit ventri<.·u.lar dysfum:tion <.lue to 
iS<: hemic cardiomyoparby, left bundle branch block. 
and h~drt fa ilure symptOms should rcct'iVt' guideline 
directed med ical therapy bdbre iniliation of device 
therapy. 
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Item 29 Answer: 0 

Educational O bjoctive: Diagnose primary restrictive 
cardiomyopathy 

lhe mosl like ly d iagnosis is primary r<.-sllictive cardiomy 
opalhy. Paticnis \·vilh <:onsllic tive perkarditis and rt'S1ri<.:tivt· 
cardiomyop:.1thy present v~·ith similar ~ymptoms and find ings 
on <.."Chocarrliogr.Jphy, and diffeJ"CJltiation is an ~"iential first 
~1ep in diognosis. ln this p::-1tient. seven1l features favor restril' 
tive physiology~ the elevated K 1ype natriuretic peptide level 
(of\ en <\00 ~lmL I H)() ng/1.1 in oonstrictive pericamil is), the 
pre:)('nc;<> of seven~ pulmonal)r hypertension. the ahsen<..-e of 
pericardial thickening on cardiac magnetic resonance imag 
ing, and the presen<-e of dt->layed enhancement or mytx·ar 
dium consiswm with myoc.uUial fibrosis on cardiac magnetic 
tl'SOnance imaging. 1his patient's shnultaneous right and k•ft 
ventricular hemodynamic recordings demonstmte txmt'<)r 
d::tnt rise and fall of ~;ystol ic pressurt->s with respimtion. (n 

Answers and Critiques 

con-.trJction. an hw<"rs<' rdationship o·r diS\."'rdan<.'l' is present 
becauseofventri<'~tlar imerllepcndence: right Vl"ntrkularsys 
wlk p.o.">SSure rises during inspirotion <:Oupkd with a simulta 
neou~ dt.X<rc:.l~t·ln Jefl ventricular syst<>lic: pr<.-ssun.-. 

<:tbl')' disc:>S<' Is :l lysosomal >lor:lgc disorder. Clinical 
m~\t'lifestmion~ l>r..";gin m ddldhoodand progrt-s> in an orderly 
f;.lshion. w ith up to 70'%. ul' lhl~ LoCJowing manift..ostations 
appearlng by age ·10 }'eatS: neuropathic pain. tdangit'Ctasias 
and :mglokeratomas. and protC'inuria and t•hronic kidn<..>y 
dise-:1~~. "lht" most rommon <.:·anli~<.: complications are con 
c-f'ntric left \X"ntrh."'uhtr hypertrophy. heart failure. coronary 
:1rtery dise:1se. lf'fi sided \i'!llvul:lr dysfunction. and <.'Undue 
lion :1hnormnliries. 'I hi~ ltltient's late onseLof<.:anliac~ymp 

toms ;md l:l('k of other findings OKlke Fabry di!>(·ase unlikdy. 
All hough \'lf.lll t hickness nuy he normaJ jn patients 

with hem(x·hrom~ltosis. the len ventricle is u!>ually diliJtt"tJ. 
and £he semnl ferritin level "Y>uld bt"" grt"<Hly ck'\'atl'tl in a 
patient with vi~('(' r.lllnvolvemt"m. 

KEY POINT 

• R<.>strktive card iomyopathy is distinguished from con 
strkt.iVt.' peric.:.lnJitis by an <:'kv.:.lt<.:d B- Lypc natTiureti c­
peptide level and concordant rise and t1li of Jclt and 
tight sy-stolic pressures w ith respiration. 
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Item 30 Answer. c 
Educational O bjective; Tr(",lt aculc descending aortic 
dissection. 

The most apprupriatt• inilial step in the man.:lgement of this 
~tknl is initiation of mt'tlkaJ thempy. Patient~ w i£h I)'JX' 
B a<.·ute aortk diSSt."l'Lion witl\Oul l'Videnee of cardiogenic 
~hu<.:k ~houkl OC initi~1llv trt-al<.'<-1 with medical thcmpy m 
<.'ontrol heart mtt.' and ocdut"(' blood pn•s:rure. lntrnwnous 
fj blockl'~ :.m.: first line tJll"'.J1ment. and sodium nitmpmsside 
<.:<In be addt·d ifhvpertt·nsion dOL"S not completely respond to 
!3 bl<x.·kcr therc1py. Current guidelines recommen<l reducing 
~;ystulic blood pn.~urc to 120 mm Hg or I~ in the first hour 
ln patk'uts with aortk dissc.·t·tion. fuln <."'ntruJ is tx·st ;.lccom 
plished Willi lmr.wenous oploids. in palienls wilh astmiling 
aortic disset(iun (lYJX.' A ;,\Orlk ~"'<.'lion). inlranmr.J] aortic 
h<.~m~ltomn. or dcStx·n<.ling a.ortk· c..l.i.ssc<.·tion (type B aortic dis 
st·t·tion) with l'OmplkaHorL'). iJJUll«.-diat<.· n ·pair is \Varranted. 
Compli<.~tioru; ar<.· dd1nl'tl as u:fr'.tctory pain. rapid aneu 
rysmal <.·xpo.lnsion. ruplurt·. or malr.><:rlUsion ~)'Jtdrome. 'n1is 
jJUlit·nt has a lyJX· B aortk diss«.'t'lion :tuising ju.\1 <.lL\tal to the 
oright of the lclt subdavian ~\rtery wi lh no t..'VidcaK·c of <.'Om 
pticarions. 'lherdor,·. medic:~ tht>r:>py Is ll1c most appmprkllc 
l teatnl<.' tH. 

Endovasc:uJar Sll'nli.ng <.'30 be uSL"<.. to tr(·at patients 
\\'hh db;(·tndin~ aortic aneurysms; however. there is scant 
<.'vld<.'H<.'t..' Lu support this as <In iu..itial treatment option tbr 
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CJ aneUt)'Sm w ith disseclion. Atkr lll(;'dkal ::;tabiliYathln. lhomdc 
cndovnscular aortic n:"'().!lir (TEV.J\R) ·wiUl Slt.:ll[ grafti11g <:<lit be 

COlli used: typiC':.tl ind ications include. .. dcS<.1.:nding ~(Jrlic aneurysm 
clkunt·tcr ~rn·ater than 6.0 em. r:.lpid growth (>O.S <:rniyL-ar). 
or end OrgJn damage. rEV.>\ R has 1 he 3d\i~Hlta,t.:,l' ovn surgi · 
cal operation of lm .. ·er mo rb i, li ly ;.1nd ::;J1ort<.:r hu~pital s la}r. 

allhough rhere may be compli('~Hiuos. including Mrokc. 
spi n;.tl ischt•mia. and aorl ic gn1 ft endokilk~. lhi~ pa1 k·nl 
shouJd be t reated with su~nl impbnt:nioiJ 0 11ly aftc: r rn<.·d 
ica l s tabilizal ion. 

Open su rgical repair of I he descend in~ aotl~l is uot 
r('<.'Ommcndcd in patients v .. •it h llO('Onlpli<·:lK>d lYJ)l' B :.uJrti<: 
dissection bc.·<.:<lUS<! of high T:lles of morbidity (~ucb a::; pa ra 
plt-gia) and mor(nliL)~ This patient has no signs or symptom,., 
of compHt·~1tions that would promnt immcdiat<.' surRkaJ 
fC'JXtir. 

Rt"J.)):;J{ cr angiography !ll 12 hours r ... UO( i n<.lk~l lt..'d 

w1l<:ss tht' pat ient does not stS~hil ire wirh lllCdiC'~lJ tll<.'t.lpy. 
Serl:.ll imaging (nsuaiJy magnet ic resonance angiogmphy) j~ 
typk aUy pc-rtOrrrH:d in nsympwmat ic patients m the time· of 
dis<:h~rgl· :111d th<.·n ~x:rioc. lit'a.l ly in patients who rlo no1 have 
:Hllndic:ukm tOr ~lnl.'l.ll')'SmaJ r<''P~lir to screen for C:\1ensiol} 
(lr recurrence of ill<' iliss<.'<'Lion. aneurysm fomlS~tion. and 
k ak.1ge. 

KEY POI NT 

• Patients with uncomplicat{'d lype B aorliC' d is.iC--'Ct ion 
rnay be initiaJJy Lre-t~: led ,,;th medic~! ther:.1py. incJud­
ing !\-blockers. soc:Utml rtilropm'lside, and opioids. 
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CJ Item 31 Answer: C 
Educational Object ive : Treat cardiac tamponade:. 

'I he: mosl<lPI)m pri<Jtc m~nagement is petic·:l rrl iocent~i~. ·lhts 

p:Hit11t is laking: minoxidil :1nct hydml:l7ine, both of whith 
m<lV be assodatffi w ilh 1 ht> d<-•velopmf.>m of ~ peri('~lrdi::tl 
t'ffusion {PE). Tamponadt> C)('C1lTS \>\1hen intmperl~rd(::tl pr<."'S 
sun: t•xcecds di~ls1ol ic intra<'ardi:w pres ... ~1res. ' '-'hich lt~ds to 
l'(impn .... "'iSion c•f cardiac chamtx·rs and limils dia~tol i <' 1111 
ing, srmk~ volurne. ;.md cardiac oucpul. wil h a simull:mt'tms 

incn:asc in pulmonary t:apiUary we<lgt' pr<ossun"" thai lrods 
to pu~mon<U)' cxkma. Definitive tre:-Hnwnl of <~mli:-H' lam 
pon::u.le is pcrkardioc'<.11l<.-sis or surgk:.ll pt'rir:urlial drnlnaf!e. 
In h<:modynamkaJiy unsl:lhle palients, inlr:t'<-enou...:: nonnal 
saline is used 10 st~lhili:t1' 1 ht• paHt"nl· :ts :1 lt>mporizing mea 
sun.· or hridgc to dd initiV1.> therapy. Dt•spit<"" tht• t>Vidt>nri' of 
fluid ovt•rload. intr.Jvt·nous volumt lcxld ing can hdp mainla in 
or i m.Tt:ast' ('ardia<: oulpul. l.o\'v sys10Jie h1ood pr('ssun· 
(<100 rnm Hg) is tht' mosl n.·~dilv al't't"S.->iblc: d inic.·al finding 
lhal is pr<:d ktivt: of:.~ fa\·umblt' n:.·~monsc to volume loading. 

H<.·rnod ialysis \'VHI dctrc<Jsc r i_g:ht h<.·;n l fil ling pres 
sur<' bu l nol inlrapt'ricar<.l ial prcssun·. rE"snlHng in 
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furc hcr comprt>ssion of the lntruc::tn.Jiac ch.:.mhcr and 
rcdu<·li()n in c·;)r<liaC' ou1puL Simil.arly. intmvenous loop 
diurclks or :lgen ts th:u :lCtivdy d ila te capa<;ir:mc{' vc~ 
:-;ds. su<'h as n itroglycerin. should bt' ~~voided hecause 
lhq' will resu lt in ~l rel~l UVe incrt·ase in imrnp('ric,trdial 
pn·ssure to lntnKard i3<" pr-c.·::;sur<· .md further impair 
t·ardi:lt' output. 

Hig ht ht·~tn catheterlzation is nul rypic.ll1y performc.xt 
in t lw diagnosi~ of C':wdhl<" tarnpon~1dc. Echocardiogn1phy 
n:.adHy deit><"ts p(" liC"ard i ~l l effusions and is the primMy 
rn<xlaHty lor d i:1gnosing (';lrdi~lc." {~lt nponadc. Echo<.~rdio 
graphic: si~ns of e:ln li:w ' :nnponade jnd udc dia~1olic cnl 
lapse or t lw right :lt rium :tnd right \'l'lltridt·. vent licul:-u 
S(.'pl<tl shining with rt~spimtion, and <.4 n largcment o f tht 
in tC:rior vena <'m~. An api<'al fflur chamber c<:hocard io 
graphic vil'\v clt·monsrrating PI-: with diastolic inversion 
(urmw} of t he 1ight ::.hium (R.-\) frec.· \!vall ls shown . \Vith 
l>oppkr cchoC'ardiogr:lphy, n•splrmory V'.triation in mitml 
ultlo" can h<.: delc<:lcd ('a rly i n t he- evolution of tam 
pcm~dc. In Lh<: pu lst·d w:we Doppler imag(.·. (h<.·re is a 
significant ami n.:pnxludblt· dC'crease (>2:;%) in p:.lssive 
<.liasloli<.: flow duri ng inspiralion, wh i<"h re-tlt'('LS cnhant't.'li 
vc.·ntricuktr inlt·nkpc.ndcn<->t'. Changt>s In rnitr.ll inflow ~l re 
hi~tzly ->C'IlSilivc and m:w pr<"<ffie ('hang~ in t·ardiac cmt 
Jml. blood pr<:ssun·. nnd mlwr t>Choc-~lnliugmphiL' l'V idence 
of tampon~1<lc. 



KEY POINT 

• nennttl'" Ln:aun~nt of cardiac mmponadc is pcri­
t•ardlocc..·IHtsb or surgica1 periC":~rd iol Ural nag<.·. 

Jlibliogruphy 
l\dlt.•r V, 4 h.eno~n ~ lnt.w.kl \1. liod::mo I~ Rar<'•n F"'UI\' Iiol~ G. l.k'f;<l('t't J. C{ :.1, 

EurulM:'Jn Svl,.•k:ty of \.:trd~· U:SC..1. :lOIS l:.S(.; ~unk:UJM.,I{w I tilt" «Ji:ey. 
llCAb .utd Ul..IJ•mt'ln ,)( p.:-rlc:lrdl:ll d1~~~ the' T.t.,k M.:N'\."1: for tlx 
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Item 32 Answer: 0 

Educational Objective: Oiagnose ticagr<.·lor-related dys­
pnea. 

Tk:1grclor Is the mo:-,L likdy <:~mse of dys:pn~ in this PQtienl 
wil h :a nomlJIJ>hy:sk-al cxaminaLion. no rlccti'"(')Q.rdic'b,tr.lPhk 
<·h:mi(Co. and norl1l.ll 1~ on im:lglng studies. IK.""l:fl"lor 
is a 1'2Y., Inhibitor !bat may be used :t< • (X)JTipoo<'llt of du.1l 
anliplatck:l thcmpy in selecl padems wflh l-orunal) artery 
dist.'<L~. lndutling those m .. ~ted \\ith pen."ulatK'Uus tVI'Ol13ry 
inlcm:nlion. DY>Pt\e"J is 3 well recognl>.ed ski~ dlccl of lic-.l­
~rclur lhcrJpy. 111 clinic-al !rials. JS'r, tO :lO"X, of patimls lak­
ing lh.:a)trclor c.•xpcril:n(>t'd dy~l)nca. nhhough only s·x. to 7% 
rcqui l\."\,1 c.-css:.tthm of the drug. In most cases. tk"ag:relor me­
dialed dyspul.." .. t is M:lf limited. but it oflen rcsull::i in adlliliunal 
ll~ing. 

lkan fallu11: l;lD <-omplicate n1}1>C:lrdlal inlarclion. In 
I his l"ol'>C. llQ\w\'<.1'. the normal finding~ on phy>k"<ll exam­
inolk>n. chl""l r.KiiOf(l".lpb, ond l.'('hocnmlngrom make heart 
r:.uun' an unlike!) <-..usc o f the patienl"s symp1oms. 

In pllicnb with shortOQS ur bn..':.llh after myocardial 
int!lrclion. II h imp()rtanl to culL' out complic:ations of recent 
l'leiT'\lf:lntous l'onmnry intcrvl'nttoll. ~uch as in :o;tent stt· 
nosh~ :lnd ~tent thrombosis. Patients with in stent resk no 
sis wU I c:xhibil I'Cu1rrc.:nt ~igns and ~mpmms of isdR·mi'l. 
lnduding t·hc:st pain and dyspnea; hO\'I.'Cver. in stenl rt'Sl­
eno~l~ dt'\'t'lops months (O years a0CJ' Stenl implantation. 

nof Wtek!l. In ('Onlrast lo in-src.:nt rl~lt-nosis. stent thmm 
bosis itO. u~1:'lll)' a fulminanl t."\.'-."flt t"Omnte.mly m.1ni(e:sting 
as acute myocardial infarction or dl"'Jth. lhe timing and 
persi:>renr n:1n1w or this patient·~ S)'IUJ)tu~. coupled with 
the unC'h:\nged ck-clmc-..tnJi<>gr.tphk Unding..tO., nlle out stcnt 
throll'l l'l():-;i' a' ,1 t-ausc of this patit:m's symptoms. 

Venrrkul:tr sepia) dcfc"l (VSD) rc:.ulllng from ruplur<" 
of the h11 1':1vt'nlrkular sl'plum i::i a rnre complktltion of 
Lr.:tnSI1'1Ur':.'l l lnfan·lion involving Lh.: 1 ~hi OOI'Onary arttry 

(in which llw VSI> lends to alf<-.:llhc basal inferior septum) 
or the lefl :mttrior ck..")('Cnding arlt'ry (in wttich the VSD is 
usu~lly !O(':It<'d wilhin the apie-.11 ""plum). VSI>s '"'l'kaiiY 
C)l.'('tlf within J 10 5 days of STEM I pre<entation. Patients 

p~nt "lth """"-ning hl-art failure and •hod<. and a harsh 
hOIO<)"'itOii< murmur may be: heard al the left lower >ll"fllal 
border. ;\ small NSTF.MI would not result In n VSD. and the 
lnbnralory :md physil'al c.:;x.amilklllun findings rule oul this 
dingno~ls. 

KEY POIN T 

• Dyspnea is a well remgniu:d and oll<'n >elf limited 
ski<" df<·cl of 1 i""llrclor thcr.1py. 
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Item 3 3 Answer: 0 

Ed ucational Ob jective: Diagno~e •~•kobuOO~"Urdiom}­
opothy. 

'1 :\kUI~U ho (';.ll'\'liomyop:U hy i<; 111<' nt()SI lfkt:l\ d i<lf!llOSi::i, '01is 
pn,.'\ iou, l_, ht althy J"l{llh·nl h:l\ symplom"t and tim.lings sug 
gc.·sth'\.' of .m .•tute- COITH13l)' syndrmm.·. <.a1-di:x: c.·alht.·lc:tiza 
lio 1' tkl1¥1n,lr.ltt:"" nom1:d <·onm.:lf) :n1l·rlc...., .1ml \\.<JIJ molx•n 
.d>nc.uln:tlil it:os tha.l do not lllluw (mt· \J"'(,:Uio~r tcmtoi)~ find 
•no ... "' rhar ar~ <'Onc;i~cnt "'' ilh lakol,uhu t·OAR.Iiom~op.:uh). 
T.lknNihn t-;mJinmyc.J1X!Ih\~ or ...tn_,, llkh,k.'\." c.:aRJ.j(mi)QIXl 
th~. "a ht::lrt tailufl' :-;""\ndrtHllC: thJt t) pk.lll) <~,.-u~ in okk:r 
\\Oim.·n ;\11<1 i-; usu:.llly pn.•dpihttc.xll>\ ~~ 'tn."'ful phy:-;kal or 
t·rnouon.ll t<Wilt. suC'h a~ the tlc·ath of :l lov\:d Hlll't :mdLkn sur 
pri"te.', orntfh:'r :J c-u le ~tn~-wr..;.. It b ,\•N~e.: iatc<.l wilh dt."'C.·tnx:ar 
dior,nlphic' rlung<'S suggt~i ive of :m .u..·ul\.' 111\'tx:ardial i rtf~lrt' 
lion or ;l modc~ratc, incrrost• in tnmonin lc:vd\ , w.all mutiun 
,,:h:llli'!t"' 1 hat t>xh:-nd lx.'}·ond the ll·rrl hn) o l u \iH~k' c.·onJI'IJ C) 
.lnt•ry ;md normal or OUIT norm;.alc.umrLtr)' Jrtt·rk's (<50. 

o;rr•'Kr..l,). l~11it11h \\ilh a dnJil llll')t'C.1Iou tr~liun ~JvulcJ bt· 

rn.·Jh:d \\Jih ...tnxl:lnl hean [;Jilun.· ntc."l..RaiMm~ and l)pic411) 
h.J.\'t.. r.'lflkl r\"\.1""\."f'yufldt \\'Tllrk:utlr runc.:li4•n 

\c.·utt' mvcx"':lrdiris ll'ill:lll) pn:~c.:nls \\Uh h l .. drt faiJun.· 
symptonh th;.H (ft'\"'lop CJ\Pr :l IL"w d:1v' lo \\l."'C.'i...."". CX:t·~~ 
siun;~ll}, j);,ltieut"' h:1ve symptom~ fi1r sc\·crl\1 m<mtlc; l.x:fun: 
tlt':lH thlhm• h d iS<'()\t'l"t'<l. I he das~it· p r\'SC:11hl liOO urvir~ll 

mv•wanlll b indudc.:s ~~ viml pmdrumt· \\'lth tCV(.'f, myJigi:l . 
;uul upr 1c.·1 n>spir.atorv lr~K' t ,·ymptom~ P.uknh pr<"St;'nt with 
tJ)'pnc.•a, <"ht-"'>1 p.1in. and arrl1\ lhrnt.h. Fll'- tHK .. ardicJgmphic 
abnOIIll~lliltt""o :~woHt"Tl pn:"M"fll, altln~ \\ Jth l"\ 1d4.·m.:t: ufmyo 
<-·.mti.tl danto.~ \\.ilh Jl'f"fSi'1t1llh dt."\.ltl'd tropcutin k'\'t+o. 
At"tlll· nn"<t .. ympcorn~ foUcr\\ing an \·rnuhou,tl t."\t:Ot Jnd 
ap1<.:.1l h.dlcMJillng on JcCt \1.."'nlri<u~r.•ph) .11\' nul ~n in 
,l('\lf(' 01:\UC,m.lilb. 

<il:ml l'l'll m\lK<LT\lit i~ b .m .lt'Uh:. rJpicit\· pmgressh'l" 
h1rrn ()f my,x·arditi:-o ;JS:-><x:iatt-d with ' \'Oiricular arrh\>t h 
mia' ami rwogn:s:-;ivc: C.'Hill iaC' <ly'>fund lf)n dt'Spih~ medical 
tht'mpy. 'lhh pll)l't"SS usually oct.·u r' 111 pt.'f'Kin:-; younger 
th:lll ·HI }t'; lr~. I he um.k-rlyin~ ml·rhani\m i~ un known but 
ts 11"w111~hl 10 h(' auloimmunt: inc)rig)u lllh pal ienfs~ne :md 

lm_-...,.,..~n t 11inn .1n· nol (.'{)ffiJXUihk \\tth ).tialll t\."11 m~ucarditis. 

l.u-h\-..:.mli;.a mduu."f.. t'3!d ,,m\ulgth\' is relatt--d to 
pmlnnt...'\."1.1 IOK-h\(:J.rdia en frt.'"'llll'T\1 pn.·~turt" ventrirular 
cnntt:.ll1ion,. I"J.lit"11b U'>u.JII} h.t\'\.' ltndln,(t.\ related to the 
1;\dt}:UTh)lhmi;.~ (for t''\.ampk·. J'>.tlfiii•Uions) o~nd hea.n fa il 
un·. 'lhb. pJiknl':s a<.·uh.' JHt'">t'tH;Hion I~ inconsio;tenl \>Vilh 
tadly<o;lnli;l lndm:cd t·anliom~1 l1Mihy. 
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K£Y POINT 

• Takotsubo t':lnliomyopathy Is a <yndronw of rever<lble 
wntri<,lar <)'$10iic dysfunction that is U>ILllly lll'('(;lp 
llatt'<l by on acure emotional or ph\ ~iologir •trt"<SOr: 
1 he h~ellm.1rk i\ wall motion :lbnonnablic..·s that t"~end 
lxynncl a sing I~ roronary tenitocy. idenWil"<l t>)' <:elm 
l'llnllogmphy or other imagingslud i"-'. 
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ltom 3 4 Answer: C 

Educational Objective: Trear symptonulic S<:vcrc pul 
mon:ary \'lfve Slttlebis. 

llliiOOn "dmlopla"y is the most •t>t>R>t>ri:lle mana&\'nlt'lll 
of thl' palitnL The palpable. Lite i>'':lkillJ! >)Moll<' mumnar 
IOC<lt~ 01 llx: sa-ond lefT int~rc.'OliWI SJ)oc"C: aiN'Tl<T of an 
c:jt'Ctton diCk: :tnd f<."ature\ of right vcntri<.:ul:..r pn_. ... ,urt" 0\t>r­
load "'~"'-1 'C.:'n·r<· pulmonary ,~Jlw ~ltno~is. lhc tx·hoc:':lr 
diut-tram ronfirms the presence of st"\''-'H.' pulmonotl)' valw 
sl<•nc><l< wllh :1 peak systolic gmdicccl of 65 cnm l lg and 
m~:'ln <:ystolil f(r'.tdient of .;o nun Hg. Rulloon vafvulopi:'I~IY 

is l't'('OillnlC'IlCIL'd fhr symptomatic pat ic:nls wil h :lpprnr)l' i 
ah· \lill ve- morphology who ht~\'e a pc..-ak Doppler gr:1<.1h•n1 nr 
gn';llt"r rhnn SO mm Hg or a me;;.n gr-Jdic:nl ~~'t'~l tc:r 1 h:tl"' ~() 
mm l lg nne! fhvoml>k: V'Jlve charac lt'tislks tbr p~.:l'l'Uioln<'fms 
inl<.·rvt'nrlon. 

lt:ltienrs With pulmonary valve st('O().')I~ wi1hmu :'l hi' 
lUI)' Of enckK.'".inlitis or pulmonary vd.i'VC n:plal'-'ml'nl dO OO( 

1\'Qttll\' <'tUIO<-anlili< prophylaxis. 
E.\.l'R.i."'-' stre~ .. ·~ tesrin& <.uuJt.J hdp OCIL'TTTline wMh('r 

rhep;.Uk;nl tusexerci~ limit<1tiol'b n:hu<.'tllo hcrpulmnn:try 
\"!ll\'c!' SICnosis: howe\'er. t..be tesuhs wc:ruld no1 C"h.1ngt I he 
l't'('()Ultnl•nWLion for inren."enli<>n~ 

'iuf1tk·.ll puhnon:uy valve rephK\'I'ncnt -.hould lw c·nn 
~ide-n.·c.J whL·n rhe valve is dysplastic or when mml" 1 h:m 
m<xh:r.tlt•toexisling pulmonary val"x.- n.·gurgit:llion, ::1 srn::.ll 
annulus. severe subvalv.Jr or supn.tvHivar pul mnnnry vnl'l(\ 
stenosis. oc· another cardiat· ltsion that rt-"qnires flpcrtltive 
iut4!rvemfon Is ptt:S<.'nl. ll i~ ru)l th~: preferred t rt>:ltlnem for 
I his p:tllenl whn h~s appropriate va lve mo<1>holo~:y lor llol 
loun valvuloplasty 

kEY POIU 

• B.1lloon valvuloplasty is re<.'Olllmendt'd for palilTII> 
\\ilh symp1omari<' J)Ulmonal)' \'3ln· stenosis \\hQ hol\C: 

appmprl>te ':.lve morphology. a pe-ak Doppler gmdl 
t:nl of wc-.uer than SO mm I lg ot 0: mean grJ.illent 
~l"l--:arc.or 1h:'IO 30 mm Hg.. and \13:1\~ characterbU<.~ 
fa\'or.lble for percutaneous i.nt.:n-.:ntion. 
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Item 35 Answ er: C 

Educational Objective: Evaluate forcoron:1ry arter)' 
c.~.se with coronary cr :.lllJ(ioKtnph)' in a ax.ticnt with 
COPD. 

Curunmy Cl" ongiogr.cphy (L'Ii\) i~ the "'"'l <ctlPn>ptiotP diJg­
oostic tt'Sl to perform nt·xt. This JX'IIil~m "'ilh an lntem1edl­
alc t>rclt">l pmhabillt} of mrunory anel'} ui'<::t'«' (CAl)) h3S 

<.-h("\1 JXlin \\ithout C'\ idence of actnc l'C)R)(l:lr') sync1mme. 
and he shouklundt't)(o tisk stmtlfk.l!ion. 11<.-cJU'<C hi< ha<e­
lioc ch1n>rnnliogr.un (ECX:) ha' <"<ident'l.· uf ldl \\.Tirricnlar 

ll)'t><Timphy 'With repnlaritalion obnormaliti<.., "hk:h limiL< 
the abililv 10 intf"rpret C'X(n."i.).(: ECG findinJt'-. sHt~ tf"oi.ling 
with adjllJ'K:ti\'c imagln~ or aruJtomlc :tSS\.~-snK·nl for CAD is 
imli(.';.tk"tt. Corona1y < ~rA ic: a nonlnva.;t\'e an.llOmit imaging 
'lU<Iy lo <~·aluat~ lo r obstn ccl iw ('.All. In the PROMISE I rial. 
which txnnpared roronnry Cft\ wfth rum:tional sln:s.~ test­
in~ rlmong p:1fients \\'ith an intermcd iJh.: pn.:tcst prhh:1hility 
l()r C/\1), tht: 2 year rom,Jositc out-c.-nmc ((.k·atlc, myO<.::·mi i31 
htl~m:lion. ho ... ;pitali7~rion tOr unstn.hlc nns_.tiua, ur majnrprn 
t\:c.luml t:omplkafion) \\US slmUo.lrly lnw with both IYJX:S of 
tti<®IOS.tic testing. 

V·JSOdihltors. such as n:-g~u.lcnoson or Jd.cnosinc, pro 
tlltt't' hypcn..mia and a tlO\'\ dbp;lr1ty hcl\\Ct.'ll rH\OC':.trdinm 
'UI>Pii<"d 1» nnnh&tu<1t-d \"l"Ssei< and rnyo<:anlium 'illpplied 
ll) loc stmotic \'eSSe! (in which th~ dist<ll \a.'>t"ulature i< 
aln:ady maxitn:~lly dil.llt'dl. In addition lo idcnlif)ing th(> 
tm:s.:nce of di<e:L«>. perfusion imaging c:tn d<·finc tlx: loca 
lion and cxtml ofll'duced tX:rfu>IOn ond provide additional 
prt))tno~tic infhrmation. Sh1,:tle photon emission Cf wilh 
the V<l.'i(x.fitator ~ufenosine ron t.x· pt;·rJot,ncd In patil'nL~ with 
undcrfving reactive alrW:l}'S distasc hu1 ~hould lx· avoid<.'d 
in 1.>;-ll icnls w ho :we activdy whcczlns;t. such .1~ this ont'. I he 
IIL'W("r s.C'h><·tive adenoshw Au, tt.--<.~p lor agonisls arc <tssoci 
atcd with le!=:s hroncltospa~m: how(.'\-'Cr, b runc.:hospnsm may 
slill (K't:ur a~ a result of som<.· uctlvutfon of tllt." A2" and A~ 
n."t"t.'ptors. 

f.omnary -angiogr:lphy h <.lfl lnv;tslve r~t th.ll carriL'S 
~ignifk:mt risks. It should he con~if.lf.'red in p~Ul«."nb \\flo 
haw a high pretest proh.1bllll} for ob\lnrctl<'e <.:-\D, indud­
ing ~ympromalic- patients with ;.lbnonn:tl finding_~ on non­
irnm.N.._.. It-sling fhr C"AI> or potlenl~ wilh on :aetne t'Orunary 
'))ndrumt.". 

kEY POINT 

• llasc·line electrocardlo,.t:~Jn (ECX:) obnonmhlk'S that 
limit the ability 10 interpret c\crcl"' E<.:(,findlngs are 
an indic.:ati<m for\ln·ss testtng wllh adjunctive im::tg 
ing or :1nntomk a.sst'ssmen1 of coron;.lr)' arlt rk-s. 
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lt~m 36 Answer: C 

Educa-tional Obj&ctive: Evaluat~ sinus br.:~~dycardia. 

l~xt-rt:ise 1 n.: .. ldmm Slr.'C~S le..~ing 1s lhL' most :lJ)I)ropJi :ue n C'Xt 

>lt1> in man:ti!Ctlk!ll. Sinus brndy<::uuia (sinus rh~Thm wioh • 
ht-art r.tlc <60 minl nuy he approprtue in st\=1 silll31ion<. 
indud i n,g lu Lr~Un~..·ct :uhletes or d uring sleep. \'\hen rhe ht·ar t 

mh.' may (UJI ~~~ low tlS ~0/min. 'nu.: mOSL cnru mon inhin~fc 
cause.: of' i•Mppropri:lte or pathologic sinus hr.ld)'<'aniia (sinu~ 
nude d)"rwl<.tiool is ;>ge relalt'<l rll)'OC:lrdL11 flhm<is in the 
vicinity of lht: ~.iJlu~ 11()(Je. The mo.\l <:Ommon (•ttrin!->iC' <-"::IU~C: 
orsillll\ IH"Jtly<:~u'dla is medic:a1 ion UM.', This yo\tllg patient h::IS 
"")'mpton"'U<: 1>radyc.1rdia and <'h<'SI 1~1 in 'l)lpkal for CJr­
diac isdtl'Uti..1. I Jo\.\'t."\"er. because Of her hisfOr) of ot~ionJl 
lightht::.td<.:dness wirh cxcrt"i.s4:. lhls patient :-.houtd uodcr')...)jj 
tr<:~l(l.lt1ill ::;tress tescing to (·v.llunl(' her he:1r1 mtc K'SJ>lHlSC: 

to cxen-isc (chmnotmpy) and fun her exthllk symr>lomalic 
br.td)\"dldi;l. 

Despite the pleurltk <'Omporoem to this p;ll ienfst'ht"l 
pai n, she h:ls no resplmtory diSt t·~c::s. h~s normal oxwcn 
saturdtjon. and can exercise without diHiru hy. 'lhcR'fhn:. 
CT or the ehest to extitKlc putmomry f'lllbolism ., 1101 
Jpproptiatc. 

Till.' uli lity of nny diagnostiC' test shou ld he inh .. ·r 
rm.'tcd in the context o l the pretest likelih••>cl of disc•,c 
I'Jiicnt> "lth a low prubabilil)' ur cororory artcl) d i«·•"'· 
such a'l. yuunger pmlents with a typical nr non;Jngin:.tl 
<·hcst 11.1ltt, hrwe a hiAher in<:idcnct of fa1S(' I)I')Sitivt• tcsl 
results an<.l m;;~y undergo unm:<.•c,:~sary rc-~ling wifhc.ul 
changittg 'Mlienl ourcomes. Gi, t•n this JX1r1enr·,cxlrcmt:l.) 
low pn:h.:~l probahillty for coronory artery d ist..'aM:. cor 
<mary ;Jngiography ''= not indkMecl. A(l<l it lnnally, i f this 
pati cnl h: t tl.;.~n intermediale prob:lbility of c--orcmal)' rlrlcrv 
di~se. nonin"'3!;.ive tcsling would be perfnrmed bclhn: 
ongio,-:lphy. 

P:u.~(·makcr:-> ~1rc indicated in pntknls w irh t:.ympwm:1t k: 
br.ldycan.tl~t in the ~t t.>M·nc..-e of a re\o'et'$ible Clu~. 'I he d<-'<"islon 
lo implant .1 (Xlt'I.'Ol.1ker in this Jlii!Jent should he ddt)<-d 
until a ftL:r tin.· f..'xerd sc ~tress t t.->st co asC"ert~in wht•lhcr she: 1:, 
truly asymplonUlli<'. 

lET POINT 

• In p~tlents with >lnus brndycartUa and equi'O<'d 
~)·mptoms. exereil)<.~ :;tress resling m<ty ht used to 
asse!<.s fhr t.•hrunotropic incontp<.:tcnce and delennim.· 
.Wt~bllll} for pa<'l:maker J)IJ<.'CID<:nt. 
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Item 37 Answer: B 

Edueotional Obj«tive: Treot hypertension during prt-g­
n•ncy. 

In tll i:> prcgnl\llt patient. l;,bl•hllol is 1he mosr :tppropri:H<~ 
tf<.":ll ment to :1chlt!\1.' blocx.l prC'ssure control. 1 Jyprrtt·nsion 
diagnosed herore lhc 20th we<.>k or go-;tJtion l' mu..a mn­
::.htcnt \\ith a new di-:.tgrro:st~ or chronfC' hypenenslon r.uher 
lhnn preeclampsia. Ph~mn:.ltologiC' tre:ttment n l chronic 
hyr~11ension in pn.·gnancy I~ I'("('Ommc:rult.·d lo a<:hh:vt.: chc 
s:oal of limiting m:ti<'Ill:ll end~'ll"" dam:.ge, the!\' i> nu 
<-vidence that hlood PT<.""''"" conrml during pregnanty will 
prcwnt preeclampsia. The definitive thl"(·shold for 11'lo;U mcnl 
o r ehmnic h)1ll"rlcnsion in llrt'f!O:lnry n._.mains (1U1IItlvcr­
si:>l. \ 2013 gui<.lcline P<•hlo<ht<l by th<· Amcrkan Colkge or 
<>tKretricians :md CynecoJogists mad~ !l .,trong l'l'( .. 1)ftlrncn 

dation lor initi:lUOn of phMm:wolog:k 1 hcr.1py thr J)rt:):trM.Ill 
wo m(;'n with lX'I ~JMe1n c hmnk hypcl"ltn..;ion al a l'lystolk' 
blood pressuno ol IC.O mm llg or high<·r or a dia<;t<~k hluod 
PI'\~'\Ure or lOS mm Hg or h'~her. f 10\\'('\\'r, OlhcrgulddinD, 
including one 11'01'11 th<..· Europ<.";:tn SO(..'ft>f)' ol C:mlioloRY. con 
tinue to recom m<.'nd injrJ:ulon nr pha11n:K·olug,i<: thc.: rJ.pv 
at • <)-.tolk blood pr=ttrt' nr 1.50 mm llg or higher or a 
d i:tstolic blood pressure of C)5 mm f lg ur higher in \\CJmcn 

wilhout symptoms or evidt>n<'-' of t'11d ul)~:m c.huna~~o.· Uw .. • to 
hypertension. Although ;:til :tnlihyperlt.·n,lvt.· agcntscn•'tS Lh<.' 
pl1renta. met h) klopa and L1bt-talol aJlll<''" to lx· ohe .,ri.'St 
3tllihypertensive ugtnts in preogn:tnr \\'Omt-n. 

l>iet and wel~hl loss should he ust>d in c·onjunctlon wilh 
phorm .. lcologk I hcr..rpy in 1 his p.1tif'nl : hO\o\'t"\"l'T. nonphar 
nucnlogic strntC)ti<..~ alone an"' insuflici(-nl 1n a palk:nt will1 
h)'JlCflemion of thls m:1gnlomk. l·<>rt'!:'>ing pharm.O<'Oiogi<: 
rre-at mcnl of ehronlc hy]Wrll'nsion m<-lY l'l~tli l in tno\t<."rnal 
end org;~n dam;lge. 

ACF. inhibitor.. (soch a< lhiTM>prill. •n>Wutcn>in ll't'Cptor 
blodo.<'ts (such .. , lu.;tr!an). <plnmo13ctonc. and din.-<·tl\'llin 
inh ibilors (alisl<.i1't.'l'l) a re re-mt<~gt•nk and :U'l.' lhcrdhrc t.\.111 
lf:_-l lndicated dtuillJ( pregn:lll()~ lJurinJ4 the nrsl lri mt-:,l('f , 

lh~ ~ents C" • .m c.tuc.e ('f'n11'3l n<.nuus ') ).ll"JU and t~trdio 

\ a«<.-ular maJform:ntons in the fetus. St·t•tJrtt..l trim~er n-po 
su re Can t 'aUS(' dcvelopmenla) tlt<tJI'hrrn.\I ICJtt:; of lhe kid neys 
and ~~Cnilourinary syst~m. 

KEY POINT 

• I. Jb<:talol and methyldopa ure the agenl\ or choit'C in 
I r~:ltlng prcg:t'l:lnt JXltic:lll' \\'ilh hypent!nsion. 
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Item 38 Answer: B 
Educational Objective: Mon~gt' a patient with S(." 1crc 
mltml regurgilal ion with appropriate survcilla1tCC 

In the absetK'\: of •)mptoms. the most appropriate lim­
it'~ for this pJih:nrs nf'xt clinkal evalu.llion is in 6 to 12 
n1onth5. Abnormalilies in a ny of the :>lruclurcs of I he 
mllrnl valve appttnHus. inchading anterior tll lc.l ~)OSit'ricu· 

tnHr-.11 leaflet~. the: annulus. the papillary rnusclt~. :1ncl 
lht.• ,·hordae lt,.·rte.linec~e4 can result in mitr.tl n:gurgilaliC'In. 
Organic. or primary. m itr:JI flitllrgitation rcfcrs co pm 
cesst·s ilwo1vitl~ the lcanel:o;. $UCh ~\S mil-ral vnlv~ prulap-.r. 
myxomatous d<.'}~cn<.: r.uion (t he abnormal tH.•t·umuhltiOn 
o f pruteoglyc.1ll>). ~-ollagen v:~scular di<ease. and inft-c 
tiw cndocardili>. l'roct.-=., that alft'Ct the support ,1ru~ 
lures. such as coronary artE-ry <1iseasc and left \?C-ntric.:ul:.r 
remodel ing jJl lh<: seU ing o l' left v('ntricul:'lr dysfum:tion, 
result in func:ttonal. or st"C'nnCh\ry. mitml r<..ogurgitaliHn. 
1 hb patient has :l~) mptom;1ffC' ~--ere mltrnl R."1lUCJ!ildtiun 
~ulting ftom M)xomalou:~ degener.sllon of the nt11ra1 
v:1lve \'Vith preS('rvt·d len V(-"nrrlcul:lr lunclion. Sur~l<:al 

o-entment with rcp~tir of l h(• mitr~f vnhrt• ls indki.ltl'd for 
<·hrnnic S<.wre primary mitt:.1l regurgjtaU(m in (1) ::.ymp 
IClm:ltiC palieOIS \\;ilh left 'entricular ejection fr.,u.:tion 
gr<.":uer Lh-an 30 ~ •• (2) asymprnm:nic palitmts with len vcn 
t rlcuh\r dysfun .. ·c iuu (kfL v<-"nlricular ejecllon l'r..-ction ur 
10'X.-60'JI. and/or left vent ritul:tr end-sy•tollc d iamctcr :!: 10 
mm). and (3) pmicnl.> undt"f!.'Oinganotbcrcardiacsut);ICJl 
proc-edure. Mitrnl '-a!": r<:p,tir<hnuld also be coolSiden.-..1 In 
a!'tymptomat ic JlllC ient~ wil h < hrnn lt sevc..-n.• prin1ary n11C rJI 
rt>gnrgihltion who hav<: n..:w <m~et alria1 t1bri11atiun o r 
pul tnonary hypcrt~nsion (pulmon3I'y :~rtcry systolic pr<•, 
~ure >50 mm llx). No1abl_y. re«-nt studies h:we s~...._ .... ,h:d 

a potential mortality benefit of early surgery for pal ion" 
with :lsymptomalit s<:vcrc m ltr:ll regurgitation with pre 
se-rv<.:d left vent l'ieul:.lr fum.:l lon when lhc opemlivc rlsh. 
b low. TherefOre. ronsidcr .• ulon of early .>urgery .. C\cn In 
tht :tbse-I.K'C or symptoms or Jn abnormal lcfi ventricle..'. h 
.lppropriate in selec1 c.andid~ltl.-sand ~hould involve shJrc.."t.l 
dc:clsion maki11Jt wilh the p:uient. ln th is pati<'nl \VII<' 
h:.ls t·hosen to defer e:.trly NL1tger)~ elinka1 and e(.:hocar 
dl<>gmphic SUI"\Cilldn(~ is r«<>mmendt-d. wirh folio" up 
e' ery 6 to 12 month;), 

KEY POINT 

• Jn patients v.:fth asymptomatic se\'ere mitr.tl n.·gul')(i 
tat ion with (l<=n1.>d lefl \'eOlricular funcrion who du 
not have :m indication fur snro:c:ery. dinl<.>aJ and ec-ho 
ca rdiOgmJ)hlc surveilln n<.·t c..·V<!ry 6 to J1mun1hs is n·<· 
om mended. 
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Item 39 Answer: B 
Educational Objoctive: Trear nsymptom~•tk lower 
extremity pcriphcr-dl artery dtsca.se. 

In thh ;Xitk:nt \\ilh ~<ymptomotk pcripht-r.JI onery dise'.1.<;e 
(P,\1)) .md acute mmnary >)•ndmnw trcdtt-..1 "~th pen:ulant> 
ousroronary inWl"\t>"ntion. Lhe mosL ~lpproptia1("' nt':-.. 1 step in 
manngcm('nl b <'"Jr<lfnc rehabilit:ltlon. C..anli:u· rehabilitation 
is indlc~tcd in all patients all•r hn<piwlit.>uion lor oo.tte cor 
onary S) ndromc omd percut:ln<.vu~ coronary inten.-ention. In 
some J)alb:nb ... ·x<:n·ht> <'3n pi'U\uke symptom\ uf Intermittent 
clHudlc.ation: howt:v"•r, rhe pn:.)ocnce of PAD is nol' 3 contr:.1in 
dk--nt ion to <:an.J i~c n. ·hahilltatiun. 

Cllost.uol. a ph<,..l'hndiC>ItT.JSe inhibitor wllh 3ntiplalc 
It'\ and \>asodilatol"\ pmpertte>. ;, not illdk•t<-..1 in patit'llb 
wilhmu c-laU<.lic.."JI ion. such as this one. lllcn: Is no evidcnt'<! 
that' cllostawl prcv(•nt~ progr<,:sslon uf t.lis<:asc or impruvt-'S 
outcomes in asympl •)m:ltic- lXl.lh.:nts with PAl), 

Thi<paticnr, Ill~ anel)· '1<-nosis could be tn>:tted saki} 
and <:lfecti\-"ely wilh an endm':\S(.1ll:u approach: ho\,'e'\\'1. 

endovm~cular tr .. ·uhm.:nl of PAD is not n."'l"t)lnm<:nded in 
:J~mptomatic J)Jtltnl:o.. 1here I\ no empirk' •. :vidence 1hJt 
endov:Lo;cular intcr\'C.:nlion J')R.'\~ts dise"Jsc: progression to 
intl'Mninent dJ.u<JI<.;.;.uion orcritK-.lllimb iM:hcml:i. 

'knnpaxar inhlbils thrombin indtt<'l-d dnd rhrombin 
l'('t'<:plor :·'lgonist pcpt idf' inctut.'l'\1 plntelel aggrcg:ltion. Vor:.1 
1"'-'-lrreversibl) inhlhlts pm<e:t«: Jtti\'Oted tt.'<~1ll<>r 1. although 
its long half life n1;1l.t:, it <'llectl\\·1) irre\"'"lllc. It doe< not 
appt"r to a1kct tt>J!.:Uiation par,>nx1ers. nor du<-s it inhil>il 
plntc..'ltt a~~tion dt!.IC to arleorJ!\hlf: dipho:,pl1Jtc, L'Clll:1gen. or 
tluomhox:1ne mimcllc: :wtivities. \\:lrJ[XlXar ~ b •. •t·n shmvn to 
rt'<l< .. .., hospitali:<.llk>n' for:lCllle Umb ischemi.l ln l>~tients" tlh 
S) mptomatic:- PAD. Jn tile<-! that ,_, .. mostly drlwn by patJ(nl> 
who cxperieot'ttl i<M'T '""lrt'lllity bypass !!ntfi thmmi:>OSIS. 
\Vhc..•n added to ::.{Jnthml :mtiplnldcl thernpy. \~t)rJ)mxar \'\>$ 

:1l<i0 ol~iated wilh u significant lnc..Lt~~ in n\ajor blc..'t..ding. 
In tho< pulirnt with .IS}mplomatk· PAD. lhc benefit.> of addi~~~t 
\1H:1Jl."'~r co~1and.'lttlthr.·rdJJY an.· unct'Tt3in 

KEY POINT 

• AsymptomaLic IC)'.•;er exttt"mity periphcr.tl a ri<'T)' d i<;­

l"'.t.'we is m.1.nagc..'d \.''ith aggn.~-..1\c risk rac1or modifk:a 
t 10n: c:iloe.1a7lll ;Hld surgical intt>rvention dn not affl'el 

pi'Ogression or <1 1~-ase or pr<:vt.·nt acute Umh ischL'11lia. 
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ltem40 Answer: A 

Educationa l Objective: Evaluate the eligibility of a 
pollen! with hypertrophic cardiomyopathy f<Jr participa­

tion In 'l"'rts 

The most apprupri.ll<' man<1g<.'tncnl is to adviM: this patie111 
noltO play b:.t.'>k<:tlxall. 'I hi..c: 3Sj ntptumaric p:.nicnl has tinc1 Jn~ 



cons i>tcnt with hypertmphlr tardiumyt>l>dlhy (BCM). ltCM 
is Lh\.~ slngle most common (':lust· or :-ouddtn death in young 
:11 hll:I(.'S. Pl'eSUm~hly c1tlt> to vt•ntrkular arrhyLhmia 1 riAA(.'l'ed 
by high Intensity physic:-tl :ltlivil)~ lh<: rbk tOr vc.~ntriru 

tar Jrrb)1hm•'lS in <nmprtltlw ;llhiL1c:s ' \IIIII HC\1 cxiMs in 
the Jb\ence of rom..,ntion.'l ri>k f:~<.1ur.. for SlKkkn <':lrdiac 
deoth. lherefore. the <IL')Ul.'C and distribution of hypcnro 
phy. the presence and m:Jj01lludc of ldt wntrindar vutllow 
trn<:t Oh:SI ruction, and th<• pn.:scnc.-c or absen<.X" of obsti11C:tive 
symptoms ~houkl not inOucnc,,: 1\:l'\Jiflll'lenda LiOilS r~,---p""u"(ling 

alhle tiC' Jxt11 ici[Xttion in p:-ttk:nts with ptu:nulypic expression 
of I ICM. A.("(''rding 10 c.11m.-nl rt't'Oituru:ndatjons from the 
Americ':ln CnllegeofC.nllolog)•iAmtTi<.':ln Heart A>so<iation. 
;Uhlt'lt"< with a probable or Unt'\iui''O<.':ll di:lgno:.is of I lUI 
m:~y p.1rtinpate in L'OmJX1tllw >POrt> tbat are con~ldered 
static an(! low inten,ity (catt'l(<>rlt.l'tlus cLISS (,1 spons). 1\Xllm 
pit~ ofrheo:e s ports include j.l<>lf. curlir>g, bowtin!(, a nd cricket. 

hl IXltlents wit h symptoms rrom HCM (s uch >lS dys 
pne~ or "ynrope/ncar-t.-ynl't.JI)<.:). nK·dl('al lhcmpy nnd life 
stYle' modification fonn the l >.~> i> or therapy. Nomm'>Odllal 
lng II hl<>ekers lilr~t<-d to mJ.xlmum tolerance ,..e first line 
tl'f':\tmenl for ~yml>lomatk· I)Jli.c.:nb. llowe\>er. p bkx.-kt:r 
I hera"' ,floukl not be U'<'d fi>rthe sole purpose of •!lowing 
partiCipation in a thk1i<-s bt'Cuu'" lhc abiliry to effcetiwly 
prevenr sudden <--ardi ~lc tbllh with lhls ~tmcegy is unknown. 

Cotheter based <1Im hoi sq>lu.l ablution or open s u>'!llcol 
$eptr.1 rnyt-*<'lomy should l>c con:.-.i<.l<:rcd on.ly in Jl.."ll Ients wilh 
I I< :M who h:I\'C mo<.lcratc IU ""-""\.'rt: .:;ymptoms of ob~l ruction 
de<plte maximalmt'dical thcrJP) or p;Jtiems with recurn'llt 
<rnropr nol related to arrh)'thmiJ. lh<."SC in\-:t.~i\~ pnx....­
du~\houkl not ht'PLTfbm>t~l fur the sole purpose of allow 
ing panlclpotion in athlctit-.. 

1 ~1 ticnts ";th I ICM should be t'Or" idercd for impla nt 
able car<Uoverter-defthri lbliO>' tlwmpy if they have nny or the 
lollowltlj; risk t;1crors f<>r sudden cardiac death: (I) .n:>ssi,·e 
m)'Ol':lrdlal hypenmphy (\\:.li t hitknc., <:30 mm). (l) previ 
ou>c-.1rdl.lC arresr due to \'l'Rtrlcular .urllylbJnja, (.1) hluntt'<l 
blood ~re response <>r hypotcr~>ion during exercise. (4) 
unexJ~alned syncope. (5) non<mtainL'd ventrindar t.l('hycar 
di:~ on urnbtdatory electroeordlugmphy. and (6) fiuui ly h is 
tory of sudden death due ro IICI\ol. An implanti>blct':lruiovc>1 

e r deOhrlllalur 'hotdd not he placed solely for the IJlltpose 
of nllowing a pati<·Ml to (\"'rTirlpnt<• in high-intensity l>~IIS. 

KfY POINT 

• Athletes with a probable or unequlvocal diagnosis of 
hypertrophic canliom}op;lthy may panicip:1tc in 
oompetilive sports t h>t arc ronsidcrcd static and low 

Intensity. 
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Item 41 Answer: C 

Educational Objective: Uia,gno..,c \'Cnlrkular fret wall 
rop(ure :.~a complication ofS'I ckvo.ttion fll)'OC-ardiaJ 
inf:.1rction. 

Tht• n"KN hM·I\ <.Ud~ In thl, Jl;ltktll \\ith n't.'l'111 Sl 
ciC'\-ation 111\t".:drll~l inf.'lrrtion tS I~ \ II) b \l"tllrit·ul.1r In'\· 
wall rup l\Hc: \ lthou:_~h tlw llt-"\.hl.llm)t mt"\.h~tni<._.aJ t1,mpll 
calion~ of nt\u~ . .-.m.li:.tJ l ntbn·1inn h.avt· hct·omt• im·rc,.lsingh 
ran:\\ ilh I he,: U~t· o f t't'j)Nfnsiun lht'l':lpic:-;, dinidoms Olll">l 

be.· ~Uk· (tllt'<:t,!ll i7t• rht"St" cnmplk·:tt ic)l'ls. ·1 he d a:-;siC' JJrL''l'll 

ration of \ l'flrrkular frt"t" w :tll ruplun·ls sutldcn-oJlst."t t1 ~e.·sl 

painc1r '' ti('(•Jlll.~w1th r.tpkt pn,.~,,lon tel pul~k,sdt.'l lrk.-;1 

adnll) :L' '("\"n m lhb. (Xllitrnl. Unlll.t.· ;a \\.'llUit·ul.ar ···c.·plal 
ddt'\:1. \\hl( h tt....,ulls in inlr.tt"<anU.u,; "humin~ ofhlond. (rt"\" 

\ \-..1!1 fll ()tu rt· t',lllst'"> r.lpicl ;tt,·u m u i.Hio rl u r blood \\.lltllll 

the: p...·ru.·md lum .mtl oms('qu c:nl lanlpun.ldt.·. ,\sa rL"\ll11, 

mortal it\ r:Ut."' .m .. t'XIrt>mt"l) high. l r'l'\' wall rupturt' i:-. 11101\' 

t•ommnn ifl ohlt•r .lduf1s. \\·onwn . patients with mHl·rlm 
nl)(l<.·ard l;ll IIH~1n·liun. tho')C ''-'-''IVIUJ! ..tHli i1tf1au u n al0r\ 

~Ill'., .1nc. 1.1tkml.,. " ·ith .a ''~nllto.~nt \klt) ln rt."\.,.'h tU~ 
n?'{l("rfU,Icm lht'r.IIJ\ (>1:! hour.;). 

-\lthuugh .1ortk dissl."l:tion hill n~uift"'>l •'' ~tnldt n 
<.k-..uh "' :l n ... ult of ruptun.·. otorh.: t.li">">(.'\:tio n i-s k...,, Jil..•·l\ 
Ch:.\ n \ 'l·ntrkulal frt't" \V::tll naptu rc lu <.:;.lll">C pubdt">...\ t'k't.: 

lrkal ;,ic: tivity ; ~ t l .l~'S a lkr an anlcrlor rnvol"l.ltdial inrartliou. 

In p.'ltlt•nJ\ \\•ilh .1 lir \1 111\'ot•anliJ I iu l:.u\:liou witlluul ht.·;ut 
l~l ilurc>, pul,dc.'" d c.•t·IJi (<ll ~~t·t h ·il\ ' ' h i~hh p rt."«.1kll\l' c 1rld l 

\ (;"OirkuLr hl'\' \\,Ill rupture:. 
t~nit·nh \\ilh in ~cnl rt."\lt"UtJ'i.k ,.,,n t.'"\hibu rt'\UrR"Ill 

~igo~ .lncl ~\ mpt,,rn,ofis.c..-hcml.l,IMc.iudirl)!dn..~ p;.un. Srt·nl 

n.~lelln'\ 1' '' u n likt>ly in !his p;llklll \ \ lth n..'\."\:nt slt:nt pl.tt\' 
mt·ul. ;.h tills pn>c.'("ol.<> O<'C'1IT!>. uvl·r mnnth' lu Vl.k.JI"'i. Addi 
lionally, ' f<:nt rt· ... te-nnsis ( f( )(>o., n ul pn:..,cnl with pulsl'll~"> 
dlx:trR\11 Jc:tivltv. 

\n(\l tl'~ ·cl H·nt tivu l:tr St'JllJI dd l'<:l rrmn !K'JHoll \\",111 

nlph .. l t' l'l\.1\' t..:tmpJic.'att· inkri••rur .. atth.'t"l«~r STE\fl.l~ulcnt'> 
IYI>ieoll) pn-...-nt "ilh sudcl<h OllS<'I r~:ht 'ided hc'~n fall 
ure. '\ht)(.'k .. md J: fk'\\ louc.l ..,,~olll murmur .tv ... oc.:~ tt'l.l 
\dt h ;.l p;!lp.lhlc• thrill. lht tll'ft"(.l tk\ ·d ppo, in th'-' dJ\""> 
tbi)U\\-in~ tilt' l nt~ln.'tion o.1s mv~K·ardlal 11l'\' rt>..,l:s d l'\ d <•P' · 

n't-.1.1lOn~ In ;an nftt•n sc.·qliWnuu ... ddt'i..t t:On Htt·ting t lw 
Jd't vt·n tr idt· to tlw 1i~t1u n ·nlridl·, ' lhh IMlit·nl's d i11kal 
pn:M~r,t .'IT'cn) 1, innmsh tent w ith p•,...tin L.IIl"liun \ c lll rit.-u lar 

~pt.ll c1t•l,'t 

lEY POINT 

• Ventricular free '"ill ruprurt ''a rare mmp~cation or 
myocardial Infarction that produc.:s sudden ons<:t 

t•hest l):'lln o r syn cope \o\' ilh r.1pld pl'(Jgrt·ssjon to pulse 

less elec1 rlcal activity. 
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Answ ers and Cr itiques 

C] ltem 42 Answer: 0 
Educationa l Objective : Diagnose transient con.ostrk:tive 
pericudill<. 

'lh<" mc)'-.1 like.· I> c.li.;)gnosis c. trJn~lcnt (,"'rtdfiUi\\' J)l.:rk.:JI'\litis. 

'I his path: nl has signs ofri~hl \iclcd he:1n fai1un,• tlc.t.,Jmponit'd 
hy lk 't.'r, Jc.:ui,(K',Ylosb.. tm ch.:v:ucd (.'l)'fhrot.)·tc SL'd irncnf<l 
tion rah,•, and .;.1 pc:rit":.tnl.ial frh.:rlon ruh. 'lhe t.''l..'hoc,;an.lingram 
demon\tr.Hc."' c.:nhant't.·d \'\.'nlrl..:ul:tr intc.'f\Jcpc.·rKicnn· and 
~wliz.llinn of diastolic pn.~-...an.~ in aJI hean c:h.unhc,_........._ <-:ar 
diaC' nl.lg.tlc."1k: r\Wit.liK\' inuront:t dcmorNr.u'-""' pc:rit.:..ln.li •. d 
thickening \\ lth e'\'ick~"-· u l ~l<: li \'C inOamm:1tiun . 1h'-~' tea 
turt"s a t\' <'flll\ b le nt vvith t he di:1gnosis of 1ran~h:11C C.'ltll''llrk 
ti\.'('pt'lic;o11l'li1h. Transicntc.:ut l~lrlctivc pelicarditb. mc,_..,l c•rtc:n 
b id ioJXIIhk ht.n may IUilO\\ t.-anli~tc su~ry lnill.•l lllc:r.lp} 
consi<;~sofan NS-\Ill plU>wk:hidne. 

Pa11t"'lh w ith chronic c.:onstrictive pen,'.lHiitb art· 
some lim<"' 1'1'li(,(Ha~nOSl"ti ;.1s ~l\ing hean f;1 i lu~t: \\llh pre 
sen·t'<J t>j(-'~ ·cl01l fraC't ion. Allhuugh th is p:1ticn1 h:ts t.'\ ldl'IU,\" 
of 1i gh l :-;I<INI ht"art t;\Uurc unc.l has a prc:'ictt'\'c.'<l (·kttio n 
fr-.:~<:t iun .lloppler ('("h<){';_ttdh~Jphic findings of , c.·ntr it;UJJr 
inh:nlqx-rKk-n<'f' :uxt rhe n:l.tliw low 8 tn >e rL.ltrfun~ti<' pep 
tide k.wl•lltU< ~inS! ~><>•rt fallun: \\ilh pn"><·rwd <i<'<-1ion 
fr.K'lion. 

l tat icnh v.1th periopt"lo.Hivc gr.1ft failure \\'ilh ln t:nx.·tion 
\\'ould ht• rno rr 111\ety ''' t.l t J1'1<>1lStratc pathol(~k' nn,ting:-; <>f 
in fart tion on t>lt>crrorarc11ogrJm. nnd s<:'rum tmponin lt'\'('l--> 
ma\ rcm.dn clt.•\':lted. 

J\lthouJ,th il m:l) ~ <.'h.1Uc.11ging to dUtCrcniLUt.· ft."Siri<.' 

U\ .: c..Jnlicnn\nJl;llhy rmm p.-.rk·Jnlial <."mtridinn. tht.·l:tdc. 
off~alun." nf ht--=tn f.1Bun: until JhtT t'Oronary a t1t.'f)' hyp;1ss 
gran \ Uf'l!('I'Y m:1kes th<• d i:}J:tnoMs of restri<:t ivc.· (':ltcliomy 

o paH1y unll~ely. Additlon~llly. p;.ltlcnt!) w ilh JVstrlc.·l i\c <.-Jr 
t.Homyop.tllt~ \\'fiUic..l nol dc.·mon..;tr.lte evideiWt' c•l' t'llhan<·t'<.l 
vt-•ntrkul.tr lnt<'rdepend.:I"K."\". ;tnd the H type. n.uriun:Li<.· 
p<.-pli<l<-1•"•·11' ty(>k.-:olly Wl'•t<·rtlun 400 rs: ml ( IIKJ •llt U. 

KEY POI NT 

• .Some p~lients willH:onstricLivc pcriDlrciUi:-; t·:tn h:tVf' 
rcvc~lhl<• or tr.ms ient J'lerlcJrdla l inflammat ion rhar: 
n.·~·p(mds to anti inflamm:JtOr) ~~nb; mo.-.t l"a.'\ol."S a n:: 

idiop.tthi<:. " here-.~> oll><:r. m:1y be assori.ll<'d wlrh 
f('('t'nr <-:lrdl:>e surgery. 
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ltem43 Answer: C 

Educa tional Objective: TreM he;lr( t~dlurc with 
pn.-scn·cd l1cction fraction. 

1he "'"'' appmpriote 1ll3na&l'llll'nl is to dis<untlnue hydro 
chlomlhi37ide and dilti.>ZA.'Ill •nd start fu """mide. lhis 

d d<'rly "''"'~" " 1th he\lr1 fuUure wilh P"""" 'ed ejection 
rr:K'lion (II FpU·1 h:ts slgns nnd ~')'mptoms of volu me overload 
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irt th(' selling ofbr:.1dyc:wdk1. 'I he.: t.urw.:rslonc ortre:ument tOr 
illlliCnls wilh Hl'pEr I~ diuretic lh<·mp) to m:.intoin euvole 
mu. Antihyperten.'i\" ~'IllS >bould abo be u<l'rl 1n molnt:tin 
nom"ll blood pressure In 1beseningofh)penension. l~1e 

lre:lllll(-nl wilh hydmchlorotlliaz.idc, Lhos rxuicnl ll:l.< evidence 
r.r vohttnl' overloa d. a nd she should be swi tch<>rl ro fUI"rl5t.' 
mlcl~ tor more efHcocinus d iuresis. Tl ois tl<ll lcnl is >lso toklo\ll 
diillnzem. which may be causing her lmo!l)•t·:ordi:t, ond tl'liS 
:11\('nl should be disconlinul.'\1. If the pJtlcnt'' hLo:tn me lolls 
In lrnPfll":'. she should he referred ror ();Jl'<"ltl>ker plart>menl. 

1\:tbrJdim: is 3 slnul\ node modulator thai n:duces heart 
f:lllure- associaLc..'C.I hosp i1::tlizations it1 :,<:k'<.:l heart fai lurf" 

p:u lents: howc..·vt·r. it fs lndica(ed as thc•·upy only in pal ienffi 
with :'I reduc.."<.'d ld't ventricular ejct..:tlon r'rucl ion and heart 
r.u~ higher th an 70 min while re<:eivin!l P !>Iucker lhcrdpy. 

Although ACE onhibitors, an_lli<>tcrl>in nwplor blocker; 
(<U<'h l< '"'lsartan). p blockers. and .udO>Icrunc anlagonis" 
hO\e t>et>n studk d lor 1he treatment <II' Hl'pi·.E no dru!,'S 
h:we heen shown to n.·duce morbidity or morhllity in Owse 
p:11 h-nls. Most re.xnUy. ln Lhe TOPCt\'1' I ril l, Lhcr<: wds nodi f 
rc"-nce in rhe prlmlll)l l'Ombincd endpoint or lkath. aborted 
<.-.anll.•c arrt'St. or h\.>:.lrt (;tilure hospitali7.31ion \'l.'ith ~-piruno 

I.KI<>n<' ('OmJXlred "ilh pla<.-ebo: howe\>Zr. •Pin>nolaclont• 
W;l~ ac;sociated Wilh :.1 n.>duction i ll h\."3r\. rdi!Un: hebl)i1:1l 
i1:11lon<. Notably. " n:lr<>,pective analysis showtxl 1 hal spl 
n li, C)I:tc tone red ut·c.·d the incidencf" of cardicwascular dt•:tlh 
~md h~n- fullure husvit:.lli:t..:.ttion in pal ienl\ in lhc Amcric;'~ 
l·ump;tred \"irh tho:;c in Eastt'l'Tl F.um~. Hkdy lx:causc of 
dlll\:n :nl patient demogrJphie characleriSiks .l<:rOS> ~""'-

l"a{_-cm.ake-r pi~C'tnl<..'t\1 would be inc.lkah.-d onl) fhr 
symprom:.lir' hr.r~d)\-:trdia in Lhe absence of a n:vc:rsibh• 
c~msc; thf> responst.• lo diltio:rt..em disconti.nL~<llion should b(• 
!as.~os.~t hetbre p.'lCl·m:tker p lacement b c.:ousic.k:n:d in thio; 
rwknt. 

KEY POINT 

• The l'Omerstone ofTre-.umeot for PJlknf"' "'ith heart 
failure wJLh pn.-...:r.~xl cjtx:licm fmt·tlnn is d lw-etic 
th(.'r:lpy to mnlnt:-.in cuvokmta. 

6lbliogr~phy 
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Item 44 Answ er: 8 

Educ.ational Objective: Diagnose ~'"tium prim urn ~lrioal 

~·'defect. 

l11i\ pali<.'Tlt'S c...xonnin;Uicm findings .llld dc.."Ctrucardiogram 
(ECC) an: l'<m sislcnl \'\ lth :• t l iatJilOSi~ ofnsrium primum atrlal 
>eplal defccl (ASIJ). 'lht· l'"li<'llr has clinical f<·:llurl.'s of J\SIJ, 
pr<:'~l.'llting with <.1~·:-:pnc<l, paroxv~·rnal :1111:ll tihriJJ::ttion. omd 
f~tur~ of right hl-Jrl \ulumt" mt·rlc,..,d v .. 1th e1e'\"J.tion ul 

Ilk' t-tntr.ll w OOU> pn'"'"' and a righl '"nuicular lift. c\ 
pulmon.uy mi<b\-.tc~k flow murmur;, rnu<ed ~' im·,.,...,..-d 
flow Jrom a lar);c len I<> right shunl. ~h<'d <pllning of U1c S, 
lhr'Ol~hOUl the.• can.fiolC ljdC is a <'har:'IC"'('fiSti<.• d inicaJ fe~llLll'e 



of ASD. The apit-al systolic murmur of mitral l'l')?.urgit;1tion 
is related to the mitral vtllw deft. This combination of 11:\('(1 
splitting of tht- S1. milnll regmgilalion murmur. ~Utd left axis 
dcviationonECG o.U'<: most<X>nsistc:nt with an ostium primum 
ASD. 

Patienl<i wilh a t'Oronary sinus :\SO have R·:.lturcs. of 
1ight lll~lrl vulmnc ov('riO.'ld but do not have;_\ micra! rt.--gur­
g.itaUon mtmnm·lx-caus(' no mitr.11 valve distasc- is present. 
The ECG may be nom1al or demonstrate Jlrst-dcgrc-.: atrio­
wnhicular block and incomplete right b1mdlc br.1nch block. 

PaLknls wilh ostiun"' S('C'undum AS() h<We righl h~rr 

volume overload but do not gencmlly hnve mitral regurgim­
lion. TI1e ECG may dcmonstr.\tc first-degree <1trioventriculnr 
block and incomplete right bundle branch block, or It may 
be non'll.."\1. This p:.uien('s ECG Jincli ng of left ::rx i~ devi:Jtion is 
nor seen in p.ltients ,.,.rith ostiurn_securlclum ASD. 

P,1tients with sinus venosus ASD haw lt~uuresof right heart 
\IOlumc Ov(·.doud but do not h:.l\1(• :.\ mitr.ll regurgitation murmur 
b('(·ilusc no n1ilr.11 \~;.tlve dJsease is prt""S("nt. 'I he ECX~ m3y I~ 

l10l1lk'll or demonstrate Nrst-clegree atrioventricular block. left 
P-\\>':.1.'\l('{lxisOrabnontl:'IJ P-'IA-':.1\~nxis. 3nd incomplere right hun 
die br.lnch block, hut lefl-~xisde\lintion is not expect~d. 

KEY POINT 

• Fixed spliUing ofrhe S,, a mitral regurgitation mur 
mur. and left-axis <.kviafion on dcctnx-ardiogram arc 
conslslent wlth an ostium prlmum atrlal sepml defect. 
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ltem45 Answer: 0 

Educational O bjective: Assess the JO~year risk for ath­
erosclerotic cardiO\~scular dise:lse with the Pooled \.oho1t 
Equations. 

1l1e most appropriate next man..'lgement step i~ tn otcnlalt> 
lhis palicnt's 10-yea.r atherosclerotiC' cardlowaS<'ul::.r disease 
(i\SCVD) risl<. Results of lipicl measurement< and porient 
spcdlk data (age. race. bloocl pressure. hypertension tre:11 
ment. ttiabell'S mcllitus. and smoking) allow for the calcnlo 
tion of to year ASC'VD risk using the Pooled Cohort Equations. 
In adnll'"ged 40 lo 75 yt'ars who haw at least one ASCVIl risk 
factor (dyslipidemia. diabc:t<·s. hypertension. or smoking) and 
" "'kula ted 10-ycnr t\SCVIl risk of JO'l'. or greorer, 1 he U.S. 
Pn•venlhX> Services Task Force (USPSTF) recomnwnds stal in 
thcn1py lor the primMy prewntion of ASC\IIl. The USPSTI' 
also rct'Ommencls that clinicians selectively prescrihe st"lins 
to adults ag<'d >10 to 75 years ""thout a history of ASCVIl 
who have one or more ASC..VD risk factors and a t-a l t·u~ued 

10-year ASCVIl event risk of 7 . .';')(, to tO'll. (gmde C recom­
mendation). llec1use this patient has one i\SC"VD risk fr>ctor 
(hypertension), it is appropriate thJt hi~ risk be assessed. and 
through use ofthe Pooled Cohorr Equations, his 10-yenr risk 
for i\SCVIl is 9.3'~. Accortling to the USPSTF rc-.:ommenda 
rion. he should be considered as a potenri<\1 ca,1did<1LC tor st;1 
Lin therapy. 'I he most recem American College of C;\rdiology/ 
Arnericon lle.3rt Association c-holeo;terol trt"atment guideline 
rL'COmmends that paliems without ASCVD or di.~bctt'S and 
3 H)-yeor .1\SCVI) 1·isk of 7 .. 'l'X. or higher receive mocler-.1te- or 

high-intensity st:)tin ther:lpy. 
., he initi:lrion of st;Jtin therapy might he reasonable tOr 

th is (Xltie1n hut not u nrll hi~ 10-y.:-:lf ASCVD risk is C)lcu­

l:~ted. Such in fonn3tion <:;Jn he USE"f1 tn determine the need 
fbr and intensity of stain tlwrnpy. 

·1 he optitn:tl intf>tv:ll tOr :lSS~$Sm~nt of ASCVD ri:::k is 

undetermined: hO\\.ff\"('1", i t Is re:1son;:~hle to mensure Upld 

le\J'('Is every 5 ye:~rs in ;:~dults 3gec1 ~10 to i.'l yeJrs. 'I his patient 
should not l\r:'li t S ye:u;c: ro hcwe his AS< :v1 > ri.~k :1s.sessed :mel 
del:~y poten1hdly henefid:ll l h(T'.ipy. 

KEY POINT 

• Routin e scrl'<:ning lbr lipid disottlers and (•.llmlalion 
of 10 )'("ar a lhcroscterotk elntiOl~"ascuJar tlist'aS<.: risk 

hy using the Pooled Cohort Equ~tions should he per­
formed in adulrs aged 40 to 75 years. 
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Item 46 Answer: 0 

Educational Objective: Manage antithrombotic therapy 
in a patient w ith a prosthetic heart valve. 

1he most appropriate antithromhotic therapy is the oombina 
tion of "-'lrfaril1 and aspirin. lifelong oral anticoagulation with 
warfarin lli rt-..:ommcnd<'li for all patients with a mcdwnital 
pmsthcsis ;uKl those with bioprosthcses with other indica 
lions tor ru\litoaj\ulation. The b\Q\et 1 NR is b<1sed on prosthesis 
location, with a targc.·t of 2.5 for patients with a mcch~nic:.ll 
~lortic prosthetic vah-e and 3.0 for patien ts w ith a mechanical 
mifr..ll prosthetic V'alve and those with a mechanical aortic 
prosthetic wive and addirional rl<k factors for thmmhoem 
botism (atrial fibrillation, left \'emricular dysfunction, previ 
ous lhronlboembolism, hypercoaguJahle condition, or older 
genemlion mechanical ao1tic '<>lve replacement). 'I he addi 
lion of aspirin (75 lOU mgld) is also reoommended to reduce 
tilt.' risk for isch<'ntic..~ CV<"nts. Adding aspirin to warfarin rher 
~lPY f("(luces mm1;llity. panicularly mo1tality fmm va..;;cular 
t..-auses. and major systemic embolism (l.9~·, per year versus 
8.5'%> per year). Although there is some inc.1-ease in bleeding. 
tbe rlsl.: of the combined treatment \ovas more than offset 
by the considerable henefit. The need for anticoa&rulation 
~1mong: patiems \\tith hiopmsthetic valves is less clear. Oral 
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anLk"'<lbTtllation w ith \>varfarin should be considered for at 
l e-~st 3 months and as long as 6 months a fler implanhltion of <1 

tnilral or aortic biopro,ihesis. An INR of2.5 should be targeted 
in lh("&' patients. long lerm aspi1in LL"it' is reasonahJe for all 
palicnts vvith bioprosthetic valves. 

Apixaba n. a direct factor Xa in hihitor. has not been 
s tudkd tOr lhc pn:venlion of valve thrombosis and thrombo 
emboli<: evcnls in pa tients with a mechanica) valve prosthe 
sis: lhcrdur<:. it , ... otdd be inappropriate to inititl[e apixaba n 
in chis pati<.:nl. 

Dir('<.'t Lhrombin inh ibilors. such as dabigatran. are 
contr:.tindic;.lted in P<Uicnls wilh mechankal valves. owing to 
t he CX(•(·ssivc lhromboUc <.•omplications observed in clinical 
t rials with these age nts. 

i<'ore~ing antiroagul:.ltiOn vvoukl be inappropriate for 
this patjent bec.<tuse lilCiong warfarin i.s indicated in all 
p.1rients with a mcC'h<lnkaJ valve prosthesis to decrease the 
inci<lenCt' of lhrombO<'mbolism and the associated morbid 
it)~ suC'h J.S isch<'mk s lrokt·. <.-cn.·brovascular accident. and 
reripheral systemic embolism . 

KEY PO I NT 

• In palients \Vith a mechanical prosrhetic w ive. !O\V 

dose aspirin is n.:cornrncndcd in ~uJdit ion 10 \'1/::.trf::uin 
theropy to reduce rhe risk for ischemic events. 
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Item 47 Answer: A 

Educational O bjective: Treat wide-complex tach}'(:ardia 
due to atrial fibrilla-tion with abc::rrant (.'Onductioo. 

TI1c 1nost appropriate ncxL SteJJ in ma na,L."C.'mc:nt is inil iafion 
oftl blockc:r t.hcmpy ~uld amkoaguJalion. n,i~ olde-r pa litnl 
has paroxysmal atrial tlbrillat ion \vith aberr'.1nt (xmduclion. 
rt'Su1ling in widt.'-C'Ompkx tachycardia. lht clcctro<:ard io­
gram (ECG) dcmonslralcs a normal s inus beal fblloiAf<'<l by 

:m irrcgul:lrly irrc~rular rhyth m. and lh<" QI~S morp hology 
(rSR p..ll l<'l11 in lcrHi V

1
, clccp terminal S w:wes in leads 

I and V(,) on ECG is consiswnt with rypi<:al right bundle 
bmnch bloch.. 'J he physkal examination is a lso notable for a 
widdy splitS.,, wh i<.:h is typically hc.mJ d uring rig hl bundk 
br-.mch hlo<.:k. t\triovcntricular nodal hlocking <lgents . such 
as ~-blocker~. should be used 10 coni roll his pa licnrs hca1i 
r.l l<.: ;md improve her symptoms. 'I his pal icnt is also at mod­
Crate to hig h risk fo r s tm ke giv('n her Cfli\I>S:t-VASc ~core 
of t1 (J poinl each fbr hype rte nsion and female sex; 2 points 
for age >7.:; years). ·1 here fore. inithtl ion o f on1l ;.mlil'OaJ .• rula 
lion is also appropriate. 

Adtnosinc is ustd in the acul.C· treatmenL of arrhyth­
mias lO inll.'rrupt atriOv<:nLricu lilr conduction and termi­
nate.· supi"'JVl'nlricular tachycardia; howe-ver. th is patient'~ 

arrhythmia is nol dtp<!ndenl on t h<.: a lriovcn tricut.-r node. 
lhcreforc. adc nosiru: would not be <>f h C'n C'fi t . 
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l.ntr:.wenous procahlamh.lc ljvoulc.l be a n appmp1ial"e 
option if Lhe patit.·nt lmd pn:<'x<.'il<.'d aLriaJ fibrillation due to 
a n aceessory pathw.~y. The presence of an at'<:essory parhwoy 
may be incUcatcd 011 :.\ reslir1g ECG by Lhc pr<..oscn c:e of rvvo 
ch:..uactcrlslics: a short PR incc:r"'ul when in s inus rhythm 
(see first lx'at on Lhe ECG) and a delta wa'"' (a s loping 
upstroke initiating Lhc QRS tX>mplcx. which m ay he ";de 
due to sequential raUter than pa ralld dcpolarizalion of rhe 
ventriclrs). Tilis pattt.·rn on ECG is n:.ferred to :1s preexci­
tation. ancl whl'.n pn·stnl '"'ith symplomatic tachycardi:-1_. it 
ise<tlled rhe Wollf P,1rkinson While •yndmmc. 'I his parienrs 
ECG is most consist em with aberrant conduc1 ion in 1 hE> 
setting of atrial fibrillation. nol poccxCiltc.l atrial fibrillation. 

Urgent <:3:rdiovcrsion is utlJl<'<.'l"'SSary becauS<.·the p:-H ient 
is hemodyna micaUy stable and appears lO have nonsusltJimxJ 
atrial fih;illation 011 the basis of lill' inl<.:nn illcnl na.ture of 
her symptoms. U' til(' palic:nt had a sustained a1Thyt hmia 
a.C(:ompanied by hcmoclynmnk iJistabilily. cmcrgt·nr car 
diover.;ion \-vould be incti<'atcd. t<.."gaa."dkss or the spedAc 
<.-ause of the arrhylb.J.nia (lhat is. supravcnlricu lar versus 
ventricular). 

KEY POINT 

• Alrial fihriJiation with abcrmnt conduction results in 
a n irregulnrly irregular rh)'th m and a wide -complex 
tachycardia with a QRS morphology (rSR paucm in 
lt:~Jd V1• deep tf!rmin al .S w.w<~ in le:1ds I and V<>) on 
e leetrocatdiogram typical of tight bundle bmnch 
block. 
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Item 48 Answer: D 
Educational Objective: Manage a patient with a tho­
racic aortic aneurysm and concomitant coconary artery 
disea..-;e. 

Th<' most a pproprial<.' mana.ge:ml·nc of Lhis patie-nt is s imu l 
lan<..-ous <.-orouary a.rlcry byp-Jss gmfl (('.ABG) surgery a nd 
aortic t<."pair. Ou the basis of bis ~wgiogr~lJ)h i<.· findings (so<x, 
stenosis of rhe lefl main coromry artery bifurcation). 11<­
should undergo revaseulari7Attion wirb CABG surgery. In 
patients w ith an asc-end ing aorta or aortic root greater than 
4 . .S em in diameter who require CAilG surgery or surgery to 
repair \'lllve patholo,ey, aoni~ rep>lir should be perform<'(} at 
t he time of cardia~ surgery. Anatomic imagitlg. • udt a• cr 
angiography or ma,ll;netic resonanee anglogr~phy. is recom 
mended to plao for open aorti~ repair before the s ttrgical 
procedure. 

Patients with left main coronary arte ty dise.lsc havt· 
traditionally been treated with CA~ surgery; however, 
because this patient has c.:oncomit.ant thoracic aortic a neu 
rysmal di..-c;ease, CAB.C surgery without aortic re!Xlif is noc the 
best management option. 



-

I'Jiic111< wil h e<l>hli<hed roronary aM<'T)' di<ea<e ben 
cfit fn.lm optimal medical rh("l'3Jl}~ lntluc.llng fl blockers and 
tong ucllng nill~lt<'S. l lm\l't"Ve'r. given 1 his JX1lient'~ thoracic 
aortic ;mc.:urysm and SL"V<-'l'C c·omno I)' ::1 rt(\ry d isc..:ase. op1·im:1J 
mc<.lko.tllllcruJ)Y in 1 he ahsenct• of re"vasculnriz:ttion and aor 
Ut' n.·pulr J..;Jnappmprialt>. 

Pc.:rttllan~:ouo; <-·omnary intervetltiOn is nc.H encouraged 
ror p..ttknts wilh <.:omplex di~e:.se ()( rhe l<:·n main rom 
nary ariel). l"iJX'dally in the pre<en~ of a lhorncic aorric 
aoeW)·~m. 

KEY POl NT 

• In rxuic~nt~ \\'ith :1 thoracicaortk;::meurysm greater 
Lhnn ·1.5 em in diameter whu f l '(JUirc l 'Uro nm·v ;Jrt<-ry 
by1>as:) g,rnn surgery or surg<.'JY to rer alr vntve pathol­
ogy. :l ottie· rt>p:lir" should b<: p<.:dhrmcd at 1 he t i rne of 

l'tltdi:t<: surgery. 
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CJ Item 49 Answer: 0 
Educ;otional Obj .. ctiv": Diagno.c lcR \Cnlliculor assist 
device rela1ed 1hrombos.is ~tS th e <.-a~()'"'' mke. 

Jtu.• mu't likcl>· t<lU\<.' of strolw in thh J'Xllk·nl \'~tith a left 
vcnlri< . .'UI,u ,lSSbl (.kVic<.• (I.Vt\1>) i" I.VAI> n.•l,lll'd lhmmi)U')iS. 
Stmkl' j., tllu.: <)f tilL' m<~l t.'Omm<m compll<·;llion~ ~fler pl~K'<.' 

mcnl of .ln U·~\D. S(Udil.'s h.J,v \hown 1h.11 th<.~ inddcm .. 't.' of 
h<..'mut rh;.t~h. and <.·mhuli<· stmkt~ appnl;l<:hc.~ '10' .. at I )'t~.tr 
o&Jl<..·r n:;\£) in"'·nic>n. ( >ther rompli<':.ltimh of l~·. \() plact•tnenl 
lnclud .. · ~a..amint<~irtd hlt>eding. ta...~.ull\ 'iC.'t,>tultn to artf' 
rkl\\'ltclu-. nuUhnnations: pumptl\.lUunc.lion: and thrombus 

J'11'l.,alion in the pump that can t~f tu <.'mholi hc:tnol}sis. or 

pumJl 'luppagc. 
St tukc due lo larp,c a rt<.'l') :ulwrn(,tkm<,J:t, sut·h as 

t.'31'0tld arltl) ~lt'llOSi.\. (_'<Jmmon ly ()('('t il'S n n t •J' locnl Lhrum 
hU\ J'urm:ltlun in I he tlft.~J orplaqu~ ruptun..• Wll It ~ub~cqucnt 
di:-)tall'ltlhnllzation. Of the common< ;lUi-!<'' of stroke. extra 
tmniul lnh.·rnoll <'~U-.:tti<l :1rtrry ;llht>m,cl<.·m,l ... ha\ lhc high 
est rbk ft)r rl.'lllrrcnt stroke in the Hr!<l( :l \'H,."t.'"'-'-· Advanced 
.Jtht·nN.:Il'n,.k di~-asc is a mueh h.'-' like!" I\' <:-Just· of stroke 
tn tfu-, 37 Yl .. .ar old man \\ilh <-arrlionl\np.uh) rh.ul b thrum 
buc.·mbolhm n:lalt:d lo 1.\.\J > plaC't*tl'k"nt. 

.\ \1/t,;,thk· proportion of polli<"nr' ,,;II hJ\"e a <"Cn:br..tl 
inf~tn.:tinn with no ddinitiu· t\Hist' i<lcmlfll·Ll on cardiac 
01 \·J.~Uhtr c.l iaJ.,::noslit· lt-stin_g. wmwct C'l')'l'lo~~..·nk !-tlrok<:. 
Huw\.'\'(.'1. I his diJg:nosis is nul apprnpti~l h,• unrll fl complt'tt' 

t..,,J u.Ulon ll'\t.\.tf, no <:<ms.t: n1 ttk_. MmJ<.t, \\lru~h io;; n01 ttl\.· 
Ct<.;t' loJ IIH:o.. p.llknl. 

Snull ... ulx·orCil'Oll inf:tRI~ (I;Ktllh"'l c.:ommonly ha\'t' '-' 
d i.Jnll'h'l of k:-.:-; I han 1.5 em and .u·i.,~· trom <xx:1usion of 

"mall JH.'I finJiiu~ artL·rk:-. emanatlnn I tum li t<.· large imm 
cr.tnial \'t'\"ds. Thi ... :-.trok .. • s1tht\Jlt' t~·pit·,,Uy pr<.'sents ,, .. il h 
only molol or 'K'INH'\ lindim~' tm t'\:lmmalion: <..'OrtkJl 
ht•m,-.ph<.:ril s\ tn)Homs. sw.:h .1s \1:-..u,,l hdd uth. nph1!c;;ia. 
or h<~mi'I\Jll.ll JK.'l!k"t:l. an·lackint!-I~J('un .. lr mbrctinn io:; nc•t 
romp.11 \\Uf lhc.·palicnf,liinKal (lfc-..c.~niJ:Iiun. 

KEY POINT 

• "I he lnc·ldenct' <>f hemorrhagk and emllollc Slrukc'S 

JPPI'O:lChL'S 20')(, at I }'Car allcr in><:rtlun or a lel'l w:n­
trlculfll' n:,si~H dc:vire. 
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Item SO Answer: 0 

Educational Objective: Diagnost a benign hear! 
mum1ur. 

'lh(.' must :lpprofll'i~uc management Is rouline cliniDll 
f<>llow up without hnaging. Cardiac murmurs rc:~iUh rrom 
inl·rc..·~' "-'-1 hlood flow across a normal nrlfk~ (~uch as with 
•neml.o. lhymlo,lcosls. prc'gllanq. or olrlal S<'J)Ial dckci). 
lurlouk11t fl<ow lhmugh a 11311'01\t'\1 urifi<:e (<Udl 3> Wllh aoMic 

Sleno•h or mimi Slenosis). or rq,'llrgilam llol• throiJ!'..h an 
illl"'Oll(lC'ttt'lf \"'31\"e (such as \\ith aonic ~uf)tit..llion or mitr.tl 
rt;,'llrgiloti<>n). Timing in the cardiac <)de. dK-,.1 wall kltl 
lion. 1":'1<1itlliOn. i.nl('nsity. configuration. dur.uion. and pir('h 

all ""''saln 1 he diJI<:rc11tial diagll05is. 
Nol :111 systolic murmurs are pnrhol~ic. AsympLom 

alic p;JI Ienls with ~hort. son ~y::;tol ic murmurs (gr • .u.lc <.3) 

well locallze<ltn I he le tl sternal border nnd associated With 
nonn:1f hearr sounds do not LL.'>li::III}" require funher invcsti 

gallon.lk>ntgn murmurs typica1ly decrease in intensilv wilh 
..... mding. 1he presetK'C of any dia.~.10liC' or l'Ontirmous mur 
mur, rnrdl:~e symJ)Ioms (che.1 pain. d)~nea. S}nCOpC). or 
abnorm:thll~ on examination (click.t;. abnorntal S2 • abnor­

nldl pul<e<) requires evaluation by echo<::>rdl"l:"'Phy. 
\~trlou~ interventions may alter Lhe ln~ensicy of mur­

murs. I he"' murmur of hypt·rtrophic c:a1'dl()myopa Lhy may 
i lt(:n . .-~~sc.· 'NICh st:mding o r \f.lls:.'Livu maneuver: both maucu­
V\'I'S d<.•frra~ venous return. which decreases left vcmric­
ular t'h:lmhe'r ~~7~ and im:n.-ases the d~rcc nf obstruction. 
lh~ di<·k and murmur of mitrJ.I valve prolapse may move 
c.arlit"r in ~-.;rnle and incrt"3Sl· in intcnsltv a.c; left \'('1\tricular 
volume d!'t"rel<e< (<l:lndlng or \';1!>;11'"' nunem'Cr). Aortk: 
oul flow murmur< inerease in mtcn>ll) In the bell follol• iJ1g 
d pJ\.'111.11urt· ven1rintlar rontrJ(110n due Ia increased kfi 
ventricular volume. Murmurs of 1rutrJ.I regurgitation. \(''ll­
lriculur '"PI"l detect. and aortic tl1tlli'J!!lollon increase with 
handJ.(rip h«-au<e oflncreascd c-ardiac outpuland peripheral 
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rL"Sistancc. l~ i~ht-sidcd ht"..arl mum10rs may increase during 
inspir-ation due 10 incrcast•d venous rcmm. 

Chara<:ICriSi it.'S <)f t hE: s:t m:-ty :-tssisl in derennining the 
lliagno::;is or the sc:vcrity of a valvular f('tl.;on. A lixe<1 split of 
S2 (present during inspinllion and cxpir.-tl ion inste:H1 of only 
inspir~Uion) r<'Suhs from <I dd:-t)' in rig hl ventri<:ular emp­
tyin~ and is Rln:)ngly as.o:;ocialc.:d wil h :-t l ri:-tl sept:ll rlelf>C1'. A 
paradoxkal split or s:l: (prc~cnl during cxpir:-ttion) ind ic:ltes :l 

dday in Jc:n vc·nlr icular c:mptying, su<'h :-ts wilh severe :'IOT· 

Lk :;tL·nosis. Prcscn<.:t' or a physiolcJ1:.-ri<.: splil (pr<osent during 
inspimUon) is hdpful fOr exdudi ng severe :-torli<' steno:=:is. 

Bet~lusL• thi:; palicnt l ikely has a b<.~nign ~)ISIOik he::n1 
murmur and is a:;yr'nplomatic. imaging wil h t·t'hoc:m'liogr:1 

phy or <.:anU.a<.· m~tgnL'lic rcsonan<.:L· i ma.gin.~ is not OL'<~ssary. 

KEY POINT 

• Short, son systolic murmurs (gr:;~cle<3) th~u <H'<' '''C'U 
localized to the left sternal borde r and a re not associ 
~Heel wilh sympLOm:; o(kn do not r<.'Quin: further 

itwc:;ligation. 

Bibliograpll)' 
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Item 51 Answer: B 

Educational Objective: Manage dual anti p latelet ther­
apy in a pali('nt with stable angina treated with drug-elut­
in_~ stcnt placement. 

·I his fY•Iienl should receive d ual an!iplateletthcT.lPY (DAPT) 
f'hr 5 :1dclitiona I months. ::Ill er w hich (·lopidugn:l can be d is 
<'ontinued. In patients who undtrgo pC'r<:utaneou.s L'oronary 
intel'\rention (PCI). DAPT with aspirin plus a P2Y,

1 
inhihitor 

i:=: indic::~ted to prevent stcnt thrombosis and future cardin 
vascular events. I Jowever. rc<.•(•nUy. there has been <.·onsid 
er:1hll" movement r'ef,:Jrdi "R t he opUm:.ll dur..lUon of DAPT 
f<•llowing tlmg-e lutlng stent placement. It is important to 
find the correct b;\lance between blocking plale let activity 
during the prO<.:C'SS 01' rt<:ndotheli~llization of the stent and 

exposure LO the attemhmt bleeding risk Current guidelines 
:;uggcst that the minimum duration for DAPT following 
drug eluting stent placement for pat ients without an acute 
coronary :,ymlromc is at le<.Jst 6 months, with the option to 
rontinue th<.Tapy for a longer duration in those with a h igh 
risk tOr thrombosis-rd<.ltcd complications and a favorable 
bleeding profile. UUimatdy. the dc«:ision may be individu 
aliztd ~lt the patient l<.:vel. such <lS with this patient, who is 
a t rdativdy high bleeding risk given her age and comorhid 
<.'onc.litions. 

In palh:•nl.s who u ndergo PCI with bare metal f>ient 
placement. DAPT m<.)y be disconlimll'tl 01t'ter I month : how 
ever. this JXlliC'nl \'ltilh <1 dnag duling stcnt r<."<.Jttires longer 
therapy. 

P:.ltic."rtts with acute coronary sync.lrom<.' t reated wilh 
PO (oore metal or cln•g-e lutirlg stcnt placement) should be 
optimally treated with OAPT tor ;lt k'•st t2 months. 
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Aspirin should be mnl inuecl indefinitely in pat it nl' 
w ith <.'Oronary a rtery d isease. unle.c;s contraintlkak'd. No 
data supporl distxmtinuing both antiplatelct agent;; follow­
lngi'Cf. 

A study of DAPT comparing 12 montl'" of therupy 
with 30 monlhs of therapy suggested a l>tndil to Hw 
longer Uuralion in some patients. Extending DA PT ror a 
longer' duro.ltion should be individualized on the basis of 
predicted risk for <J.dditional cardioW~scuJar L'VL'nLS nnd riflk 
tor bleeding. 

KEY PO INT 

• Dual anti platelet therapy is rc<.·omrnendcd ror al k"JSI 
0 rnonths artc r drug-e luting s1t.'llt pJacemeru ibr trt"~lt 
m ent of stable angin;1. 
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Item 52 Answer: E 

Educational Objective: Treat an atrial myxoma. 

.,he nwst appropriate tr~tment i~ surgit"'31 c.'\dsion. fhis 
pntient's histtlt}'. physical <.'xamination rlnc.lings. ;:~nd t•c.·ho 
cardiographic fL·~Httn"S an:.· aiJ most <'On~istent \Vith J ld'l atri~\l 
myxonw. ·rhe p:.lr.JskrnaJ tong ••x is tx·hocarrliogr.'iphk \•ic.·'' 
(~hown} deJflllJJb."ir:.llt·s a larg,<: atrial m)rxnm:l (AM) prokt(.>ti 
tng ac~ the milr.il \-alve fmm I he left :ltrium (LA) to th<: 
left w ntrk'k (IY) d uring dia<.;to1e. i\lyxomas nrc: t1mnccLht• 
Ci::;~u<.· llunors with <:ells encompassed wJthjn mutupo1y:-:ac: 
('h:lrkk stroma. Most ~m:- attached 10 the h.·fl atrial '"'··all in 
pmxi•nity t11 thL· ~~~l O\r~ilis. 1\ tlit'nts wilh :1n atri::~l 1\l)''X(•tna 
most <)ft('n J)rt.·sent with ~ymptoms rdated to ohslructi<m or 
rmholi7ation. ot• constitutional symploms rda!ed to produc 
rlnn oftufllnt bal)l,·d inwrlcuhln 6. such as f~ltigue.low grod~ 
fe\'<."r. and :.trthr.llgia. Dvspn<:a mav be relai<'<llo mi1r.-l.l v:llnt 
l~lr o~lrudion. which causes a diastolic mmhle rescmhlln~ 
milr.tl stt·nosis and an early diastolic sound (""tumnt plop") 



-

CJ h .. ·.m.~ in 10 l. co as·_ . ofpal.~nl\. Trc~HIJK'O( lh r <10 .1tr1al mvx 
(mU l\ llrr.t"U 'llfl:k-";.11 £'XCJ$100. 

~ystt'fllk .tnltc.:utgulal ion ''"uld he: .1ppmpn att· 111 
p;ilil'nl s \•vilh ,l thrombus. HiAht .llriJl rna"''-'' in patknts 
\\ 11h indwdling r:'lrdi~K· callll'l(,' l ' .HL' more likd y ft1 n.:pn· 
'K'nllhromhu .... PETandcontr:1 .. 1 L'nh.tm.·cd MHI C'l m~1y he: 
U"tcfUJ in e\':llu.· ting rtll'tabolk .K U\ il\- ~md \ d"iC.,I l.ll'llY 10 dil 
ic.·n·ntialt' ot 1umnr rrnm a thmmhu" lhi.--.Jl.llit:nr h.l~ rlo n..,J.. 
I. H. or-. for intr:l< .m li.Jc tl1mrnhu:o.., 'uLh .J.S c.mh.u- catht'h.T. 
;tlri.JI Ohriii:Jtion. or poor kfl Vl' rH 1 k·uJar rum·lion, m:1king il 
,1 n unlikdv di;l1!1l••'i" 

( h(.'lll'ltht•r.l()). and rJtlioth .. ·r.lP} ,are l t--.c.."\1 tn tre;lt pn 
OLir\ canliJ<· I~ mf)homa. Sm.pic. m lfrr (._~rtho~c. tvmphnn'L.l 
\\ nukl he.: hig.lwr U 1his palic nl ''vrc..· rnnmncx..'CJM'Ipmm tsed 
.uu.l h..td prt"-~'llkd with a righl ;U I'i;ll ll\.tss rJihc r lh:m :Ill 
hlll\l ,l{ri.ll m.l'·'· 

Frnpirk .Jnl lhfotk· th t•rJ.P\. would l>l· ..Jppmprl:lte tor 
""''1-.._-t.lc.·d inh.'t1l\'\' t.'ndoc4lrditi, . Ahhough th1' J'ICiliNlr h.;.t' 

.a lcM grad<.· h."\\'r, ('tl\bollc plu1'1cmx-na. ~mc.l c..,,n,lil1nion-:l 
' ' Olplnm'l.. -.ht• h;IS no risk JatCu~ fo r inft.''dm: cnde PC:ll'rlitL.::; 
.liHI no kul..••t'\ l os!.~. Additiouallv. :m:l<'hnt<.•JU of 1 he 11.1mor 
10 lfW tOs"~' cw~llh, not :1 \ ·a.hulolr SUJia~o.""t:. ll'J I..c.~ infl'{'ti\'«~ 

t.•ndnc.:..trditJs unlikc.·l\ ·. 
Perc.·ui.J.Jl\."uu' biopsy with c..•<-·hcl('"Jrdiograpl1k guidano.• 

j , ..Cill\t'linll-.. \ht:fnl in ~t,ahli:,hinR lh(' t.li~~gno-.1' of Tight 
-.i<h:d mJsM...... I hn'l.trvl."r. P·l'r<.:ut<lO(•ous bJopw \-vcmld no1 
dlmhl~ltl' llll" 1\(.'t.:d f()r suJ'gi<.:olJ (,'\t:lsion in lh is patknl \Vith 
~·rnhnlk: t.'\\'nt' 

KEY POINT 

• P·alienrc; with ~ln atrial myxoma may pn·sc·nt wirh 
consril ul ivnnl ~ymploms. <~mbolic phl·non1cn:.l fro I'll 

tumor fragmrnt3lion. or symploms reJCr.ablc 1o inm ­
cardiac obl:ln.ction (d)>i>nC"J. ')'tlCOpe); tii:"Jimem is 
surgi:<'al C:\CI,Ion. 
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Item 53 Answer. C 

Educatio nal Objective: Diagnose Noonan synd·rome 
::\Ssociated with rnrdio\o'a.SC'Ubr disease. 

'lhl< patienl h•l> (<":~lures of ~OOilJil syndrome. \\hlch i< an 
Jutoson\::tl donUJ1311t disorder l\>ntmonly as.,uci:ued with 
congpnit::tl cnrdklt lesions. including ~ulmonal)' st(•nosis, (he 
valw• i-> usually dyspJastic. NoonJn syndrome shou ld he con 
,Jcferect in ~1 11 SXHicnls \'tith pulmonary steno~i~. ~lrticulruty 

tho.<e "ith slwn -<~aiUre. \"Ori.obk intdkclt,.l Impairment 
unique facta! lcotures. neck ' "Uhing. hytx-ndnri<m. and 
other C':\1Uit1<' nbnonlla1ities. in( ILu.ling hypcrtn>(')hk r-:~rctio­

myupalhy, Mrlal S<:Pitll def;,ct. ond wntriculor M:ptal <leteC'I. 
'I hi~ patient h:LS Sc.'VCrt pulmonary steno:;is dcmun..,tr.-tted hy 
the J>hysical ex~min.1tiOn lindirlj:'> of 3 p;llpablc. lotc pe;>l.;ng 
w<tolic munnur locltcd at the «.'CCOld leO intcn.'O«<al <pel(('; 

ahscnf'c of :m eje<"cion ctick: and fcatur'-.os of right vcntticnla r 

pre'""" uwrl<>~<l . An ejection cll~k maybe audible in txtticnts 
"itlo pulmon.11')' ~•<>no>"is. bul o.< "''Writy pn>gn:,:.e<. the dick 
di:.~PIX"Jr.> m.in& to loss of \31\\' pliabilily. lh,• <"('hocanlio 
Wi.m'l in this p11ff1'1f confirm.~ severe puJ.monarv ~ilt>nosis wilh 
n pc.-..dk ~ysLoli(.' gmcllem of 65 mm II g. 

Omvn ~yndmn'le bi u genrtic dison.kr t-;m.c;e<t b) the 
pn.,;coc"t: of • full or partial ~ra rot)) of t hmmo<ome 21. 
Char.lt1.t'fislk (f3mre:> include 'Otnall ~un:. unique fadaJ 
rc.~~uun:.s. and lntrltectuaJ c.Jel:1)-.;. Congcnii:J1 c·:m11ovascu 
lfl l' disease m,·urs in more th:m ·IO'X, o f ~lrfcrt<'< l persons. 
lllOSll'ornmonly :1-; :1 fOm1 of u1rlovenlrkul .. 1r :-;cpt:ll detl-c.:L. 
lndudi.tl)! <Nium primum atrl;ol <eplal ddl"tl. lniN ventrk 
ularsepWI dcf<.~·•. ur rompk1c •mo..-emricul.u' "-1>"1 defe<'l . 
Pulmotl.lry 'h:nosis is not l)'pk:11ly seen tulk-..-.. associated 
wit h lCli'"Jlogy of Fallot, whkh is also common in persons 
·w it h DO\ YII ~yndmme. 

MartJ.n ')'ndmmt" Is ot #netic d isorder c..~Ju..;ffi hy ~ 
mu~ation on <h romnoomc IS. Finding, IYiri<;oll) include 
ocular. l'"an.liO\ a. ... <.:ul:tr, skele lul. and systemic ft:atures th::tl 
include l:.lll ~l~1 1 un· wit h <M:"~rowlh o f1he Jv1'g honcs. lhe 
most commun ca rdiovas<'nl:u· ft."fflurt· is aortic sinus dilat:1 
lion with ~l propcn~ilv h>cli,c;~fion. 

Turner S) ndrumc is a genetiCdl!iOrder thJI Jfr<'CIS girl' 
and \\.1>RlC'n J nt.l i' cllar::artcrtlCd by compk lc e>r partinl 
:lllSence of uuc: of I he X chromosomes. Atl~'t:lt'tl p(.on:;ons 
o ften d t mon:-:l r.alc shon ~tu lure. wehlx "t.l neck, low-set 
l"'·U'S. low hu lrl1t1c . and pri mtll)' infertiJi ty. CJrdh1c tlefeC"fc: 
c.K'Cllr in aboul -I..S"" ofattf'(ted J,Kihl'n ts: the Olt)\ll'Ommnn 
k~ions includt.• b icuspid annie- \il.lvc. aonif..' l'O<U't~lcllion. 
and aonic Jnt.•Uf)tSm. Allhough pulmonary -,~enosis t':ln 
occur in Tuu\t.:r 1\yntlromt-. 1 hi~ man l'ould not h • .wt Turner 
~yndmmc. 

KEY POINT 

• Noonan '\}'ndromc is comTT\()nly .tSSOCialt-d '"1th t'On 
genil~d t-urdla;c lesions. induding pulmc 111~1ry stenosis. 
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Item 5 4 Answer: C 

Education~ I O bj@ctive: Pn.'\ent sudden C;.lnliac death in 
a parienr ""Hh non i'SC'hemk <-.&rdioDJ)'Opathv. 

lmpl...tnlahlt.• L·.mhc)\c:rtcr tkhhJ1lbtor (IC()) pi,K.\.'Jnc:·ru i' rht.· 
mo'l apprupri.lh' man·~·m(,'lll nl1his palil'lll wil h nonisch 
t.•mi<.: c..-a ll.l iomv~)p.llhy and ~}nt·opt.· th~u h t'OII t..C:.:rning for nu 
Jrrtl\thmil' t.nN·. lie hob "-"t"r:tl h ij:t.h ri"ik li.:.&tun"" fhr \1,m 

lrK.·tdar J:IT'h)llun .t (t\c..'\\ \orklleo::~n \.,-•. ,oq.alllN\ fUill'ticm.&l 

, ~., ..,, u..,, mptonls.. ' t'ntrin tlllt'C10f'\. and') nc.t,rx•).l< :o theJ 
apy i-> inc.ht';lt..·d tn p rewnl stKldt n <·:mJi:lr ch.-.llh. 

Elc<:ln H.'n<>t'Piu lngntpft,\ l!o! indicatecl if ,,_.;izurc is S1l<; 

JX•t:ll"tt.l'\ the.· t·.lu~· n t' <>ync,:upc.·. I fo\\'e\l"r, this J>.llil"'lt's prt' 
"-'lll~ll ion "'"'-'nut ron<-J..;,.tc.·n~ "llh a di:agntr.i' c,f ~il:ure. 

Excn:i\l· ln"'.lf.lmill -.trt"'SS tc.~ti~ is .1 \Jituhle lc."SI \\hem 
c.'\CR:bc.· indm.\'tl .ln h\1hmLt-. ;1n· ~pc.'( lt'd. lhi\ p:uient" ... 
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Cl 



~!!.~wers and Crit iques 

Cl symptoms are not as..~<.·iated with exertion; thel"efore. e~er 
<.:ise 1 read mil I s1r(;"s~ testing is unneC'essary. 

cour PET <."an be usefu l i n t he t'\'~l lu :1rion nfnonistl lemic.~ <.·ar 
diomvop:u hy \'Vhen c:Hdiac Mrco lctosls is ~~~~p(;~tkd. I low 
cvc.·r, I his informalion \>\"<mid not ht" hc>lpliJI in guiding the 
d<.~is ion to in~cn an IC:O in this p:lfienl ~H high t·i~k IC1r 
.s:uddi.'tl cardia<· deal h. 

TilL table testing should he reserved for IXHiems wi1 h 

n:t·un-cnt S)rncope \vithout known lw:.rt d i~se (•r those 
wilh heart d isease in whom :1 cardi:tc c:iuse of1 he syncnpe 
has been l-'Xcludcd. Because ('~m.H:l(' arrhyth m i:1o; <1re 1 he 
mo:;t likely cause o r this patient's S}'ll<'OJW, fill t:1hlt> testing 
is not approp riate. 

K£V POl NT 

• I mplancabk <:ardioverler clefihril lotor (I< :1 >) ther:~py i< 

indic-ated in iJiltients \Vith nonisehemiccardiomyop~ 

lhy \<'~.'hO have a l<.'f[ vcnlritular tjC'CUon rntCI ion lC'ss 
than or equal to 3.=i~. and '"rho h::we 1\'e\v York lleart 
AssoCiation t\m(·tiona1 class IT o r Ill symptoms; ICI > 
implan tation is also r<."asonablc: li.)r pati('nts with non i ­
schemic cardiomyopal hy and unexpl:;~ined syncope 
and significant left vCt1lrku1ar dys(i.mction. 

l!ibliogr•phy 
liJ)S(t'.in A.E. UiMar<.:o JP. Ellenb<!h'(!O Kt\ . F."IC'S NA :~ t'd. Ft·o.~dm~ln RA. Gt•lft-,; 

I.S. c:l !ll: :\mc.~rk·;Ht t:ollc.•r;t• uf Wrdiology f"Ourtdottiu-n: Amt-ricm l k":.l l1 
Assrx:iation Task Force nn Pl';lctkc Guiddincs: Hc:lrl l~hythm Soddy. 
2012 ACCJ.'.' AJ IA/11RS lOcus-._'(( upd:uc hlctirpor.tlrd 1mo the 1\(X':f:/AIIJ\,' 
HRS 200X guiddin<'S fo r M\'lC'<' b.'ll'>:'d t ll\~mpy (If C:ltc l ia~; f l•y thm :.hnc)c 
m:dllks: :• n:pon or th<.: /\m('OOJl Colk-g(' ofC~td.iology Fowxlat.ion l 
Anlol'rlc-.'ln Hmn ASSfl<'J:Hkm ' lit)';k Fnn."t nn l'r.~<.~IR'\' <:uKk-titK"' mnl u_..-
1 l<.'<'ln Rbytlun Sock'ty. Citculati<.m. 2013 Jan 22:127(3):e28:'4<JS2.lPMm: 
232SS456j 

Item 55 Answer: A 

Educa t ional Objective : Ev.tiWHt.: symptom3tic mitral 
steoosis with exercise echoca.rdiog<apby. 

Till' JlloSl appropriat<: next step in matm$-,"l."nlenl is ex<:n:iS<: 
l'<.'hoc.:ar<Jiogr.tphy. This patient has symploms typit'al o r 
scv~rc milr.t.l :;lcno:;i:; (pn:>·'6rt..~iv<.: exert ional dyspnc;l) hut 
ech<x:ardi~.!t"<lphic.: findings consistent with only rnodcr.:Jie 
mitr..al slt>nO.Sis. !))rm ptoms o f m il r.1l stenosis ('an he indo 
lem, with patients remaining asymptomrll ic' lhr ye:us and 
then presenting wilh a k'f".ldual decrease in adivily. O! hcr 
sympLOms indu<.k.' dyspnea, orlhopnt~l , fa tigue. and. lc.ss 
<:ommon1y, hemoptysis or :;ystcmk· embolization. Symptom:; 

typietJIJy an: not prCSCnLuntilth(' mitral valve area is less than 
1.5 <.:m2, alchough !achyt'<lrdia may pR'Cipita tc symptoms at 
larger vaiVl' arc·.:.s. In paticn(s with a discrepan<..y lx:l\1'/'<.:en the 
d inical findings (debilitat ing sympiOms} and the cchocanlio­
~"<lphic fimlin~rs (modcml<:: stenosis}, additional t<."Sfing is 11<..'<.:­

cssary to ensure that lhc pati('nt"s symptoms can ht· altrihul<.:d 
to milr.JJ Stenosi:;, In lhi.s case, cxen.:i:-;e e<:ho<.:anJiOgr;.tphy. 
using dthcr pharmat"'Jogic or phy:;k:al sln.-s..w rs, should b~.· 
I)Ursutd w a:;:;c.'SS Lht· n.:sponse of the mit ral ~r..lt.lient and pul­
monary pn.:s.sun::;, For {XlliCnl.'i with mitrJJ St<:tlOSiS. the vahf~.· 

gr.ldic-nt is h<:avily tkrw dc-r>c:ntl('nl and may ht'<.:omt· st·vcn:ly 
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elevnted <u1!y with exercise. Exen.'ist· and the accompanying 

increases in heart nue olugm('nt cardiac output and tr..:mMl 
vular now and shorten the diastolic ntling time in the left ven 
tricfe. ·rhese conditions t~m unmask mitra1 stenosis that does 
not appe~r to he functionally sev('re a t rest. \Virh an increase 
·in left :.tritll pressures during (•xcrdse, significant puhuonary 
hyperten~ion also may become <"vidcnt 

Medical thertlpy tor mitral stenosis consists of diuretics 
nr long-aC't in.g nitrates. which may help al1eviate symptoms 
such ~s dyspnea. In addi tion. ~ blockers or nond ihydropy 
ridine cal(·ium ch:mnel blockers can lo\over heart rate and 
improve left venrrf<:ul::l r d iastolic tilling timt!. Medical ther 
::tpy \vould he ~ppropriate if the mitral stenosis were not 
hemodynamic:ally :G:igniftc~lllt or il' sh<· \o\rt.·n: not a surgical 
candidate. 

1\ fl('f h<"modynamicaiJy significant mitral stenosis is 
<:onllm1ecl, percut;:~neous o r surgical therapy can be con 
sidf'·red. l lowever, these interventions are not appropriate 
hc fhre <"onfirrnarion with exercise echocnrdiogr.tphy. 

KEY POINT 

• In patients with mitral sl<"nosis who have a d iscrep 
ancy hetween U1e cl.iniC'3l findings and the: <..x:hocardi­
ogrCtphic findinw;, cxerci<ie echcx"Jrdlography should 
be PLlf:i.1.ttd to assess the response of 1 he mltral gratli 
ent and pulmonary prcssur('S. 

Bibliography 
AYii<'S. RJ. NishtnmmlU\, Pdllkk:li·•A, Aofh<'l!u f\M. HcJoblll~ OR Jr. UUlily of 

stress Onpplcr CC"hOC.:J•'dklmPl"')' tn f).'l titnts unlktl."Oing p<:rcut:mrous 
nutmt OOUnt~n \~k1 1tumy.J Am$<,.._. 1-:dtl )(.'l.trdio(:.r. 200!:1-1:67U SJ. (PMID: 
11447.1)21 

Item 56 Answer: C 

Educational O bjective: Treat ST·e!=lion myocardial 
infarction complicated by cardiogenic shock. 

lmnwdial<' p(~rcut:ln<'Oll~ romnary interve-ntion (PCI} is imli 
cotted in thi~ p:ltit>nl with ~~ d ev:.nfon myO<.:olrtUal infarc 
tion (STEMJ) ("()lllpll<':.lfed hy <.':lrdinR~. .. nit· shock. CanJiogcniC' 
!->hock is detintxl hy persistent symptomatk' hypou:n:;ion and 
{•nd organ dy"flmction. Paticmts hav(~ ~lculc kid m:y f.tilurt-. 
t.•·vid<.>n<"t~ of liver dysfunction \vitll el~.·v:.lkd anlin01ransfCr.:.sc 
le\-el-., po<>r _l)(>ripht"r.ll pt>rfu~ion with <'O<)I t•.:<tn.~ntit k'.:; . and 
d<"<T<~lst'CI mt'nlal st..-. Ius .. < ~-:trdio<~Pnk shock typ1c~1 lly O('('tl!"­
:-lS a <'<>OS('<)llt'll<'<' of a Jar~ .. ~ ant<"rior myoc:::trdl:ll lnthrctlon. 
n•snlt in_g in S<'\-en•ty re<1uced left vcnl ricular:~>ystolic func-liOrt; 
il < .. un cs a mortality ml< .. bt•t\'\'{-t•n so·.~. :1nd SO'::~. Despite their 
insi:Jbilily. paiit'nts wirh cardiog<·nk shod< (p:n1kularly lhose 
younger than 75 _yt":U'S of :-lgt~) haVt:• •~ higher rate of s:urviV"JI if 
th<")" u n<f('rgo <'mt'IJ...'<'Ill reV:lS(.'tlb rization '"'ifh primary PCI in 
lhe <·athctc..·tiz.uion l:lbor.tiO l"\~ 

C\•kdical slahilizal ion wilh inlr-.lvcnous v:lSI'>:u·liV(' mt>d 
ic~Uion;"t and. in st.'\'l.'rc <-CJM.'S, <k vke h<L"<.'<i hcmodyn:1mic 
sum>ot1 w i l houl prompt l't'V'Js<.·u lari;r..;:U ion ha'\ bt'{'ll shown 
to be.· in r..:riur lo l't-'V<}S<'u hui /..alio n in I he sc•uin~ or sho<:k :md 
is not appropriate. 
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In Llw l n:a1m<:nl o f STEMI. (} block<·rs UR' r<.'<.:Um 
1ncndcd ~ll Lh(.' 1 imc of iniUal pn:sen t.:.1tion. c:Xl't'Pl in p~tlirnts 
with cvidem.x~ of hyporen~ion. t-ar<liogt·nk shock. pulmo 
nary conJ.'t:Slion. advanced ~Hriowntrh:ular hlo<.:k. o r otb<.·r 
ccnHn.lindil'~.Hious to ~ blockt.·r tlwr.ipy. lntt".l\ '<.:llOus mtlopr 
olol i~ t he most widely used ll-blod,cr for STEM I t rcatmt·nt. 
In <h is ' "'""· p blockade <hould be w ithhdll and intrud u<'ed 
i'ollm·ving rep~rfusion lherapy. 

lnrr..wenous nitroglyceri n can be used to m:.u patients 
with STEM I and hypco1cnsion o r hc,lJ1 failure but should 
he :·lVOided hi tht> <.ieUing ofsy~toJic blood pr<.'SSutc.~ lc:ss tharl 
90 mm I Jg. signilic<>nt tm>d}'(':lr<li:> o r tach}~·ardia, ril!hl ve n 
1rirular intarrfion. or ust• of ~' ph()sphodi<'steras(' inhibitor 
(such "s s ildenafil) in I he past 2~ to ·II! hours. 

HecauS<,• t he mtes or :lC'hievi ng vessel p:lt('nry :~re higher 
:tnd mon.~ n->li:.lhl('" wi1h p riln3ry PCI rh:-m wirh l h rornboly 

si.s, prim:Hy PCI i.; tht> prelf. ... n'\'d method of rrealing STEMJ. 
l hromholytk 1 lwr:~py wou ld he indicr.ted in t his JXlti<.'nl 
w ith STE\11 if t r:msrc>r 10 :t P<:l cap:1blt> ~t>ll1<"r would n ·sult 

in a tlrsl nwdkal contncr to rlevfce linw of more 1han 
120 minutes. 

KEY POINT 

• Patients with ST ele'\1'3tion myocardial lntatclion com 
plicaled hy cardiogenk shock should undergo emer· 
gent revuscularization \\tith primary pe rcutaneous 
coronary intervemiou. 
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Item 57 Answer: 0 
Educational Objective: Manage a patient wilh a bicus­
pid aortic valve and enlarged aortic root with sun'ci.llao<.:C 
echocardio&rraph}~ 

'lhe most appropria te mana&'t .. menl of this p:·llient '<Vith <m 
:l~cending rhor:lcir :..oti ic ::~neury-sm and :-'1 hicuspid aortk 
\~lve is repe~r e<:hfK':)r<.1icY6f'.lphy in 6 months. 1':-lli-cnts w iLh a 
bicuspid aortic valve <l re prone lO enlargement of the ascL·m.l­
ing :-'lort ::~. and p::ttients with hot h :-J bicu~pid aort it vaiV<.: and 
enlarged aor1ic dim<:n!->ions ~n·c at highe r risk ror aortic dis­
~ection. Surveillance cchocarclio,brr.tphy ~hould be ~rronnL·d 

in lhese p.'llienls lo monitor aortic gmwlh. Patients wilh <l 

bicuspid :lortic V:)lve and a t hor.1cic aortic anc.."\JT)<sm should 
tHlderuo ~nmJ:t l irn::~ging irt he t~ortic <liametc r has been stable..' 
and smaller than 4 . .5 em. If the aon ic diameter is 4.S em or 
lar:gt>r or 1 he nut· or en largement ex<.:l~-ds 0.5 em/yca.r. imag­
ing should he pcrfomKxl c·vcry 6 m onths . 

Op<~ratiw· aortic valve repair o r rcpl<\ccmcnl is i ndicat..-d 

in asymptomatic pa licnts with a b icuspid aorLic valw and 
a thor.wic aort ic rmcury~m diametc:r of S.S ern or ktrgcr. 

accor<Ung to Aluc.:rkan \...oJI<.:gc of Carc.liology/American 
Hc:.u'l Assodalion gukk·lin(-s. H0\"-1t·vt:r. surgiC'JI inlervcn­
tion can be beneficial in those p.uienu. wiLh a bicuspid aoruc 
valve. thomck aortk anc.·u.rysnt c.Ham<.·tc.·r o f s .o em o r lar~er, 

and an additional risk (tlt·tor (Qr disscction/ ruplul"t (such 

as family history of aortic Ui::;stction or aortic ~rrowl h r.11e 
:.::0.5 ('mf)'l 'tlt'). In thi::; asymptomatic palient with an asc<:nd­
ing aortic dkunetc..·r of 5.1 em v1tithoul :.u.ldili<>nal risk ractors, 
it is premature to repair or repl,\ce the aorta. 

Some paticms wiUl rcxlu(-ed k l1 voo!rit ular (LV) fu nc­
tion and calcific aortk stenosis l UWl' S('Vl'f<.' aortic slenosis 
based on valve area but a gmdiem that is less than 30 rnm 
llg. Wh ether symptoms in tb is "low flow/ low gradient" 
$lOrt ie stenosis ::tre caused J)fimarily by aortic vah·<.~ disea::i<.' 
with resultant I.V dysfunct ion or the effective valve area is 
reduced owing to poor leaflet excursion can be best elder 
mined w ith dobuta m.ine stress echocard.iogropby. In th is 
paJ·ient~ rhere is no i ndi<A~tion to perform dobutruxtinL' stress 
echocardiog:rnphy. as he ha~ normal IV function. 

KEY POINT 

• Patients \'l.lith a bkuspid aonit valvL' and a thon1ci<.: 
aortic aneuf)"'lll shou ld undergo echocardiography 
every 6 months if the aortic diameter is larger th~Ul 
4 .5 em or th<: rtll<' of enlargement ex("eeds O.S em/ 
ye~\r. 
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Item 58 Answer: c 
Educational Objective: Diagnose pcripartum 
ca.rdiQillyopatb}~ 

'Jhc most likdydiolgnosis inlhlo:; vmman who is :~ ' "''('('k5 posl 
patium is JX.Tipanum Dlrdiomyopathy. J>ctipartum canlic• 
myopalhy is len vcn11icular !->)"S!Oiic d)"sfuncliOn with onset 
toward the.: end ofpR-gnancy or in the months ro11owingdcliv 
cry in I he al)S(.'nl-c of anotht.T idenl iOablc cause. J\llhough 
patients may be asympiOITkllic. th<.'Y often prt..~nt wilh rca­
lu.n.."S uf hc.;.ut lititun:. Won ten wilh periparlum <:ardiorny­
opothy should be prmnplly trcaw<.l with medical thcmpy. 
whk h rrt.<'l)' ind udt· ~ blockers. digoxin. hydra1azine. nitr.ti<.'S, 
or Uiur<'tiC::;. ACE inhibitors, angiotensin n.XX'plOr blockers. 
and a.ldostcrom: anlagon ists a n." ter.ltOh~nit· and should he 
avoic.k-d until afU.'r delivery. 

Acute aortie dissc..-<:Lion ckt:ssk aJJy pn:~cnts vvirh sudde-n 
onset o f chest or back pain thJ.l ha:; a tt..-aring or rlpping qual 
ity. Dy::;pn<:a is lL~ t'<)I'llnton. PUyskal examination findi ngs 
indudc " blood prc'&urc or P<Use d.ilfcrcn tial bctwoer> tl\e 
upfJ<.'r extrcmilk-~> . A ilia::;toUt: munnw· or aortic' rt'gurgi 

lalion may b<.· heard at Lhe cardiac ba:;e if th<' aonic valVL' 
is iuvo lvc.:d. Echo<.:a rdiogm ph}• demonstr.lu.:s an enlarged 
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~>ecnding aorta: the di>><:ctlun riJI> may also Jx> vl'lhl~. 
VCnlticular function is U!.U<illy m•rm<ll unk~ thE' :lon-ir c1i~ 
~c?'C'IiOn has involved 1he lV(OI1Jr)' a rlerk-s. all hough rf'r,.rional 
nhnormalilies may be dc«-.:tl\.'\1. ll1is pa licnfs c:l i niC':~ I tind 
f 1'l!}~ d o not support :1 di:l_f.ti10~i~ of t~tulc a<,r(i<' diSS<'<'I ion. 

Pulmonary emholism l'an ucc.:ur IX)SIJ><lrCUm. p.1rtiC\I 
l:u1y when prolonged heel r~t b; (~,.·quin:d durin_g or lhlkY~ov ing 

r>rer:nancy. P.llirnts with pulmonary ~mbolism frt•Juenlly 
pte<;(·nt \'\ilh d)spn~: hn¥.\"'\\'t, lhb paticnl's pn-sentation 
~s h<'3rl failure. gi\'~rt lh\.· cll"\alt..-d venous p~c;;urt. 
pulmon.~J) rongestion. and R)obal n.'tlu<1ion in t'jt'<1inn 
fr:>crlon. 

T~kotsubo em.lionl)'OJl:lfhy. also known a.."i st~ tomlio 
mynp:lth}~ is dtlr.lc:tt•Jizl'<1 by u-ansient Rogional C".trdia<.· d)t:<i 
fun<·fion, usunlly involving the nplcal and mid porlion q f 1 he.· 
1<-n wntlicle. It is usu:illy pr<:clpltmecl by a strx:ssful ph)"iral 
or Pmotfonal c?\"nt. Pustpnrtum C'ases of lakol::;uho c:mlio 
myopathy have bern "'P<>rtcd. espcci.tlly aft~r '"'"""'""Jn 
ddl,-el): P:ltients wilh taknl<uhn cardiOIIJyollalhy """"nt 
wllh fe:thlrt"" rhat mimk· :m acute romn.1ry S) ndromc..-: c.:hc._"'­

l"'in. ischemic el«troc;lnllugrophic cha~ and ~1<:\•t<'tl 
(:ardiac biom.1rker lt"\~ls. This p:uienf') d..inic-.11 pktun: h 
lne<m,i"'>leJ11 wilh r~kotsubo (.'3rdiomyop:tthy: 

K£Y POINT 

• flc li(Xllt"m cardiomyopathy Is lefl vcntliculor <ystollc 
dysfwlt lion vvilh onset tmvnrd t he e nd of pregn ant')' 
ur fn rhe months followl"J;( delivery in che al)s(:nt't.' of 
anotht:r identifiable <:au:;.c;: p;.tlicnts often prt"Senr with 
fe;tlllt<.<$ or 1><:-.rrt rJilurx:. 
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Item 59 Answer: B 

Educational O bjQc.tive: E\'"hmlc a palicnt for an 
arrhythmia. 

•\n event n.•:onlcr is ohe me .. opprnpriate d~c ll.,_,ng 
oplion lOr this palilTII. lll"<-:111'<' ht' h:>.< <ymJ)(omalic pcdpl 
tJLion!!t ~atl'tl with litthr~r~ and Jl("'JI ~ym._upe. 

t'\"31uation to id .. "'Tltify lhc t)'lX' and sourtt of a ny pn.-sc._-nt 
:'ln1l}11unias is i111port.ml w his c:1n•. 1 ht> intermittenr nnd 
Oec1 in,:;: Jl3lll.l\: of arrhy Lhmi:JS < ·~U1 mal~< .. df.:lgnosls dUNudt. 
r> Jn~nostk :;wdit.'S arc sck:t:h.."tl em th<· 11nsis. of the p~·L1.C:I..' 

:llld frequency of Lhc p.aticnt''\ :-;ymptoms and the durtltlon 
nnd tinti:n~ of lhc r<:l'On.1inJ.t. 'I h._, cli:lgnostic '\f'Udy best suill..·d 
to C"Jpha.n: thjs JXlUent's svmptomatk episodes is an c~\h .. YttJI 
event n.~'Oftlcr. lhe l:n"'k" l'\~nl monilor imrnl\''e' the J.XUk'nl 

ncri\':Uhl.g or -lri»,""Crir~· the t..'\CtU monitor ar the time ol 
<pn(lfoms. c:Jp(urlns: U>c rhvthm. Somt> mocl<>l< ca(lflln:- the 
rllj~hm only at tile tim~ the '"'""t r<.'«mkr isacoi,med or held 
In rhe o:-hest. or wh<."'l rk:<:tnxlcs ""' applied. Otlwr model< 
can capture the rt1ytJun lx·f<)rc and afflT lh<·fl'.alient activ~lfe!\ 
the recorder. l he ntwt·sl l't1udcl" nn.: r<~<-ll rim(> rontlnunu~ 
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monitoring sy:sten~ LhJt JUiorn.llk:otll~ R."'CCfd and tr:ln~T11It 
ht-art rhythm data fnnn lht.· oamhulatmy JXltient to a mon 
itonng stltion; d;.tht <.:an nl-..c:• he ..;(•nt at the rime or JX1Llent 
(l<:livalion. Patients JJt' t•ru.•ouru~'\.'tl 10 ket-p ~ diary of vvhen 

symptoms occur so Lh<•t ll•cy ntny I)C <im-el~ted wilh arrhy1ll 
mias shown on lhc dctlrtK"Urdlc~Ar.lphic (ECG} tr.u:ing. 

An elecrrophy>ioloK)' ' ludy may he opproprialr if th is 
Jk'ltll'Jll's arrhythmia \~6mnot 1x: d iagnosed on the lt.t!ii.s ones.~ 
ima>ivc technique;. ltm.l\ Jl'" he hdpful thentJ)l-uli<-allj If 
the rh}1hm is amen;lblc to Jhl;llkm. 

AmbuJatory ECG nluniiOI"\ arc helpful i11 ic.Jtonllfying 
::.rrhythmias in patienb \\rill I dJII} ,-vmploms. ·I hey c-an :dso 
he used to monitor for ;.urhytllnlld:o. that may he- :lsyrnptom 
:lfiC. <;;ut•h as alriaJ fthri llation. nlis jMI icnt·s symptoms OlX.'Ur 
nn('(' or (\'l.rkt• per week: l ht~rl·tOrl\ a 2-.1-hour :unbulnlOI'Y 
EO: monitor may not <"nl)lUIX' thl· tUThyl hmia. 

In p:JticnLo; with very lllffl'QUCnl or r:ue epi<;Od<·s (>::SO 
d:J}~ bc·hvc..-en epi.sod<-':\). un implantahlt: loop recorder may 
hr ~pproprkllc: however. th\"':K' dc.'\'il'\.OS should nor he u~-c.l 
for initial t"\ .. J.luaUon. given the c..'tbl and risk..<i. altho~l 
minimal. :lSSOtult'tl wilh lmp.tanwtion. Implantable &oofl 
n:'C'Ord~ c-an remain in pia« forrear..lo<·voduate lOr infrt 

c1uc~nt :nrhythmias. 

KEY POINT 

• In ptltients with in fr\.'<IUCnt (•plsorlesofpaJpitations, 

j)n:Syncopc, o r synco~. !llll·wnt recorder m•tY OC 
tt~l {0 corrdate ~·ympmms \Vith an ar rhyl hmia. 
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Item 60 Answer: 0 

Educational Objcctivo: Interpret B-type narrilU'Cti<: 
peptide level in an obese Jl3tientwith dyspnea. 

The: <.'ausc of thio; p:11ient'c; dyspne~l is indeterminate.: on Chi.' 
hasi' of the 1\ ty(lf' notrlurcllc J)l1>lide (R'If>) kwl of UH Jll.t 
mi. (128 ng' IJ. In the lln;-atlung :-lot Properly >tully or J>dti~nb 
\\no pn-senred to the t"ln<'fXI.1K.) depanmeno \\itll d)"')r><.-.l. 
puliL-niS \\ith ~>con f.1ilure hJd • JtlC:ln 1\'11' le\'CI !\(c-.u~r thJ.n 
t\00 !'!( mL (t\00 ng 1). \\l>cn-a>those\\ith noncanli.>ccJu••:' 
u f d)'iJlr>ea had lewis nl OJljlm\lmatdy SO pg. mi. (SO uwU 
P.<iticnl" with a hi!-.tOI)' of le-ft \'t"ntrkular dysfunction but 

uot <ill .:tl'u tc exar·t'rlxllion hnd a BNP level of approxim;.ltci) 

~00 pglml. (200 n~-t/1). In o ll<>Oie<l an:1Jysis of 10 smdies, UN I' 
V'Jill<"ll 1..-s.< than 100 P!'.' mi. (lOll llg/1.) rxduded hea11 ftlilure 
(9Q'), sensitivity) and t:re<lt•r rhon ~00 pg1ml. (400 ugll.) 
supported thcdiagn<,.,isnfh.ort f:lilurx: (n~.spe<:ificity). BNI' 
k.'\ds ine:n:".&S<.' \\ith agt- .1ncl \\"'N·ning kidney function anc.l 
.m: n."tllK."<."Cl in patic.'1ll!<- "ilh oln ett"\-ated B~. B.'¥T \"3)\1("'1; ''"'' 

ti\Jn 55 !'!( mi. (55 llj( JJ arr llkt>ly to rule out heart f.Jilun: 
in putients with 11\11 lQ\<;OI<'f ol_,n :\.<; (<ensitivit) 90" .. ). In 
Ill<'><.' patients. B:-11' ll' ds l!""''''r than or c.'(Juallo 170 pg ml 
(170 OWl) arc 70'.,. >P"ilk fur I he dlognosis of acute hran 
fuilur~. lhis paticn(s IINI' l<•wlls noo helpful in mling in or 



rulin~ out ~anlh.'l<.' ili~<:asr ng 1he cau~ o l hn dy:,.pne~l . .nnd 
lbt1hcr C...'\>alualioll i.s n.·qulJ\"'d. 

KEY POINT 

• Cor·nmon f:wlor~ otht:r Lllan v<.·nlrkula r wall ~I t-ess 
that intluen<.~· B ()'pe llllliuretic IX'Pli<lc (lll\1') lweb 
include kidney f.1 ilure, oklcr agt·. :ond fem.1le <ex. all of 
\'~.'hic:h incT<.:':tsc BN P k:vcls~ ob<.·s ity n:.-'duces HN 1, )e\f(.'ls. 
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Item 61 Answer: 8 Cl 
Educational Objective: Tt"t"at critbllimb ischc..'1lli.l. 

1l 'l<.' tUO!)I ,lppruprfatc m :xl sh:p in Ilk' m.m :lgemc.•nl ol' lhb 

J);llic:Jll Wilh crilk·.d limb 1\oc..h<:tn.ia I' lo pt~rfom1 invJ.:o>hl' 
.lt~Cif.!r.lllh}' of rhc alfl'Ctc.'d Jirnh '" irh tilt' inl('f11 ru R."\USC.'\1 

l;l ri7.t'. C.riliC'.tl limb IS<:h!!ml;l i-. J .srwn.· thnn of pc.:riphl'ral 
;l rl<."l')' di'l:"~ (PAl >l ch:lhK'kritell hy i\C:Iwmic n.-st paJn ami 
uker.uinn. Oink-a! Hndin;." in 01 JXITit·nr ,,,.Hh c.riiKOJJ lind• 
ts<.:hc:mia indudc. .. an ankk· br.u.hiaJ indc.·x k-s.~ ttun o.-W. a fbt 
\\o•lVt:limll on puis~,;; volumt· rc.'\'tlrdi ng, ;uld lnw or ah ... (.:nt JX-'<)<tl 
Uow on duplex ultra!-.Om~mphy In p;llit'flt~ who undL"rgo 
'>tk."l'\"'''ul limb n."\~U.I.:l.ru...&Unn. rtw 1 )Y.lr rbk ~'r trkljor 

;Hnpuution is si~nilicantl) I<Mc.~r th:m rtt:u i n patiL·ru ... '"hodo 
n<>t undi.·rgo rt'V'J"'-:Ulari1 .. atlt11l 

\·hr;;tpa:~ar inhlbib thrumhin induc.'\'<l and thrombin 
n.>ct~pror .1gonist JlC~>Itdt.• JrtdU<.'\'d pl;:n~lt·l ;I~IJ't'g.Uhntln lh<.' 
TRA 2P Tl Ml50 trial . vor.lp<l.\:lr n:du('l·ll hc,spil:lliz:ttions fo r 
.jC.:Ul<.' llmh i"i("hemla. ntainl\' among p;lltt·nrs who lud pn:vi 
ousl} undergone R.'\;;t.\Ctd.ari.t.Jtion. lhf mit: of\ur:ll"l.l_\.ar in 
patknh \\·ith P.\U b yet to hl· '-~t~tblbh~·d. 

Owing ro rrw high murhldiey 311<1 nmrt:tlil\ :l,~x:iatt'tl 
\\o'ilh t:rllkal limh 1\<.-'ht•nua. immedl:llt• invasih' Jl1g1ogm 

phy wilh l'tulc.l\"3SC.·ular rt''\'J\c,:tal.uiz.nion, \\ilhouf oKklitkmal 
l'loninV:l, IW im.lgfng, is ufku the n11~1 t;'f fe('fivc.· ~lr.Htk,'\ 
In pn"'io(..'I"Vt' li~uc.· vi.1bilitv. lm~lging o,tudics such .t'" mag 
nc.1.i<: n.""'"Mtk'\: .lngk.gr.tpll\ \\uukl R"'tlll in rr~Jinwnl tillk' 
dda\S in lht~ p;.ttknl witht·ritka) JimbJ\('ht.·tni.1 :tnfl ;t \'i;thk 
limb. lie ..,houfd he.· rcfern•d d irc('t(y liw .mgiogmphy ami 
rt'\ 'a'X.'U J.1 t i /.olti< 10. 

In pahent:\ "lth critic.-al fintb isc..lwmia :mtl .1 , ubk.· 
limb, an~~lup,f;lphy omd Tl'\~lS{'\l lurization is ol tW:.l\' pn:ft·rrt."tt 
lu primar} m~ljor :lnlputj,l ion u l liLl' Jowc.·r t•\l n:•mily I':Jtil'nt'\ 
okl<.'r 1h.111 6S }'"":ll"'i \\ito umk"t)o..-o nujor .tmpuLlli~,n ha'~ a 
I Vl"ar mortality r.lll' of nearly SO~", and .1 1 )'t'":tr morwlil~ 
rate hiAhl•r lh~Hl70','C .. 

KEY PO I NT 

• In p:uicnts with crili<:~t l l imh ischemi.t. immedl.lte 
invaslv(' anglitf~r.'tphy w ith ''ndov·.Js<.·ult'lr fevfiS(.'\tluri 
:tJih)n is often I he nlO!>l c:fl c.'(1ive ~r:t i<.}O' to PI'\..""'-'"' L" 
li~""'l' viabilily. 

----~-nswers a nd Crit iques 

Bihliogn1phy 
Gt'rll •• rd JIC"r~N rl \fn. (',um1k JIL.. &m.11 c , n.,.,,h ._..., NH. t:.uTit"l\' t.t.\. 

Dr.-.11nwn.l)f t'f al. Jt:llb \H \ \f.'C guitkfh'C' un W ft~l ·aC 
JXtSfoc:nb With kM\:'f ('\"{«mit\ pc_'Ophcr.l.J .ll'tc.T) d.isc-.bt": C'\4'\'Uli\\''o\1 
m J I'): .1 C\l'Vft u( tlw t\n'lt'IIP II tnUrrp o t C"r1rdlokl~· An'leri<:an l lt'.&tl 
A~t-lotif>n Ta.,t.; Fnr\.-eo•r Clink-.11 (1r(ll'lk'i· Culddine... J Am<.ioll C:•nllol 
201?.(,'-):l l65 I SOt8.111MU~ 2'i'R'i1 1JQIJdui:IU,IU ib.'J.~ .. J'Oib.ll.UOlf 

ltem62 Answer: A 

Educational Objective: \!anag< •triownt.ric.-ul•r biQd.. 

in the M:tling of~n acute COronal) ~)ndrome. 

rhis palit'tlt h..i' .\·1uhit:t I)'JW I c;(-"COnc.l c.kg11,_'1.' ~tltiuv~ntric.:u 
br (.\\ l bloc.·"-. ;Jt Kl f..'\ idttllt'l' ~·• an .xutc.· t'fnun~J\ -.yndmnJc.· 
and "''IW 'hould tllt<lt>rgo t.mlhJ<' tJiht.:lt•rizatihn fcJr f.."rl1<.'r 
gt'lll1 1,'\>~bc.'U I ;.\ri'lat ion. 'Jhb. paticnL'!>.du:sl pain. sr M'giiH'tH 
dc.·\':ltlon. and d1.'\'Jtr:d truponin I k'\d all indltatc .aculc.' 
nt\'ut.-artlid.l mflrl.li•u1. l.tldtlinnaJf\. thf.." ck'<:ln)(;anliogrJm 
dcrnon!>tro.l1t.-s "''·ond d~H'\' 1\V hlo .. :J.... whi<.:h Is (,.'h:Jr<ltCl.'l 

ll'..c.xl hy nonc.,•ndutlt'cl P ''';l\ l'"'· 'I ht.• progn·ssh<.· Pl •ll ongation 
of ttk· PR intc.-"1"\.tlllt?fon•l•,..., uf A\ c.unduc.iion i\ \"tJU':>istc.·m 
\\ilh M~Jhit7 [)pc. I (\\c.•rH ~th.Kil lllcx.k.). TIH.'h,; .are OMtl\ 

C.'i'IU~-:\ ol' AV hlodc including tibrosh .tnd :-.dc.·ro:-..is or l h~· 
<.1mduc !tun ')"h'm. isdu-mil· hc..o.arl di'o<.\lSl". .md medi("tl 

lion '"'' (I! I~ • k.·r>.. ""'' urn dun11<:l bkx·kt'f'. dJW\111) 
Rc..'\<.'r:o.lhll· l'all"'('\ of AV hlo<-'k shoull.l .th'\>'d}·~ Ill' idt·utitkd 
anc.llrc.\lkd f1,..,1.1n I his Jl;lli~·nl. cardl;u.· talh<.'t<.·ri,..aeion ~H l tl 

n'\J'<..UIIri7..:ttiun .m~ indicUc.-d nut unh to tn·jt lhf..' ;x·urc.· 
t.umnar) nf..slntt lion but 011~~ ltJ potc.·nU~alh· t1)rn'\ 1 fhl' c.-on 
d u <; lion d t-lidL • 

I ranstiHJra<·it t"f.·ho<:anJio$4rJphy -.houJd hl"'performrd 
m p.;uk-nt' wi r '~'K"3nli.1r mfarcuun to t."\J.Iu lie.• left n·n 
trlc:ular funclion .md as"''t':-o' lhr pnll'IH.al struc.·lu r,ll <."(>Jn 
p)k.Hion:,; how~·\t'r. oht:tlning a n t'lhut·Jrdio~vam i~ nut 
lh<' prim ity in this p:llit~ot and dot."\ nuc bc.·lp mo_U1J.~'t.· I he.• 
arrh't t tmi~l. 1ht· rnh"1 ~tppmprhllt.· n\·xt ~I c.' , i.., c • .lfdiJt 
<.·;,HIIi.'h,•rit.:Uion. 

1\•nn;lne·nt or l<.·mporJt'\ p;.l\'t~rnakt'r pl::u:>tmWnl is no1 
ft'\IUirt"tt in rhi' t~~· hc.'l.IU'l' the."' p .. 'Uinlt doc."' not h3\"' 
~') mptonMric or h~..-m()(h tMmicall} unst.Jhl\' hmdyc1r 
di~1 or i'ltiV.lll('('cl AV hlock (Mobilz 1\'PC :l St.-'(·ond dl."~ree or 
lhird tk):ll"'f A\' hlodd. f '' mptonlJih. or :1<1\:.tn<'t"rl ron 
dtK·Uc n hlcx:k flt""i'fs ~uc.! R'\;,t<.,c,:ULtnZJtion. f)&:rmaneru 
PJ.l't'ntaker lmpLu11a1 ion \\·l•uld 0<.· tt''l•mnwrHit.-..J. 

KEY POINT 

• P:ulcnts \\ llh ;lfrioventril11lar hlo<-·1.. J.nd c..'\ idcnl't.' or 
a<.:uh: Lvrunr~ry 'i)'n<immc l:ihould undergo C'ilrdi:H' 
(':HIW1f"ri7...11ion ror diiJJ;:O(~IS and I')C>ss ible re\':l."i<."Ulari 
T.ttlon. 
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Answers and Critiques 

Item 63 Answer: 0 

Educational Objective: M;an~•gc aortic regurgitation that 
does oot meet crirtrla for surgk.".d \'31\'C replacement. 

'I he most approprtltc ncxt>tl'J) In m.~nogemenr is tUt\ic.•JI and 
t'ctloc:lrdlogrnphk (<)flo,, up In 6 to 12 months. lhis asymp 
tomolic p.1llent \\lth .._~~"' oortk: regurgitation doe> not 

t'Um-ntl) meel lhe Cril<'liot !Or >U!J!!cal aonlc '"""' replat" 
111t'Tlt. RJr r:xrllenrs \\llh ><.·wn: :wnlc regurgimtion. sul)l)cal 

aonk" '"'"" replocen><.Ttl 1> rt<'Ommmded In the presenc."C 
of ')mp<om< anrlbUia.bk IO tl")tU'ltilatlon, lefl \\'fl!ricu.Llr 
<; .... uon lr:te~ion les~ !han SO'l.. 11r "''"her indication for 
C"artiL1r <llrger}. In n<klll1un. S<trglt-al aortic'""'"' re1>lxemem 
em b<' b<'neti<'lol In a')·mptonullc polienL' with <igniflcam 
ten ''-"'llri<-ular dlla1:1tkln (end S)'StOlk tlimcmion >50 mm or 
incll"X<'<Iend ~'<toile dinl('nslon >2S mm ·m'l. In I he ah<ence 
oft"""" ftndinfl.'. cllnk':ll evalu.llion on<.l smveilbnce echoc.lr 
dic>);r.tphy "'"''Y (, 10 12 monrhs is l'l't'Ommmded. 

·r he <'linkal hnp.1c1 (•f ll blocl.l:rs. >'llth "-' carvedilol. 
in p::~ticnl\ with (•hronlc: nonic r('AUI"RiUllion is uncertain. 

Carvt.'<Hiol i~ uselul in i'\'l l i~lll"= Wilh .boe."V\.'11" aortic regurgita 
lion and hi:'Jrl f::--~:ilun· when romhined with otht:r st~mdard 
lh(.:r..tpi(.::-;, such n~ diun.•l kl\, .+\CE h'lhlbifors. ~tnd aldosl<.' 
ronc anla~onio;ls: h<>W(-'Vt'r. thl~ l).'lfiCnl hns no indkation fbr 

~-blocker thcmpy. 
ACE fnhlhiWI'N <u· :mfiiOICnsin rc.·t-eptor blockers may 

be: used in JXIIit-'nls w ith <·hroniC' ~l'V(' J'C' <lOrfi(' rcgurgit.uUon 
nnd cont·omilnnl hyptrten~lon. :'111 hough thc::;t· agents. as 
well 3."i <.lihydmpy 1idint• t':lkhnn rh:mnel hlockc·rs. have not 
lX'(.:n sh<Jwn to dcl.ly tht· n(·t--d lhr snt-gl·ry In asymptomatk 
pali<.:nls \<\•ilhout hypcrwn.;i<H'I. COI'Ioi\CQu<·July. the.'}' an· not 
iru.li t-::~lcd in this p:Hicnl fn !he :lh'\CilCC' Of hypcrtc•nsion. 

KEY POINT 

• For p;.tlitnts with SE.'\'erc aortic regurgitmion. inc.li<.""..t 
liOn> (or >l~Jl\"f)' ,U'C the i)I'!!'Cnl'C o( :Utributable 

symptoms. Ml wntrlcular ejectiOn fr.lCiion I<'S> th:m 

SOlo. or >ignilk:mlleft '"'""1cular dllatalion: in Ul(' 
absen<.-c oflht~ linding,. 'urwlllant'C <.'<!hocartliogr.. 
phy e--ery 610 12 momhs is reconlmt'Olk'tl. 
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CJ Item 64 Answ er : 0 
Educational Obje>ctive : l r<':ll :1 p.llk nt "Uh 
S'f ele'\-ation myoc::ardial infilrttion nnd heart naUurc: 
with renin angiotcn\in system inhibition. 

'I he rno!>l appmprl:.ltt.: ta·oltJU\."I It uf thb r>J.tknt with ame1i or 
sr t;"' t,"\':\ ti(ll l IHyoc.o\rdl:.ll inJ:Ir<:tlon (STEMT) (.'{lll tp l icawd hy 
hrnrt t:111ure 1..:: \~\ls~ttl<Ul . ' l hh p.:llil'nl is .!ll ;,igni lkam 1i sk fbr 
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' hort-t<.·rm and long tem1 morbidity. :.utd t arl\ ln,tUuticm of 
guidc.~linoe.: dirt.•t·fL'CI mt'diC'ill lhempy (\, iUun 2.t tK,ul"\ nl pn: 
'l'ntation) b. cn.1d.d to impm\:e '>UrVJ\'..tl arK.l " c.'t:p tht· P,llknt 
fn."l' nf :.:rmpCotm.. Although \CF lniHbitor.. Jre lndk·oated in 
nll:.::.t palicnb. '"ith ~1'E\fl .md ('Xlrti<.'tdariy in JX1til·nts. \\llh 
imi:Min-d left \\.Tinicul1rfunrtion :.1nd l"k".u1 Cailun!. J~.Ct:-n.J11 
n't'\.1)(or bk)(,_·kLT~- L'ilkil :t-. \'Jl"m~m> an.· a su.it.lblc J.ht"O\JflW 
.md ulk.Tsimilarmorbidi~ .mc,l rmrtali~ bc.•ll.iil'- \(khtk>n.lll}. 
.mgicHc."'bin n.u-ptor f'*K"kf-r; arr .;.ts..'oe K.:t.tt(.'\1 "ith a ~Wlilk.anll) 
""'l:r ii'Kit.kn~ of nJU?.h :~nd otngitlC'dt~ma than \0: inhfhUoi". 
llc.'tOilli<' lhi!. ~tk-nt h:l:. 3 hiSIUI)' n( \!1; lnhihltnt indue..'! 
<.lM.Jt!h. 'aNnan ic.,lhl· JllOCoif appmpriatc."<.'hoic.\.', 

In ~li<'II" "ilh Sl Btl. II hlox·k...,.., (\U<'h a:. <'3rwdlk>U 
d<.-.:n:~t~: n~oc.mliaJ oxygc:n OCn'L.11ld. reth.Nx the.· inddt.'1l(.'t' 
of\'\:mrkttlar arrh\ thmhl!'>. a.fkl imprml" Jnng Ct.-nn sui'\ J'\'<JI. 
\ \1lt•J"u .... cr pns ..... ibk. fi hlc)l·kt•n.c.,lw.mk1 ht.- inln:lt.IUt.'t-d within 

lhe liN 2~ hou"' of SH.\11 pn..,.·nl,lliun. lhl' CO\! Mil 
<X:S :l lri.aJ demonstrated lhat t~.ul,y I~ hJcx:kJ htill;ltion wa'-. 
;h'l()<.·;ah:c.l with 10\\'t·r ris"- f'hr n ·in lan·t ion and h:lh.11 \ \1ltr1<.' 

ubr ;11Til)'1 h rnt.b. but it abo inrn~.t~t r i\Ok tor (,';.lrd lu~l'nit· 

shock 111 t h.i~ <.·~~~. chc.· palh.·nt has t'\'icknr"C.• of puhnon~tT) 
edema. and \.".,_irl) in-.titulinn or {l hlod\:td,• m:.\V wo r-,cn 
heart fa ilure and i l)c,:rt•ohl' lht.• ,; ,k rhr c:arcliogl;'nic :-;hOf.l. ,, 
P bl<><k,·r siluuld ' "' inilial<'<i <>nl' ' 1 ht• patient Is >rabillt.cd. 

l..i"-'-' li· block<.'~:\. <.'<&1l'iu m d 1Jmw l h1od\t.'~ buth as 
diltlat..<.:rn) <.m: nqt~lf ivc i nul ropic· anc1 ('hw notwpic a..:cnts. 
J h1\.V\'·\ '(.·r, unlil..t• !~ bh~ot'"-t-r:.. c.tlciu m d 1an nd Ulo(.'k<.•J'S ~H\' 
g<.'ll("~~lly ;.Woitk"tl in the <.:untt:.\ t oJ' S'I EMI :wd oUt..' c.,>ntraln 

dic~uecl with lt.•fl \'\"lllric.'ula r dvo,funt'l ion. 
l l)<tl r:.ll.azil~ i-.u-,orhitl<.· <.Jinilr..tll' c.-an tx• 11)-;('<1 :1"' :l \~lsodi 

l:ltor.{'(lrtkularl) a,-, an ac.kl orl lhl 'r.IP,Y in llw st11ing nt c.'hrunJc: 
he:.ll1 (hilurt.\ .thhougll i\ ha"' tx.·t.'Tl .,hown In tx- IJ11t"''lur to \CE 
inhibiton, in a ht. .. .Kl ln -ht.··.KI \!uti\'. I ~dratt7.1nt:' i'l(N •J'hklt:dinl 

l r:.Ht' ,.,uukl iKlt l l(..' lhc pn-f<.'m't.l agt"flt In thh "-'ltlrut. unll''" 
tllt.' p._l tic.•m hJU ~• ')ig,n_ifi<..-an1h d<.'\'att'\1 \t'ntlll ~ t\":llutinc.· k·vd 
or a ttistoi) o[ .-\C'F inhihilnr induc.'-'tl.r~int'Cit>nlol. 

lEY POINT 

• In ~!Ients \\ith Sl' M<'\':llion myocardial lnfan:lion. 

an ACE inhibitor should be initialed witltin 2J hou" 
ofpresenlalion: an angiotensin r\!ttptor hlodwr m:l)' 

be used iflbe patient is Intolerant of ACE inhibitors. 
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Item 65 Answer: B 
Educational Objective: Treat a trio I fibrillnllon in a 
p-.ltknt with hypertrophic cardiotn)'OI>atby. 

'l he n\OSt ;:~ppropriat~ tn•atnK·nt to n"C.luc~: the 1i~k for lhi'Oill 
hoernh()liC' events in this pntknt ls dose adjust~d w:1dh1'i11. 



In patient< with hyJl(.Tlrophic c:>rdiO<n)'Opoth) (I ICM). atrial 
fibrilla tion <>c<.1.m; in 2(l"1. to 25'1'. nr c:><e<. a nd dy>-pnc-d oflcn 
develops related to reduced left ventrklll:ar di.,tolic filling 
:ll1d l ncruast:d ltl\ verttricul::~r omflow crate oh:-;truclion. R('~ 
mmt ion und m aintennnce of sinus rhyl hrn a 1t: important in 
reducing symptoms. 1 hel'e is 3lcoo :'1 high indtlcnL\.' of strok(' 

in ~Hients wilh IIC~t who h:we :mi:ll Obtiii::~Hun. n._og;.utl1t'SS 

of the type of JUial ti()rillation (Jl''"")"'tnal. pcrsistenL or 
penll3ncnl). and Jllliroagul3rion ro n<dliC'e lhrombocmbo~c 
risk mo:.l betvnsidered.ln thi< potk'llt. at"Utcuntit"O:q(ul.llion 
\\ith hl"JXlrin or 1ow-molecubr \\t.,"ight hc..-parin " 'OUld be 
approprl:ttc before c:trdim-.,r<ion. foll<l\wd ll) adminil>ltalion 
of dose :.tdju)ted \\~rfurin to :-l chil'vc un INR or 2 lu J. T\'1.'0 

obs<:rV;l!IOn"l s tud ies of p•lients with atri~l librillJtion in 
Lhc sculn~ of' I IC\<f have shown rl-'<h.ICI.."<.I lnc.:idc..•Jll't' of stroke 

with !his str..1tegy comp:ln·d wit h antlplatch.·l Uh.'rJ.PY or no 
tre-:llmt·nt. 

n1c U:K or non viramin K :ml:.lJ..'Onist or.al anlk'OORU 
!ants. >1Kh ,\S dabig3tran. for thmmbocmbolk: rbk n.'\lucrion 
in palk'nts with IIC\1 has nol lx.-cn .ld<.'<IU·Itciy srudied, and 
lhe eltlc:IC)• of these druJ~> in this sllUJlk>n I> uoknown. In 
J'X}tienr~ with IIC:M ''rho <.~nnot take ''·'rlJrin. non \ita 
minK :ml.lb'fmL~I emil anlit'Oagulant\ an: rt"JSOnable as sec 
ond-line therapy: however. usc ofvvadhrin in tlti~ l>atient is 
not ronrrni ndi<:ai~(L 

AIIIH)Ilflh th is patient"s calculated CII A20S2 VASe score 
is low (0 llOints}, inithUing aspirin thl..'l'tliJY or foregoing 
thcmpy woul<l ht' inappmJ)ri<lh: at't..'Urtllnn tu t·w:rent guide 
lin~. "lh~ CtiA,DS, VASe S<:orin)l 'Y>tcm b frequently tL<ed 
for de<'l<ion making With n:l(artl to -.trokc risk reduction 
th..-rnpy In potienls wilh alrial fobriil.llion; however. the pre 
dk1i\'<C U><' of I hi< tool for paticnh "llh HC\1 1.,> 1101 been 
'"'hdatcd A low CIIA,O-~, VASe "'-""' rna' not adequately 
pn!dlctlntc lhtomboemholk risk in J>atknt> wit h HCM and 
<hou ld nul be used to guide t he r.tpy. 

KEV POINT 

• Pmlrnls w ith atrial librWmlon in I he selling or h)'J)tr 
trophic <-..rdiomyopatby s hould receive warl'trin anti­

<'Oagublion the ropy to re<ioc-e t h rumbocmbolic tisk 
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Item 66 Answer: A 

Educa tional Objective: E\'3IWU~ the SC\'CriCy of !.l()rtic 

srenosis with card.i::tc catbereri7.ation. 

The lll(>q appropriate next ""I> in ma""''"rm.'tlt b c:udix 
cuhec:erltation. In patienb with syml)l:nmatk M."\"CC'e aortic 
stenosl.;. ~ul').tt:ry with aorli(' \':.live replac.oemt.:nt is indicated 
no; 3 lilt• s:winJ.t thcrJ.py. H0\\1('\'Cr, nccun1tc mt·asures of t he 
Sf."\l'('ri1y of slt .. nosis ar~..· nt'<'dcd co ensure thal symptoms ;:tre 

t';IUS<d by '"'lveobstrnt1ion. rJiher rhan concurrent rorol13ry. 
pulnlOilJry. or other systt-mk' d~Se:~se. I he severity of aor 
ric st~lltl'li< is dete~mined by Doppler t'Ch<>C1lrdlography and 
somerlm~cardiac:cathctcrizmion. ll'l ~mepotients. the Dop 
pl~r cchocmdiogram may wtdcrcstlmate severity hecause of 
thr M>gle dependent nalun: of! he' ~tudy. ;\n lm'U<Ive hemody 
namlc ~udy is indil-al<.·tl in symprom:u IC' 1).'\tienrs heing ron 
sldcred for surgery when there ore dll;('re(l.1ncie< """"""" the 
fi11dlng< on physi<-al examin:lti<>n a•ld th~ «hoc:>rdiogr.tphir 
results. I hi< patirnfs C.'t'rtional d)-.;~ 3nd phy<ietl e-xam 
in.11lon flndiJ1!;< (t-arulid lardn<. dimlni<hed oortir rompo 

nent nf S J' l::1.tc JX.".Jking syswlie mu rmur) art> <'On"SL~Ienl \\ilh 
SC\>ere aClrtlc: .stt..nosis: bowe'r~r. the t'<'hoc:anlio~.mtm R'\'Dlls 

findln~ of unly modcr.\le aorrlr <h·n<"'i' . "therefore. furt her 
evnluatlon with C:.lrdiac catheteli'l.:lth•n is rH't-'<t<.·<l. 

Surgkal or tr:mscatheter :'1011 k '~lw n .. placcm cnl is 
not lndlcatl-'tl in lb.is patient unrll tht'lV io; l'<-'Yiainty that the 
ao11 ic vJ.Jw ksion is Sc.""\·ere and C':\11 :t<'<'ount lor 1 he patienrs 
S\lfllptOn~. 

lt.k'llUilc:ulon of <ymprnmalic aonlc 'lm"'-ls is cru<:ial; 
in the: a())(."llee of symptoms. fXllk'lll' "ith J.ortic ste~is­
l.'\'-'" S(.'\'\."re ~rtic <>tenosis h:t\t' a lc)\\ ri-;k for mortality. 
with an estimated risk rhr ,-uddc n death or lc..'SS lhan 1%. 
Althuu~h v~1ri.1ble. symptom.;; o f hc:trt f.a ilurc. an¢-na. or 
synt"OJX: gcnernlly begin on<-e l ht• v•lw ""-"J is below 1.0 em'. 
Onc.oe syn1ptoms develop. pmt~ncl.\iS Is puur wilhoul valve 
replat'<.·mcnl. with ~n ~vernge c;mvlval of less 1 han JO% over 
tht• next 2 to 3 years. ·rherefi>K~. n.mthlUl'tl c-linical observa­
lion i~ nul the hest option f<)r 1 his palil.'111. 

l EV POI NT 

• In palienr. with sympwms or aonk' stenosis and dis· 

cn-p.m<it-s betwe-en the phy>ietl examination and 
<'Cittx:anhographic lindfngs, the 'cwrlty of stenosis 

•huuld be established wilh cardiac c-alheteriz:ltion 
h<·tbrc norlic v·.Uvc n:pkKx:mcnl let performed. 
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Item 6 7 Answer: 0 

Educational Obje ctive: Man~1ge n pollient with a ven­
tr icuJ.tr scplo] defect. 

'lht· mo:-ot otppropriall' management for this p:.tlicnt '".rith 
3 <tn>ll u nt'Omplicated vemricul>r ~tal defecl (VSD) is 
folio" up in :1 to 5 ~,-an;. VS!>s are defined by their loc:>lion 
on I he \cnlriculdt ><.-ptum. lhe most comm<ntl}l)e ofVSD l< 
perlm<:mhr.ul()U>. making up so• of c::l>C>; tht'Se an' USU.1liy 
bol.uc-d abnomlJtitit'>. She ha' no a.""ldtlt<d sympton\S. \-ol­
umc '""rlood or the left he:tn:. pulrnoru>t) h~pertension, or 
v:tiV< r<:)lul)!lt,,lion; therefore. periodic c linical t'\'aluation und 
i m~e.gtn)l Ul\' rc.·t'OllUl~nded. If puhnonury v~tM:ular disease 
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is p~t (pulmon:uy .>rkry ''"Iulie pre;.<unc >50 mm Jill). 
l"'tk>nts should be 3Civl:.ed ~imt i-;nmeni(' or <'OI'Tipetiti\'C.' 
""'1\'1«'. In the ab<;enee of pulmon;.ll)' hypenem,ion. PI'C!! 
nJIWY In \vomtTJ wflh VSD::; b J..,-.:m:r:llly welJ tokrJted. It is 
Ul111<'('t'"-'II'Y tosu~cst adh'ity rc ... trl< lion in this JXJ.IIent wilh 
t~ 'm~tll VSD and norm.d puJmonan• :wrery pn~re. and 
pn.l,'TI:tncyshould rxM beroropliwt«l by the VSD. 

(.mlia<' <'31hctcrl7.ation is not lndk3ted for lhb Jl:llient 
hcc.::1use her c-link·al rrescnlatio11 and ('("hO<"flrdJogmm do 
not dtmonsrral<.· fCatures of left l lcl.ll'l <•nl::argenu.:nt or puJ 
n•un:lry hypertl"nsfon. <:nrdia<.: c:uthctl'ri:t.:~rion is primarily 
performed to deUnc-•te the shwll Mk> :md to dct<TtTiine 
puhnon:uy pressun.--.:. if clini<'3l Ull(:crt•tinly exists n.~.uding 
thc:<k1.,rrc.'t'or irnpac.:c ol a shunt, or if the VSI> is in<.v111pJe tely 
a::,::.cssc.:cl hy echoc,mlfographic mc .. :;,•:-.urcs. 

C:1rdi:w mn,gnc.:tic resonJJl(.'f.,.' im aJ:,ring will usuaHy 

~;.h:mun..~lr.ue a membranous VSD and <:an qu.lnlilatc the 
imJ)Otct of the shWll on the lt:fl hcar1 : how~\'er. il b not 
indlc;oUL'<t in th~ JXItit:nt because U1ct...link:al anc1 ("('hOC.-.mlio 
graph it <Jssessmt"lll nrc.· sufficient to ~UJ.t(,~t.-sl 1 hal ohserv.ttion 
Ls ~lppropriat< ... 

Endcx."arditis pmphylaxis is n,'<.'OIItrnt:ndcd tOr (').1ti(·nls 
wilh unn:1)<1in'tl <.'):lrtOlie <.'Oil:baenildl hc:".aJ1 dist-a.\t". lndud 
ing pallt.uivc shunt~ and conduit~: J C..'Oilf.."C:nital hc-an c..lef<.."t.1. 
U1~1lll:.1~ lx."t.'n <:omple-re ly repaired with prost he tiC' m:.tc·rial 
Or dcviL"C durin{! thC· n lb't 0 lllOHlh,:, d0C.:r lht.> ()r()(.X'dllre: 
~1 ncJ n:p;.tjn:d conut-n ir~l heart d i$11.'J~ with rcsicfu:'ll dt..·IC.:ds. 
PJlicnh \o\ilh unrompli<.-ated VS(h \ .. ithout :1 hi~IOl)' of 
endoc•rdilis do not requil"l"endocardith proph)i."K. 

lEY POINT 

• l'e-rfodic fUJI ow up with d inil-::11 Cv:'lluntion and lma~ 
lng at(' approprl~uc in JXttlenls with a small un(.·ompli 
<"~1<<1 \'efltrlcullr S<'JXlll def<.'<:l. 
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Item 68 Answer: A 

Educational Objective: Diagnose ean:Uac tamponade. 

lht..• lllfhl lik<.:l} Uiagn•>sl' b nwJiac..· tunpon.1dt• 1\·rk:anlilb 
is a <.11m me--n t,:an.lii.k manilt"StJtiun ol ~)....._cmk·hlpth t.'r) tht: 
nuttrws !SI.F.). CJt..,urrin~ in up hJ 10 of~timh ''11h Sll-: 
r\·ric.·;u'(Jitis Ol;,l) l)C..· ,tv~x.·i3tet1 wtth ·' tl<.'Uimphilk pt;rk~trtlial 
dtuslon th,H l<-Hl nux:l>• lead to t;,ti\IIX)J)ad e. In this I'Xllk·nt, 
pm~l'l'SSI\·c: ll)~pm.·:J. liHiJ.,'tJt>. chc:sf h.1llm.oss .• md pt..•rlplu:rJl 
l'th:ma :m• symptum' <.unsi.">tt'Tit '' ith \lwtifk".mtt~mh.K. urn 
pc.li\OM.k\ anc.l tlx.· Jlh\'1~.11 e\.JnurLI1it•n lindino,:.-. c•f Ju~ullr 
\\.'JlOU~di~h;'llllun._uxJ puiSlJ' rl:lr:l(IO.\US (fall in !;_\'tOll(.• l)rl.'S 

~un.· of > 10 llHll l in wilh inspJratfon) art' suppm11Vt'. lhc: 
<.:hc.·M r:ldiogr:tph lh.·rnon:-:tmle<i :111 t"nl~u}.,~t.xl c.-ardi~u· -,ilhnucllc: 
("w;Ucr hottlt: hl'O.&rt'"). and tht> dc.'\·frocardiogr.tm dt'llMm 

MrJtl' tiectriG.ll alh:nuru.. whirl\ ~11t n1>n:sc.>nt '''ulgjng nf 
the b."".tn \\.ithin ·' 1.il')..'l' pe.Tican:li.ll ~"fhl'lon.1hi."i p;lll~"l\l.lbo 
ha"i C'IU))r:l\'elltrirulal' t,K'hVt'ardi;t. 
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·lht• JX7k:an1•um in <.Uiblri<.1i\c.~ pc.-rkanJHi' t.. ri~ an<.l 
'illlntnmt-\liant. n."'ullin)! in a lvfal c:.uc.l1x: \ulunK' tlul i-; 
l:lf'l~dy ri);;t'd. \t·nlrkul.u Hllingtx\'UI't mpidh in l\lrl_\ diao;, 

lult· ;uld tt.•rmm:llt'' ahrupth nl-;.lr I'll ILl lh:.lSiott~ owhu~ lo 1 hl' 
p1,.'rk;u\1Jjl rcsllilhll lhl' ju~ul:tr Vt'llllll't pressu&'l• is t..'l< . .'\'ottL>d 
ln ew:ul) ;.1l1 pali,·nh. v.ilh pnunhlt..'nt x and 11 tk"'iC.'C:nls.. 
'11\''".·'' findinJ.t' ch.ll .tlso mo~.\ lx· ph-...:nl indtk.k a 1-.:rk.u 
dial knc~-k.. puJ...m. t)31"'Jdo\.u .... pkur.11 dfusion. t'HIIh't..-slhl' 
ht·p:uomegah: omd ~X'laJ)hl'r..tlc."tlt-nu or asdtl'!'-. In p;,ll it•nts 
with 'ong slamJin~t <.'orhtricti\'t.' pc.·f'it.·.u·dilis. lwp:Hic.,: f<tilurl' 
and drrll<~l~ mJ\ ht..• prt.''l'nl l't.:ricmti:tll-onslriL'Iion v~toulcJ 
nol k.·.uf to a loaJ'lt\.· t.trdio.t<.· ..,.ilhcJU"-'th· n: dt"t.·tri<.~ll Jlkm.ans. 
_., ,._"t,l in thl' J.XU 1t'f11. 

l~tit~lt'> vnth Sll·_ h:l\'t..' inn~;..l'ot"<l rbk for \l'llOU' 1 hrom 
h(H."tnholi(· disl'thc:. fhe l~k'<'lrU<...u'(.ilogr:Hn In unlit.-' purnw 
nJI"\> t•mholit;lll mosl (-.>mmonJ:!, tl<.·mnrl'>trJtcs \oinus loldl\ 

lJnib hut 11\.J.~ ahu shcM a '"·'" t1mlplt:tc.· or ir'k,,mpkh: 
rl):lll huncll~ hr.snt..·h bl<M.'k uf .JU !')l(J:H:~ ~Ul'TT\ (pmmir"K"nt 
s \\J\t.' in lt>:ld I. <J \\:1\'e in k;,lll Ill. :md im-t"Ttl·d 1 \\,1\Y' in 
lc. .. u.J Ill}. An<~nlot~(.'dglobufat IJt..·urt cmd"H''S1 ra<.liogr:tph :lnd 
c.:IL'\.Irlcaltllh:nulh on l'll'Ciroc:.m.Jiugram :1n• nollt..·mun•s. 

P·.ttit.'nb \\tth Sl.E may h,t\C pu1mon..try thn,mbo 
c. nth •lk· di~..I"< 1mlmonary \\."Hu <K't·lusi\·.: c.h"l":l-.c. or 
.J<.holllL"<.-d inte-r.lrlial lun_g di""'-"J""-" \\ilh h}lle:•\c.'nlfJ le:1cling 
((> JHIImon:ll)' h' t><.'IIL'nsion: h<•v~~.·vt.•r. '\.("\l'('ft..• ~vmJ)IOHl<ll l<.' 

pulm1mary hnwrtt..·n-.ion is mon.· t..·ommonty ~lssod~uccl \\ilh 
st..:lc.·rotf<:nn=t or OU\l'd f..'tmnc..."(11vc th-'uc dise:.lM.' . .-\n t•nl:tr,!!t;_"(l 
f~lobui.Jr hean nn t...'h'-....._ I"'Jdiu~r.tph wuuld bt: \.mliJ.,d\·. and 

Lt.' ·h.•t:lnx:-an1ic •r.1m h likdy 10 c.lt..-rnunslr.lh~ .l riJ.:ht axi-s 

~k\"l,ttiun and ri~:ht \"t..'ntrkutar h) t'H:11mphy hu1 noltk"t:lri 
tJiolhl'rn:ms. 

KEY PO I NT 

• Hndings of COf1Rl'»>ion. hrtl<>l<-n<lon. pulsus pard 
doxus. cnlal),'i.'<l t-:JrdilC <llhouctte on dll">l rJdk> 
HrJPh. and t>IN:-tricaJ alteman.s un d('clro<::&rrllogr.ml 

supporl Ch<.· tUug:nosis of cardiac r:tmpon.'l<.k·. 

tliblioj:rJpby 
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lt em69 Answer: B 

Educational Objective·: E'\"'3luare a patient with 
i.nl<:ml<.""<liate cardiovascular risk wilh (•oronary arlery 
C'.llclum scoring. 

'I hi< :><ymptomatlc potieru .>1 intermt•tille risk IQr <'OI'Onat) 

""'"'>' disl.'asc t-an undergo <vn>~UI) anery <"ldum (C.\Q 
~ning for fur lhcr risk ~rJtilit .. llinn. l ie h.1~ ::m lnl<.,nedtate 
rbk fhr myoc~u\U:.al infarction :.md t>tmmary dt?Jth (S'Y.~ lO less 
I han 7 .. '1'%, ~<ut'l~l<'<l by the Pooled O>hort Equ~tl<ms) Among 
thl-.c l"'lients. l'unher ri<k stmUIIto>lion <-an be helpful to 
idtntify Jl'ltients "'"'\\ill benclit fn>m pritn.1!). prwcntion, 
induding <tatln th<TOI'}: lhe t"\'Jiu.u ion of o;ulx'UnK.':II dis 
c:l '<' w ith C:AC M.'Oring is not ;.1 <.:om pom-nt ol I'OUiine 1islz 



a!:>Sl~mt·nt. and t'Oil.Sid t·ration is f('St'rVt'tl for \.\.fht'n the r<.::m)l 
is <'X!X'<'IC'd to lead to ;1 change in m;1n;lgcme nt ba..:d on 
patient red ;lSSiJlcation to ;1 lower- or higher-risk group. A 
CAC seorc of :Joo Ag;ltston u nits or higher or a ocorc in the 
75th percentile or higher for ;lge. sex. and e thnidty would 
redassif)t this p~lfiel'lt :IS high risk and prompt inili~lliOn of' 
prlmMy pre--entio n thec:~p)< Other f.1ctors that can help guide 
risk reclassification are a n IDL cholesterol level of 160 mg/dL 
(<1.1·1 mmoiiiJ or higher, evidence of other genc·tic hyperlit>­
idemias. f..'lmily h istory of pn:Ol.')ture corort~lry arfcry disease 
(;:~ge <5.) year.; in ::l ttr.;t degree m;:~ le rel;:~cive . age <65 ye.ors 
i n ::. tirst-degree tem;:~ le r el:.ll'ive). high-sensitivity C-re~1ctiw 
protein level (lf2 mg/1 . or more. ;:~nkle-hmchial index les.sth::m 
0.9, or e1f'\'ated l if~rinw tisk fh r C'3rdiov::tscul:'lr d ise:ose. 

Physiologic lests of r-onm:ll),. perfusion :tre nor indk:lt<'<l 
he(-ause this p:ltient is ;:~symptomatic:. F\nt hermore. ade 
nosine (':lrdi:lC m:lgnetic resonance im:tging. exer('ise stress 
echoc:ndiQZr.lphy, ~nd ph;:~rm~cologic nucle.'lr str~s resting 
:ue not u sed to reclassify risk ::.mong asymplomaric p:-llienK 

Ele"!led I<'Vels of lipoprote in(:J), a suhtype or I.DI. 
cholcslcrol, htwc b('('n ;.lSS(X'i:'lft'd with im-rcasc:d risk for 
<.."ardiovascular d ist:asc, especially coronary ~trlel), diS(.-asc.:. 
I lmVt_'\rc r. I his marker has noL hccn C\t'<llwH<.:d for purpos<.:s of 
nx:las..'i:ifk a lion of asymploma li<', interm c..'tlitl l<: risk J);.tlicnls. 
Addilion ally. I he :lOI:l Arneric:-ln Coll<.og<~ of C.1rdiologJ~/ 
Am(-'·rican IIE"aT1 Assodation choiPsteml trt>alnw nt guicleli n t> 

docs no I addn.::;;.-; whether lip<)pn)tcin(a) is tlsciUI for guiding 
(r<.""..llnw nl ht·<.·aus<.: <.--:vident'C iscurrcnlly insuffick nl. 

K EY POINT 

• In pali<'nts with an inlennc·dl"'le 10-ye~lr rlsk tOr ath­
~rus<:leroti~ t·ar<.tiov:.ilKu1ar di::;ca::;c. toron~U'Y ::trlcry 
~tlcium scoring m:1y he used (o fu rther tisk-str::tti ty 

patients to guide p1imnry prevention therapy. 
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Item 70 Answer: A 

Educational Objective: Tre-.tt hcarl failure with r(.'()ucc.:<.l 
ejection fi·aclion wilh fj-bJockcr thcr.:tpy. 

.. !his p;o~l i i.! lll with hear[ fhilure with ITilUC.:('d <.:j<.x:tioll n~\etioll 

(I I FrP.F) should be started on a ~block~r. :ruch as bisoprolol. 
In p::~tienls with hean failure. (•ach fhllow-up \•isit should 
ind ude <''V:'~Iwu ion for progrc..'l.-sion of ht--art failun- symptom:;. 

a!-.'S<'ssmcnt of volume sl~t lus, and a review or the p~_\lienrs 
medi<~•tions to t·n~urc ~ru idcline-<.lin.."CICd ln.··almenL Optima) 
ID('tU<~~II hcmpy in<:lutks an 1\CE inhibitc>r. ~~-bl<)ckc:r (S{>c.x:if 

kaUy. meloprolol suceinatc, carVL'tlilol. or biSoprolol), and an 

:lhlo~leron{~ ;.Jn (t~~onist (in symptomalic IXllic-nl~).I}-Biot.kC'rs 

improV<.' r~modding, im.:r( ... J.S(' cjcclion fr.:tcUon, and rt·duet.~ 
hospilaliz.rtli on amJ m(u-lality \"'hen added LO ACE inl1ibilor 
and diuretic thempy. jl-Biocker a nd ACE inhibitor Lhempics 
ar~ indicaK"<I for all dasSl'S of h<:arl fil.Hurt'. jnc.:Jutlin~ Ncv~o' 

Answers and Critiques 

York H<·~lrt 1\SSOd~lliOn fun<·tional dass I. lhis patient was 
discharged from the hospital betorc initiation of fl blocker 
therapy. ;1nd he shot~<! be s tarted on bisoprolol now. 

DH1io11..emand V('r:J)>-lmi1 arc ~ls::;oc.:hatl'tt with \"-rorse out 
comes in p~lticnts 'iVith I LfrEE 3nd lhL"&" aJ:.'ents should not 
be used ir'l t h is population. If t'~lkium t'hmme1 blockers 
are r'le«'SS31'Y for hnK"'rtension 1rc-~HmL·nt. mn1odipine or 
tetodlplne have been shown to be safe in pat ients with heart 
t:-ailure. 

Aldosterone am.-1gonists (spironolactone. eplere none) 
h::ave bee11 studied in parients w ith he!ll'l l~liJw·c and New 

York lle~ rr AsSO('i:nion fun<'tionnl class II to IV symptoms 
~nd have heen shown to reduce mort:11ity a nd morbidity. 
lle<:>use of the ri<k for kidney dy.;function a nd hypcrka 
lt-mi:1, thes~ rlmgs shm1ld be used only In JXtlierHS with a 
serum cre~tinine 1<"~1 helow 2.5 mg/dL (221 ~unoi!L) in men 
or below 2.0 mg/dl. (176.8 J..llnOI! IJ in \\'Omen. 3nd with 

:1 sem m pot:lssium le-vel helmv 5.0 m J.:q/ 1. (S.O mmoJi L). 
'fhese <I rugs :lre not as (-'Uective as diureri('s ::.t the doses used 
in hear! r:1Hun .. ther:tpy (12.S 25 mg!d thr spimnofacwne, 
25- SO mg/d lbr cpl<·renon<-"). 'Jh(· palient i.e; asymptomatic 
now. and spironolrtclonc is n<>l imlicaled. I fit were tnd i('ated, 
i l \vouhl no I be ad< It>< I un lil :1 f1er upl ilr:ttion oft he f) -blocker 
and ACR inhibitor doses. 

Angioten~;n rec-eptor bl<)(:kers (ARBs). such as losartnu. 
:ue :-l suil'ahte a ll·e rnative to ACE in hihltors tOr the fteatmc·nl 
of I IFrEF and ofl€-r similar morbidiry ;;~nd mortaHty benefits. 
In palit.•nls f:.tking :ln ACE inhibitor, the prim~wy re<lSOrl 
to swilch lo om ARU is Act·: in hihilor imltwed ('ough or 
angioc.•t.k:ma. Caul i(>n should hc t.'X<.:n.:iS<.:<-1 \<\lh~n S\ovil<:hing 
p:-l l i<~nts to :m ARn as a r<-s.ult of :mgioedem:) hec::lu~e this 
side c l l(i(·l h:o~s b(-"t"ll rc:portec1 \<\rilh AR I~ thempy a~ wel l. 'I h is 

patient cfoes not h:lVt" side e f1t>crs that would pmntpr S\Vitch­
ing an ACE inhibitor to :m A I{ H. 

KEY POINT 

• in P<llknts wilh ht-art faHurewilh rt·tlttt't·d (.'jl'<.'lion 
fr:tction, P block~rs improve remodeling. in crease cjcx· 
lion fr..t('lion. and n:ducc h<Jspil;,llizati(m and rnor1ali1y 

when addt·d to ACE inhibitor a nd tliurelie lhempy. 
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It em 71 Answer: B 

Educational Objective: Treat a patient with multivessel 
coro.n.a.ry artery disease and left \o-entricuJar dysfunction 
with coronary artery bypass graft surgery. 

lbc mosl ;;~ppr(lprl.:ne lrearment is ccn"QI't:lry a rtery bypass 
graft (CABG) surge1y. Tllis p<ltient with tbree vessel coronary 
artery ctiseasc (CAD), left vent ricular dysfunction , and l)'P<' ~ 

diabetes tncUitus has symptom~ of heat1 failure and angina 
despite optimal medical therapy. In patients with multiwssel 
l'Oromry a.rLClY disease. m."scularization "-1ill CABG results 
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in dcc.:n.~"bt'tl n:'(:um-ncc of angina. IO\\\'T rnt~ or Ol)"Clear 
dLJ.llnf.ln:tion. and fc.'\\\.'T rep("".tl R"\'"dSt.'\dari.t .. ltion pnx.'t'thJn:'' 
compan.'<l " hh )Xr<:ulaoc'OUS <'Oronal)' intc" Ultkm (I'CI). 
Unlike I'CI. CABG >UfKCI) impf'O\'CS survi>'JI in p;llic-n" with 
ieft main or 1hn.x- ''-~1 C:~D and i!. rc·•tnmmcmkd to n,"(IU<'t" 
mof1nlity In 1 h<'SC hijdi risk patients. CAI;G SUT)..'<'I)' hu' ul"> 
l~n .;hown ro i.JnpM..: symptom~ a nd ~un iv._ll in p::1t1cnts 
with Ischemic car<liomyopaU>y. Long term li>liow up nf the 
STICI I 1 >1al dcmonstr.ncd a ourviv-JJ <ldv:mtagc wil h C-All< ; 
SUI'gei'Y rompa 1·cd willl mcdic:al lhc:~tpy aloru:.· t•m o ng pal lt nls 
with multlvcsscl CAD and ~v<:r'-·l<:£1. v..:11lricular dysfunc:lf(ln. 
i\ddlll<)l131iy. < :AIIC surget)' hasconsistcnUy be-en shown w be 
Lhc superior rcvnsculari7;;ttion str'Jll'K)' in f.Mlklll\ wllh diu 

bctc.os :and nmhi\'e~l disease '"'·ho require rt'V'.btUIJril.o.tUnn. 
Tl<:agrelor is ind icated as a component of duJ.I antii>I:Uc­

k:ttbcl:lpy following acme coronar) syndrumc. n.wn:lk."' of 
whl-ther percutaneous corooary inten'\:nUon b J>erfumll.:d. 
H0\•'0\-er. there is no dear role for the .>ddil~<>n of ti<·JJ:n:lor 
m this patlenL 

Thi; palil'llt ha< two separ.ue indications lOr CABC 'ur­
&\'1): (I) mullivt">-sel disease and reduced eje<:1ion fr.~t1lon .md 
(2) c.lkllx·e<.·~ wilh tom:omitant mu1tives~l disea:,..•. P..Uicnl$ 
wllh lllcsc lndicalions who undergo CAll(.; h~•oe impt'OVt'<l 
surviv.ll (:omp:m..·tl w iLh patients who receive only optimal 
mcdlcnl lhcmpy. Therelbre, continuing this patient's mcdicnl 
lhcmpy without fU11her inrervention \VOuld tx: inappmprl,llc. 

KEY POINT 

• <'nmnnry artery bypass gran •urgcry is rct~lmmcndcd 
10 hnpmvc surviv·.el in p:'lfients with mult lvesscl coro 
noll') artC'I)' disc.".asc and left ventricular d)''$(unt•tJon 
• and IXltknt> ,.;tJ, diabetes mellitus and mulli,-eso;el 

""""""'· 
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ltom 72 Answer: D 

Educational Objedive: Treat symptomatic prcmuturc 
ventricular c...'Ontmctions. 

C~theter oblation is the most appropriate lll.'lll<lj(\:lllcrtl ul' Lhb 

patient with frequem sympto013lic premature w ntrk·ul;.tr 
contractions (PVCs). rves are rommon and o<xur In up tu 
75' .. of h<':llthy pcr..on:. In til<: abs<:U<'\' or h4;h r(:,J., fc;ttun..-. 
(syncope. a flmily hist()(}' of premat=sutl<k:n <;ln:loJ<: dt·Jth. 
stiU(tuml hean d.iseas.:). n.-as.ur .. rK-.: i> olkn .appro!)r1Jtc 
m.1~ment. J.:or patients with botlx:NUmc p.!lpHo.tUorn. 
the lnlrlal diagnostic rest is electrocantiogrpby (ECG). If the 
dl:>.gn<><l< I< not estahlished. 24 to •tS hour ambulatol)' ECG 
monltMing I< u<ed ro d iagnose and quantify U1c fn.-qucn<y 
of PVC.< and determine whether they are monomorphic or 
polymorphic. Symptomatic or frequent lllOllOillOI'Phit· I'VQ. 
(>JO.OOO PVC< in 24 hours or>lO'~ of all bears) require further 
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e'\':'lluotion :lnc.ltn.-atment. E:wn:i.-;e ~~ tc..-,.ting C".tn lx: US(.-d 
ro t'\":lluare !he patimt for ischem~ and aS><-ss tltc n:sponsc 
of PVCs to exercise. In addition. patient> "ith fn.-qucnt 
P\l:~or po~moll'hi<: 1'\'Cs should unde~ (•t:ln:an:lkagrJphy 
or othe-r C"J.rdiOV.sS<.War imaging (.~th as t•Jnliac magnc.'lic 

rMO~r\C'e imaging) to t-"\'altmte for the J) f\.....,._'Ut\.· of st.ru<:IUraJ 
hr :lrt disease. Up to one thin.l o f pnllcnfc; whh l'n.·quL'nl PVC.r;; 
l""' dt'\'l:'lop PVC indut-cd can:llumyopathy and progrc·ssiw 
left ventricu lar dysftmc..'tion. os dOCUilll'IUl'd iu this pat ient. 
1•1rst-Jine lher.lp)' lor •ymptuomoi iC Or fl'('QliCnl PVC' irod udt-s 
IS hlockers or cafdmn cll~uu1c..'l blockc1·s. l~li C'm.s with '-'(.m­
tinuect t"rf'quent PVCs ck spil< . .' tnt..'tllt-al t·her.11~' or tllu~K' who 
d<~'<'lnp left venrricukar d)'sl'un~tlon should undergo caU>ctcr 
ablation, which ~1\oe> mO>.t """''of PVC Induced left vcn 
tri<.'Uhtr dysfunc:tion. 

Amiodamne ls usual)) etl<-cllw In ~uppressing PVCs; 
hc)\\\'!'\'ef. it carrie:;: :1 high ri::.k for adverse eff'ecrs anc.l end or 
~n toxicitia.. lherefore. :~.mtot.Llrone i.; bes:1 3\'0i.ded in 
}'Olinger patients. ·~uch :,1c; tha~onc. 

1his patient had a <lructurnll) norm:JI hean and no 
widcncc of isctK'Illia on <Indies IX'tfOm1L'<l I year ago, and 
~hl' hal) d<..'\<clopcd no new symptom~. Tht-rcfore. cardiac 
t-alhdcri.l'.al ion is no l i nclic:llt"CI. 

CanJiopulmonary exercise t1.."Stin.u, ind udes assessment 
or rcspir<~ tory g:1.s e x<·hange during trc·udmill or h icycle e xer 
d sc l'hr a m or<" det:1Hed :lSSt.~Snu.·nt uf ft.mc[ion;;ll capa<'iLy 
and d iffcR-ntial·ion bet\oveen potent ial causes o f exercise lim 
itation (cardiac. pulmon:1ry. or clt'C'()nd itioning c:tLL~e-s versus 
voli tional causes). ll \\l>UI<1 not ht:" lh~ lllOSt appropriate ne~'l 
choi<:l' in a patient with :. kno·wn dec:'rt;l.M: ln ten ventricular 
c:jc.'Ction frdc·tion and fmru("nt P\'C~ . 

lEY POINT 

• P:ui<.nlS \\ilh premature \'lmtrfcuLu cvntrncUon­
induced. crudiolll)O!)ollhy 'hould be tre:ued wlrh c:nh­
t.'t<.'T ablation. 
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Item 73 Answe r: C 

Educational Obje~ive: l'n."..ll mltrJI regurgJiatlon with 
frolnsc:.Jtheter mitroll ,;,a], c: n:p:.nr 

lht· ruth.! appmpriaft Ill'\.~ ..Jt p in nt.u~mc.·nt is lr.m::.t:ath 
d'-·r mitral \'31\t.· R'fUir. \t'Uit M'\ttna nu1r.1l rt-gu®tatifm is 

ob'4.tc.·i.akd "ilh p;.1pi11.1n rnu"'e.• mpmr~ folio\\ mg ott·ute 
Ol\1K.;J.ntial infaocli4m. tbll mllr.d \:tk't' (di..._..,.. .... l.ation of t..he 
\:.tl\ l.' lt-a0l.1 from I he.- dtonb.•l •• ull.l h\lt"l tk't" c-ndnc.-..uthtc. 
\'\Uh k~.aHt·( pc..'Tfor;11 ion. lhc.· ~udtkn l:111:t• \nlum .... m tht• k lt 
.urium ;.md \'t'nlric..k J\."')Uh.,. lr u pld i n~ n·.l'-t'S in ldl \ (•n 
lricufar c.·nd di;J...,tolk prt...,~UI\' Jnd Jd c .ltn,\1 P•~un.". which 
ll\td w d t'\-alcc.l pulmonJ.rY ,Jrkry Jll\ ..... , m-... ;llld pulmonol.J) 
t•ckma. 'fhl' climiui:-;hc.·d ld H 'nfrkular :-;trokr vnltlll'K' lt~ub 
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CJ tohypnh:l"'km.anc.I~I .. JC.k..ll\1inili\"el~ for s<"\'lffntln.l! 
n."'glnp.it.uiun h nutr.al 'atw -.ur,:a.'f)~ P:uients \\llh ~lCUtt." C>t"\t"''\' 

CON1 mitral ft"glll').'il.ltlun t~ p~:alJ) require ~nt surgery .lfl ... ·r 
hemoctyn;lMI~t: 'd.ahil •l~lhun. Positive inotropes. \'l..~ll l.uur.., 

and d iun ·tk':\ .11\' ortl'll u"';"ll for ~"\'tnptorn tumrol .met ·'' .1 

bridge lO (:~lftl i .. l<: ''11)',\'1'). \tcl'holnic.~J.l suppon (ft)t t.'X:lmplc, 

''-'irh :m i n I rJ :.tu rti(.' IMIInon pu mp) may bt: required ht•f(,n• or 

d uring \";ll\'l.' n:pi,U.\.'lllt'lll. 
'1\vo sur,.:.k·~l l option!) are available: mitml "~1 1Vt .. rt•Julr 

and n1i1ral val\c rqJIJt'~lllflll. \>ti l r::al valve: rc.·p;1lr is typh·:lll\' 
prt'ftm·t'd In , .• ,1\c: 1 t•pl;~e.,·ment het'tlll~i.' il is ~·w~ocLited wilh 
hf"tler dlnic:al outc.·oml's. l\ nonop<.Tatht' procedu~. tr:m 
SC':ll hc u:r mll r.tl , .. 11\'l· rt.pair. is indicated for o;ymp !Om :lllc. 
p:lli<·nt ... \\.ilh tk~~c.·nc.• r.u h:e m itral tl-gurg il;:tlion \vhn J rc.· 
:lt pmhihlti\C 'tlfRit.·;JI risk. ~uch as lhiS.{XUiem. \\ith I hi' 
lf'<·hnitiUc.", the.: ruitr,ll valve is plicatt.'\1 using :m :1ppnJ; th 
fmm lht· fc:mur.tl \t'in. In cxpcricnt'Cd t."'t~r.tt"rc>, .. ;ut.'t..'l.~' 

r.Ut"!\ :an.- .tppntdnt.ltd\ Q() • \\ilh pllX."\."'d.Uf31 mun.llil\ o( 

Jppmximatd> 2 
C.ontinuuut th( .. p.Uil-'Tlt'~ t·umm mt:'di<':ll lhN:.lp\ ., 

in~tppmprl.llt.'. o\4. tilt.' "-t."\\"rt' mitral ft'l::UJ'git:nion is an t.'nk.'r 
g"-·n t..), ami p1 olllp1 mitml v~lhl."n·~.._t lror rt>pl:locmc nt 'ht1ttl(1 
hi.' t"< >lh idt.•red fo 1 a ll patlt·rll'··· 

KEY POINT 

• rmns<."nliH .. 'lC.:r nlili'OI \o-:llve repair is im.liC~ted fit r 
!U'tnplom~lic · rxuk nll" ""'ilh <kgcncr:.ttive mitral regu r 
gif:Uion ' "'hO ~ln.' nOt c;;urgiC':ll C':lndidcll~'$. 
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Item 74 Answe r: C 

Educational Objective: Tre:>t a patient with p<:ripherol 
artery di,..,a«: wllh stalin thernpy. 

·1 hl· mc)SI aJ)pn,prkllC I n:nl mcn t b h.igh.-lntt"nsily a lorv..lstal 111. 

•this ()Hf ic rH w llh «.:l .. tud ication has an an kJe-hr.tC'hial indt.'N tfl 
less th:1n or c.:qw.ll lu 0. 90 on the right side .. whkh is cli:·IJ.tll(J'il ic 
thr pc..:ripht'l'(ll an<:ry d isease (I'AD). Pt\0 iscon'\icl<'rcd a fhrn1 
oC dinical ~1liK' I U~clci! I'O i ic l'tH1.liovaS('UI3r dise:lSC (ASC\11)), 
ami a. ... sudt, this p::uknt :,houJct be s1:-1r1ed on st't.•undary 
pn.'\C'ntion thl·mpy. Additional fonns of ASC\11) inducl<: atut~ 
rorun<tl) \)'ndrome. hi~1oryofmyocan:Ji:.J i n f.1rc1ion. ~table or 
unst-'bk· Jr..Wn.a, ('Omnary or ot.bcr orteri:llreva..q'I.Jiari7..atiun, 
sam&.J:. or tr.tJ'bicnr ischemic: anack. P.:Jtients a~·d 75 )\."31'S 

or>'"'""'.,. "lth AS(."\' D should oc slarted on high-inl<·n,JI) 
stalin tht·r.aP). unJess a <.vntrJindicmion exists. Optic.KI!<. fo1 
high-ini('IISily <;~alln tht.Tdl)} include 3fOf\':lSialin. 40 mg d or 
80 m~ U, .. nld rosuva.~aLin. 20 mgJd or ·10 mg/d. 

Pruproh,:in cnnv~rta~<.· ~1.1 btilio::in/kexin type 9 {PCSK9) 
inhibilOr:,, such as t:volocumab. ~re a new d a . .,.-, l ; f nlt:d i 
t:<.lliOib lhm d l':lmatk aHy d ecreast" LDL choll-sl<.:rol ((·ve l~. 

Pf'$K<J ill hibltor~ mt: t urrcnrly :~ppmv<:d as adjtt l'l~·l iV<' 

.~~.~~~rs a nd Critiques 

lh<.TJJl) lo diet and maximally 1oler:n<d <lllln lhcr.IJIV in 
p.tlicnl> "ith f.1milial hy~-rchole<lc.>mk-mla ur l">ldbli>hl-d 
ASC\1). TCC3tment \\,ith t."\'OIOC'Uill:lb h:l\ h<"t.'fl oa~iJlt.'d 

with a n.."Cluction in the <."'mposite 0\IIC'OMt• of (.OirtliO\-"'d....,­

c.:ul.lf tlc:J.lh. myocardia) infutttion. stml..e. ht"pit~alit..Ji ion 

rvr t.mst~•blc angina. and <:oron~ary rt"'\':'1.'\C\II:lrii.;Hion but nol 
tan.liOV"J~'ul;Jr rno1i a1ity or alJ-c-:m~ morl:llity. 

Etctimibe impairs i n test ln:.l c·holc.·SI(.' I"UI ah:-~orplion. 

n:sul ling in :.t ~ignifi<:ant r<..xtuction In I.DI. c.·ho l4:,lrrol il'v­
cl~. Sc.:\'\'nll t rials have shown clin i("!ll h«.'IWfll when cze 
t hnilx: is :-~dded to stalin then.lpy. I IOW\ 'V(.' I', I hi" pat ient i::; 
tiOt yet laking a stat ia ~u1d t'?.etimih<· is nol ;tpl)n)l)l' iatc :.lS 
Jnvnotherapy. 

Moderate in tensity o::t3tin lhl'f'dJlV w fch prJ.v.:Jst,l li.ll 
is nol I he firsl choice for p:>li<•niS "llh cllnl<.tl ASCVD 
bt'<:'ause. high intensity sratin tlwr.tpy offc"' ''UIK'rlor bene 
fib in patients aged 7.5 ~rs or )UUn~tt.·r. I~JIIt.'flh nldcr lh..tn 
75 years can be: <.unsi<lered for modt.."l"Jtc lnlcn\il) :.IJtin 

them!'): 
Allhough this p:llienfs 10 )l-Jr rhk fc >r ASC\'D • • \S cal 

r u1.Jted w;tng tht~ Arneric:m Coll<.k><.' or t ..anliolo,.o: Am<.•rican 

l leart i\!isc.x.iation Pooled Cohort Equ.Jtion:,. i~ lower than 
I he thn:~hold of i.S\~. thr i nitb1tion uf prilllMY prevenOon 
~tatin tht •r..JjJ)'. she shoulc1 he ~t :uted on h ij.th· in l<.·nl"ity stalin 
I heo-.tpy bec:lliSc.' of he r PAD. 

K£Y POINT 

• PutJcllls with peripher.1J artery disecu;e ~houl<l ht' 
l rt'~Hrdslali n lhempy. 
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ltem 75 Answer: C 

Educational Objective: Mom age end stage heart fitilun.: 
with u leO. ventricular assisr device. 

lhc most approprhHt: manageml·nt h ldl v~·mrlrul:lr :l'i<iis:l 
dwit'C (LVAD) placement. ThiS P<lliem has ""'""" sig~" and 
'i}'IUPloms of advanc.'l.od rcfrcK'tOr:Y he:.n f:l t1urt-.. tndudin~ "\it \1\ 

litrk Heart Association (N\1-L\) funroon>l d a" IV "mplolll> 
d<.'l>llc Vl)(imal medical lhlTJI)'I. 3 lol' «xlium k.wl. \\Ur.l 

c..ning kkl.llt:' function. Jm.,· pube p~..;;ure. <·uul t'\ tn:milk. ...... 
.tnd n.1)l'3l hospimli7.ations in I he l"tss I> momh,. In p:~licnl> 
"ilh end >!age heart fail= . :l<h~nced ll'(':Jinl<'fll'- lndud 
h'l: <oudi.t< lt'Jnsplantation or m«h.1nlc:d d n:uluorv ~~~XJ<t 
"tlh an LVAD. should oc l"'lsklered . lhl' p;tlicnl J, J guoll 
c.ul<lkl.llC for an L\ '.\0 as O('Siin~rlon lh<.'l':lP). l'l.x.~11'tl'f1( or ,1 
C.'OHt.iJIU()ll:) flm.\• I ~~\0 rt.'thK'1.."S S)' ll'lptolll\ and fmpf'O\'<."i \UfVi\'tll 

l~Jlllpon:d with medical lh<:r.lpy In IJ(lliC'fll ' "ith ""I sl.lh"C ht.c.trl 
IWIIU'C. Although LVADs inc!t':lst' <;tmiv:li r.t lt .. -.. lhw ,In: a.,'>OCJ 
ttlt.'\1 wiUlserious<.·omplil'ations .. lnduding lnrc.,'(·tlon, ga.o,Lroinll-~ 
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Lin<ll hk•(:dif)(,.t. '-lmkt·. :'mft pump thrombus. All pal ients w ilh 

pn~n..ossiVt" lw:.n fhllnl"t" ~yrnpcom.~ ~huu.ld be engaged in a 
dis(.·u..,.....,ion :•bout 1 h{'ir pTonllO$lS. 11\":.ltmcnt options (including 
ho>pic"C). and the ri'k.< ;md benellts of <"U<:h therapy. 

\..anli~K· "'"'YTWhmnf?~liOn thcrJpy i~ indicated in 
patic1lt\ with an <i«:tlon fra<1ion k..._, Ulan or equal to 3.'i· ••. 

~YHA furK.1k»ul dh' I lin 1\r ht-:ln fa.Uure ~:vmptoms despire 
gukldin~ din.-.:1<~1 nx•lkal th<-mfl)~ sima; th)lhm. and left 
btul<lkbmoch hl<xi.. -.ith a QRSrotnt>k->.uf ISO msorgreater. 
llli> l)illi<.ol doe."'" 111<"\1 th" c)C('trocaniJow-.q>hic criteria. 

wrdllc trJn<t>l>llllillk>n .... mains the gukl >t.tndanl I her 
3P} for J)atil."fl(S \\ fth Cnd \l.'lgt" h<":trt Jailu_n:_. Jndk.-atkms for 
c.-unU.te: tr.an-.. vl.mt;allnn In 1ht"'14· P,llit'fltc; fndud(.• age younger 
rh.:tn 65 to 70 )l"'Jf'o, no rr'k"<lkal rontralndi(':.IUons (diabe 
res ·with t:nd o~n compii<-;.Uion.\. m,''llig,tl.JO(.'I<."S '"'ithin 
5 y~;;lr~ kidm .. ·y dy ... rurK·Hcm. nltwrrhronic Uln<.~~ that ''-~ill 
da-r'-'.tst.· \ llf\' i\".11). and )tnod lo,('IC:'i:ll ~uprort ~mcJ adherence. 
llean tr~mo,;J)hmt Is ttmtr.alndk-:Ut'cl in this JXlti<.:nL 

1hb patil·ut h.t., ~l,t.tnilic.:~m l mlrml rer,urgJlatlon. most 
likely S<.."'t'Oildary to hl\dl ltHt.·d ldl wntrirle: hO\'t't."\cr. mitr..tl 
'v"alve rC'pail h unllkcl> lu ::,ut>:\l.tntially improw- hi.s heart 
failure .;;ympu..~m~. 

KEY PO INT 

• 11<lticnts wilh ('n<l St:lAC hcnrt li.lilurc shc>u ld be con 
~i<krcd fOr card inc I I'l-l n:,pl,'lllltllfo•• (lr mcdmni<:nl d r 
cukuory support wfl h left vt•ntrkul:lr n"si~l d<:vk\' 
platcmcnl . 

Bibliogmphy 
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Item 76 Answer: C 
Educational Objective: l)iagnosc pulmonary vafvc 
regurgilalion as alate conseque ne<o oft<'lr>logy ofl-.allot 
repair. 

The most likel) di.ljtno'" ;, '"''""'""'Y ,,. ... ,. f\'&\llgit~lion. 
which b the n\OSt t:ummnn ~•nx·1ur.1l di"iClrtlt"T' ~ltu-.g 
from tetrJio!l) ufF.l!lut (T{)H R.1J<llr. <linbllioding< lndudc: 
fe:nurcs or ~u IM."'J.fl \ulumc (J\Cr1o.KI \\ ilh a paraqerrlJI 
lift :md 3 c;oO <;)"~<>lk puhnonary nulfk.M munnur. A singlf" 

s_, i~ heard bemuse pu.lmonJr)' \'dl\c function t.. sacrilic't"<l 

during TOI' repair. TOF n:pulr lndud<., dO>un: u( thc• '"" 
tricul:tr 10epcat clef'-"'l'l anc.l n:lk:r of right wnlriC'ul.1r nutllow 
trxr obstruction. \-\hic:h In turn r'\."\Uih in pulmonary nogur­
gitation, causln~ thl" dioastulic murmur h<.'llnl :11 lhe lt.~n stt>r­
nal horder thallrH.·r'-';t')(."\fn fntcn,ity wit h im·;pir.Uion. "I hi~ 

patienf s dl<'St mdi~r~ph dcmon, trJic., cvit.k-ncc· or pwvious 
s:ternotom)~ a clip in the llli..'<.II .. L.\llru.am fmm cf(~ll l't' ()f th(~ 
Blalock 'thussl~shwu . o.l ri~hl ~ld~.,·,J uorth.· un..h (pn."S(.'nt in 2~·~. 
of potiento; \'1.1ith T<>l-1. ~1nd n~hl ht..·url <.'n l~lrgcmcnt (indi<:at<:d 
by a rounded Cll'd ln(' bon.t<.:r :md uplifCcd can.lia<: ape< as 
S(.'L11 on I he fmnml vl("\v and J'ulln<.~ In the rcln\Ntcmal :air 
SJXK'e ri>Jue fJrmw~l 011 f :l ll'l~l l VieW) (:SC<: lll j) or ll<.:.XI <.·oJumn). 
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These chC.$l raLliogmph finding~ :He (.'Onsislenl w ilh 
repaired T()f '"'ilh pulmonary regm-gir:ltion resulting in 
right beart cnlargcmt·nt. 

Aorlk rc..ogurgilatic.m inrr<'<)Uently Ol't.'LIN l:tte :lfter 'fOF 
r("pair owing ro pmgrc.~....-i\.~ :torric enl.tr~·ment. 1 he dkl)IOJil' 

lllWlllut of aortic: n::gurgilaliDn is gener.tii_.Y heard :u 1 h"-.. k·n 
~tcrnal bonlcr and dl"t:n--a~os in 1mcrhily \\·ilh h1SJ')Irntk>n. 
A riR;ht vt.·mrieular pruminL-nLooc \\.ould not lx; expected In .1 
patiem with JOrtic: n.:gu~il<:tl ion. 

\Htral stcno!;i~ is no( c.xrx.x·tl"(l to OC'C'Ur I;H<.· :ancr TOF 
repair. Pbyskal '-'.\amincllion f'inclings HlC"ludt.· im·n.·~1\ed 
intensity orsl J.ltd an dpic:al diao;,tolic· mumlur tholl ill(."f\"3...~ 
during expiration. 

R('('UJ'(C.·nt '"-'ntrk:ular~al <1<-fec-t can OCt.'UJ" in path:nt... 
following TOF repair. 11<>"<"\"Cr, th~ phy<i<·,,l ,.,.,mln.ltlon 
findings woukt indudc a '))'Slolic murmur ht":''rd .at the k-U 
stcrnal border. which ofl~n oblitcml<"> the !>1 "ncl s,. l!lght 
\'t:Tltricular prominen(.'\' \\UU k1 nul be e\JX'(1ed In ;.1 p.1ricnt 
with a recurrent vemrkular ~·~)(d) ddett. 

KEY PO I NT 

• Puhnon:al') n.:gury:;taticm. pn-sentlng \\'ilh a sing I~ S r 
" par.><terMIIift. ami a son syslolic puimonJry out 
tlow murmur, is t he most t.'Ommon "I ruc.: tum l d fo,;(Htler 
rcsulling fmm tf.•tralogy nf F:lllot l'epalr. 

Bibliogr~phy 
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Item 77 Answer: C 

Educational Objective: Ma_oage ~m .tbdom inotl aorlic 
~•n<:ul")~nl wiLh survcil.lan<.'e. 

'I he mos( ~lppropriafc ncxl slcp i n 1 he m anag(•nwnl of 1 his 
paUcnl w ll h nn <lhdominal aorlic anru~m (AAA) is rcpc:-lt 
aW orntndl :.Iortie uh~L<;cm(Jgntphy. 'I he opl lmJI o;;un.t:illanL-c 

frt."\\UCtU.')' fur .,l)xJornin.al aorlic a11~uf')"m I" t•orHrm'-.'rsial. ;-\s 
anC."UI")"rn ttJJX: i ntl'l"dSl'S. risk for ruptun: uJ~, int.:n:-<lSCS. H>r 
AAA.-., wUh a dLlm<.1cr smaller th:.m -1.0 c.:m. the$ \t.·dr risk f<>r 
Nl>lun: h ~ .• and some guidclinc.:!lo n.."(.."'I11R1Cnd .a qJf't."illctoc'\.' 
illlcf"\;_ll of 24 (O 36 JI)Onlhs. A -\As wilh J diallk..'(Cf lx1W'l.'t'l1 

.t.O tn• .tnd 5.0 t.m ha\1.' a 5-)'.\ tr nsk ri.1r ruplun.· or:i~. to Jrt .. 
;,tUll ~Uf\'l,.'t ll:mt\: iJnagi ng iS f\.'lUJILTIICU(..I\,:0 IHUI"L' (1'\.'qUCn tly 

{ful' '-'X\IHl p k, L'vt·ry <> lo 12 monlhl:l-). AAA.,.. with .a dimuch.:r 
bt..:L\\fl'l.'ll !>.0 tlllll b.O em h~tw a 5 )\.~J I ri.-,.k lw ruphuc: of2~~ .. 
Ont(.• tu 1 AAA rcadl<.~ 5.5 trn in rn~XHHUIH (.liamcl\:r . :-,urgil-al 
or c:nc.luv;.l~ulnr repair b \\\ U'r..ulh.'(l. vwhl•t to lh<.· c:kval<."<.l 
ri:.k tOt' d,..l\h d ue to aortic nl)l(we. R<.op.~lr b ~bo ill<tical<'\1 in 
po!i<.'flh \\ ilh S}f1lploms tiomAAA (.>bOOntiiLol lclld<.'t'U<.""> OC 
pain) and tllO&' with rapid expansion u1 AAA ,;.oc ~..s cn1 
)""r). lhl< potiem " ' ' han />v'l<\ with a m.1ximum diameter of 
3.5 em Clll he m:tnaged with sun't"illance ahdomi nal ultra.so 
nogmph)< li«nuse he is aS)•llptoma!ic. he docs not require 
~urgicaJ 1\ '1\lir '"Chis lime:-. 

Anmomlc imaging tests. suth tls Cl' an)\ io~mpby ur 
nu•AnCt ic resonance a.n.glography. ;Jfc hH.Ii< . .'tlt<."t.llo dcten n in c: 
the exnr t localion of the AAA (~upnu'\.'ll;,l l. juxt;,H('O~U. ur 
in frarenal) In planning for aortic rep.'lir. Wh('ll an A/\A does 
noc: mce• a he m:tximum diamerer rh~nld rnr repair. such 
as in this pollen!. anatomic imaging \\ilh Cl angiography is 
OOl uldic-atcd. Abdominal ultr:lsoll<)jU\Iphy is preferred for 
><:ri.tl 11101li1uring of an AAA. 

Pu.rMJins;t no further testing 0 1 imc:rvL'nlton would 
b<.· i11,1pp1 vpr iatL' in lh.i:; p~tlknt. An AAA ph .. ·c.U:,fx.>::>t':, the 
pttlicnl tu Jtl ckvatetl risk tOr aurli<.' J'UJ)t\11\: un<.l tkath. an<.l 
"'uwillatiW of the anem)<sm is retuOitllt ll<.k<.l. 

KEY POINT 

• l>:.l tirnts \•tith ~m abdominal aortic ancur)'\lll smaller 

th•n 5 .5 em sh<>uklundergo surwill3n<.'e u ltr.lSOn<>g 
rJph), with frt.'qocncy delcrmin..'\1 b) •neUI')'>'Il .U.C. 

llibliognphy 
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lte m 78 A n sw er: C 

Ed uc.ot ional Objective: f.\'llluate for pcrl\'31\,ular abscess 
in a patient with infective end<X":arditi~ 

Tr.u''''''1~L~':ll <'<'l~ •c:udiogr.ltll~ (Tt+J•, tho.•'""" appro 
pri~lll' cJi.lW)Cr,lk tt.'Sf ro petfonn 1lt'\.1. \ n;c 11'dhlg to 1he modi 
lic.'d l>ukt• <:ri1t-rin. rhis p::nit>n1 h:l$ dt'finilc t•ndoc::mJiris. \\ith 
one m;ljor <.·ritc,>rion (persio;tenllv JlO,iliw hlood <-·uhures, 
.lnd lhrt'l' minor crilt:'ri:;l (pn"dispnsimt \';llvular :1hnom1ality 

Answers ~!'d ~ritiques 

(hint'>j>icl -alw). lt'\t'T "ilh lt'tllpt'r.lltlrt' ~'II! '!')100.1 Fl. 
anct .. t \-a\C.·Hb r pht>nom<"non l t·onjUIH ttV.ll ht·morrhagt:l' 
( hl ph\·, ft-:11 t'\;lmin ation. ht· t\;1\ ~1 vdclt• pul '\c.~ pr<:'<~sun.~ and 
cvicknn· o l :l nmmmr of :lm'1k n-·~tmW1<~1 1nn, findings th:Jt 

furCht·r ' liJlport lhf' cliagn,~is . Addil lo n:dly. lite: c:h:ttroe.u 
diogr.nn ' "0\\'' PI~ inrerval pmtnnt~U inn, \\ hk h 'Should r~ 
SU'SpititH1 ltl f thl ' p rl"St'll('t' o f a pl'li ~lC)J'Cit· .~h-.(t"'"\ tha t h. im t'f 

rt:rinJ;: v.ith tht.• c._•onduc:tion \"\''Sh:m .Hld (',ll!~hl~ fiN-d~t"C 

alriown111nll:lr h.hx"k.l\_'li\~a.l\11llf .lho.c:l"" .... nuy be pn.~ 
in l(l In tO Uf(Xitients ''ith inft't11\t> rfk"I(";U'dllt' and t.lx 
"""' m.f\ ht· fnnhn hlC'W'aSt:•d in lhr~ ' ' Hh .1 hkt..;pid aortiC 
,.Jl\\·. ,hl· pn:fc.·rnxt im.:H;ng mcxla1i1y 101 t"\':llu;ltingpatJent' 
""il h ·' hl~h pnlt. .... l pmhabilih or inlt't' li\t' t•nt l~'l(':lnfiri<o or 
with potc.:ntb l complicanonsof t:ndm·m·dui' 1, I' FE, :ls it het 
tc:rVI'SlMlltc.·~ \\.'h~-·ta l i c m:-: and a lN.'<."io\(''· I H~ '' :tlsn irnpnmmt 
tC>r ~urJ.,tkul plan nin.g. 

< .Jrdi:u. m.tgnelk rc:scm~m<·t.· H :M IU lm;lntng. is not t he 
nlt~">l .tppn>priottc: in itial im.aging t:hnkt.• tCn· (l-1tlemo; with 
luh."<.I IVt." c:ndt K:artliti .... CMR imagin).t ~~ ~..·Uc.·t·t i\t' in idem if) 
m~ mlr.m\)1K.'ardial inft."t:liun. ah~•u).:h 111, a mon· t•omplt'":\ 
tl"t:hunlc~J:> with limit<.-c.l d\aildhilil\ In "-Cimt." 3n-3S. < \tR 
1Jll .. _l)!lt11! I\ tlflt.•n U"i<.'tllll ""llt.ldiiC.O\ Ill\\ hic._·h ,) pt.Ti\':!J\"ULl" 

~lh""-'l'' h ' ll ' lX't't<."d hut tr.l ll"oC."'>CJJ)h~'-··tl<.'t:hocanJiogr.!phit. 
lindinn' .114.-' t.'tiUl\'(J<.'al. 

C'OI'OilJ I)• (1' ;,lllgit>gr.tphy l'OUld he.• ll '\.C.'ll for t.'\.':llll~lion 

i n poJth,:nt~ 'liSJX"<'tc.xJ o f h~1ving pcrivalvnlar ' nlt>ctiono; lf 
c."<.ltot'<lrdil.gmphv cannot .1dcqualdv idc.•nt i(V t lw :1n:uom~>: 

rr.tn'>lhor.tdt c.·c.:hoc..~trd iugraph\ <;,U1 help identity lht" 
prt''('0C,'l' Of ,I \.C.l-.'\"{JlJOJl: Jlcl\-\l'\.'\.'r, thc.•ft..' j, an Jncn._M.JS(_'<.f.like 
lihcMI(I o( llt:lt"<.·hng pc.·ri"ah·ular .11N,:l"' \\ilh IFF bt·<-dU\t 
,,r dtt: l:ft N.T pru:dmit' of lht.· uhr.L ... )\Jntl pn>lx.· 10 the \-ak~ 

oJ ruc.1Urt"' TEE b J>rt'f<."'n.'tl tu tro~n"iihc•rac.ic t't txx-antiogra 
ph" ,r th" diJJtl'Kl'>i\ i<o a <-.un,idt.·mt ion. 

KEY POINT 

• Th~ preferred imagi ng modalll)' fill' cvnlu~l ing 

pnUcnts wilh a high pn:ll'Sl probllhlllty of infecrive 
cndocar<.Uti:, or '"''ith potenHal I..."' nlJ)llt.~..t tious or 
cnd(l(·a rditb. such as abs<.-css. i:-~ tr::l nscsoph::tgeal 

tthO<"nliogrdphy. 

llibliogrophy 
Jun$11 R. tb~t.~ll1 •: Rtnttw1 f_ Ou\'al X. f'..ardi.ll."' hn;r..."""C dJnf("(Tr.l" l"'ndoc-.n­
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Item 79 Answer: c 
Educational O bjective: Trc.atstablc nnJtina with percu 
tarn.·o~ t'Oronary intervention. 

1 hi' p.&tlt-nt "ilh d i:lbetes mdlitu:o~ and ' l nglt> '~l coronal) 
artt"l) di"-C.~...C should unck.~ R'\"'.ri(_"UlJritatk>n \\ith percu 
taot'ClU.' <·nmrury in ter.l"'1tion (1-c; :J) orrtmn\.11)' anery byp3s..;; 
gr.tOin,.:. 1'(:1 h:t:' not bern \hown to b.· ~••JX-rior 10 optinu 
11l('tlh'Otl tht.>r:tJl) in p:U:k-nts with o;.~abh.· :\ngin:\ for rt"duction 
ur t .. dnll<J\~l\(·uku <·ndpointo;. such as mort:lltty and myocardial 
intart't lon .. l hM't'Vt:"r. Pet hilsl1C<"n assc.J<'iawd wil h improveme-m 
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Answers and Critiques 

in (lU:~Ii ly of l if<.: by n:ducing !he st.··writy and frequcnc.y of 
angina. Ct1n cnt hJUidelincs recommend that diagnostic an.l.ri 
(lgrt~phy and I'CI he n:servc:d for l"llients wilh rcfn1clory 
~yrnplOms while n.'<.x:iving oplim<ll mlxlit:<cll lh~r.1py. those 
\>vho ari! unable to LOic.•r.J.lc optimal mt•dical therapy owin~ to 
side ciTc.."<:ls, or Lhosc With hi~h-risk ftalurcs on noninvasive 
L'Xc:rtiSt: and irna,Ain~ {~lS. This palienl has 90 '.lb slenOSiS or 
the proximal ld'l anlt:rior dt:scen<.ling artery and n:fr.tclory 
~ymJ>LOms: thcn:fbrc. PCI is a r<:asona1)1e ChL'rJJ>eutic option. 

'rhc u~c of P-<'<lrOlcnc, Sl'lcnium. ch rom ium. vilamin 
C. vitamin E. and csLrogcn h<l.S n<H b<.-x:n ass<>Ciatcd ·with 
irnpro\•tc.l <:an.liova.ii<:ular oulcCJmes or re lief of ~ymptoms 
and js nol r<:'('OJU1\l(·ndcd in pmicms with ischcmk heart 
disease. 

Olnliac rehabilitation n1:1y bt: appropriate after tcvJlicu 
Jarization occurs: hov"'t··vcr. lhis palic·nl shouJd firSllUldergo 
rev:.l:-;<.:uJariz:.uion to Lreal his crc:-;cc:nc.lo angina symptom:-;. 

A:-;pirin i:; assodaled with a dL·cl'('ased ri:;k for myoc-ar­
cfull u>farction. srroke. and cardiovascu1tr death ill p.1tknts 
with coronary art~ry disease. Aspirin closes of 81 mg to 
162 mg daily are n>conuncudiXI in ai.l!Xlli~ms with <'Stabllshcd 
coronary ai1Cl}' dise<~se 'Ulless contraindicated. In patiems 
allergic to aspir in, clopidogrel is re<:nmmended as an alter 
native. 'I he use of newer anti platelet agellts (prasugrel. tica 
grelorl as monotl1en1py bas not been tested in patients with 
s table rul.gina. Dual am iplatcict th~r.1py for ehronic 'ulgi!Ja in 
the absence of s tem placemem is not reconunended. 

KEY POINT 

• In p._1.HCnl.s w ith stable angina, d iagn()SLiC" angiogr;.tphy 

and perrumn eous coron.,ry imervemion are reserved 

for paLients with refmctory augim symptoms while 
receiving optimal medical rherapy. l hose who are 
unable to tolerate optimaJ medicaJ thempy o~Aing to 
side cfl<:cts. or those \'\'ilh hi~h risk fealures on. 
nnninv:1sive ext>rclse smd im:1ging rests. 
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A.o;sod:dio n. Sudely fbr <.:...rdiu\a:>.::u.l<'lr AHg.iO{:ta.phy and i.JUC'f\'('ntiO~l.S. 
:md Sucicly or ThurJck SUf'Ol'OllS. J Aut CUll Q'lrdtvl. 2012 l k'(• 
18:6ui!'N):<"+1 <' IM. IP~Hn: :l;SiiW:!SJ 

Item 80 Answer: A 

Educational Objective: Manage anli <.·oagulat ion therapy 
in a patient ·with a mechanicaJ v.tlve prostht":Sis who is 
contetnplating pregnancy. 

·1 he most appropri:Jte :mrl('O:lgtlf:ltion regimen to pn.·vt·nl 
prosthesis thrombosi::: in this p::~tient is I NR adjusted w.trfatin. 
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I IJ'<.:gn~ml wom<'11 with a mec·haniC':ll valve pmsthesisrepre'*!nt 
a hi~h-risk st1bsc1 ofJXili enls; conce1ns inc-lude Wllve thmm 
hosis wilh its m~;oci;.!ted m<Jfemal risk, bleeding, :1nd fet31 
morhidily ami morlality. W.tr fmi n anlko::.gulation appe:1rs 
to be the S<lfcst ;.Jgcnl 10 prcvcn l m att>m al prosthetic V:Jfve 
lhrombosis~ ho\-vcve.r, w~1rfitrin poses ::.n increJsed tet31 risk. 
with p~iblc tcmt~~cnicily. miscarriage. ::.nd fetal loss due 
to intr..tcr.mial hcmOIThage. Risk to the fetus is dose r("!:UE'd, 
and w..trf<lrin is rh(' pn.~rcrn:d ~mti('Oi-lgul::alion regimen ch.lring 
the fi rsl lrimL.ostcr when the dose is 5 mgdaily or less. l)uring 
thcS<..·cond a nd t>arfy third lrimeskrs. war f::.rin therapy is the 
prcf<:rrL'(] a11l iC<.~ulalion lhl·r.lpy. 

AnticoaRula.tion Wilh npixaban is. not recommended 
ln patknls with a 111l't'h:llli('al V~lh't.' prosl hcsis because 
of lh<.· polc.:ntially inc::reast"{l. risk for valve lhromhosis. In 
addit ion. its uSL' has not bc.-en c.lcmonslrarcd to be saf<: 
d uring 1)11..'gnanty. 

In pali<:nt..~ who IH"<'fL'r nOl to la ke \V".Irfarin during 
the Htsl tr:i.mc."'St<:r of prc.--gnau<.)', dosc-adjuSLt-d inll'<!vcnous 
un.tfaction.alc::d heparin <"3Jll>C' u:;C'c.l: however. sooo units or 
unfractionatcd heparin \-Y'ill not provide ad('quaL<: anli('Oag­
ulation cover:.\ge for a patient with a medJ:lnic~ll 1>rosth<.·tic 
vntve. l)()se adjusted. intravenous unfr'J:c.·tionated hc.:parln is 
an appropriate lherapeutic option d uring the: first lrirnc.sl<'r 
of pregn:.tncy if the warfurin. dose is mor<: Lhan s mg dail): 
lntra\:enous unfr.actionated heparin is the: drug of choke fbr 
p:.ukn.ls wiUl a nll'i.:hanic:al v;,llvt• prosthesis around the time 
o f delivery. 

Weight bnsed low molecuh•r weight heparin docs 
not provide adequate anticoagulat ion l.'OVC'r'o~ge fbr a prcg~ 

nant palient with ~l medlMtical vaJve prosthl'sis and should 
uot be us<.'d in this patient. Dost· adjusted. low-molecu­
lar wcighl bc·parin aUminislc:n.·d subcutaneously is appro 
priall' durin).{ th<.· tirsltrim<.~:>tC'r if Lhe \'\~'.trfarin close is more 
U>an s mg daily. 

KEY POIN T 

• In prc.:gnant patients with a mechanical valve prosthe 
sis. wart~ltin is the preterred antieooguJalion Lhempy 
during the fits! trimester if the dose iss mg daily or 
less; ·warf:~rin is prcfem.:d to all ot lw r an ticoagul::.nls 

d uring the set'Oml and early lhinl t.rim eslers. 

lliblio&>r~phy 
N"isl\lmlli':l RA. Otto \.M, Flo1ww f.!O, C::lr.lhc>Uo R:\, F.rwln )P .Jrd, <~UYIOI\ R.\. 
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Fun..~ on Pr.~t.·lkt: ( ;wdeUue.. 2011 J\l IN AC(; guiUdin<: for a.~ m.:.tn:16't' 
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ltem81 Answer: B 
Educational Objective: Manage acquired QT interval 
prolongaJion. 

i\•ll)xifk).'<~H:in 'ihould he cli~.:ontinuc..."d in 1hil) p.'lllent who ltJd 
q>isodc• uf llOI1'>t><lainc"l1 polymorphic wntrirttlar Wd~·can 



Cl (VI'). v·r issuhdivided tnto su<.itain<'!tl V I' and llflnsu:..taittctl \ f J: 

'v'T is sustaitwd when il l~ro;isls for lont~er than :~o seconds or 
OOIH requin-s termination because ol ht•tn<K~n:.uni<: c:olhtp.•w.. 1\on 

SlL'ihtined \l''r has thR>e or more be·.us hut lasts fbr k~~ 1h.·m 

~30 s<.'<.'1>nds. VT is also cakgorizt.'<l hy the.~ morphol~n,.· of tht? 
Qf{S <.•omplexes. VT is rnonomo11)hic if QRS compl<~xes in the 
sam<: k'<Kis do not vary in <.'Ontour or polymorphic if the <JR.<; 
<..un1pk x<..'S in the.· ~une leads '~It)' in <.untour. ln this patil'ltt. tltL' 
ck'\:trocardiog.ram obtain<:d atkr lhc q >isodc.· ofVT ;.llw demon 
str.tlcs (J:T interval proJon~dion. which is consistt·nt \Vith tht• 
dk~gnu;i5 c'fl<>t"Sildt'S de poinlt'S. 1orsadt-sd t' pc>inR·s is a spc..•t·ial 
:;ub:-;d uf polynt<lrphi<: \•1': lht• vcnlrit'ular l~lll' nm~-:-; lrom 
2oo.:miuto300. min :md ism;soti<llf .. '<.t V\itlalongQT~yndJUrne. 

"''hi-t:h may ht• <.'Ong<..·ni~ll or !t<..'quirtxl. Th~,· p;,tHL·nt's '-'k't'trTI<.'~Ir 

diug,ram '"'~lli rtormal ujJOJI admi~ion. and her rvrr<..'<..'ll'<l QT 
irlll'L'\'tll is g~'t~tt·r lhan S.'lo 1ns ftdJmri.ng Ut~..· ~UThytturuc C\t 'HL 

"illggl""M.ing an a<:quin'<.l long QT i nll'l'\'al.. C.~.IUSL~ <If ~K'tjllln.-d 
QT iniLn':.d prolonga{iun indu<.k m<.'<.licatiuns such :.L.<> anti;Jr 
rh't 1hmir <l.}..lt'nts • ._1 n l ibioll<~ ( rll:.l('r'<>l.it l<'s ;lnd lluoroq llinoJoJ ll'S), 
anti~~SYCht Jik druf,"S. ~ln<.l.antidt.'PI't'SS:;l ttiS: ~lru<..·tural h<..·arl dl~ 

e~l~l': ~Jld del'trolyt<.' abn• ,rmaUiies. 
Although t'r!rved llo1 ~1ows tiw h~art l'att" olncl ('311 

in,·re:lSt> lht> risk tOr hr.1clyc-;1r<li:1 dt"p t>ndt"nt ~lrrhylhm ins i n 

p~uients with \lt'{}Uired QT interval pmiOil!Ptiun. d iSC'<Jilti n 
11i !lr,. fht" oUt·nding QT prnlc) f'l! ~f rlf~ agents h 1 ht' 11111St ilnpm'l 
ant Intervention in this p:Hk•nt 

Sl nw:.lstatin i~ ~~ swtl n used in tht U't'"Jhnt~nt of dyslip 
idt•mi:.l. 11 has no t.>ff(;>c-1 nn the QT imerv:~l ~lnd d<>t'l- not nt~~~ 
10 h<.~ cliS('OfltinU('(I. 

Ve-nl:lfax intt iii :1 ~mtonin no re-pin t>phr int> reuptnkt> 
in hihi1nr lhor i~ tlS(-cl lo rreal dt"pr~ssion :md anx it:>ty dis 
(H\Iers. •th~re is a J)OSSible risl.:; tOr QT i nk'l'\~l l pro1ongatlnn 
with venl:li~~.xin<.\ bul lht·n: b no <.'VidC'nn.· th:lt t hl::> OL'<:Urs 
when lht· rn<..·dk<Hiun is tak('n n::> rt.·tommcndl'(l. 1h<..'l'd0tt'. 
Wsc.:ontinuat ion o fvL·nl;lfaxhlt.' i::> unn<..·L'\'~\1)·. 

KEY POI NT 

• QT interval prolongation has many causes. including 
medica.rion::; ::;uch as anuarrhythmic agents. ~u1tibiot 
ics (macro! ides :lnd fluoroquit~olones)~ ::mtipsychotic 
drugs. and antidepresssms; stroctonll heart d isease; 
and electrolyte ahnormalilies. 

Bibliogrolpby 
lsbiset.•r GK. Pit!,><:CB. Vmg ind u1..'t.'d QT J.>rolou~tit•n : Chl' tn~:<l:.-t,r<."nJcnl ;md 

;tss~o;,.nwnt o f fhe QT in lt'tv.d in d inical pra'.1iCt'. l)r J Clin l'harn~L"UI. 
201:l;76:.tS-S7. [I'M II): 23J67S7S] doi: JO.IIll/ l.x•p.l2{)110 

Item 82 Answer: A 

Educational Object ive: Treat chronic aortic regurgita­
tion witb aortic valve and root replacement. 

The most appropriate nw~agemem is aonic \'<live and root 
repla<.'Cmcnt. lltis )''OUJlg. asymptomatic parient with a bicus 
pid aortk \{t.l~.o-c bas signlficanl aonlc regurgit<ltion. 'I he trans 
lhotad<..· echocardiognHn demonstnues a d ilated len- ven 
Uicte. mildly de<:rc:lsed systolic function, and a moderately 

Answers a nd Crit iques ----------------

dilaled asll(.'ll<ling aorta. Asymptomatic patients with severe 
aorlk regurgH~1Uon who develop len wnt1icular dilatation 
or sy:;tolic dysfunction arc at l nercast:d tisk f<>r sudden <;'tlr 
dkt<..· d~1lh. d(.."..Jlh . and heart fhilure. TI1erefbre, these pariems 
should be rd(·m:d fOr norti<: valve rt'placement. The prognosis 
of asymptmnaUc patients with severe ao11ic regurgitation but 
with nonno.tl lett venLii<:ular size and function is excellenr. 
The American O:.Uegc of Olrdiology/ i\mnican Heart Associ 
:ltion valvular heart diwase guid~.c:linc;-s n.·><.:ommend s.urgery in 

:ls).:mptomal ic pati<:nts wiU1 sev<:'Tt.' aortic r~'llrgitation when 
the left wntricu1ar ('nd syslolk ditm.'Tlsion reaches SO mm or 
rhe ejection fmction is less than so%. In patients u ndergoing 
cardiac surgery. repair of the ascending norm is indicated 
when lh(' clkHnete( <'XC("t'<IS -15 mm~ thus . <:Om:omit:an t aortic 
root replacement, in :.lddition to aortic v~1Jw rt."lJlacem<!nt. is 
indic;ned In this patient. 

I r'l asyrnptom~tk pati<'nts '"lllO do nol mn·t surgical 
crited:!, ser:ial echocardiog.r;.lphy is warrantt.)(J to assess ror 
disease progresslo1'1. Patienrs'"'ith mild regu.rgihlliOn :;houJd 
receive :m :l nnu:-.1 ('lin I(":) I ev;:aluation ::md t;>ChOt<lrdiogn)phy 
every 3 to 5 years. where::ts patients with severe regurgitation 
should u ndergo clinical ev:1tu~nion ::md echocardiogra.phy 
eve!)' 6 10 12 monl hs. 

For •symptomat ic patients with normal systolic flU1c­
t ion and mile! regurgit:.ltion. v;:asrw1il:ltor ther.:tpy vvilh nikd 
ipine or ACE inhibitors is not re<'ommendOO. For asymp 
tomatic patients with normal systolic func tion and st.··vcre 
regtlf!.; t:lticm, v::~Mdi l:ltor ther:1py mny be t'Onsidercd. bul 
m<.:dic:~l t hernpy ctoes no1 supplant surgical Intervent ion in 
1 hest: patien ts. 

In p:tli enls with signilkanr :lor tic regurgitation and 
equivoc:ll ~ymptom~. exercist>-ind\1Ced increases in pul­
monary systolic pressure to more than 60 nun l lg (or a 
25- mm Jig lnc,·ease above b.1sellnel ldenrilled duril\g trl'ad 
mill stress echoc:;.lrdiogrnphy suggest hemodynan1k s ig.niti 
c:anre :1nd m;~y le.:ld to earlier retem:al tOr surgical interven 
tion. In t hi~ pntienr. howevf."r, ventric·ul::ar d llawtion ~1nd 
<f("'<'re:,lsed ej ection fhl t lion art• a(le(1Ua1(-> C'litf'ria fOr recorn­

mending su lb"et) '· 

KEY POINT 

• Valve replac.-ement surgery is Tf!Commended fbr 
asymptomatic ~)ali<:nts wilh a bicuspid aorliC valve 
::tnd severe :-~ortic regurg1t:uion when the left v~ntricu 
lar end sy:;toli<: diamt'l<:r Tl-:.tdK·s SO rum or l he left 
'elltrkt!llar ejection fmction is less than SO%. 

Bibliogr•ph y 
l•.u1 i(li ~<'Z S.'tf:HKI M, Ta jik A J. Clilli<':ll p1~l<'l k'\'. Aorrk,:- rf'Xll(~H:Hi()u. N E1)~l 
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Item 83 Answer: 0 

Educational Objec.tive: Prt'\'t'Jlt bt:art failure readmis 
sion with early physician follow up. 

·11w mol-l appmpri;ltt~ manage1nem is tosdJt'(ju fe lollow up 
w ithin t week ofdi~hm-g<?. 'lhi..:; patient w;~s hos.pitJ ii7ed ror 

193 

Cl 



Cl a ht:arl f~lilurc f..'~:K-ct1xnion. Bet()r~ di~h:lr"g<:. it is importolnl 
to in ilhll<' st'\'er:-ll str:Ht.~it"S to pr{'\"('lll r<~<1mission. First. 
thL· rt'J:-.on fhr lht·lwart f.1.ilure exacerbation o;hnuld he ideo 
tHilxi. ()fl('n . it i s impossihle- ro dt>termine :l (":HISt:"; hnw 

cw.:r. in a !-il u.tt ion sueh :1.s rhi\ one--. ;tdc1wssing the rr;.1sons 
fhr the pa tienfs nonadherence might p re\'t-'llt ~;ldmissinn, 

Sl.'t'Oild. jl;llknts should 1w reet'iving optimal doses of c>t'l 
<.kn<.'l.' hasc:d lll(.'llkat ion~ hdhn.· tlischar~Jt·. When medic·:l 
lions. CSJX.'t'iaU) ~ hloc~crs. arc n.>st~lrted. it i :--. lmpnrtalll to 
begin <Jl :..~ Jm\ dc~e and slovdy uptilr.ttt• over t ime:. 'lhird. 
patil·nt:-. ~h,>uhl mil h<: diSc.·harg:e<l unti l they h:wt> :whk•vt.•cl 
L'U\'t 1kmia \\ Uh Jiun:si\. <ln<ll hl'ir c:lt·dn>lytc h·vt'ls .111<1 kid 
ncy funrtinn a rL· optimi:t.L'tl. Finally, ~lppmpriah· follow llp 
:-;houkl be :-;<:hcdukd. Sludh.·.s ha\t' shmo\·n 1 h~11 p:llit'nls st't' l1 

'"'llhin I Wt.'C~ uf .1 ht..'<-l rt failu fl· d isc·hargt• hav<" rcduc<'<l 
admi~·;hnJs t '(JnJJMR"tl wHh 1 hose 'Nith latt:r oulp:-Hknt con 
tac..L 1 h.: purpo:sc..· 1>f an t..H.a rlv v i:-; it is In rl'infhr<'t· h(·a:rt f:lihlrt' 
L'tllll.:~liou . <.:nsurc prurx·r nwdic:ltion ust·. {"Valu:JW volmn (& 
')l~Uu\ •• md uplilr.ttt.• or inilh11c mcdit<tlions cts m·c<kd. 'I his 
p:u k·nl b t'uvoltnlic and is taking appropriale mctli<'<il ion-;. 
;tud lu: should bt.• sdtt.·dulc:d Jb r ~~ li.JlJow- up visil within I 
v~.·c..·c..:k If~ prcv'-·ut n.\tdmi:-;sion. 

h'3bmdi nt~ n.xlu<X'S h<'HI l fai lurt· -~IS..'){Jt'i~ltt.'{l ho:-.pit~t f 

izolions jn patiC>fi1~ \'lrlth L'hnmk' symptomalk hl'arl t~t ihln­

\\'ith l .. ~n v .. ·ntrit ut..r (:j(.'(.'iion rr.tt'tion kss than nr t.'qmll 
lO .3s·~. 'IVho au: in sinus rhvthm cmd I~Jkin.t.~ guideline 
<lirt"<.' l('d mc.·Uk;d l hl'rdpy. lllis pa tient ha~ alrial fihrill:tl ion. 
.1n<1 ivab~\dinl' is Jl(ll indic~tlt.'tJ. 

1\CE inhibHnz ~u1d Ji Uhx.:kt.·r thL•mpic.~ should ht· upli 
lr.\h•d m nuximJIIy IOkl'~•tcd dUM.·~ hdbrc in itiation of <:,pi 
rnnolaclonc. H i!t importanl1o atld an aldustcnme ~mt<Jgoni<>l 

hll\'r, but tht• duMg"-' Of tht.' Oth<.:r a_l.1t.·nt~ shnuftl bt• nl<lXi 

mit<:d liM. 
l llcrc i~ II() L'Vidt·nL't.' nf <-1 surviv;;~ l adv·<mlag<.· o r n·du(' 

hon in ... tmkL' with t'<.lf(Jiovcr~ion and mainWn:m<'l' of 
sintt') rhylhll'l in palit·n(s wUh at rhll fibriiJ:lfion. indud 
iug tho~t· witl1 h<:-.. Jrl faillllv. Uu.:rcror .. ·, lht: dct:ision to 
inslilutl' a nllc or rhythm <:ontml ~tr.ttt·A,y largely <kpt:nds 
Ill\ :-;yrnpto111:-; amJ P~lfiL'Ul prl'fcr<.:nc..t.·. )'aticn ls vdw :lrc 
a:;) mplmn~H it Gll1 hL.' rn<mag<.:d vv·it h ra tL· <:ontml only, 
"''ith a rt•stin~ hcnrt rJic go:1 l o f k~s 1 h:m I 10/min. i':Hi<·nts 
with 1achvc:1rdi:~ indtt(>t'd (·anlinmyopalhy. ht';lr1 l:lih1n>, 
or il·ft v<·nt Ji(·u l:tr cje<.: lion ff;ll'tion of lt.-s~ lh:an 10'~. may 
fl'q U ifL' IUOI'l' ~l Tingcnt rdlt: ('OOt roJ {heart r;ltt' or 6(}.1min hl 
t!Ol m in <~. I rt."'l). 

KEY POINT 

• following heart fu ilure hospilalizmion. ear ly lollow 
up (within 1 week) should be sc-hcclulc-d to rdllforc:c 
hc:lrt faihlT<! cduc:Uion, en sur(" proper medi<'a tion 
use. e'vu1u~ue volume status. and uptilrate o r initiate 
nK·d.ica tioll.l:i a:-; nc<·dcd. 

Bibliol,>r~phy 
Lce 1\..1-\. \:MgJ.I i<>ma.odC'ZAJ·: ~(<'i.Itlle Ali. Go A:::i. P"tm disl'hargr: follow u~) 
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ltem84 Answer: D 

Educational Objective: Evaluate a patient for hypertro­
phic <~ardiomyOp<Jthy with genetic counseling and testing. 

1l1e most appmpriate mana~melll of Ott' patiL"nt's 1 6-}'l'~Jr 

oJd daughter is genet ic counseUn,~ :.Ul.d l<'sling. Hypcr1rophi<' 
<:ardiomyopalhy (HCM) i!:: <lll autosom.al d ominant hL'ri t~ll )lC' 

disordc:r <:harac:teri7.ed hy the presence of inl..·rt•;.t.<.;c.-d kft vcn­
lrku lar \lYaii thickness in lhe ahst?nt..."t.: o.f loading <.undilions or 
other underlying causes.. In ptlriems vvith HCM and a known 
pathogt'fiit• mutation. genetic COUilSt.~ling and ksl.ing is rt..x:­
Orrlm(·mkd !Or aJI first degree family rnemb<'r.s. n-gtuUicss 
of the preS("fK.'t' or absence of symptoms. In th.is eaS<.·. gcucti<· 
te.s(ing Of Clli• indt·x patient has revealed (l 1\l.UWl.ion known 
to he ;.lssoti:.lttxl with HCM. Mutation negative Hunily mem 
bers do not reqtti.t't~ li.Jrlhl'l' <:\'aluation .ml(l ha\<-e no int rca:-;'-·rJ 
risk tOr futun: development of HCM. J.:m illy m<·mlx:r:-; who 
test positJV<.' fur an HCM related genet ic mmalion should be 
further t.··valuatlxl with physical exaln ination, l2 l<'~ld d t'l' 
troc~rdiography. and tX'hO<·ardiography (or cardhtc magnclit 
r~on::t t'k.--e irnaglng). G<·nc:tk t'Ounsdin,g is an itnportam facx.:l 
of C'3re tOr JXltients w ilh IICM. n:gardJess of \\~lether genclk· 
1<-s:ling is perfhnnt.XI. Counsellng erulbles infonned decision 
making ahnut the risks and benct1ts ol' t~-ring and facilihll<'S 
interpretation of l'h(· results. 

"I he clevelopmml of HCM is a d ynamic proce-ss. and 
phenotypic exprcssion may <.·l1ange liS a pati<'lll agt~. 

Because of t his. if the dau~:hter tests posit iw for the 
mut:1tec1 gene hut the <'le<'troc..·<lrtliog:ram and echocardio 
gmm are norm;:~ I. o;he ll"':'IY ~til l rc..~quiiT repeated screening 
h<x":Jus~ nf the possibility of phenotypic dise-"''e expression 
a t any oge. In that case. scn•ening with physical exanlina 
tion, echocnrcl iogrophy. ;md 12 lead. electrocardiography 
is rerommended annualJy starling at age 12 years un lH 
adulthood. For adults who are genotype positive and phe 
notype-negnt ive. SC'l't"<'tling should be pe1fo rmed every 
S ye:trs or w ith :l <"honge in clinical status. 

Muta lion carriers with phen0typic e.xpr<'ssion of HCM 
should undergo furthi:'r rl.~k stmtificarion tOr sudden cardiac 
death. 

KEY PO INT 

• Genetic counseling and testing are reconunendC'd fOr 
patients with hypertrophic cardiomyop-•1 hy (I ICM) 

:met f(n· all th~t degree f:unlly members of paCkuls 
wilh HCM who have an idenllfled genetic mutation. 
rc.-gardkss of the pn.•stlttx: or absent·e or symptoms. 

llibliograpl1y 
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Item 85 Answer. 0 

Educational O bj&ct iv c-: Identify inflammatory disease 
~s •• risk fhctOr for coronary artery disc~IS\: . 

l h b IMih:nl',., IHO!>l si.gn.ilkam risk l';.1t10r lhr <.'tn·dim~ls<.·u 

lar t.U ... cus(.: (tV[)) is lhC' pr('S('nC'X' of •·hcumaLoid arLhril lli. 
Patient' with :,y:>tC.'Jll.k infl;:amm:atOl)' cnndit ion~. ~1.1Ch as 
')·:-.tcmh.· lupu~ l'rylhematosus and rheumi.llol<.l arthritjs. 
h>hc an locnc.~><.-d risk for C..Yll. i'allenl< wilh rhmma 
tokl Jnhrlth ha't: J J.5 to :J. folct e1e'\"3ted risk for lVl'O­

nary .artt."t') <.I•~~J!:IC lvmpared with the genernl population. 
MoM dc.oth> Ul p.~tienrs with Si.F. and nc-•rly 10' .. of death< 
in p .. Hicnh wilh rhcurnatoid arth rit1s om: tardiuva~cul::.r 

ami , in t>Jrlltuhu. heart fu ilure '"'"''"!. 'I he risk for CVIl 
inc.:rl·as<.·s with I he durarion of th(· umh.:rly lng i nfl o.umn:~ 

tory conditkHl. in pMienrs \"-'ith rheumulold {1rlhl'itic;, the 
risk fbr CVIJ 11lc."L1.\lSCS fmm two times to lhn.·c.· (it11~ thnt 
of llw )!l'H<,:ral popul::ltion after 10 \l(.."ars' c.JuroLJon of rheu 
IHJtoiU .nthrilis. 'Jhe increa'ied atht'IU).(.-kt'Ullc hun.1en is 
likd) .r n.-.ulr of both the infl:tmmalory pi'O<'e"< of rlw 
>),;ternr<: dhc."'"'· including a pro!hrombollc. <.t.lte. and tlw 
prt~:nt't~ of lrnditionalcardiovasc."Uhar ri~k (;)('toK lhe risk 
for futul'l' ntherosck-rulic CVD is typically calcular<:d by 
u:)ln)!. th(' ;\ rnerican College or O.lnliul~t/\meric:ln l letrl 
A!!-~Jchuicm <;V I> risk<.-alculator bascd on thl' Poolecl <:nhorl 
Equ~Jti<>n:o~ how-ev~r. this calculaw r undtn·~tim:.ues r isk i n 
P~ltitnt~ with nontrndition:1l 1isk tiu:to rs. ~l' In thl~ p.1tien1 
wit h rhl'um:ltoid arthri1is. 

S..'\lcntary lifestyle. poor diet. on<l oll<:'ity rontrilm re ru 
incr~l~ rnrdiova."i(_-ular risk and incn.":lcot.'d rkk for diabtofC"S 
Oll.'llitll~. Moderote intensity cx,n·i~· for 30 minute') orion 
~'-'ron S tu 7 days per week is l'l'<..'Omrm."'l(k'\1 f()(- ne:.rty all 
pc .. 'NJth .md i\ OCin.g ochia'ed hy rhb; p~llk71t 

Rl');:ul.tr mod('rate alcohol consumptlun (um." to f\\Yl 

drink~ dally tbr m<:n. o ne drink daily tbr woml·n) h~lS been 
tiSStK:i:lll'\1 wlth n decreased incidenl-c oi'CVI) . lk·<::.luse ofrhe 
knov.m ~ldctl•riou' e(fect!' of d rinking. the..· Alf'l(•rk~\l l l le:ll't 
/\ss<)cialitJn docs not recommend th:1t nondrinking p..1rien1s 
C'Oihum<.· mtH.lc:r.ue ;Jmounts of alcuhol as a measure m 
dc<"nc.o"' the ri>k fvrC..Vll. 'I hi< ~"'' ienl h"onc drink per d~y. 
"hi< h h llkdv bendicial in reducing her CVO ri~ 

1h<· pn.'\;olc.'ll<.-c.c of C\ l) and CYI> rl<k factor.> m !he 
l · nired \tnll..., \.'<Irk.., lJ) l'tJmic:it). ll.lW:lilans and P.dctflc 
l•l:on<lt•" ha'c the lri)ehc.'Sl rate of hean dl><.':l><.' (19.1'~). 
fhliO\\l'tJ 1,-,. Alllc.·ri\.-Jn Indians :md /\Iaska t\~lti\'t·:o. (l:l.i'X.). 
nnn l lh panic while> (ll.J'l.). blacks (IO.:!'Y..). l llsp.1nlcs ~nd 

'"""'" (7$X.). " " '' Asians (o.o·~.) . lhls p:olknl's t'lhnic iry 
pkl<.'<"' her in the h1wt . .'~l r hd< (':.Hcgory l'cu·CVD. 

K EY POI NT 

• P..llh..•nl\ with rht>Um:noid anhrili' hJ\.\' J 1.~ to 
J. fold tle'\Olled risk for (.'OtUil:.lr'}' ,,ntl) c.li~.'".1~· t'Om­
f"ll\~1 "ilh rhe l!COCr.tl popol:uion. 

Bibliojlr:ophy 
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Answers and Critiques 

Item 86 Answer. B 

Educational Objective: Diagnose inappropri:.lte si•~us 
tachyc:olrtlia. 

'lh i~ Jl."lli('nl with 'iinus t:why<-~,-m.lhl unci :1 slructumlly nor 
mnl hl'•ntt h:1~ syrnptoms. de>< 1 n:.w.:arc.Jhlf.tl'aphic fcalurcs. and 
nmhul:uory d('<'lnx-ardio}...rnlphir: findln~' l'Onl\:iSLl'f'll wilh 
the dL1!.'"'"i' of inappropriarc 'inu' tadl\~Jrdio (1ST). 1ST 
i._ ch:u-:)(1rri/.t"CI by E"k-\-:ued n'""inr,: hl.•;en r.11c.·. wilh e.x.ag­
ger:ut'd ir'K"R'a\("S in hca:n mtC." ''ilh 11):111 .Kihil\~ lhc sinus 
r:u~ t}'Jli<':llf) dc."t'Tl"3S(.' during 'ikt.1), a' kfenlifil'tl on thb 
(Xlllt>"nl'\ .1mbulatory ciL-ctmt•·Jnlic~r.lphlc,: monitor. lST frc 
(Jut-nil} prt"'l"tlts in women in Lht'irM:tnn<J to ruurth dtc<.td<.'S 

:mtl :iJ')(')l>:H'~ to lx: murc l'ornmou in hl•altll t.:ur~ p10I<:Sl:iiona.ls. 
!')ymruom' v.arv and c.·an im.'ludc: p~llpll:.ltlons. Ji.ghtheaded 
lh"\..'\, :-.yn<.'i.)JW or ncar-~yn(.'t)J>C, cl~pncu. ~lntl tJliguc:. Emo 
Jionnl m.mift"'J:!Iions. ~,_J(..'h a.'i anxic:l}' or lll'IJl1..'ssion. may 
also he.• prt"\4.'111. Ulagnosis of iSf is ba"l'tl on the l'.,\.dtbion of 
ell hc.•r (";lU~" or toK.·hvl:ardia. St.K'h J'!> h,YIX'rlh) n~itJ.hm. ~lllt"nli::t. 
ph<·uc.:hnnnc.)(.'\lonu . ..1nd ~ructm.tl hc."Jn di)C."'~. Hrst lirK" 

thf..T.l'J)\ .... R..'ITl0\0&1 or aggrJ\"J.lill~ I.Kit.>r.> .llld \.'Xen.ise ther 
am. In pJik:nt' "Uh both<.'Mnl<' Jrld prrw;istem :~ymproms. 
J)hamtotc.:oiHt~il' lhl·r..apy with t3 blockl'N or cakium channel 
hl<)('kl•n. c:an b .. ·,onsid<.•n:d, hJbr.ldint: h. J n•l;,uively new d rug 
tha11Jnp:1h'' thl· l1 or"l-funny"c.·urrcm ;llltl ma) plJy ~l role in 
I ht• 11'\":Ul'IWOI of lSI' rcn<IC'.IOI)f to <il:.mdarc.l lh<.'fJJ),V. 

' lht· diagnosl ic crilcria fhr gclh:rJlii'..c:d unxic:ty ilisurder 
an·:•' fhlluws; (I) C:Xl'C!l.Sh(.' anxidyur \\ony J\>out J number 
uf l'\l'l11' or at·ti" itit.·s oc"l·mrhl)t fo1 6 month-, or lon~er: (2) 
lh<•t>alic.'nl "-"'~nif.<.'S il b dillkullro C'Oillrolthe worry; (3) 
I he.· an\k-1\ or \\OTTV is il$0CiJtl'<.l \\ilh lhJ\"l' or more of the 
fOliO\" ln~ ''mploms: n.-stk·•s .. ·ml"')..\,l\l~) fJti):.:lbiJit~. dilfk·ul•y 
("(m(·~tr.uing. irrilabiiH). mtt"'k tt·rhlnu •• md :)k't:p d.islur 
h::mC't~~ (.1) rhc.· ~m~d(.'ty. \\UIT\'. or\) 111ptom-s <.~H.~ irnp.tirmcm 
:lf <;t•h(kll. \\'llrk. or olhcrS<:IIi n)ts and ta1111ut IJ<.· attrjbulab](' 
I() mt•(lk:ll c)J' ol her psy(.'hi~llrk· t:OJld ili(_.l\1), L'\ltdkations, or 
'uh,tan<.'C u,.:, l )i~lgnoslil' c.: titt'l ia ti u som:lt ic.' :,ymplom d is 
cmlt•J'ln~·llHk· .at k·<.~st one.· .somJtit'S) ll\J)tom causing d istress 
nr h"'tc.Th:n:n l"l' wil h daily brc.·: l'.\l'l~\i\'i' thou,Jthts., behaviors. 
:mel fi•l·lhlg_-. n:lall't.l to Lhl' som.Jtk' S)-'lnl)tum(~): and p<..or 
._i,km "nn;Jiic. wm1Jtums lOr at k.·a~l 6 mnnth~ lhis pariem 
do<-; IIIII luiliiJrh<• diagnustic crilC.1 M mr )t<ll<'r.t]i@ an,'iel)· 
dii\On1t'r flr ~,m,Jiit• ''mp{om dbiol'dc,;r. 

Suh< linicaJ h\ po:rlhynmlhm b ,1 laboratory based 
db~ncJ'I'· c.ldinc:d ..t; the: presence of n ~uppressed thyroid 
._l imuhll l nR honllonl' le\'d wi! h norm:1l l l'iiodothymninc 
:md 1 hym~lnc: lcvd~. Symploms of 1hyrn1oxit'osis are lyp 
k:llly mild: most l>alil'nts a rc ~l~YI'IlJ)!Om:ll lc. ·rhis patie nt's 
norm:ll lhvn>id 'limulating hormone le\'<.'1 argues against 
I his dlagnc..._i,, 

KEY POINT,_ __ 

• lh.agrle't\i' ot inappmpriatt' "inu\ t.Kil)t:J.n.li.a ~based 
on <\'nljlloms and fin<llng> on amhui~IOI)' electmcar 
df<lj,'1"Jphk monitoring after the exclu<lon of other 
C~lli~C" ot' twhyC":miia. suc·h a' h\'pcrthvmidi-,:HL. i.U!C 

min. ph,~chromocytoma. and srructur::tl he:-~ rr di!'t>:t.'*'· 
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Item 87 Answer: A 

Educational Objective: E\'aluate f01" coronary artery 
dise,asc. in a patient with left btmd1e branch block on ~l 
baseline electn><:ardiogram. 

Aden<)SiJlC sinr,l(• ph()l<>n l'mission CT i~ the me\\1 :apJmlJ>ri:tlt.' 
ne\1 d h1gnnc;tk l("o.l. 1 his JXH.ienl vlfilh ::;("veral c·:ml iova ... .(,:UI.If 
rl t;k fuctof"( h:1s t•xcrliorwl dyspnea. which may ht· ;In an){i tl.~l 
equlv~llcnr. ~md hc:~houJd unde~J<>Sln."SS tec;;ting hH._·v.ah.L..lh.: 101' 
corona!) on<·ry d isc • ...: (CAD). Se<-•u»e h l< el<·<·toiC'drUi<>w\llll 
(ECC) >ll<l\\"< 1<-fl hundlc brnndt block. !>T-<q;nwnl d•u'llt'-~ 
\\ilh c.M •• YCI"\t' c:mnnl lx.- US('(I to t"\'aluatC' for lhl• 1)1'\"'C..'UC.~ of 
oho;tnt<:li\.,. CAl>. lie nlU>I undergo stn'S• lt"<linJ: wllh .Kkli 
tlunal irn:.gin~ "lllil as oudear p.Tfu~tOO im.1.t_ritljt iW \lf('« 

l'Chu<':lrdl<lj:r:lph\. E.\<'nise is typi<·.tlly th<' pn·f<'Tn.'d nlOdc 
Of )tf'C'Ci;~ l~'('au..;c or lhC 3dditionaJ fUJ)("H011JI infcJMlUiion il 
pi'Oiide<. l lcJW<.'VCr. in the case of le-ft bundle· hr•nd t hlock. 
ll\}(1(":\r<ti.ll p<.:rfu!Jurl irnaging w irh eoxeni"(' ur Uubutamlne 
sCrcC\<:; may 1·.,-sull in ~l fulse posil.ive perlusiun dch:c.:( in rhe 
basiiO'II' SC:pllnn, and lht.'Se stressor~ ::;hould he.· <l\1Jid<.·tJ. ltt!o.l<:tld, 
v..\::;c.xlil:nor stn:ss ksting should be used. Va!'oclilaturs.. Mll . .'h :lS 
dlpyrlri:U'I''ICIIt•, R'gad<.'IlOSQll, and atlt'llQ='ill<'. pnKh.ICI,,' hYI'ICf 
t.·rnhl nnrl :1 Hc.\v di:;p:Mily het\\1t"'t'n rnyC'>Cardium supplit.'d hy 
Ull()I~U'\IfK'<l vcs~·Ls ~Hld myocardium supplil'tl ll\' tl1c: tiiCilOik 
V\""tC:C•I (thl(' to I he: inability oftht.· d isl<ll \':lst.•ulalun: W d ii,"'IC). 

('nmn:lry arlc:ry <.:~llcium S(_'C)ring. which <IU:.mtifi(.'<: the 
;amount nf c·:alciu m in the \\ails of rhe c·omn.11")' .1r1erl~. 
'"'uld doc\lm<'1ll ''"' presence of alhet'O'CI<'<Otk dl.,.,,~>e in 
thb ~) nll'~rcmutic lll<ltit:m with risk r.'lCtO""- hnl il \\Utlld 001 
del<'TIIlllle " h<•lh<'T lh<.'tl' is oho;trucll\.,. CAll. i\lthuo~:h the 
a~·nt"\·nf:m) titnm.J.I)' artery caki.fic.."i.ll ion h,,, lx."t..-n ,llO\'"' 
to h;,l\'(" :t high ~p<.'<.:i1kicy for the a~n<'t .. of ull\ool ruc..th-e 
\..AD. crJ:tl' ('\ttlw.llint!. coronary artery calc·ium sc.-.;trlng h:we 
typh.:ally fOc1.Jscd (11'1 prim-a1y prevention in :p .. yma>ttH'Il:ll lc 

pot k'lliS. 

KEY POIN T 

• In p:ulcnr·s with left bundle b rauc:.h block. tltc pre 
ttorn•d diagnost ic test tOr l'Oron:.u-y a rtery cl is<"".•.se l!t u 
\•asodll:uor 'trc:s...'"i lest because my0("3rdi .. ll pcrfu.,ion 
i m.t~n~ wilh exerciSf:~ ortlobut.•mine strc...~~ m :1y 
reo;;uh in a CJlSC [lOSiti\'C perfusion dc:IC.'<.'l ln the ba~ll~r 

c;eptum. 

Uibliogrophy 
lknkl ~ ~ HtTnun OS. [ll ('.:ufi Mf.lll:itll1U\'icll PA. ll-.:t\)..ll1 Rt-.. ' \'IW..LI 

f"A. 1..1 .ll. A.mcrk·.m ni~ of('.vdj_(~ ~ivn """'"'""'~'· l "-t' 
( ntt'fi 1 h~ f~ -\c...x.r:·.o\.~C'.\CR .\ItA A.'~· c;cn 'i( \IR :\N\t .!'(JOI) 

:Jt'lll1n'l-riJt\' n<;(·cri!('ri;t "~' <::udbr r.ldk.."lttK'lldf'inl.lf.:U~: J c~tn Nlll<" 
An"M,;ri~.l ll Culll~~ (ifCanlic..*~· Found.l(j• •ll ,\ f'lfiR'Iprlatt" t, ...,• ( l1'1t1'b 
I )\l:. Fun.'t'. tht Amt"rk-an S.C o~ ·it"l\' of "\ude:.u ( :;.n:tkJk)g). tht• -\nW"~It':'lll 
(,c)llt.~· uf K;1!Ji,)l,~·- t he Arueri(':;ln l k>trt ,1\..,o.J.•• i;~t l· ~n . lhc .\rm•i<':'lll 
"'' "lk1Y or E,(:hOC<lllllogmphy. tho: Sud-My of (;.u\liov\':)c;('UI.ll' tHnll)ll l~·,l 
IOMC•f.it~phy. lh\' Snd<'1y li.; r CardiO\'aS("' tl:tr M~ll'l k.. lk<~•.nanft', .mtl th(' 
Sot ll'l\' oi'Nut'lear Mt'XUC'In<:. J Atu 0 •11 < :.u\iiol. :.tli'U'):,~t2201 JiJ. II'MII}­
I<J 11)iiS·11 d<>i:IO.lOlr•.'j j:M'(· . ..IO()(J.U:,W I3 

196 

Item 88 Answer: 0 

Educational Objectiv Q: b.alu.Ut"a (UIIe'nl \\ith 0\.''" 

on<;et heart faiJun·. 

lh, roid <;.tudh."\ shuuld he.· pct1t)rml,J nc..·\:t In th i-. palknl 
" Hh new onsl'l hcJ.rl 1:1ilu rl". < )1\c..'(.• ;t Ui:t~lli "'' nf lwa rt fail 
u rc- i$ snsp,·ctt·d.l'l'hoGtnlio~tJPh\ \hOuld l'lot" rwrfnrmcd In 
~1M.'(' I1~in I he left \"l'ntria·ular t'jl"'t uon ln11.:tlon ;tntl lo polt'n 
ti<IIIV odetennim· tht· t'J\1'~· and chwnidty of tht• p:u k·nl's 
h(·:.trt f!lli Uf<'". A (arf.:.t'. d ii;Ht"fl k it \ '(,;UI ride suro~t·S I~ :1 chn 111k 

P IHl"t"'SS wUh h:s" c,:h~111<.'~' of n .'(."t)\l' f\', Uw lnilial h1hord 

IOr'Y t"V:lluation of fMI knl\ with llt'\\' c) rl~·r !wart fai lml' 
"hontd indlllk a R typ<' nalriun.;ti<.' rwpl h.h: or N h.:rmtn.1l 
pm B. type nJ t riu rt·ti(.' ~ptid4...' ,,.,, a, . t'omplt•tt· hhOO l'1:mnt. 
.... ~rum dt-clrol:o tc: nwa.,Uf\"lll<..'UI, kldtw\· lun<'lion t~l$. 

h\'t'r l'hl·mi~n tc..~' · glull'tN' ;Jnd llf\i(1 l,•vd!'!o. and 'l"rum 
thymid slimuldliHl! hormunc: mc..-.~ur,·ntrnl. Spc.:t:itic.aJh , 
thyroid '1imula1i1~ hc,rmmlc.· JU4...':l...,lrt"f'"'t•m b inc:.lkatl.-d io 
t"'\":llu;uc for oc..1.:ult hypo or I~ ax·rthyrnidhm as a rt""'"·r:-ihl<" 
c:m~ of IR'"'.Jrt fJilnw. In h\Pl'fli1\Tnicfhm in p.utk1.Jiar. 1he 

pn~lominctnl lll.tnill··sUtinn n l t hHHid d \,IUOl.'liun m.-l\· he 
l ':lrttiac ')mptumo;. whit'h \\ ill .1h.'\lc: \\ h4...·n lht· h)l)t:rihy 
ro idio.;;m ls lr<:atcd . 

Cl 

'I h<.' t·las"k PR" t•nt;llion o l vlr.li1WvOl'<ln1ili' indud('~ a 
vir.ll pmd mmc wilh ft'\·~·r. m\·a4l.i~l . :11;<1 upper n:spi r:.lhH)' 
{l'iW l syrnptmus, bul ;t pmdwnw dot.., nor :liW:I't" oc..'I:Uf. 
l~uic'nh prt"S(."IIt wilh dyspm .. ,, c ht·<.t p:l in. and arrhyt hnilas. 
Eh"t lr<X."'.J rtl it~graphit- Jhnomwllrft •s :m· olkn olhe~(:d. 1his 
~11 it'tl.f , prt.")t.'OI;.•tion is nul l\ pi<';ll fhn Ira I m\'tlC<lnh ti,. ,md 
\'iral ~tu<.l it"\ o.m.: not indkoah."ll J l rhl-. linlc. 

A lthough c..·omnolf\' J.rtl'f\' dbt',IW '' tht• mo ... t l'om.mon 
C..'>lUSt~ of h(."'drt r,tilure. lhl' ill\\.'SliJ:.uton ft•r nmlllJI) 3n(t}' 
tli...t>:L~· b\· ~n..~ t<....,lin~ or c..oan.h.lC C"alht-lt•ril~liun 1' Onl 

('On<iden-d J).lr1 ctf I I'll.' mutinl' c..'\.dWtlnn ••f :lllautil·nt~ ,,.ilh 
newt~ diagn<~"\1 hc.~Jn faihm.·. '"' mr. In t•\J'll"ll'C." and rJdia 
tion cxtx~un.·. ( .. udia< l":''tJu.·tc..·ri1 .. Uion -.houkt Ill.· pt.•rrunned 
in Jl31k'nl}. piC.."l.'Jllinq ,,-ith .1nr.fn<1 c1r ''~nifk<~nl•~·hcmia. 

t ltn--dit~tt)" hemochronl . ll o~o;l"' n-sulh fn 1m .til JU1c"KOnr.U 
r(><"t.-ssin.· dcft."t-l in lhc HFE W'lk . ' "hkh lt-ath h t increased 
•lhsnr plion o f dic..·l~ln' imn. P;llh'nh ma~ 11rL"'l"Ut v~·ilh heart 
~1ilnre o r arrhythmia~. I hJ\W\ '\'1, \'\Onwn do t)IJl develop 
ovt-n iron owrh.Md until ath: r· nwnoJMHSt', .uul sl'rum imn 
:HHl h•n·it in slwli<'' are nul htdk~\h'd 111 th l\ vmut,l..~ \\'Omm. 

KEY PO I NT 

• 'llle inilia llJborJiory l'\Oiluatl()l'l <)fpnticnts with new 

onset heart f.1ilure ~huukl include a B type nJiriun:li<.' 
peptide or N terminalpm llt}pc lloltriul'l.'fic peptide 
a""'): mmplcte blood tvunt. ~m el<-ctrul) tc mcas 
uremcnl. kidn<:> functiunlNS.Ii\'el' tix'ttlKtf)' test.<;.. 

aooS<.'t'Um thynnd stimulalill!l lwmnone metSU~t. 
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[::J Item 89 Answer: C 

Educational Objective: Oiagno<e :K'tllc mitral r<gu rgl 
t~rion d ue 10 p;~piHotl") m~e ruptU.re. 

CJ 

Tlu: mo•.,r llkd}' cll.lgr1U"'i' b ._l<.:Ull'" mirml ~11{ih1liun ll1i' 

patknt h;\~ t · .. •hlt:nt.\' nf 01 f\'C.:\.'IH infeml~ttem.l myo<.,m:ti.-,1 

int:uLtion and d t.'<.'t HUi>l'll"'.Jtc..-d heart f~t ilun>. The: rnuml rt,,lr 
)(itatlon l' llkdy M'mll!l.l l"\ lo papill~ry muscle dy>func!lon (or 
rupturt'} ~\nd l()f \X'lll11<.·ular d.\'trult<.:tion. In :1cute rnHr.\1 rl'f!l '' 
gilntic~n . lll':lrl 1;111u n.· 'Ynlptoul :~t nt.ay OC'CUr abruptly IX"<.':liN ' 

thL'rl' h .\\ tlf1l ht 'l'O lln1(: f(>r ,ld.'J)tiV<" chamlx:r d iJ:.Il:UiOII. 'I h t• 

mun'llur of :wuh.: mil rJI H.·numital ion ma\' be pn'M.·nt nnl~ In 

c:~lrl\' dl:'l'>tnlt-. owing lo r.aptd tlia .... lolicequ:lli:t.<.!Lkm Ol\x-nt rk11 

Jar:"tnd :'llrbl Pr\.""-"-11'\.'>t. .. ll't.'-1 hy the high \'OJume o\<t>rlo:tcl.ln 
ca~ of"''' ·n.· mil r~•l rc.')!urnit;uion. a diastolk nmlhlt• u1. "'U" 
lX'("311'0(" of 1hl· lotr')..'\.' n.~ui'J,titant \dunlC duti~ db'>fclk·. I( 

JXl-~""1~1~ lht• ')-.Jn,k· nl\11 mur of ;1(1Jte mitr..ll R'g\l~il.lUoll i' 
1\-pk':lll). <ouh .1ntl <'l<h ho:~>ro: ~ r It h.,.,_ h<-ard alof1!! lht" kft 
-,tem.1l hm-.;lt-r .md h.-....._.i.rlhc hron. gcnc.T.dl) \\·it bout ;1 lhrlll 

In (l:.lHt-nh \\Hh ,u,rlic,: ,,._~nosis. the murmur dur:.ktt-r 
,..,fiC:lH~ gt•t..,lnutlt.•r ,rnd Uwn "iofter krt'St'<.·nc.lo d('(·rt"Sc.'t'ndo) 
rlnrinA svstult.•: It ' ' luudt.":SI at th<· M''<.uml right intt'rt""'''l 
~pact•. \\·il h rudr ~l llon tn tlw c·amtid .. meries. 1h~· fi ndiftg.., 
;l r\" nm pn~nl lnth l\ ~\Jiit..'n1. 

I d 't u·ntri<.:u l ~w th .·t.• vv,\llmpture i~ an ofirn t:lt:rl c()mpli 
C:lliOn Of lll} C K.':ardlal iui~HtliOtl th(ll OCCUI'b 3 1(t 7 d~yo;. ;lf\t'r I h t• 

initial ("\'C;'Ill. l~1tlc.:nt -.: moo.,t cummonly pn.'S(..' Il1 ' ''ith c:mUac 
u mpon:HI<• (dul' In h<.•mnpC'ric~mlium). pulselt.'<ls t~h·d rit'al 

:lc-ri\'il). and dcutll l~tth:nt., whh cardi:Jt· tampon:ldt~ i"llic::tll\ 

c1o nhl h:J\'l" ot ht\tr1 murmur or a pn.'St-r'\.."'00 or t"X:lfl!!..'i.'r.IIL'll .\ 

<le*-.ct•nt In 1 he: jUJ,tUIM \t'notl., pulse. as St"t:Il hl I his p.1tknl. 
\tcKI p;lllc:nh wilh mild to m<Xknte lri<:uco.pld nt.'tlr 

gitalicm ,lrt• :1")-mplnnl.Jtk. E\.lminalion rl'\\.~Jts :l ~"\lt',Jk· 

mummr th.1r '' luudt.."'J J.llhc: k'O Jow~r Sll'lll<ll bnrdc.·r :md 
iJK'«'<'~'s wnh m'pir.Uiun. <;.) mpt:oms and si)()J' nr right 
~idc:tl h<":1rt f.lllun·. 'Udl .. .., f.Hij..'llt>. ele\'3t<.·d Jugul:'tr \l'flfllh 

pulo,e. ;lnclli)\wr c:\trcuut)· t.'tkm:.;. may bc.•hlu ncl; ho\\t"\c.:r 
tric:usp1d nt!ll~ll.ttion c.hk..~ nnl cause \Ohmlt' 0\"erln:ld in 
the l ung,, :1s w.hHhwf\t'll in I his patienL 

KEY POIN T 

• A~.·utl' c;.(.'\ICI'C 111it l'tllregurgihtl ion is :.lsSOt.' i::tred with 
p:1pHI:lry IUU~<:lc ruptu re lOIIuwing acute myocardiJI 

in l'art'-rion. 

llibliogmJ>h)' 
t..utl) ~ron."'- }\WI,_~tJ.•m '1. "vkthaniol contp)il:311..i0mot ~ll' flU\'l~U 

cful inf.ll<16iof' CJirdd Oin 201.3.31;519 3 1. ' :ii ' iii (•'\UU. lti)CX:!IXI 
doi~m.tOI6 1 t\"'lJ(Ul.07.(10.1 

ltem90 Answ er: B 

Educational Objective: Man>ge dualantiplareler 
thcr.ap)' In 3 p:ati<.-nl with non ST elevation myocardial 
infitrcl ion. 

lltis palitnl \\'llh .t 11on ST t.:kvJti<m myucat'di:ll ' n t:Jn·tinn 

(NSTEMI) "ihOtllrl t'f.'C.'l' i\C lo\v do~t: as.pirin inddin il(•l) .md 

~nswers and Critiques 

tk.t~·k•r f'tf 1 ~\ ... tr. J)w) ;lntiplt(c..·fl-t lfk·r~\l'l\. ('tMilJ'kr.cd of 
;.t,pmn and ., J•.!Yu inhibitor. is- indk.ttc."ll In .til p.1tk-nl!-. ,,. 
lc"'i~ ox:utl' llJfCJI\31) c;,yndmmc {.:\C'i) ltlr tilt" f'R''·nli'm 
nf \a"'l·ul.ar 1'c.:hclllk e'\'t'nts .• Uvtrin \hcnrld he.• nmtinul'li 
tnddinitt..·h. d11C.Im ~1tients \\ith .\< s lrt>;llt"'l w1rh mt11k:tl 

lh1.·rap\ :.t1onl·. I he.:· t'J)timal d urallon ''•r p·_,, , lohihiHlr thn 
;lp\ k·loplth~!r<: l or tirap-elor) b: :.tt I<W4 1') fl\(1111 h,, r\11 hou~h 
dup1dogrd i'an option in this fX11il'tll. in rh ~;.· PLATO lri:1l. lht 
('Un1hinullon or IO\\ d o .. (" :lSpirin am i 1i<;;)J1r'<.~ IM \\';l~ o.,urx.· 

rfor lu a' 1nnn ;,llld dopidogn:l in t(·dutillf~ tht• lnfidt'nt'l' ul 
c:artli0\0N .. ·ut1r d'-.·;.uh. nwocardial itl t~ln ·tion •. l11et o.,l m l,t· 1{>1 
luwlng ACS; tlw d lec1 size was tdt·ntlC'~l l In nwdk-.lllv ln:;,att"CJ 
JY..ttitnl.., ,md 1 hO\e who w1d<.'f\"-t'JU e.t11y 11'1\';\\IW tn"Jimt·nl. 
lht• AIHt'lit.m Collt-ge ol <:trdiok~ :11'1c1 .\nwric.:an ~~~~1rt 

h"'iCJC.'laHon pn-fiT Hcagrdor to ('lopidl".!fl'l kla" U:t, k."\\.'J 8 
n.,unntk,:ntLtUon) hlll c.-aulion th.11 :\ddntmul ~lklic.-... \\ilh 
foc.w~.'d ,.,_.,1iws are needt.-d. 

Pr.&~q_,-d. oUlOther P:!:Y L! mhd\nor. h rt'turnrnt·ndc."lll'iJr 
ux· nnl~ m p.:~tiems \\;th .-\C:S '"ho untlt'T')~n JX"f\Uf.anc 
uu.., c..:omO.lf\ intt>n~nllon. Pr.hUf!Tl~l h nu mon.- clrt..'\.li\"\' 
tl1.111 dnpidog.rel in comparl'll1n smclit'' ~)I mc.:di<:o&lf"''· ti\'Jkd 
p.lli~·nl' w ith ACS. and il (':\rrlt'S :\ hight•r ri->k thr hlc..·t..'f.:biiY. 
Ch;tl\ cfOl"'\ dopidO${rt't 

A ~t liruagulation \Vilh Y.~\l'f:.Htn Is not nmtlnth n.:tom 

mc:n\ll."t.l following ACS u n l<.':sS llw n· I"> :mutlwr ill dit:.Hion 

h11 lt<t u:-t'. s.·u<'h as v<•nous tlul'unbr)t..•lnholl(·dh•::t,l' t i l' atrial 
l itu illation. 

A'-pirin thempv .alotw woulcl 110 1 ullt•r .ulcquJI<.' Jli'H 

ll'<.'iion a~ain.,l c:.udiO\<i~(.:u lar t'\mts In thi' J\JIIt.:nl ''Uh 
NSTF\11. 

KEY POI NT 

• l)u:ll • ntipl.ltdetlherap): compos<~! ol a~ilin and a 

I"!Y., anhlbiror. is indicat<'tl in J.ll patients folk>\•ing 
JC..'Uit..' romnai)· ~)'tldrome for the pn'\\.'lltlon u( v.:be:U 

l.1r ischemic.: t.."\'t.'nts. 

Uibliography 
\\~ll .. : nd n I , ft.-dr.t'l W( ... llucl:lj A. Cmr'll.nl ( I~ f lll:lnud"nn l l.l ll:kl C. c.·t a l; 

,,.,\TO lm~'u~o:ators. ~..trt·lorwr~u:.<.·" •l)id••H.ft· l ln f\11i<'nt~ with .n:ul c.­
('nllm;II'Y :.) mlrom\'' 1\ l·:nr.l J MM. ~IOIJ ::~M~Io 1~ S7. Jr Mm: 197118161 
•I" LIU.IO,')(• r\FJM(X.IO?O 1327 

Item 91 Answer: B 

Educational Objective: Diagnose concorri<.'11vc pcri~rdi 

li .... 

·lht• mc)!.tlikc-1) diJSO,lOSis in rhi-s patient\\ nh a h1...tun of (:he. "'it 
rJ(IkMhc..TJ.l" is l'OilSlricti\~ peTil·Jrdiuc;.,. O"K~~ti(·li\~ (X'fi<.:J.t 

dlli' i' char.~<tc:na'd by peri<=Ual thlckrnln~t- libru.h . .ulll 
"i()(''lC'liml~ l•tkilication that inlplir dl.:l...aolk·lilli~ J.nc.l Hm.it 
u>t.llt.ardiJc.: , ofume. Most t'a~...., :tn" \1r:tl or fdlnpathJC tn ori 

gin: hm\\."\l.T. <::.t.rdiac 5urgcry. d-.est lrr:tdl:ttkm. uutoirnnmnc..· 
disca.';l..', ~utd tuberculosis or other h.1('U'rf:d 1nrct..li(ll1\ WJ) be 
( \ lll"l"\. fl'.tlit nt:, \Vith COitslrkliV(' j)("fi(';H"(Iit j, nlO"it ('C)Itlnl()tlly 

pn .. ~nl wilh indolent progr t"'SSion of r(gh1 o.,idt"tl hc:ar1 1J.Utw: 
symplnrns. i.nd ud inp, peliphcr..ll ed<:>m :'l, tlSd l("\1 :u1U fnli.gU(.'. 
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In this paticnl. Sign;-; orwnous <'<mgcstion predornin:ll<·'. pc:~1i 
cardial t '<-l ldfiClliOn is pr«.'S(:nl on l lw dw~l radiogr.:tph, and 

Lhc serum B-natriult'lit· pq>lide k--vcl is low an d d()('S nol 
::iUJ!..I!{'~il f!r{'atly (l)<.:rca::;l'{] wall (COSiOil. 'lh(· cchocardiographk 
lindill,&S Of' re::;pi r.:llOf)' V'Jii<ll i<>n in nlling ( )ffi~hl ;Jn<llcft VCO 
trkk's. v('nt ricula rscptal ~hifl during n:spira1 ion. <l n<l di lal ion 
of the in1Criol' vena t-ava ar<" ch~lr.t(.'t<.:rislic of consl riel ivc 
peric-arcliU>. 

Cardiac amyloidosis and n.~l rictivc cardiomyoptllhy Hrc 
nol asso.::ialtd with J>Cricardhll cakiHcation. and pal icnls 

willlLh~..·.::;l·concliUOtt..~ more t'Ornlrumly J)ll....'<K:n( w i lh modcr 
ate to SC\!C't<' pulmonary hYf.>c:rlension rather I han I he mild 
puJn1ona.ry hyp<.:rtension sc.··cn in this patient. lkspiralory 
variation in UUin,~ of the dght and ldt vent ri<.:k."'S amJ vcn­
rricular sept:.d shH\ dluin,g rc::;pir~Hion ar<.· cha rJ.ct<.·ristk of 
perica.rdial C'Ot1Sll'Jint r~~Lill..·r thaJ'I myo<:ardiaJ d isease. 

Palknls w it h hcarl tailur<' w ith prescrv<.·c.J ~jtct ion 

fraction wiU pn.--scm with t."tlc.:ma. C'X(·rtional dyspnea, and 
faHgue. Normal systolk l.:onLr..ldion an<.1 abnormaJ di~lstolit· 

relaxation are presem on echucard iogl"&lll ami result in 
restricted .6Jlhtg and h.igb Hlli.ng plx.·::;:iurC.::;. P..&licrHs wilh 
heart fa ilure 1ypically h~l~ ~~n ch:'v:Hcd B lypt.• natriur<.'lk 
pep tide level, often gre~ter than of 600 pglmL (oOO ng/L). 
which is not found in litis 1>aticm. 

KEY POINT 

• (' .. o nsl ric£ivc ptribJrdil is is <'<)Jnm<mly <·harnNeri7.ed 

by symptoms of r ig_ht-::;idcd heart thilur<!. low or nor 

mat B type natriuretic peptide level. and lh<.: findlug 
or p<:ricardial l hiCktn ing ()fCaldfic:-tl ion on im:lging 

swdies. 
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ltem92 Answer: A 

Educational Objective: J)iagnooe ostium sectrnd·u m 
atr ial septal detect. 

An oslium sn ·und um atrial septal def~<: l {ASf>) is the most 

lik<.:ly diagnosis in lhis JXllk nt. Adults 'Nith an ASD most 
oflt·n pn:s<.'nl with <.lyspn('<l o r atri~1l arrhytlm1ias: dcv:.rh:d 
central venous pressure. ftxed splitting o r t he s,. and a 
righl v('ntrk utar h(•iWl' ~lr<.' <.'ha r;.l<.'lt.'ristic find ing::;, Tht• 11xtd 
splitting or the s, in patients "~lh ''" osriurtJ secundum ASD 
r<.:::;ults from prolongation or righ t v<.·ntrkular systok- and 
hl<.'k or rcspin1l0ry t•hangc in lhl' right \'<.·n lrkular strokt 
volume. \Vith t•xpiralion. lhc de<.·rcaS<: in v<.·nous rt tur n 
is <.'Onnh.'rtl<.:tt<.l by ~tn int'ft asc in lc·fl lo right shunting. 
resulting in a fl~ed right ventricular prdo;\Cl. 1\ l;lrge ldHo 
right shunl tauses :.l pulmonary midsyslolit Uow murmur 
and :.1 t ricuspid di~lsto lic Oow n.unhle o\ ving to increased 
flO\~ In ostium secundum ASD. t he electrocard iogram 
U·:c.x.;) clemonst rares right-nxis deviation a nd incomplete 
o•ight bundle branch blocl<. 
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AorTi(' stt>no.c.is due 10 n hi<.'t l::;pi<.l aortic valve causes a 
sysrolk mnmm r :lf rhe );e<."Oncl l'ighl ill l<'r<.'Ostal space. ·1 he 

centr:~l wnou~ J>l'es5Ute is nonn~tl in ;.1ortic stenosis, and a 
right w n1 ricnl:1r imp11IS<:' \11.rould not b(' <.'Xp<..-><.'ted. A systolic 

Pje<·tion di<'J.: is often henrd in paHcntts with hi cuspid aor 
li<' \~lve, hut tixed splitting of tht." s1 i::; not heard. 'I he E<x; 
typi(·ally demonstr.ates <1 norm:ll axis i'tnd Jeatures of Jeft 
venlli Clllar hype nrophy. 

Pn hnon:uy stenosis is usuaJly <.:Onf:.sen ital, and severe 
ohsrmtli on t:ln cause exertionaJ dyspnea. Physical exam 
imtl ion l (~ .. uures rlepen<l on tht? $1;'"Vc."L;ly oJ' obstruc tion a nd 
~tssoci:-l t<'(i elt"\~t ion of right heort pr<·sstm:: Lhese include 
<.'t:nlrdl venous pressure ele\~tion with a promincnl a wave 
~md <I prlmsu·mal impulse. 'I he systolic murmur of pulmo 
n<lry ~h:nosis is g<'ll( .. r.JJiy he:trd ;lt rhe St.>('()nd k'f\ inlcr<.·os(aJ 
space. and 1 h<· timin}~ or the murmur is related LO stenosis 
st.•vctily. An ejection <'lick is often hen rd: tht· proximity of 
1 he d k k 1o llw S] \;:oui es depending on the: scvt•Jity of ste 
nosis. S:, becomes Hxed in severe pulmonary sk nosis. The 
ECG demon:;a rates right :•xis dt>vi:uion nnd rcatur<."'S of right 
\lt'nlricular h)'IX'Ti rophy. 

Pati<.:n ls '"'il h mitral stt·nosis migh t presem \'l.'il h sym p 
toms or dyspnctJ. A right v<'1ll liC'uhtr impulse can occur. and 
Lh<.: <.:COII'<II \'(.'llOUS prcs~mre m ight be elevati..'Xi Wi l h <-ISSO 

dated pu)momu)' hyperren<..'ion or rri('USpid regurgitation. 
'I he.: mummr ormitr.d srt>nosis is generally b(•Sl htourd at the 
apex. J\n openi ng snap might he hear<l. tOllownt by a dia 
stolic m urmur. l·lx<•d splilting or the.S2 is not h<..'ard. The ECG 
typic<-llly dcmonst ralc.'S ldl <llrial c.•nl:wgement. 

KEY POINT 

• EJe\r:.ltt.··<t cenLn\.J venous prt-ssure. fixed splirtingorthe 
.$~, ;,l f~ht \ l('lltl'kllllr hc:<WC'. and ri:Qhl- <lxis dcvial ion 

and int'C>mpi<'W right hu ndle hranc-h block on d cctro 
eariliogram arc t·haracteJistic tindin~ in patients \\tith 
ostium S("(·luldum atrlld S<.'pla.l dc:r(·ct. 
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Item 9 3 A nsw er: C 

Educatio na l O bjective: l>i~gnose the cause of 
cryptogenic stmk:e. 

Tht· most approplio.Jtt' diagn ostic.' testi ng option is 30 day 
t·vent lriggtrt'<.l loop n..'Conling.This patient had a Cl)'ptogen ic 

s troke gj\f('O lhe absence of an apparcttt vascular. stJ11CttJral. 
or thromhm ... mbolic <'tlu::;c tOr her iS«.·hcmk <.·vcnl. Among 

patients aged 55 Yt".JrS and oklc:r who have a cryptogenic 
is.r hemie r1eurologk·t.''\X'Ilt. such as a ::;trQkc or lnrru;ic.:nt ist:h 
emit attack. OtC'ult Jn{ennittC'nt :.l(rial flbrillat ion is thought 
to he present in up to :ZS% of cases. 'Dlt."SC patients have a 
hiRh risk tor n'<:'um:·nt stroke. ;\nd cllorlS should be made to 
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dett'<'l ;lnd Lrtal a ui al Jibrillal ion for strol\e prevent ion. Non 
invasive.:_· amlmJaLOry c.:.·k:d rocardiogr::tphic (E(X;) moniroring 
tbr :30 d:.l)tS impruvC's lht· deteclion of atrial fibrillation by 
t1vet01d compared with shorl lem1 ECG monitoring. Pat ients 
\\'hO have pr<·malur<· atrial t'Onlrat1ions: and other finding.~ 

of telopy on short tenll te lemetry may he more likely to 
have parm:ysmal a trial fih rill;ttion . Patients who undergo 
lo nger term ECC monitoring and are suhsequenrly dhtg 
nosed with ~tri<JI fib rillation are also more lil<ely to receive 
appropri:ne Set.."'nd<HY prevl"I\Hon slroke lhcntpy vvith onll 
>l nr ico.'<lgulants. 

Antiphospholipid a ntibodies are acquired a uto<l nlibod 
ies against phospho lipids a nd phospholipid h indi1·lg pro 
teins. such as cardiolipin and O ..• glycoprotein I. In vit ro. they 
can prolong clotting rests. bur in vivo. they i ncrease rhe risk 
for venous and a rter ial rhmmhosis and are associate!! w ith 
increils.;;>d fe~;:ll loss. Test ing for :)Utoimnmne and hy perro 
:lg:Uiilbl e d isorders, such as ~mtiphospholipid antibody syn 
drome. ca n he considered in young pat ienrs w ith othervvise 
u nexplained .stroke. /\side from stroke. this patient does not 
have any features concerning for a pmthromhotic state o r 
autoimmune d isease. Therefbre. testing for an1 iphospholipid 

anlibodk->s is not apprupriale. 
Cardiac catheterii'.ation is not indicated in this patient. 

Because she had a no rmal rransesoplwgeal echcx~rct iognlm, 

there is no concern for a structum l ahnormali1y, such as :-m 
intmcardiac: shunt. 

.Sh o11 te rm ECG monitoring (24 4S hours> w irh a n 
ambulatory ECG monitor is i n ferio r to extend<.~t E(X"J moni 
toting in t he dete<.tion of ~IDmxysmal atrial fibrillation. 

KEY POINT 

• [n Lht: <:valualion o r cry ptogcnit· s t rok<:. non i nv·.asivc 

ambuiMory eit'ctrocardiographic (ECG) monitoring 
for :JO days i mproves tit~ detection of a~ rial tibrill<> 
lio n by nvdold <.:ompar<:d wiLh shon-1<.:rm ECG 
monito ring. 

llibliogr•phy 
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ltem94 Answer: B 
Educational Objective : 'rreat acute decompt·nsatcd 
heart fajlure with intravenous furosemide. 

'Jhc..· tnosL apvrupr i ~H(,' trt:.um_~,.•m is ~lclrninistration of in I m 
\~CnoLL~ ruroocmkk·. 1 hi:-; p."lllc.'lll v1tith ~l history of he:lrt (::ail 
un: ha~ ~ign~ <md 'Y'tlPl<Jtll~ <Jf Mt ~· c..·uh: t."W<-x.·rh:.uion. \Vii h 
vultulle <)v<:rluad .ual po~ibty redtu:t-<1 l\jdney f tJil('Jion. 'I he 

tW\in .. -,lJY .,r th~rapy fhr ~Kutt· hc;.m faihJr<• is inlnt\•·enous 
dittr<'Lits. ·n, c..~ im r..wenous d iUf\":'l i<.' do<:e should ~.'<Junl or 
cx<:l"<.'d Lhc paLic.·nl'~ UJ';.-ll d0$t' fbr t.•lu onit.' he:·lrt th ilure~ If the 
I"Xilk·nl t.k>t."'!> rlOI respond :tppmpri:;udy to that dose, rapitl 
uptitcat ivH sht~uld be r .:rfornwct co as~isr in lluid remo\~Jl. 

Answ~rs and C riti~~~~ 

1\ recenl smdy asseo;stng ditt~ ... n~nt d itu·di<.: str.tll-gi<.-s (nor 
mal ven;us high rlo:<K·. holus Vt' fSl t..' t'Onth tuous infusion) in 
patients w ith :leur ..._~ dC('dllliX'ns.·u..:d heart f:.LUun: showt '(l nQ 
difference in the OU{('Oil\t'S of i<'Jlglh of ::>l ~l}\ readmission. or 
kidney funclion h<:l'h't'<'ll woup~. 1 h l.' palicnt\ usua) outpa 
t ien1 medications shoui<J lx: cautim.t..,ly t:outinucc.l unk:;s 1 he 
pat ienr is hy1xnensiw (lrdt·m<,ns1 r:l l t'S~ij..tll~ <lf))I)<Jf pt:rru!)ion 
(\<\ursening kidn<-•y or liver function. cool ~xtretnitit~). in 

\·vhich case dose rectucl ion ord i.<.K'nntinualion of hoi h the ACE 
i nhihitor and {\ hlnckt-r :-.lmuld I)(' c,-.t\Siderc..·d. 

l.ow dose dopamine plus tliun:.•tk t ll('l':.lPY w~1 ::; .;;ludkd 
in the I~()SI ·. trial to detennim~ \vtwrher dOIXlmine improves 
diuresis a nd prese rves k idney functio n in piltients with 
~K'Utt' hea1t failure. Compared with placebo. th.:r<~ \\i.h no 
dHfc.:.•rcncc in patk·nt svmptoms. urine ou tput at il hours. or 
kidney func tion. Intravenous dopamine would not lleiWtit 
this ~ticnl . 

lmr-.wcnous inotmpes, suC'h as mi lrinonc 0 1 dubuta 
mim·. should he <'onsidered in patient~ with ~ig:ns of P •)Of 

pc..·rfusion tu improve <-~udinc function: hm'-.rever. 111 i~ pat it-."M1 
has no ~igns of hypopc.:.·rfus ion to suggest tholl th is exarerh 1 
lion b rdat<:c.llo Jow t'<tnJiow output. Additionally. the I 'I{()M 

lSE s tudy shtM'l-d no bc..-nelit or mutim: i notropic ther;1py in 
palknls ad milled \'\'ilh a hea rt tllilure cx~l<-eli">ation. 

·n1c vasmlihltor m·siritide has not lwen show n to 
improve diuresis. rt"<IUCt! lengi h of stay. or prt"\'('f\1 rc.:.\\<.lmi~ 

slons when used mutinely for (>'<ll ient~ hosp it;tlized for :1 

lteart f:.1 ilu rc <'Xtt<.'t'rha.tion. Nit rogly<:crin or n ilroprussidt: i.,. 
oc.:.'\.'asionatly uS<:d in (Mtients who arc hypertensive or who 
h~•W high systt'rnic v·.tscular rc.:.'Sistancc. but usualtv only in 
a dosdy mon ito red st•lting. such as the <.:·oronary care u nil. 

KEY POINT 

• ' l11<: mainstay o f I hl'nlpy fh r ac.:uh.' dc..x:ompensated 
ht-~lrl f~lilure is inlr.:tV<.'ttous d1ure-Lk'S. 
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ltem95 Answe r: 0 

Educatio nal Objeaive: Ev.duate suspc.."Ctt.--<1 iofecti\.x: 
endocarditis with tr.msthor.H.::ic echoca.rdiography. 

·I he most appmprialt: next s1c.:.·p i n mana:gemc.·nt i& t r.mstho­
r.adc: cc:ho<:ardi<~naphy ( I'TI·~. I h is P<-' ticnt has symptoms anJ 
signs l h~ll arc suspicious thr infectiVe cndocctr<-l il i ~. :\c<.:ord ­
in~ 10 the.· modifk:d l>ukc cr i h.:ria for in f<:cCivc cndo<.:ardit is. 
he m<.:cts 1 hr<.:c minor <'ritcria (injection d rug utic, k vcr ·with 
lt.·mpcr.d un: >:38 oc (100.4 ~Fl. and va.o.;c.: ular phcnmtlt:na l in 
th is case, c ry lht:mawus nu11painiul rna<:ular lesions kn<"l\Vn 
~lS Ja nc.•way lcSiunsJ). Whil'h ind icate:) a possible diagnOSiS o r 
i nfective c ruJocarditiS:. A tld in ith1t: dhl~nosi:-; rrmy bt mad<: 
with positive blood eullun:.s auc.l <.har..tL'tcrist k· cchocardio­
.~r-dJ)hi<: findings, TIE. as a nrsl l ine innt\ging modaJity. is 
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Cl 

indit<ll<.:d lo icf(•Jll il)• veget~Uiuns or nbs<.'CSSC.'l) {di<Jgnos l ic for 
inft·t·tiVC Cl1d()(';H'rlirls), d<:lcrmine lh~ :SC.'VCrily or V;cllvu lar 
l~ions. ~~~Sl~\ vt-"nfrlcuhtr function. nnd ddl"Cl t't>mplka 
tiuns. ' I he semi I h il) nfTfE fs appmxim.HCI)' 7S'X.; thcrdbn•. 
a n(.WJ.ti'c imJWng r("';; result does no1 ruk.· oul the p~ 
l"llC.l: of inf(._·t·ti\(' t·ndncardili:s. and other imJWng modcalili<'S 
should .,., u><:d. 

\Vhcn lhc '1*1 I· HndhlgS an: nom1JI or ina<.kquall' i n 
J)alknls wil h ~) hl~th pretest probabilily o r inth·tiw cndo 
('::ll'ditls. or su:-;pkinn r't'llhl ins tOr undeh~ t<.'\1 C.'tJinplit:ation:-:. 
rurthcr C.X~IIllil"'alinn w ith TEE. t·ardiac cr: or MRI shou ld 
be ('On::.ir.k rcd. I he.• d l:lgnostic St"'lsitivity of TEE fOr inf<.-c tiw 
encloc.-ar<.lilis i.., appm'<'im.:nety 90'~. TF.E J..; .1ho ~uJX."rior to 
ric ill th~ dl1l'<l ion ur periv:!Jvular ~. k.-.tlk1 j>Cr 
(omtion • .tnd <>l~r rompli<::ltiOnl>. Qlrdl:lc (.T Jnd ch'-">1 
MRI can.,., helpful In ossessing for the 1"\'«.'lll'<' or aor1ic 
root abst';.~\ wht·n I'EE 1.~ incondush~ •• md Cf is helpful 
IV idc-ut i(y arL-:.1' ()r pt'rlpheral <:mboli7.ntiQn. :mt·h ~ in 1 he 
kidney. spine. spk:cn. :md hr.) in. How~vcr. ~lli!>C..' or (.'OSt. 

:tocessibility. und lnv:tsiv~ness. TEE. <.·hcst MJ.tl. .. ult.l <.:ardi.Ic.: 
Cl are ootll'<' bl-.llnlli:~l imagingcholc:•:s. 

KEY POINT 

• TranMhor.n·tc t't-hOC:.trtJiogrnphy i-!> lhc Jln..Hint.· imag 
i r1g mo<.la1i1y In JXll i<'lllS MISJ>l't'lcd uf' hnvl ''~ inft·t't ive 
enllO<.'an.lilis to id<-ntit)' vegcta lions. dcrct·min<' the 
Sl"VClil y Of\"3 IVuJ~r k-Sions, asse::;s \\:111 rlt ul:-ar runt'­

{iOn. an d detccc oomplk -ations. 
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Item 96 Answer: C 

Ed ucational Objective: Manage non ST d\..V.tlion acute 
t•oronary syndromt with an ischemjJ guicled o1pproach. 

E:X('I"CiSt' strt'Ss l<:stlnA is rhc...• rtldst appruprLm· m:~n:lgt'mt:ut 
u f thL~ polit,;nl w ith J nun sr c.:·k;\ ~ttiotl o.I<.:Uit: U)mn:.uy S) n 
dmn~ (X.<;TE \( :SJ. ~t.tm• tre:umc.·m nJM i• lfl') an: ;.\\"Jilahh! ((.., 

ftllk.-nts \,-lib ~ \Slf . \(~. :md ri-.k 'i.tr.liUk.tUon rt•,Js • .;;uc.il 
J:S lilt" 11\tl <~r ( ;R,;\( 'E risk SC'Ort..". {~II Jx.· U"oC,.'() tu olid in di3g. 

nCK.tic; o1nd th<..'J<-\JK:utlc: d{'Cis ion rnaJ..in~ An ,..,.:h<·mia guklt'CI 
approac-h b appropli <lle in low rbl-.. p;.llh.:llf!\ (l'l fvll :-;con~ <l 

111 c;RACE M"orc.· ..-·I ()C)), \vhcrx:a~ intc.:rutc."\li:Jt\' :md high ri~k 
p;ll it-nts should bt• u·c~uc..'d wilh an (."Jrll, lnv:t">ivt! str..llt'r.)~ 
\\'Hh ~n i"":hcutla ~uidcd <-tppm~lt..h. t.\ttdi.K <.-athd<•rizalion 
i~ ft'St'T"\\"d rur i'kllk:nts at \'~ry h~~h c.:liuil.ll rhk hlsetl nn 
risk score and p;.ahc.'tll' with 3t1i\'\ ... CJf lnlt·nnilll'ot isrllemi;t. 
inciuding lltt~· \\-tlh .lllJ,!ina d(....,Jllll' nk.,Jicll Hl<'r.!Jl) ••r 
<·, ·i<k-'ll<'l! of i....,·hcrnioJ on ~1ress ll"S-1 in•:· C oin•u thh pali<'nl's 
S'l' !'<.-gtHt ll l dt"PI<..'ssion on elecrroc~trdiogr~un, ll<.'r liM I risk 
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't"l'll'\.' b I. or tow 1·i ... k. Slrt.''' IL'-.l irl!-t is i nrlit,:u1(.'1 Co gu idt: fur 
rtwr llliiH:4-.'CillCnl. 

\mlcxlipine m.1~ hL IJ"'{'t1 tn IJ-e:ll pJtil.•nts \W~p<'t:h·d of 
h.l\lllg .:tmman va'\4•,p:l,lll. :\lthou~h tht... p~llic.:m·, ~1up 
IOOl' t.:nuld b<..· c-.tu\4:-d ll\ c.unm.Jr\ \':lSC'r-.r.,,m, II \\'HUid tx­
pnkf'l·nl lo C..'Zdudt• i""-iwnuc..· ht.-.1rt dio-<.\"'(• b<..·lun.•lniti.1rmg 
thl ... uc:atnl(.'fiL 

lht• lx·ndit of ~l)t.1•proh.·in lth 11 1.1 lnhibllof'o., suth 
J\. t'PiifJbatide. oppc.\u~ lo ht· bob t('d to ~ot·lt.\ l n hi~~h fi ..,k 
p.ll km~ ilml tho:-.(.-' un~h·•noil tg tx·rcnhnwou" (.'urun:•rv inle r 
\c.' tllion, .thhou~h U\.c.' i ff tllc.'"'l<.' dn1gs h:t"> h~o.·<..·n 1.kdining 111 
I ht"(' o;(·tliJl». "I here b no mk·lftr~l}t'(Jpmtt"ill l l h·JII.t hltx:k 
ad4.· in thl' p;.tlic..·na \\ 1lh ,, In\\ TIM.J rhk !o't'flrt.• omd numl.'lJ 
c.· •• nlbt· t"lll) rnc.· k\\'1'-

,n p;uk·uh \\ilh \Sf'F \C.S \\lm hd\c.' an ~k"\att'tl dini 
<.~J)Ii,k '>t . .'Urt'. Si~lifk.ll'll Sl' ')4.'g0ll'lll dt'\iiltiOil, Of C . .'IC\"JIC'(i 

c::ln liac.· hiomarkt'J'\-. c.·:ndi.tt.' c:,Hhl'l<:Ji/.alion ' ' u ... ually pC'l' 
h~rnwd w ithltt 2-1 hour.., c•l pn.~·nt.U ion. l lf\W'l'\o'(.' l, a n c.__>arl)' 
l n\>~lSi \·c.• o;tr.lt('KV ih nut i ndkalc.'\t in t hb pol il~nt Aht.•n ht•r lm .. • 
II \11 rhk <\'Ort· 

KEY POIIT 

In )XItiems \-' ith non Sl t•IC'\~tion acute: t'OI'On.11') 
'yoodrome. an is<'hcllli3 !(Uided appro.tch I' ap pmp rl 
me fOr palicnts at low risk ha • .:oL•d on <."liniC'~ll risk score. 
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Item 97 Answer: C 

Educational Obje<tive: Trt3t 3 patient with inlemtit 
t (-nl claudic::..rKm with d iOStG?.OI. 

l he- ll\0:,1 appropriate: nt:\1 ~<.1) in maJla!_..lt"Olel\1 i) lo initiate 
<.. i l~r~v..ol. In patient$ With irucrmill<-.11l d:nldk:'ation and con 
11rnK<I lower "'1rcmily p.;rit>hcr.l artery dl<enS<: (PAD) wi1h 
nn <lbnormal ankle bo~odolal in<b (:;::0.9), Anwoic:on O>llege 
ot' C'::.JnliologyJAm!!l it.•Jtl l ledrt A."'-'i<.><-iation r.uld<.·lines rec 
ommeml c.·x<.TCise tr-.JiniOJ.e o.111t1 rn(-dical tht>r.1P) k iiO!Iolo.IZOI) 

lu tmJ)f'O\~ limb ~)11lplC)nl'!t.. In .1 ntt..1a-<Jrull)~l' of IS ~ud 
ic-<. cllnst:W>L a phoophodk'>l<'r""" inhibilor \\ilh onlipblclel 
:-~nd \':lSOdilalor aL1h;il)~ ''~h .,llf.fo-vn to impruw :o.ymt'>'Oms and 
wnlkil't~distanc.·c in pali4!nt~ \\Jlh tl.tudicalion wlw n rompan.->d 
wlrh pl:lt."'<'bo. As v1.rith 01 hrr oraJ phosphodic:.wm.~ lnhibilors 
(such as tnilrin one). llw FDt\ has plat"cd a blad \ box \\~lming 
on the use of cUosta70I in Jlatk.·nl::; wilh hl'al1 t:111ure. Th is 
Jl<lllenr wilh l'Siablblll'd 1\\1 l (ldl ankk br.ochilll ind<X ot'0.67) 
h." been enroll<-d in a '1\lf><'"bc."d ~,.,~;"' I""'''lm hul b:ls 
J'l''!:rt""l\\' symplom:.. ~nd 1~ Oo."-l nkl>l ai>I""Pr1.1te <I<'J> in 
hi.., m a ll..'lgelllt""'U ~to add dk~a..rollo h is •oc'llil-:U km l"t"gunc:n. 

PAD is l"Oosid<.· r~."<.. a roronary arccry dl:.t-a~ risk 
t•quh":llent. and patients wilh PAD should lx· trt>ntffi wilh 



a high¥intensit)' stntin tn prevent t-..lrd iov.lsc·u h1r ~:vt·nts. 
llowever, no ~idence snpp011s switc·hing :uorv~-tslalin to 
rosuvastatln to re<iuct' limh sympmms in lhese f>o.llic.'nls. 

(~uidelines recomrnend :ln liplatc->lcl 1hcn1py for p<lli<.:nls 
w ith PA I> to redtH'e risk fOr myc)(·ardb l infan·ti<m. sl 111k~. or 

\'=lS<'ulnr death. l lm .. vever. in the absence of a sped fie indic t­
tion. du:1l :~mipl:ltel t>[ ther:-lp)' has nol ht·t·n shown to have 
gre;:~ter henefil than :m liplalelt'l monolhcntpy in pat ients 
with J'AD. Adding c_·lopid<)(~l to :·lspilin would not n:lkvc: 
this p:Jtlt>nt's Hmh sympmms. 

lfthis pntit:>nt does nol h :'IVE" improv~~mc·nl in his synw­
toms with <.:ilosta'l.ol or <~nnol tolcr.:~tc <:ilostazoll hc:n•J>)·~ he 
should be relkred fbr invasive management kndov•Jscul ~lr 

or surgical n •vascul:uizat ion). 

KEY POINT 

• Smoking t'<.'SS.;'ltion. exercise training. and medic;:~! 

thempy kilostnon are recommended to improve limb 
symploms in palicnls w ith pcriph~r~1 l artery diSL'asc.: 
a nd in tC'rmillc·n t cl~udi<"ation. 
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Item 98 Answer: A 

Educational Obje-ctive: Treat supraventricular 
t:>cbyear<lia. 

'I h<' most appropriate.' m:xl ~lcp in lrcalmcru i:-> admini:-:;tmtion 
nf' :ldt•nosine. 'I h is patient w ho i:-o symptomaHt· bul hcmo 

dyn::~mic.ally stahlt'. has supraventricular Lachwardia (SVT). 
lkcausc SUJ>l':lWntricuiar inlpul.st-s bciO\.\! 1 h<.· a trio\·('11( lit•ulur 
{Av• node ;m:, conductt·d nommllv. (he: d cctro<:artliogram in 
S\-1' usutllly n·V<.~a]s n<lrrO\·V <'<)mplex la<:hycard ia: hov~o'('V·cr, 

t ht· QRS compk->xcs <:an be wide (>120 ms) in the p.«.'::>t'U<.'t.' 
Of bundle hr..m<·h hfO('k. :tbciT;Jn{_"}~ paci ng. or atltt•n:>gr..ldl' 
ac..·cessory p;:~th\ .. '<lY ('onduc-tion (antidrmn k lad1y<.-ardia}.lhis 

palit.•nf~ rhythm Is. consiswnt \·Vith I he prt'S('11t't' or an a<:<..'t'S 
sory pathway (orth<)<lromk :uriovc .. ntrkul:lr rc..x:ipr<X:"::lling 
t:.u:h)<.'1li\Lia [AVRTf). ()J1hodmmit· AVI<T is th~ m~t <.'ommon 
lYI>t' of :-\VI·rl: :U'<."(IUnting t'br moT<.' than 90'X. {o 951~. uf <.'t\St.'S. 

')his type nf AVRr h::ts ~1 narrow (JRS cornpkx owing to con 
<.lucti(m m'f'r tht> AV nod<.· and I h<: I lis Purkill}l' ~y~tt:m. Vagol 
maneuvers, ~uc·h :ts tht> \~tlsalvll maneuver {t>L'<lring down). 
are fi rst llne 11wr:1py lh r lt"Tfllin:Hion or SVT. A<.lt·n~fnc c~ln 
b<..· lLSeti to int<.•rrupt 1\.V conduction if '"'~11 ma n<.'uvt·rs arc 
indlt-dh"«". SU<'h :1s in this patient. .Adt·no:-:in<.' may also hdp 
~lS<.'l"'r1:l in tlw rl:'llure or :tn an·hvthmia. k >r ~:xampl<.'. wht.•n 
3rleno.sine io; :ldmfni~ler~xl to paticnls v.tith atrioll (;.l dl)'{'3.J\li~l 

~md 1-:.1pid 1:1 <·ondu<:lion. il dcmonslrat<..~ pt·rsistt·JH r.tpict 
P \A':Wt'S dt">Spih• 1-\V hlo<.'k. w hich indi<..·at<..~ the prt.·~I1<..X' Of 

;;~n a11i:ll l:)chyt·:m.li:l. AdenositK' is metaholiz<..1.1 by all<'fl•)S 
lnr ck:llninase- in Ill<' h loud ;llld hl.l~ a '\1\.:1'\' :-;hort hair liJ(; 

Answers and Crit iques 

{o ::.c..Tonds). h i~ c.."OillJ;.tiH<.Iknt<:d in pn:l"Xt·iu;·d o.llrial libriUa 
lion with antidwmk· t~tchyc:ardkl. ""'hich prc."S<'nts '"'1ith :t QRS 
duration grt"';.ttc:r tlKlll l:lH Ill.) cluf' to condU<'IiOll down lh<" 
at'<.'<.'S~OQ' p;.tti iW~I)'. 

Amio<.I.H"Oill' is rr<.--qucntl} used en t n~·;,H p:.tk·•n~ vdth 
lt'-tu.trcnt V<..'HHJ<..'Uiar tadlyGndia ur mainlaJn ~iru,ts rhythm 
~,n<..' T t 'onvt'J:sivn rwu• ~1l1ial fibrilla1it11L It i~ nul a gu.itk 

li1lC n.~t"Jmnwn<kd :lf(t~nt for the lre:ltlllt"nt of~'VJ: 
lbuOiidt."'ls an int mwnous :lilt i:lrrhythmk drup, ~pprc)\'c;(l 

ku ph~u H\;ll'OJog,k (.'.;.IH.Iim>t:I'SiOO ur.tll'hl fihriJI;U ion ~H id .t.JI ri~\1 

llullcr of' <l.'<:clll OllM.'l (wit hill 7 d"}'S). lhutilide is "sSU<:J:lt('ti 
" tilh nn ln~..·reo.•sc.->rl risl\ for pol)'1nnrphk and mnnomorphit 
Vt·ntrkulolr 1~1chycnrdi:1. •md St;>ver.~ l hours of eJ.:>ctf()(__':lrdio 
~raphic monilorin~ is requin."'<-1 rollowin~ ndministmrion. 

Synduonir.ed c.trdiovc.'l-sion should he reser\'ed for 

pal i f:'n1~ who :1re hemodyn<1mic~Uy unslahlc or those w il h 
<·ontinu .. ·d SVI' despite \'agal mr~neuvers ancl adenosine. 

KEY POINT 

• Jlt:modynarni<:ally stable patient~ with suprav·cnllicu­
ktr t<l <.'hy(';.lrdhl r<{r:.l(·tory ro v:.tgnl m:1 neuvers should 
be given adenosine. 
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It em 99 Answer: A 

Educational Objective: Diagnose amyloid 

cardioroyopatby. 

'lh<.' mo&tlikdy Wagnosis is c..·arUWt amylol<.tooi~ . Tills p~tti<·nt 
has ht.'~lrt 13.ilur<". d evated rjght ~rt pressure, and severe 
tx>llt\'ntril· wall thid\en~ \1Vith preserved systolic function 
and St..·vcrc: puln1o1KtfY ltypc!'tl'n:;iun. 'I he elet.'trocardiogra.ln 
pamdoxically dcmonstr.•tcs low QRS \'Oltage <Uld a "pseudo 
infarct" pallcm: Q w._tV('~ in th(' tUlt('rosept:a11eacls \1\rilhout 
rt•g:iona1 w;lll Hlotion abnornlalilics on C<'hocardiogr.;~nl . 'I he 
moSl likely d ia){nosis i8 cardiac ;unyloidosis, lil<d y related to 

a Vall:l:llll' n•utatiou ill ltanstbyrclin (Tl'R), whic-h is present 
ill 3% lu 1t<X, of the bhlCk population. C'trdiac amyloidos is 
• houl<l be >tiSpttt('(( in black patients older than so-yem-s who 
h~wt· ld 't v<.·utrkuku w::lll thickening that is nor e:q)lained by 
l<r.u..ling l'Oil<.liliOil.S (lOr ex~uupfe. hypertension or aortic ste 
uosis) an d pn.:'S<'nt w ith heart failure or features of diastoli~ 

cJysfu nt·tion. AJthough a monoclonal gammopathy is present 
in immunoglobulin Light <.'hain (A I .) amyloidosis. th is is not 
:l f(:a{u rt· of lTR amyloidosis. Diagnosis is established by his 
lOP.'llhology; <.'ndomycx:ardial hiopsy is more sen:siti\'e than 
alxlomina.l 13t p;td biOIJS.V. 

Palic.'nts wjth <'Onstrictive perkarditis usually haw! nor 
mal ur only miJdly incre~1sed left venlricular ·wall thickness. 
St·v<:r(' pulmonary hype11ension is usually not present. 
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Amyloidosi:> may be: mistak.en Rlr hypertensive hean 
disc-.tse: hm·vt>ver. the left ventric~;ll ;:~ ,· \'1.1';)11 rhic:kneAA in lhi~ 
pati<.:nl is .ttn.:aler I han cxrx:<:led f(lr -.l JXHient vvithout hyper­
h:nsivL' heart disca~c. Addit ionally, ~Je<:tmr:uctlogrnphic 

fc:alun::;; of IL'n vcnlrkufar h)'Pt"rtrophy (inc·reased volt.lge) 
vvoultl he cxp<.:<.:lt:d. 

l ly pcr l rophic (:ardiomyopal hy m:ly he symmetri(' :m.ct 
Honoht'ilrut·£ivc omd may demonstrate a rt>Sifi(-'tive tilli ng 

pall<.:rn on cchocardiognJm. l lowcwr, in mos·t <:•lses, t he QI{S 
voltage on t:lc.:ctrocan.liogr"'m is <·onf_'l1Wnt wirh the degree 
of hypcrl rophy. 

KEY POINT 

• f.<lrdiac amyloklosis should he SI.I <\~X"("ted in blat·k 

patients older than 50 years who h$lve left ventricuJM 
waU Lhi<:kcning thal is nol cxplairll'd by loading <·on 
ditions {fOr exnmple, hypertension or aortk :>tt:nosis) 
and p resent w ith he;;1t1 failure or f<."3 tltrcs of diastolic 
dysfunclion. 
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Item 100 Answer: A 

Educational Objective: J)iagnose aortic stenosis asscx:i­
at(•d with repair<.:.O aortic coarctation. 

'I his p:uient n1osr likefy hos ::1 hic-uspid aortic ' "llvt· w ith a.s:so 
<.:i:1ted ::~ortic stenosis. A bicuspid aorlic vaJve is prestont in 
more than. so·x, of JX!lkrlls with aorlk l'oarctation. The systolic 
eje('tion dkk al Lht·ld l stc.-rnal border suggests a hicuspid aor 
ricvahre. "Jhe murmur is mid rx:al;,ing instead oflale peaking. 
nnd the S:~ i~ ::;till audibk. ::;ugg(.'sting mild lo moder3te aortic 
stC'nosis./\ bit'·u!:.'l)id ;.lOrti<' vMve may O<.'<:ur \vilh other cardio 
vascular and systtrn.i(' abnormalities. such ~ls aocurysm oft he 
sinuSc."S of\.Uls:.llv~l and pak·nt dudus art<.:tiosus. Patients wilh 

a bi<'USPid aorlit valw are predi~1x>Se<J lo aortk aneurysm and 
di'i.."'it'dion owing to aortic <'Onnective tissue abnormalities. In 
patients \'\'ith bicuspid aortic valve. rhe ascending aorticdiam 
etershould he assessed by echcx:ardiography. w ith the evalua 
lion interval determined by degree and rate of aortic d ilation. 

HyptTirophk cardiomyopathy is not an expe<'t<'d 
S<.'<.flU.:Ia of aortic t·oat'(.'falion or pn:vious rqY..tir. The mur 
murs in hypt•rtrophk t·o.m.liomyopalhy charat'terisli<:ally 
ind udc an ejet·tion q uality systolic munnur at the left ster 
naJ bonl<.T n:ltllcd lo outflow obstnu:Uon and a Ia I<:' ~ysloh<: 

munnur at the apex relatt~t to rn itm l regurgitation from 
systolk antt't'ior motion of tht mitr..ll V'J:lw. A n l'ject ion dick 

is not ht~HU in patk·nl::; with hypertrophic.' car<.liomyopathy. 
~Htr:tl J'('gurgH~Ition is not ~m <·xp<.·t·ted finding in a 

p:.ltknt with o.Iorlk t'Oan·t~llion . \\<ilh or without prcviou::; 
rt~p.lir. Clinka1 k·<lturc·s in p;,Hi<'nlti with mitral regurgitation 
include ~l hol~·ystolic- murmur. h('~lrtl tx-st a t th<: <.l j.X'X and 
gc·nerolly r.ldialing to the axilla. 
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Rt"Currcnt c.·cxm:tation occurs in ilpproximo.ueJy ::!O'X. or 
p:J(knl!> wHh PR'Vious coarctation repair. Cl ink~d 1t:.:.llurcs 
include hypert<·nsion thc.1l is d ifficull to<.·ontrol with mL~kal 

ther.1py o.lnd ocx.·a::;ional daudi<.:ation. Other feature$ of tt'L'LU' 

rent coorcto.ltion not demonstrated in this pacicnt inc.·Judc.· a 
~dinJ art<.•ry to lbnoral a rtery pulse dehly a nd a S)':>lolic 
murrnur ovc·r the kft ant<:Jior or lXlsterior chest. 

KEY PO I NT 

• t\ bicuspid ;..-on.k va.lw i::. prc.:sc:m in more than so·~ of 
palicnl:-: wilh ilOrlk t·oarcl:=t1ion. 
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Item 101 Answer: C 

Educational Objective: Treat new-onset ht"art failure 
with maximal~ blocker rherapy. 

·rhf' <los:lgt> of c.on.l('dilo1 should be intT<."<l::it'd in this patient 
with new onset he~rt fililure who is symptomaticaHy improv 
ing with Sl'.:lndard h~rt t;.lHur<' lhC'r.:tpy. All patients with 
he~lrt f;,li lure with reduced cjt·t·tion l'mclion should be treated 
with .on ACE iJlhibHor and a P blocker. such :lS c;ar\l('diJol. lo 
control he~rt t~llllte symptOJns. improve left ventr icular ejec 
rion fmction. and detT<.'il!><.' mortality. Data suggest improv('d 
outf'omes v .. rith highet clos;.lg<.'S of P· block<:rs. 1l1erefore, in 
r;uienls wit h nt-w onset h~n tanure. il is gtncna11y reason 

:lhfe to in<'rt>:lse the 13-hl()("ker dOS:lge t'VC'ry 2 to 4 weeks until 
rht- p:1rient achievt'S a h<·~lrt r.ltt' of ~wpmxim~llely 60/min or 

has symptomatic hypoknsion. \Vlumt' status should always 
he :1ssessed bet0f<.' inHiation and uptitmtion of a fl hiQd(er 
because patients with volumt: overload \\'ill experience dys 
pnt>:'l ifrh~ dCIS:lg<> is inn(~l~t'd. Bc.'L'au~t· this patient has a sys 
tolic hloo<l p~a lreof 1 20 mml lg.:t h<-at1 mkofS.l/min. and 
no (~ch->n<."e or volume ovt•riO;.ld, he shou.ld be clblc:' to tol<:r.lte 
:m increase in the~ hfcx:ker dOS:.lgt>. Repent ('('hoc:an.Liography 
shm1lct he perfOrmed to assess for Unprovemtnt or R~1.>\<el)'' of 
eje<.'tion fr;:~ction once the ACE inhibitor o.lnd ~ blocker ha\-e 
lwen uptitmtffi ro m:lximnlty tole··~lted dos.lgC's. 

Digoxin reduces the- in('idence of hospil~llizations in 
p:~tit>nts with symptom:'ltlc hf:':.liT ftlllure. This p:)liC·nt is 
asymptom;ttic: ther~ICtre, th~n- i~ no reason to st;.lrt d igo'<in 
:lt t his t inw. 

l lydr-.tl:l'l.im · :m d isosorhidf' dinitr<lte 1mprove ~urvivaJ 
in p;tl ients who a re hl:l<'k :1nd :1re :1lrt":ldy r~eiving mo.lxim:.tl 
llwrapy t<n· N<·w Yhrl.: llearl A'i..~lcialion function~! class JU 
or IV heart fhilure symp1oms. ·1 his p:ttient has Ne\·V Vork 
I k :tt1 As.~l<·ial ion functi<m:ll C'lass I symptoms :lncl Is not 
yt•t l:tking optim:ll dos.1gt"S or n1t'<1ic:.-l the r:lpy; horh the 
ACE inhihitor a nd f\ hlo('ker dosagt->s should he nptitr:lted 
hdhre other th<'r.tpiL.os ~m.• a<lckd to I h is p:Ui(->nfs meoc1i('::.tion 
n...-gimt"n. 

Diun.•lks o.u(· the primary trc:-Hmt"nt thr symptoms of 
h<:art fr1ilurt· as.·~;od<l t<•d with \'olunw owrlo:ld. In g~neraJ. 
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the lo\'\\."SI diuR:tic dO."):lh~ that :xhic." .._"' l'U\"'lemia ~huukl 
tx · use<1. In I hie\ I'XItkm without e\rld t.'nl\: of fluid owrto:.td . 
thi.·te is no rcaxon to incrt.'tiM' the ftm):-.t:.•tukk doS"tp.e. 

KEY POINT 

• All JX\Iit"tlh \\i lh h'-.":.lR ro1ilure '' ith 1\"du«.·d cjl·(,:lion 
rr .. Ktion should I')(> rn_·att .. "tt with ~ln ACE inhihitor a ntl .. t 
ll blocker: ll bloc ke r <.losnge should be uptiHatc'tl 

every ~ to ·I "L"C'ks unlil lhe JXllknl ::trhi<'\'C..<;: a h~.·aJ'I 

ratl' of approxim::nel) 60 min or lt.l.~ symptonl:.tk 

hypolt'Tl,ltJ!\. 
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Item 102 Answ er. 0 

Ed u cation al Objectiv~: Tn::ll Mohlll I) I"' 2 ..,.,.,,.d 
degree afrl0\''."111 rit:ular blcx:k tOJk)\\•inA ST elevation 

myocardial infJ rction. 

lh1~ p.Uit"f\1 \\ilh ~i<•liu 1\pc 1 ••c."('ul"' tl.'-~'\.' dtrltJ\"\:ntnc: 

ular (_..\\'J hl<x ·l.. foJI.c.•"' ing .a to.~~· .unt~ru•r m\tl(""Jitti.ll intan.· 

lion J"t'qukt..., h.'lllJXH ~•t) p.lcing. ln tlw IX'Ii iuf.w .. ·t 'l'lting. 
J.rrhytlunLh Jn' t'( tOII'Illlll, .md lx:nign lc •11l1' of \·.tg;ill\ tnlxh 
alc..'d: hc..~ln hlc J~o:k mu~ t-..· tlifkn.1lli:Ht.,l fr'll11 nt\~lt.' '-4. rim.JS 
C..\llld UO iot1 Jbnonl\,ll'tk". &'\,_met dt')"-'\' \\ hlod.; h Ire..· 

tltK·ntly ~· .. :n \\ ilh ,l<.' Uh' mvu<:ardLll ini~I J\' Iion. Wh~·11 pru 
gn:ssi\tt PI~ prolom.~.Jliun is o~J'\Vt.i hdnn.· J h lud\<."tl lx ·:.u. 

'4..'\.'0nd d(~:rc.'t' \ 1oh•l.l t). I"-' I (Wc.nckt-ludd hlol·~ h 1'rt"Sl'lll 

\\hen tik.· PK inll.'r\J.I t' ,·un,Unl ll1• n nonc..·ntKitk. h-d Jl 
\ \;t\'l><;. tlt ... · 'o\'t1:md tk-g,rt.•t·l•h. k is ll'n Hl'11 i\hll>itt t\ JX" hlrM.·k 
When :H hlo~ k b p n:'-'.:ll t Mohirt. l.HX" I \'t'Tbll~ 1\'Pl' .l hlnck 
m.n· noc be: d i'l ingui">h .lhl~o.· w ilh ~url~u ... ~·1\'<.lnx:.trdhJogr.tph) 
\lobitz t~})l' J "'-''(:nnd (k'),!l\'\.' .\\'bind •• t .... m UlllTIIIIIUUU but 

pot~ltaU\ lth· lhnwdtc:flil1· ~t.·k.'t."tri<.-.11 ffllnplk:alicHI ell .)n .mtt· 

1 iv r m)CX':.m.tl.ll inf;;m.·ti<m It ll'illlll) r'-'J)rt'Sl'nh ~t hi~M. " lo\\l'l 
hllhe condu<.:1 inn '\:"-"'"ill' ttl ;m el ~ugg~.'!>ts ..,f~!nilil'anl tii Hl<ht~o.·Uon 

tiN..·ase. likt:l.\ rt"'nhin~ h um isch(."Illi:.l ;Hul nt.xnr.1' ul lhl' 

'llM.lUll fa~m~ \\hk:h Ilk: II~ Purt..mjc.· '~"'c.m h k•Ltlcd) 
lk •(;al..t..,l· o1 I hi.' high ri.., lo. li,l jln¥,-trt'S.'ilon fn l"O.utpklc.· hc.·art 

h ind,, prO!HJil i mpl:m l.1tiou \ )f :1 ll 'fl 1J l<, l'ou v •>r pc.'11H;HK'nl 

p;.t\."l'lll<lk c t '' indkatL·Li 
·\tmpiu\ ampnJ\'-" ".\ nodal c..unt!uc.1ilm and quic. kt·ns 

lht· !-!inth r.atc.· lr p.ttknt-, \\ lth \1otnl/l\ Jl': 2 bka(,:J.. .tlt'tJVUK' 

Il l· •~ not .\lt\.'t nmdw.:tilln .. lfld the <.lc..'Jotrt"l' oJ hc.."J.rt hlcx 1.. ma~ 
p~•rJ<ioxie:l lh \\'llrSt'n . Furth{'nntm·, lhh .tgL·n t ha.., :1 rda 
ti\c,;l) "hun ll\t'd dk'L tncJ \\Ill not .uld!t"'"i lht.· umk rh·ing 
la.llhuk~ 

Ct"">,HICJII uf 1~ hlu~o. k~o. r ther.l.p"t .a.iolk" \\ iU nul hnpnl\l' 
t ondm:tiutlln lhb patknl, ·''the potthqlt•~ ul Mohill t \ JK' '1 
hhx-k is lx'\'01HI Ih<.' ·\\ no~h In c..,•ntr!l.._t \ lohiV t) IW I~·<. 

nnd dL"gl'-."c.' \\ hlud, h frt"lluem.l\ SC"C"'\ \\ th .acute." inkriot 
nWOL<Uduf ml;m.tiuu omd nu;. b: n:l \\ith periofi.., 

~ •ll,Jntpk-1 1.' ht·;JTI bh~h t 1lhl.l'\'3li •n nd\\ thhok1l11~1)f \\ 

Answors ;tnd Critiques 

1 ~~tLtl hJ.oc,;kill),t ~'\·nf.,. i'> afllln»pu.llt" 'n th.:lltuntc:\1. tl~ lhc 
tWl'\• fw ['k nn. IH.'IIt p.tdn~ '' l'\tr ... ·nu:l\ 1

CJ\\ "llh tnh ri r 
lll\'CK.:~tnl i ;ll i nl.ni.·tum. 

In llw .. lhst·nc,:t uf dlt'l Jl<lin o r S:l -...·gnwnl t.'h'\ ';ll lon.., 

'"' ,.h'<.."lrOclnho~r;un. UTl.,'t:tH .m>!io~r:;1ph\ l\ not indi\"_.!lt'll 

KEY POINT 

• rvlobitz tyJX• J. second d t"AtV<.· atrio \ 'l'lllritulnr bloc k h. 

an unC'Ommon lml p~.)tCnl inll)' lile rhrt'.l l<.'n in~l'll'\. 11 i 
c..·J.l compll<-;tlJ<.m of anwric•r myoc.nn11.11 inJan:tion: 
lc..mpor.ar) ur permant'llt p.ui~ is inc.lk oa lc..'\1 in th~ 
>etti»!':· 
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Item 103 Answe r: B 

Educational Objective: Diagnose aortOJ)Othy in a 
patient wilh • bicuspid .artie '"""'-

The most appmpria lc nt.'xl '>l\'P in ma nag\.'nlt'lll is cr .1n~lu 
~tuphy of lhl' {lOrtl. Bicuspid tHH1ic v:.llvt.' iS tl ('Ommon c:on 
J..'\:llital heart abnfl11n .. 1lil\'. CX.'CUtri.ug in I '\, tv t~.ofrtw ~-cmc.·1ul 

1•~ntl.1lion. It 1> ~ko h<'lit<lhlc. <Uid SC"reeninl{ of tir<t •k~'<' 
n:IJth't..'S i~ n 't'Ummended. \c•rtctpathy commonly OC(, )mJXI 

ntc..·:-. bicuspid auatlc \;"~ IVl' <11:-.c..-..l:;t." and n\ay })(.' uswd:.lteft w il h 
~lorlit: aneurysm. dissec:·rion, and coa rctallon. ()\.vlng to lhl.' 
Ill\- threatening n.1mn· or lh<.-.,c,' abno rm;dilit"S. :Ill p:Hk:nl!oo 
\\itb a bi<.'1l!!Pid ~lOrtic \ <11\ '-' ~hould b<..' l"\~a lu.ued for pc:~j 

hk• aortop:.tlh} ' lhis pclli~nl''> 't!\-ere hyperte;:n~ion su~c.~h 
lh~ poss ibilily C•f' :~orli<' c..·oall:lution. \'VlthotU ~l di:tgnns i-.; uw.J 
tiM:rJpeutic inh .. '"'t':"ntion. tl~ Hlt.~an life c.·.-<p<.·ctanry of unop 
'-.""rJtc..'d patk'nl~ w1th roo.rt:IJ.lkm of the ao riJ I<> only :lS \ \..'Jr...: 

llMJOf compJit~l•onsron-.bt c 1r \'"Jrly corun.uy ath~lc:t't.l'l:), 

"l1vke. aortic..· d i"i."K'<'Iion. '>)~h:mic hypt:rlc..·nsion. and hc.\ ln 
r:1ilure. ·nll· prt"~m·e or a r:.tdlal a11cry lO ICmoral an~.·t1' pulse 
dday may l'l<' h<'lprul in tlia~tnosis at 1111' lx• lo;ide. but 1he 
tldiniti'.-c stud) "''" in1<JWJ11! e>alualion !nor canli.J<· mag 
IH,:tic ll!S<m:.l~ lm~.aging). 

Patienb wllh a hit·u~l)ld aorlic..· v:.lh't"" :'lnd seven: aortic 
'tll' llO~is or tt~Uf1!.il :Hion n .. XItlirt- el·hoc.':lrdl< )!~r.aphy C."'ery 6 to 
11 mo nths: the-~ \\.ilh milcJ ..teno:-..'is or ~UJltilalion .... tltmkf 
h,J\-e echcx-ardk)f..'T:Iphy C..'\l'l'\" :J to 5 ) (';l" ·rhh }JQl fent does 
110 1 require annm~ <·d t0l.1t'\liogr.<phy: r.uhcr. hi.' ;huuld lx: 
promptJy (·v:lluaktJ for <.lblltmnaHti<"S o f th(• aort~l b<:l'tHI~l' o l 

•lw p rescnce o1':1 hi<.·u.'>J)Ki ;lOni<.' \':ll\..>e. 
Bicuspid ~,rtic ' .U' "-' c.·.urks an iocn:\1.\.(.-d risk for inrc..oc 

tivc endo<::.lrdfl l..,. and good dental ('::tre i..; lmportanl in 1h~ 
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patient~. l low(•ver, &uid~.·Hnes nn l onger f ('f.._"Omnlcllt.l anlihi 
otic pmphyl:lxl< for rhh poliem popt~alion. 

Surxk;.ll :.ortl(' valve n:pl:lcemem is not indk:atctl fbr 
rnild aortk' regurgir3rion. In genernl. inclic..~o~liorh for aor 
tic \';11\-\' inlt.·rn•ntinn iocJuc.Jc the prese-CK'\" of -.:ymproms. 
lt:fl v~.:nlrkular ejection frat1lon of .SO'X. or h.:lJ.S. modc:rJte 
or Sl"\lt'l'l' :l OI' I k regurgitation m rhe t ime of uthcr c11rdi:-~(· 

l:ittr'g<.:rv, and significant lc.:fl ventricular dHJl .. ,llcm (l:'nd­
:;y~ulic dimc..'11'\ion >50 mm ur indexed end ~)'~tol ll t.limcn 
sKm >2.:; mm 'm'). 

KEY POINT 

• Biruspid valvt· disease is c...vmmonly ass<Ki:JH'<I \'\I'll h 
abnormolitiC'S of lh<.: aorta. lnduding aneurysm. dis 
stt·Uon. and co:uc ta tion : tlwrdOre. all palielll~ with a 
bicuspid OOrti<: v-d!ve should be CV".liu:ltt'\1 ror j)<Mihle 

aortopOih) \\ ith cr or t';lrdlat· magnetit' !\'"'""'""" 
hnagin~. 
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ltem104 Answer: A 

Educational Objective: ldenrify rhe irupaet or 
diabc-tc..':S melllrus on risk for atherosclerotic; e.~rdio"as­
cular diseas-e. 

'I he f.K'l"OI" :\sl:iociated \\•ith lhi.' h ight':-:t risk for :1rheroscle 
rotlc cardluvascula r di.se~>c (ASCVIJ) is lhe dlngnosis of 
di~betc..~ mellitus.. 'I he pn.~m .. '\:'tl(diabci<'S is a'\.c;ocl:ned \\ilh 
irl('re:lS("(j c:;ardima.:;cular ti">h. l);lrti<'ularl) among \\'ntl'k""n. 

l~tients \\ilh diabetes ha'~ ;.t l\\o to four timt-" h\C"r~l>c.~ 
risk tor c:urdiovascular disc;l.:.c~ wilh mon.· lh;10 1wo thirds 
nf IX'Itients w ilh diabetes t'\'\,.'lllu.ally dying of heart tHse~se. 

·1 he risk fOr stroke is im.·n:ascd I.S- 1o o lh ld In (')3tlents 
'"''ith Uittbt:t~. Addirion:.lll). patient~ wilh di:.tbt-tc><; are rnooc 
likcl) l<> ""'" uodia_~'\1 t'O<n<~•l) artery di<t":t<t' ond htl\c 
"orse ouiCOI'IlCS ''hen huspita11t.('tl for other cardtO\':.lSC'ldar 

diS<·ast.os. ~uch :1c; heart f:.tUun.:. In (his patient. 1he deveJ­
opnH:nt ol dlahetes alone (wilh all olhcr ri~k r:u·ror~ held 
con>tant) nenrly doubled her 10 )<:ar risk fc>r ASCVtl. l ler 
current 10 year risk. i nclu<.lin~ c.lhtht:lt'S, chan,l_'(.'S in her "ge. 
and blootl pressure aod tipld lc\d>. is 19..1~ .. Appmpr1.1te 
tre:ltmc."Ot ot C'3rdio\'aSCUlar ri:.k (~tors in patknrs wfrh 
diabch:.-s it\ o~iated ''ilh R.'tlut-...~ t:ardicN.I\("lll:u risk. 
1ht.~ most recent Amerk:..111 Colk~<: orc;ardioi(®'/Amerlcan 
f l~rl Asso<:lnlion cholesu.:wl tn:atn·l..,.·nt g:uic.klil'l<' r<-Com­
mends thal pat ienrs aged ·10 tu 75 )'t"~f'b. \Vil h dl:alwi('S :m<1 
3 10-yc-.u ASCVD risk gw"1tcr th.m or t'Qual to 7.s·~. should 
receive high mtt~sity .statio th('t'.lJ)}'~ In fr.llit.'nh in lhi~ 
:lge' grou1> wilh diabetes and a 10 )~ar risk lc.._,~ 1h;m 7.5-: .... 
model'tl(C inlensity statin rhempy is n.-conuncnc.lc.:d. 
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A d iastolic blou<J p1cssurc of90 mm Ill(. HOI. choles 
tcrol kwl of~O mg1dL (0.7S mmolli.). >)'>lolic blood p"'s 
5\lfc or 140 mm Jig. Jllll !Oial choi"'I~I'Ol kwl of 2.;0 D11( 

dl (6. 17 mmol I) h.l\c a n:lalivcl) sm.1ll elfl"<"l on 10 >"'Jr 
ASCVD risk compal\-d \\ 1th I he P"-"""t't or d1abetes. 

KEY POINT 

• P:ltients ·with diuU<.:I~.-·~ mellitus b~vc J rwo lO lOur 
llm<..'S inc-reac;ed rb:k lOr cardiov·JMular di'\ol".l<ie. with 
more than l\\'0 lhjr\h o( ll<Uicnts w11h di.sbetes e\"en 
tu.lll) <I> inS: ortx·:m dl<e:>.~. 
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Item 105 Ans wer: A 

Educational Objective: Diagnose inrecrion of a cardiac 
implanted eJectron_ic dc...-vice. 

'I he most appropriate man:•gement of thi-, 1""1 it·•m i.s to oblain 
a C('Unpk·li.' blood <'uunl , t'l)rthroc:ylt' ::it'dilnent;Hion r-..ltt.·. and 
LWOS('IS of blood c.:ullun"i-. P:lrients \•vith u C"drtli~tt implanh...'<l 
clectmnk t.i<..'\'il'C <:an tk'\·dnp a IOC..'alitJ .. 'd ti~:SU<' inJt:clion at 
the lmpbnt site (pockcllnfi .. ctinn) or 3>)"'t•mk iru..x'tion "ilh 
txu.:terernia (suc.:h .1.'. ctKkk-.:~nlilis). 'lhe:.c inft.'Cfionsan ot'\:ur 
aHe1· initial impi..Inhttkln. I:H<· :.fter impl~tntnrion, or ant:r a 
bat1cry n.'plat.-'CnK.·nl w'l'\'\ri..;ion. ·1 he mo::il t:mnmon pathug('rl" 
m'C skin t.-olonizcrs. sud1 :l<; the c..'Oagulase negatiw Stuph 
yi()('(')('C'US ~PI'· and S. uurr•us. Symplom~ (')r (-atWac.. <.kvicc.· 
infmion indudc ftwr. rhllls. malaise. lassitude. ur railu"' to 
lhme.l'>l"'~ially in the ddM'I): lhel\' m:rv ol<n be loc.'al find 
in~ ~i\<"ofinn.'\.·lkm ..... -uch :1."<; redn<~ or \<\':lnmh ~Jl the 
pac.'t·m:.ker IXX·1,t:l. 1 hc..·•-c.: pulicnts o;hould undl'fh'~'' lahor:nory 
tov.llunl ion for sig1L...; of lnft.'C.:Iion. An f"lev.ltc..'\1 erythrocyte sed 
inummtion rate. lt:uktK:VI()!o.b wil h :t ren )I lin. a nd a nemiJ aJI 
Sl~C'\· in1l"('liofl or J (,,_';lrdbc irnpl:mted ek·t·tronic de\tiet:. All 
p3tieOISSliSJ)C<1t'\l urha\ 1111( infN'tioo (\\ ith or \\ilhoUI rewr) 
shoukt ha\'e a 01illintum of l\\0 hlnnd CUilUf'l-"S drnwn rrom 
seJXlr:uesitc .. "S. Ottt.'\.' tiK·rc I~ ~-u~-pidnn for Ink'<.·( ion of a cardi~lc..' 

imphtnted elect rut lie..· c.kvic.'L'. rdl'IT.JI U> nn eiC'{'Iruphy~iologi o;t 

or an infectious <.lhtww ~1x:cialisL is m:md:nor): 
Empiric antibitJtic.· thcr.tf)\ v .. ithout tlr.;;f idt:nlifying the 

pn.~nce and ('3'-b(." uf lhc: in(t•ction is nnt ht'-s:t mcdKoll proc 
h(.."t.". In :lddition. antibiotic thcrc1~ for a rontlrmc.•d infection 
wtlhout removal of thct dc\k't' is nol c·urnti\X" tlnd is ~'Wei 
ut<·d wilh a h igh fatality ralc. 

Pacemaker porkc..·t ~spiration shoul<t 11ever bt p~:r 

rormt.'t.l bt't."alL'ie it t_~n "tc."t.'tJ a sterile ~)()('kt•l :md lead to in1tte 

tlon.l.,.'jl<'Cially if the"'" >tlP<'11ki.U <"t:llulith without dl't'PtT 
tiSSO(..'tmok:emenl 

In patien1s , .. ·ith hi~oth SW~>picion or inft'C1ion dl~pile 
c."qlll\'0(.-allaborntory Hnding:S. PETICI' (":H"' help detem"'ine 



wlwrhe-r thet't· Is <;vidence uf lul'al ll' s ut· infl::unmr.tion 
<:onsisrenr \Vith a device ioit·t.l hm . 110\\'t•vf"r. t h<..~ l.m~it: 

t.'\':llu:t rion fnr lnll..•t:t ion should be.: l'i)tn()kl(_"fl :mel anal) a:d 
for>t. 

KEY POINT 

• In aU palit>nCs ~ll,l)l't. lt'd of having fntCcl inn of a car 
d i:Jc i.mphuHcd d t·<·tronic devk<.:. a min imum of hvo 
blood culturec; ~l lOuld be drawn fmm !»t.:parnte sites. 
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Item 106 Answer. B 
Educational O bjective: Diagnose an ~cutc cxacerb:11ian 
ofhc:.trl fitilurc in :lJ):ttienr with COPO. 

' lh<: must likefycau:=:('of this patietll'.)l:iymplmns is:m t.'X:.ll"'CI' 

h•ttion n f heart tailu r\'. 1 k• dt'monstr,1l<..~ the da~sit' tw.lrt 1.111 
UJ\.' ~)'lll,)(Qffi~ or d)~('\l'k.""'.l. 0rthopne;.1. ,lJl(.( JX,TiJ)hiLTdl i'(kAfll;l, 

In l>altit'tllar. lh~ p.11iet11·, orthopnctJ . J> <'klc:nt<'<l hy hK 
~ll.'\.1J ing in a M·llner. C'Orrt'lares with ,t pulmonary c':1pillnr'}· 
\\'L'tlgc p i'CS:-.11fc:' {;tcatt·r than 20 ll)lll J fg, W)lich iS Stl!~t i\1.• 

of k fl-s ickxl hea 11 l:lilun:. Othe r lt"JlUJ'c.'S that im·re;1~ rhc 
likelihood or h t>;.lrf f.l ilun: include tht" IJI I."M:I l'L'\" of pamxy .. m:~l 
rtcx.lurna l d)·spn~ .. l W"t~ll(T than twnfokl int'n.~.a.~-d likelihood) 

arkl 111<" pn.-s<no-ol on S, (U limes!tn.'JI<·r likelihood). F.1<1nr< 
lhJt \\OUkJ <k<•rY.tse Ill<' likelihood or ht."Jrt failurt· an• lhe 
nhsL"m't: o f cty ... vnt:.l on (').<:'Ttion (SO'.t'. t.lct'n."Jst'<l likelihood) 

,Jilt.l Il l<.' ahsel1('e" Of Cr addes 011 pu.hrumary tiUS(1lfl :.ltfOI1. J\ 
n.·•.:cnlly enlargt..'\1 (:a nlktc silhoudtl' alsu supf)OTT~ ~ c~m.li:.tt' 

lln)(_'t.'S. .. <.;. 

An ex:l(('rb;rlion of COPD b k.., 111.<:1\ lo he !he <"U><C 
u ( thi'i p."lrienfs dy~-pne-a hecau.~· th ... · I)Jtknt h.:l" oo pro 
Uull i\'t' ('ounh. Addil ionall)~ C\'J(t'rb;Jtitm ' an· common!}' 
t>rcc:ipH:nt'd by tl r<:~pir.1tory in.f<.'t'liun, whit:h is ahsent ln 
th is patient. 

I f dinkaJ t imlin~s suggn.l pnc:umcmia. chest radiO)U"J 

phy <hould be pcrfnrmed. Ihe dl<-.1 rJdk~~T:Iph mu<l >11ow 
"" lnfilu:uc for pneumonia to bc diaWI(N<I. Whl.'fl dinl<:al 
\)mp.torns and ex:.1min:nion finding~ otherwise: .. ~pportlht· 
dl:1gno~is of pncumo ni:l, ~1 tab<.• u<.'J+)Ilvc <·h(·st r.lcllof.trtlph 
Is :1 posslbiJHy: volume depleHw1 CtUJ l'MIM. :.m initial nc..og 
.!llvt> finding on t·hllSt r.ldiog.r~•Ph lhut. upon rehy<lr.lllnn 
.10<1 ~l im:J)ting. may he«>m<e iXl'illvc. I h<· ahs<>net• nf 
Jn infiltrate. f<.."'-<..T. and tung tilkliUl.." mo.lkl" prwumonla o1n 
unlikely cau!loC' ol the p:uient's d~~>•le..~J. 

l>eep vt·nous th rombosis with a rc.·,u lt:mt pu hnonllry 
(•mholi~m is ulvva.~ o conce rn iu pa llcnfs \lltilh new-on·wl 
dyspnt-3. llmwwr. he reports no d H.:st tMi n, a nd h is cly~Jlllc.\l 
vv~ t=-- slm"' in ou:sc:l (over the cot.u·~or I \1\c.'t.'k) rath('r lh::an :ul 
~K'\Jif' proc:-e;.~. /\. pulmomryembolliltl o,hcMJkt bcron,kk·rt"'tl 
In 1he ditfef\"llli.ll di:lgnosis. but h<.."'Jrt (Jilun· is 1~ 0\()re 
llkdy ,., ...... 

Answers and Critiques 

KEY POINT 

• Patk'lll') with h~o-artl:t ihu\: t,:la\~ko..~~ prc:scn~ w. 
!:>\ mp-tum-. of dyspnt"J.. pJm~'mal rxx:runW ~ 
onhopnc.-~. •nd peripllt"~•l <"(krn.l. 
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Item 107 Answer. B 

Educ;ation.,l Objective: t reatS I' c:kvation nl)'OC..'~IrdiaJ 

inf~lrction complicated by \:CIHrlcu la r fibrillat ion . 

Prinu.n. pc:rnal.ltk.'OU..' c. •mn.l \ .n tt'l'\'t'"nti(•Jl tl't ·u b lhf' 
mtN .lppRlfHl.llc.· rK'XI ,r.- In 11l30;l~ll'llf ~T t:k'\,llion 

nwo<"ard 11 mf.1n·tion tsn-\tl) ~~ e m sed h\ ~• <.Hrnplt"-lt'" 
•X'Chl~iou uf .Ul t·pil~Jntial l, •ll •nan· JliC'f\ hy .1 th rumhu:-. 

at Ow :-.itt· nf pl.tq ut' disruption. lr h dd irwd h) 1 11 ~..· l )fC.''<.'llft' 

u f ist•IR'nlk d lt""l pa i n fur .Hl t't)lli\ "ttk nl ) .an ti l l h • pn:"''-'llt't' 

of )!rt."<.ltcr lh.m l mm "'f \t'gtn,·nt vk'\'ali•Jil in t\\u ur mon· 
t.Vrn.l'\.'UII\'l' k.td' ur Ill'" k:n hunc.! 1<,.~ brdm'h hlud., nn dc.."t:" 
troc.:anlic~t..1nl. lltis patknt pr ..... lllna.bl\· h.l\ .111 .llltl.·rior 
mvtx..-anH.tl in l.lt<.·l ion. '' hidll, tulnplic:th"li h)' \t"fll lic.·u lar 

Hhrillation .un·:-.t. 'lht• dt'f· tmra nJio,gr~nn dn non:-.tr.all·, lt' t) 
lmnd le hr.Hh ·h h lock :md is .N••U ith:~ to bt> fl'-.''"" iu Oll!'>cl . In 
!>tlmt' t';.l\4.'"\, \<.'lllrkui:Lr .u rlwrhmias ma\' .,.i~tnlh· ... punta 
IK."'US rcpl·rfu..,ion t."'--t.•nh. hut th(.· IK"\\ leH hu11l.lh: hr.mc.·h 
blod .. h \\urri"ml<.· fc•r P''l"i.;.h•-ru kll antl.'rin~ ~k""-t.·nding 

:trtt.~n tK·du•. ion. \ \ hkh n·nuhh the oO\ ious c:ulp1 il fhr lht· 
patk nf, ph''('lll.llion. Pnunpt r~;p~.·rJusion i'\ rntuin.·d. Pri 
Hlarv 1"<.1 h tilL' pn:fcrn:d nwth1H1 oJ n:pt'rfu..;iotliU IMi it·nts 

" ilh s·n·MI. 
\mi xi.H-onl.· rna\ b<.· rwn·~''r~· if this pat H;nt h;l' n:'t"Ur 

rt"'fll \'t'lllrk,ll.ar lihriii;Hitm ur u.·nlriculu· l.tda~tanlia: 

h<.A\<..'"\l..'f .• tmiod.trorK· d1oll\" i-. unh~cb tu nmlrol hi' i~h 

l' llU<: rdatc."tl :'lffh~t hmia .... m'kl 1\'(k""rfusion i:-. rh~· tw~.·mu~t 

vriorily. hu1htJ mort·. int ra\·t.•nou.., ;l miodaw m: rn.1y ptL"d p 
ilatc IWJ)(JI~·n,ion .mU 'hoc:&.. owitl~ to it.s an m· I' t)li.x.:khlg 
~ll·tivitv. ancl it ll1u:-.t hl' LN.-d. <-.nd'ull~ ·in patfent' wU 11 \'TF1vtl. 

'lh<.·l".l()\'UIIt. h\ p<.HhlTlllb i' an impor1.Hll Jlljunt.·l 

th<..·r.t~ lo impn"~: nuh.'fllllt."S of paii<."Jll~ t \) •"I it·rM.:in-~ 

OU( or ho'l•il.llt·,utli<tc..· Jm._.,1, .Jltht•llfth h~ pot1lt'11ll i ;J prutu 
c.'Ols are not hldi(-;ltl.'d i ll nom'tnUafOs.f' l);ltit.:nts. 'I hh r)ju ~ ~·nt':; 
;.lrr<..~l w~1s .1 \viln~ ''\l'il Jrr<.'"'· :mtl the p;l li<:n t i\ t\V\a k t.• .lnd 
l"'O\'<,.•rs;Hll, 

Omm.trv .1rl4..'1~ h' tlJ,,.. ).!t:dt I< -\0(;) ~u~t..'r'\' is vl>l 
'l'OUUnunl\ 1\t nomlc.'\1 fnr ~11· MI. l fb-e"llt C\8<. 5UfRt'r) i~ 

typit.:·all\' 1''""-'"\'tf ror p.1tknl ll \\.,om lhnnnhoh I k I1Wf 

ap) or I'CI ha' Ia ik'tl. or ror I ho••-t' who dn dop life c I n t.·.u 

l'ning llll't·h.mh .tl {'011Ip1ital l1m,, ..; ~Jch a~ \ 'l 'llltlcULl r frt·<.· 
\Voll l tuplu l'\:. Ctunp~m"tJ \'vlth I'CI a nd tlli'•IIUholvtic thc..·r 
ap).. UI}!t..'nt < \HC .... ur.'.!'·-'" i' ;l ... ')j•d:ltt>d t \ ·i lh an inc..·n.·:lS<..'d 

death r.te In 11w li" l In 7 ""'' oller ~~E~II. o11<l1hh 
pot<.."lltJ~I h.tml mu ... t he.· l,udull) Wt'"i~ht."tl :t:AJlnsl Uw 
potl·ntMI h~.·ncfir~. 
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Answors and Critiques 

IIY POI.r 

• f~rt'I.Jr} pen:utaneous tumnal)· inren\"nlion hI he 
pn:l~ method of rept:rfusion in Jl<llk'T'IIs .... fth 
Sr l'lt.'\~lliCJII lll}CX."drdiaJ inf:tr<:lion. 

llibli<>gr.lphy 
( 'oll.l\\~1\' ( :W, l >t•tlltho• , M\\•, Fiuk t:L Gl•tX>;;tdlll RC., ~~f1ktn J-;, 1'-C.'III .. U. ~l .tl 

fl'Jn ll; 1\-!"'t ~IH\Ilit(. ,trn:sl~:.t rt'; 2111.l •\n\C'rl(·:wllt',ll l lh..,; o~ l.ttlvu 1-\111\k 
lin., ... tlptlu l(.· lur (.ardiupulmunary ri"Sl!"l~il,llion .md emc.·r,..~n~'V ~·:1RIIu 
\.l~ltl.tt ~:art". \itx·nlmion. J{)L:;:U:t·S4(•5 82 I!'MIU :tc1 17J•Ni·l 
dttl• 10 11(,1 '(Jit,\)00001100110000262 

Item 108 Answ er: 0 

Educ.ational Objective: Diagno~ upper c.xrrcmHy 
rx"'l"iphe.r.al.artery dise-o~S<.·. 

c:r angiOJ(rJphy is indicated in t.his p.ttk:nl r.;u·~pc.:'C:Ic.'tl <., h:n 
h'l: IIJJpo.T ~xlremily peripherJI Jl\t"f} d;.,.,.._.,._. U\\1>). lii'Jlt1" 
'"""-mil) PAD ischar.lCierizru I)) Jlh<..,...,..i<nolk- nam"' lngol 
lh<.-oncnc.'> m t~ upper ..,.,~m.itics. MO>IJ>Jlk-nt' with I!Jlll<T 

t"X'ff'tmlf) .. PAD ha\'l' no ~ymproms.. :.tltbou~.h IJtttk:nt' m.l\ pn_...., 
t'l"'l \\1th .lrmd~llH.Lk:ation. a nn i<dlenU3. orcJJr./Jill.'' .... lth ~1nn 
activity (~tthc-IJ\'ian .st<.:al ~yndrome). ln p.Hk·nt:t dl rl.'k (c)r alh 
cn)••;('lt·mrl{' C':ll'(llu"~•st"tdar di..coease. tlk.~Jsurt·nK'fll ~>f llii.Ut•r:ll 
:um J')R:"\.1\lH\"S l..s indk~tl<.'d in asymptomatic dfld sympwmalh 

pat it•111::: h • t\s~~::; lOr upper e xtrell\Hy PAD. A c.:hM'l'l<.'h.·t1sth· 
llndh1!~ ()ll phy~k·all·x;.tminat ion is a dill<:rc:nlt: i11 :-.·ystollt· hloud 
pn. ·~1 tr~ IX"l\\'t't·n thl' a nus. typically tnlifl' 1 h~n 1~ mm II~ 
In thl~ p;uJ~,~m wilh t'Xl-'rt'ise induced arm pain and a :-\"tolic.· 
hlood p~~H\'" dillt•n·nliaJ of 3S mm I Jg lx·h\tc.:\.'11 Jllll'. irnJ).t 

In;.: of tlw lnnomintU(' and subclavian :ll'1t>rk-s Vvlth Cl ~mgio}.:; 
r.lJ>hy ;, aPJ>ropliaiC lomnlim> thed~L,of UJ>pcr c\tn.m 
h) I'AI> and pl.ln lOr inltnmrion. sudl.b R."\<l..'(.:ul.lrt.r.;tlkm. 

'lhc- -\c.lson ntanet.l\-er (or lbot"Jc.:k: oullc:t m;n'K."'l\t."'') i' 
used ro t.'\aluate for neuro-."3SC"Ular irnpin»:rncnt .ll lht• penni 
\\ hc.""n: tiK· ~ubclm;an \'ec;seb, and br.1d1i<ll l)k\.u' f\l-'-' lht­
hr.;.r nh ond c:xit the thorncicC'a\'ity. Although thor:.K:k outlt·r 
~.-yndmm~.- c.uuld <.~c.·count for rh.is p:nk·nt'~ .trm f.ttl~uc.·. he: 
clnet-; tlQl h.t\'t' other symp!Oill$ 0! :,igll:, ~UJ.U.,"L':'ttivc ur I hb 
rondirion (lor example. a rm cdemJ. nutubrtt..-...., .l tit1glin)t). 
flrtd tltuntdc outlet syndrom.: doL'S not c:xpJ.ain h b dlaSnt~'· 

The au Ide hrarhial itlt.lt:.x is lliO::>l useful i n d b gn("'ing 
h;\o\'i.'l' eNt rt:mity 1-'ot\n. In this patklll wilh umwr ('XIn·mily 
symploms. n.n ~mlde br:.H,_.hi~tl inc.k.x \Vould nol he hdpt\1l ln 
C..'\.mlim1h11ot n diagnosis o(itulmnm.JL-..· or suhdavl;m ..;h:no'i.._ 

Allhuugh bil:llernl carotid artt:ry ~h:no'i"' h~l' hl'l'n 
~lSS(J(.iat(.'(! \Vfth di7.7.iness or synt·opc.- in :<o,(UllL' p:llknt-.. Hw 
S)'Slolic blood 1""'-'"re d iff<.>rential in th~ U!>t><=r liml,., and 
t.limini~hc..-d ipsilateral carolid pulsation mJkt..· I his dtiJ,::nu..,_i, 
unliJ.:!,I). ll"'ref<>re. camtid duple>. ultr.IS<lO<OJ:r•J•h). ' ' n.~ 
the: mosl ;1ppmpriate next !ltc.:p.. 

IIY POIU 

• S) flll)lOIH':> or upper c:xln:mity peripheml :-.nery dl\ 

c..·:•,t· m~t) im·lude arm d3udkation. arm ischemia. or 

d iLZ1tll'$.' \'\'ith .. mn act i\'ity; Cf ~l.t'lgiog_mphy is usdul 
It • <..'VIlli I m ttu: diagnosis ~nd pbn ror imervenrlon 
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Item 109 Answer: C 

Ed ucational Objectiv•: Tre:t! IYI"' A ~ortic d l•<ect lon. 

plhc most app ropriak m·xt :-.ll'p In the.· managt'rn.<:m of th is 
PJ li<.'nt with :111 :wu tt· IY I ~· A .1or1 1t..- dlssc-'<'tfon ls <:mt'rg.cnr 
Ql)t'n su rgical aon it' n.:p;,1i1 'lltl' p:ll i~·nr ... CT .st.:;m {shown) 
1(.' \'f.'ab <-1 dis.<it."t·riun piJm· t.' \l<'llt-lfnM throug h l ht· aortic 
OHI.'h {urrourL Acuh.· ,IOJ'I it c,1,,...._, lion t i;!,sk:lll\' tnamH:sts 

~' ' uddt·n o nset chC'sl w h.td.. p .tln lhJI h;Js ; leolttn~ o r 
rippmg quJ.lit). such :ls in lh" p.llil·nt hnwt'\.'t'r, p.1lic.·-nts 
rna~ prc:~.'1ll ,,;th hypc:nt.·rh~un. "'i\UlUil\', .1 murmur of 
anrtrc.: n·ogurg.tt.J.tion, u 1 tw.ul f.tilun: in thl' ~ninR of sud 
<kn 30rlic in .. <;;uUidt·Ol). l U<.'tJII.tl hluud prl"-.\Urc," m the 
uppt·r t::\lR:mities and .h~lllml'frh. pul'l("\ turther raC>t.' 
lh~ 'USPl<:iou lOr .J.t-Utc .1onic.: dio;.'\C.'t..tlun ~IJnford type-;:\ 
aorth," dh:\M:<..1ion!l-. which uri.~-tlll.th· wilhln t ht• :t' l't"nding 
aorta or :m;h. c.·onh:r .1 h igh rhJ.. fut dl.\llh ~md <'t>mplka 
Cions. 'lhe t':.ltl) mortalitv l':l tt.• f, tlJ)ptu\ lrn.Hc.·rv I ' per hour 
:tf'ter 5)·mptom unset : IIH•rd (>Jl', p.Hit•JH' wil h ;l(.'lltt." fy pe A 
;Hlrti(' db:;t•t·tion should llt· C.'\,tltt.th:d ~.·nwrgt•ntly fiJr o j><:n 
S\l l'[!k';llrt•p:_tir. 

lu patknls with acnh· auflil' tlbwt'llon. p<Tihrming 
ntnmary ;.angiograplw ht->tor,• aoll a I I.'JMII' lw' n'H ~n 
'-hO\'- Jl to ahc.•r in ho.;.piul ... ur. i\.al ur I he.· nt'\'ll tor cor 
c)I)Jr) artt..T) b\-p;:u;..., 'iUI'R\"r) ;u I h .. • llltlf.• ul o~orlic. n1XJir. 
~urthc..·nnon·. l"t>ronJn· Jnw•,.,-aph) uflc.·n dc..·la'' ,urgical 
rc.~pair. 

\kdkaJ lht·r.~~· (or ~lCUit' .1ullk' d i"'"-C."\tl()n indtKfcs 

tJ hiO(J\('n.. mtrJ.\·cnmb nirmpnt"ld .. • .• uttl HJHUitl.a.n J igt'\i;.l . 

S Ufl!t' f'\ prn\idc..~ J !'iUrVi\';11 f'":nt11 ~ 11\t·r HK·d it--al ther.Jp\ 
.I lone;" and is Lhl·<.ldin itivc..• t rc.~.l tm~.·n t · 

Fm<.'n~t'nl.') su1-gerv i\ n,•(.·ummc.·ntl ~.·d fur a ll p~Hi<·nr~ 
\"v'ilh l_\ pc.· A aorlk di~\L'tl itm Conc.:omltunl Jortir arc.·h 

Cl 



Cl rc<.'OnstnK·tion. (.'Qron~uy artery reimplantation. :1ortk 
\'al\'c r<:pair or r<:pl~tc<·ment. or branch vcsst>l repair may 

CONt. OC n:quin.·d <.kpcnding on the an~1tomy and p;Jt hology of 
' h(' le,>~i<•n. 'fhi::; J)aliC'nl l1a~ (•Vid<..'OCC.' of c.·ompromis<: of his 
right in nomi.JJatc art<.•ry Wilh dimini~hcd righl :um b lood 
l)f("SSUI'<.' ~nd pulst·s mul r<.:quin·s bmnch Vl"SS<:I repair. not 
endm~scuJnt' M<."llting. 

KEY POINT 

• Palic:nts ·with acute type:\ aortit· disse<:lion should be 

tre<.H<.·d c·merg<.·mly wiLh o~><:n ~urgicat n:pair. 
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Item 110 Answer: C 

Educational Objective: l·~·:ll u:'lte a n asymptorn:Hi<:: mur­
mur w ith transthoracic echocardiography. 

The most appropriate management of this asymptomtltic 
p.Hi<:nl wilh a ht-~rt murmur is tmnsthoracic: ed1ocardi 
ogntphy (TIEL Diaswlic munnurs a re always considered 
abnormal and rt'quirt- (i.rrther structural evaluation. Systolic 
mur murs may be eithe r innoc·t·nt o r indit·;.t!ive ofsignifk~1nt 

\•'ah.1e disease:. Somt• munnun> an: as~x·iatcd wilh noml<ll 
vah:'<:·s buL a bnormal systtmit' prm:esses Obr example. ;.me 

mia and othe r h igh output states. such as hype11hyroidism 
or pregnancy) or increased flmv (for example, <1 systolic 
murmur in the setting of ~onic- regurgiration). Innocent 
murmurs <lre c:har¢1cte rimic:llly hrief, a re ol'len midsystolil"'. 
do not 1~1diate. a nd a re associated \ Vith normal heart sounds 
and no hemodynamic: ahnorma! ities. Patients with grade 
I or 2 midsystolic murmurs (grade I. faintest murmur that 

can be he¢1rd; ,gr~de 2, fainr mu rmur hut can he identified 
im medlat<'ly) who ;;tre asympromalic \'\•ilh no assodatc?(l 
findiLlJ~S ancl those \rVith continuous murmurs sug.~ttve of 
3 venous hum or mammary sou{Uc (a <'Ollllnuous tnunnur 
heard over tht· breast in htctatin,~ wome n) do not wHrmnt 
('thoc.:lrdiugraphk ('V::tluation. 'ITE is indi<'<'led for pat ienrs 
' "'ith the following findings: (I) a sysrolir murmur gn1ele 
3/ 6 or high('r (grJde ~. modermely loud murmur: gmde 4 . 
loud murmur ;;tssociaterl wit h a p<Jip¢~hle thrill: gradeS. ve 1) r 

loud murmur but C<mnot be heard without the s1ethoscope: 
and gmdC' (), CMl be h('nrd w it hout a Stethoscope): {2) l:ne or 
huJosystolk murmurs: (3) diastolic- or continuous murmurs: 
or (II} munnurs w ilh <lCCOmp~nying sym proms. ·1 his patient 
w ilh a holosystolic mu n nur thar radiates to t he axilla needs 
further e'\~"dluarion w irh T f E. 

Transesophageal echocard iography (TF.E) provides 
improved image quality over ·rn~ be-cause the probe has 
only the t hin tissue of lhe esophagus through \\'hich to 
image. TEE is indicated fbr patients with severe disease 

-~-n~wers and Critiques 

who n<'t'<.l furthc..-r quanHii<:<ttion . l'or better identification 
of IC'o.lli<'L invoJv<·ment (partitularly for palients w irh m irml 
r(•gurgil(ltion). or whc..·n poor imagt' qua1ity on Tn: limils 
image iltrerpl't't:ttion. 'fh<' di::>ad\~lntngt· <:ompared \vith ·rn·: 
is that i{ is invasi\'C'. r<..'tJuiling ~<.·dation and te<..·h n ical exper 
lise d istinel (fonl TTE. TEE is not indkated until an inirial 
~1ssessment with rn:: is mad<.~ and li11dings suggest a need for 
additional intbnnation. 

Cnrdio1c magntUt· l't'son;mt't' imaging o r mult idetector 
CT mny provide information on ll'fl v<.~ntticular funcrion , 
~\nrtlc dimensions. dt~unb<"r ~izt'ti ;m<..l volumes~ nnd cor 
onnry anatom)~ As with TEE. CC\•IR imaging should not he 

pertomwd until aftel' an in itial evaluation ""ilh ITE. 

KEY POINT 

• Tr..msthoradc echocardiogr:1phy is indicared for pGtients 
\>'l.rith systolie rnurmurs W<1dc: :l/6 or highL-r, kU<• or 

holfi'liYstOli(' murmurs. diastotic orrontinuous murmurs. 
and m ummrs Vlith accompany ing syntptoms. 

llibliogrophy 
l •z~:tnkuuwr f~ lJlilily or ('Ch<K:.trdi(~T'.llll in I he t"\':lft13tifln (I( h<':lrr lllllr 

nwr .... M~.'\1 <.:liu N<.lr(h /un. 2016:J00:9')l 1001. u~~nn: 27S42419I 
doi: 10 . 11 11 b · j.l'OC'I1~l. :.~tl I b . O·I.UIJ:'. 

Item 111 Answer. D 

Educational Obje-ctive: E'•aluatc tricuspid r<.-gu.-.etitation 
with tr;.uslho(acic ccbocardiog:r.•phy. 

111c: nlost .approprialc next Step in mana,gcnwnl is. lr.mstho 

n.tcic <:ctuX"ardiog.r-ilphy. This f"X-tl ient has!'>ymptoms a nd signs 
c.·onsislcnt wil h 1 rkuspid rcg.urgilalion. Sev(··re tricuspid 

n:gur-:~iL<llion may lx.• wt'll toi<.'nH<-'(1 tOr :t long pE'-riod. Clini~ 

<~t l signs o frighl sid<~d he:m railun•, such :1s el~v·Jted jugulnr 
v<.·nous puiS<.' ;.md pcliplwral <"<kma, art> :m inct i~tiOrl of 
S<.-'\'L'rily. 1hc murmur of f ticuspid n.~Ttll)~ilation i!'\ typic':llly 
a holo • .:;ystolic murmur heard alc)ng Llll' k·n slcrnal border 
lh<lt inc.: rcas:cs during inspiration due lO incrt'ascd venou~ 
n·turn. Causes of tricuspid K-gurgilalion include r lwnm:ttk 
d iSl'<lS('. n1diat io11. <·n<f<)('arditis. nwxomalous clc-gcner.Hi<m 
(prolapse)_ con[.!.t•nil<tl ahnormalil ics (Ebslcin :momaly). c·:n 
<.'inoid disc::tse. <md lf'duma {for exampk-. chtsl wall impa<'l 
or right V(:nl r icular biop->y). l'hlt"l'rncnt of inlernal dt·vk<· 
k<His f<>r J>a<.'•t·mak('l~ and c;_'lrdiovcrkr-dcfilnilla t<>rs is <llso 
a c.:ommon <.:a usc of 1 ric:uspid rcgurgi1~Uion. In J)<U icnts with 
suSJ)t'ell-'d tricuspid n:~urgitation. tr~,nsthontdc <:choc-anli~ 

ography is in<.li<.11le<.l to t'Vclluatt• ksion scwritV. dt·lcrrnint• 
tl1L· <.'t\USt·. a::>st•ss I he s it..C and fund ion or I he: righl-s ided 
charnbcrs. and t-sUmat..: pulmonary axtel)' prt'Ssun.~. Tn.ms~ 
<.-:-;opha,h"t~llt.'<..'hoc<ntl iogmphv can also lu:lp demons! rate the 
rda tion nfthc device k·:.'lds to tricuspid Jc:anets a:.; a eaus<.: of 
trit·u:;pid rtgul}!itation. 

Ca•c.lio\':.Jst·ular magntti c.: rt•:,oJMilt't' (crv1 R~ i ma~ing 

may lx: ltt:lpful in tht·cvalu ation ofhkuSI)ld reguq!itation if 
t'<.'hoeardiographit t·valuat ion is suboptin1al 01· in<."<m<:lusiv'l'. 
ln this patit11t. Lht: pat<:maker prt~t·nts ~• tX)nLmiJidk:alion to 

CMR im<~lllg. 
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Answers and Critiques 

<:oron;H)' angjogmpby and right wntrk.ui<J!tr.oph\ ;on· 
not u<cfulln tht>di:lgnosis ofui<.'lt>J>id n.'!!UI)!il.lli(ln, Unllk 
mi1r.1l rq::ur]::fr:uion, i~mi<.·tvron.J.I') .1nc.·n c.li"'-":.l"'-"1' nul 
J c,.,unmon c:1u.ove of tricuspid regw·)(il.ttion. F.\'o~luJ11cm c)( 
right he:ln p~r~ may lx' indkatt'f.l rollowfng C,.'(,;t\(l(.:.)r 
diugT:lJ>hy. patiicul:lrly if 1ht'Lt' i::; LliM-'OJ\l.mt in(hrmou lon 
obtuhu.trd hy clinic::tl and echoc.ardiog.raph.k: cvaluo~llun. hut 
ri~hl htnrl <.'4Uheterization is not neces:,ary at thi:o: lim~. 

KEY PO INT 

• In IXIlk·nts :;uspt.:t'k.'d of h<tving lli cu!<l.-pid rt'gurgltn 
1 ion. 1 r:l nsl hor:wic echocardiography is imlh.::.1tt.•t.l t(t 

<:vulu;,llc Jcsion severity, determine Ulc t-.nc.c. ~l."'.'K.'"­
rhc si.t.C and funttion of the righH~ickd t•ho~mtwr!l.. and 
c:'tlm~liC pulmotUI) :tnery pressures. 

llibliC)jlr.l(>hy 
Un f._ \t..tlhnun R." C.nnnnl~·lfM.l.Jreara.ni lA. Sww.lt T\1 lnl. It~•-< Ul. 

5(-\'('ft' t"o1lflk1C1Uik lrk~'(lid ,;d\t• lt~r.di;Uio.m dut,.· lo P,."f'nUIM:ft 
IUC..t"m-11..4"1' nr t~rt.'lhl(> ~d..-r Mtbrill..- k-.Ktol J \n1 ( 1111 
C~n!,ul .IOU.'i. 1 .. :167/ .li (P\Ull- IS$93186) 

lt<!m 112 Answ<!r: A 

Educational Objective: Manage drug drug inte nlctions 

inn I)IHicnt wilh stable angina. 

·1 h1.• rru.ml appropriate management is lo c.h:tr<:a-:c: the ~.h~ 
u~<.: ul nmuhtzine. This patiem with 'wblt: :.1nclna I~ hdng 
lr.ltt>lliol1<"<1 fmm meloprolol. a D bl()(·k,·r. tu dilliatcm. ,, 
c:~tlclum <.:h~tnm.·l blocker. He is also currentJy blkut,J.t M:vcral 
oth(."r ~mli;mj.tin~tlthernpie::. nomb1y mnolazint'. Ranul.v.irte 
c.kt_T\.'US<."S :mgina and modestly incn:aM.~ l'A~f'cl..,._. time.. .... In 
txatlent~ with \t:thle arl}tina. R.tnulo~L&.nc: inhibft, the loti<: 
sodium C'"urrt'>flt. whidt in tum rc.-c.luc..'\.~ sodiul'n-tkl)l'lldcnt 
caklum Nrrents. 1'\."Sulti~ in n....tu ... '\.-'\1 wall u:n,iun and 
m,oc.·ardl:ll n\.)~n con~umplion. R~utOLlzU1c " l)tllltJrll~ 

nwt•lx>llt.c<l hy cyu>ehrome P·150 aA 1 ICYI'JA I); Lh<·tcflloc. 
.._-nution shr.!Uld he exercised wb('n prc.~1 iUing r~t11uk1tinc 

with CVf':lA 1 Inh ibitors. v,/Jlkh will 1 \.~ult in ~iJJ;nifk:.tnllv 

i nt ren,C'cl l)lasma IC"\'tls of r.JnoJ.t.dflL'. Rnnolatint· ~huuhl 
nnl bl' u~"'tl w ith ~lror~ C.."'YP~iAtl i nh ibitorx. MLt'll u~ kt:lo 
con,lzolc, clnrlrhromydn. and r itulla\tif•. Wi lh mmlcnt h.· 
CVP:Ji\ 1 inhibilon,., indw.Uug vt·mpa mil anc.1 dill laz~m. th~o· 

d()~:l[.el.~ Should ht • i.h.'l'f\.'\l:St'd by SO~. and .-,:hULifc.J flO( t:X~CL'd 

.'\00 m~ rwlc-e daily. R;molaz.inc also has a muc.l<'>l QT pm 

lon~inA effl'tc. hut no PfO~lrrhythnti.c c.:Uh·t ha!) bc..-cr1 dln:ctl) 
~mrlhtned 10 r.molazine. 

'I he Jddltlon of diltiazcm to ~ p;otknr~ m<-dk:Jiiun 

rcgimc'n \\ill not require inC'l'l"JS.ing Lh~ d~ ol .Ito"·'"-' 
lin. OilrioeA·m nta} in fact n..'Mllt in int'n:~'\.1 k.'t.:l' ur .11ur 
\·,Jst3tin. wttich is a CYPJA-1 substr.J.tC'. 

·1here:1rc no!\ignificam dn~g d~ illtcr .. Kli<Jn) lx.i.\\\.'("ll 

1i~lnoprll and dilti:l7.em that \<\'OuJd warr:mt !)W1lthin~ to 
another ACE inh ihitor. 

No! :1ciju~:;rin~ rh is p:trienf s rncdicalion rc.--g.imc.:n \\UUIU 
n:·~ul t In exces.c;ive plasma levels ofmnolslinc ~wc.t i:; nul a ll 

a(.'c.'Cplable opl ion. 
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KEY POINT 

• Ranulvjoc c.k-'t·n."a~ symptom~ of Jlt_gina and mod 

eca.ty i~"::i t•xt-n:i.se tir110 in patirnh "tth "dbk: 
:1~na; it sboLtld not be.: u.-.c..'-1 wllh 'l-1nmg C\'~A 
inhibitors. and clos:tgt>" ~hould he,.• rcdut'ed when used 
il'l conjwR'lion with modernl(l C\'1>:3A inhihiln~. '1-'UC"h 

asdilti:.w..em aud vt'I'<IIXm li l. 
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Item 1 1 3 An swer: D 

Educational Objective: ManageR~ degree alriO\'CD­
Irirular hlock ocoompanit'd by bif•sclrular hloek. 

f\lo furthc:r k-sting or intervention i:-. rt·quin:d .JI I his lime. 
'I his a~}·mplomatk patient h:t'> tlr~t lk>gn:t· ~l ri c •\cniJicul:~r 

(AV) block (PR intervnl >200m,), right bund le hr:om·h block. 
;.md k fi posterior fascicular blo<.·k. Right hu ntlk l>r.:-mrh 
hiCitk is diagnosed hy the finrlillRo'i of J wic..lt'll \.'\.1 QH:S com 
pk\ (>120 ms): tm RSH' p:1t1ern i n h,';ll.i V1~ ~u1d a wide 11L"g 

a1h .. x--. S "~vc in lea<lo;: I. V.,. and v,,. fllod .. s 111.1y ~lso occur 
in the anterior or pus:Lcrior di\'i-.lons (fnSl·idc.:s) of the lcfi 
hundk·: th('S<.' arc termed fa..~ic.u1Jr hhK:"-~ (or hc.:rnihlt.x:k.··;). 
l.rlt anterior fasci<'tllar block;, ~lizt'\11>) •l""iliw QKS 
t1>mpJcx in 1.-.td I and • ll<')l;lliW QRS <<lllll>lc< in bd a\ F. 
l...<.i\ posterior fa~icubr hkx:k h r"-'t~nitl-d ll\ a lll~tivt" 
QRS l'Omplc.' in lead I and a l""iliw QRS mm1>lc< in kad 
a\E Conduction disturbance\ involvin~ tht· ri~ht bundk: 
hr':'lnc-h and one of the.: two fasc:t<:les (:1111<-'rior or ~c.·rior) 
of 1 he left buntJJe br.mt·h are commonly n:rcrrt'tl w ~ls bifas­
c-icular bkx:k. The present-e nf fi rst cll..j:tft<.' AV bltK'k wilh 
hif:lSdt•uhu block is oOen called "trif:lSdrulat hlot•k"; how­
ever. thi.· tt·rm i::; mi~kading bcC':lU!W •1·ur trif:lM.ituJ<.ll hlotk 
would indkate t'Omplete 1\V hloC'k 

'111l'T\.' is no need fbr cxten~h'C rnn.lhH: ('valuation of 
l)."'ti.;>nls w ill• m;ymplom.;.llk biJ~1sck:ul:tr block oth('r than 
:t C':treftl1 history ami ph}:sit.-~11 c:x~lmln~llinn to exclude the 
dlngn~is of ocx:ult c:anlwl· di~t·:.IS(.'. I here fore. echoc~l rdiog 
raphy 3nd dol>u~am.ine <'<hoc;trtlh>~tr•ph\' are nor indicated 
he<':lu<>e O(('Uit is.chl'Illit· or ~lruc,:tur.al ht"dn di<;e:t.~ ico not 
~U"\('I('("ted in this p-.atknt. 

P..K"emaket":t an• mdK-atl"ll m JXllh .. "TTIS \\ith symptom 
atl(' hra~\':l.rdi:l in th~ ab><.'[l(.'\C or 3 n.~cr.lhle cau<e. ht'oo:e 
1he import:ln<'t' of e-;.1~hh.;-,hin~: \'\ mptonl!t when e\':lluating 
p:llii'T'IN\'I.'ilh hr.trlyc.trdiJ. 1-.._lrlng I\ no1 indkatcd in awmp 
rnm:nir- JX~tients with first d<~grc..oc: AV bloc·k at-<:omp:mied 
hy hif:lsC"kul:n hlot·k hc"<.:aus<.' OK· risk for progression to 
('flmplt'le he:tn hlock I~ less th•'" :l'~ .. 10 a·x. per vcar. As such. 
p:1('(>tl1!1kf'r inse1i i(ln h. not JH,'L'dl~d In lhi~ pal icnt. 



KEY POINT 

• Asymptom;ltlc: first degrt'<" alrfm.-'ffitrkuiJr hloc.:k with 
bi1i1scicu l:~r hlo<.:k Llo<.'!:i not require IJ{lC<·m:lkt·r 
implanrntion. 
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Item 114 Answer: E 

Educational Objective: Trc:lt heart failure with reduct'<~ 
ejection fr:lction. 

'llw mosl appii!J)I'iah· m~m~l~L'fl u:nl of this patienl with ht:-.trt 
fJilure witJ1 n..'duct'(t t"j<"('tion frJ<..:lion (HFrF.F) is (O continm: 
the current mcdk'ation n.~imc.:n. Guideline dit('('fed medi 
c.-alther.:~py for symplom.ttic ht.~Jrt fo.•ilure induc.k."'\ t~rmcnt 
with an ACF. inhlhilnr.jl blo<:M:r h!X'<'ifically. memprolnl su<.' 
('innte. c:.arvt"<lllol . o r hisoproh,O •• Uld nn aJd()St('rotw anlag­

rmisl. All of tlw'(_· agcnlS J L'tlu<.·~ morlality in JXllknLo.: with 
IIFrEF.lhl< p.111.,11 i>dltt"ad}' l.lklng!,'llidelinec-c11n11<."<l nx"<l 
k-.tllh<.Td~'at nlJ\imall\· tokmted doses. a> <-.·l<tE'n<"t'<l by he-r 
~ymptomafiC' Mhos1atic hypoc.Cthion: th<.•n'fOre. nn <.'hang<.'S 

need to f:x' m~lclt· lo lwr mcdicatioo regimen. 
(v~Lbr:.\dint" inhibitS th.: 1( 01' " I runny" Ch~H'Int-1 of lhL' 

... inootriaJ node-. J"t-'!l.'l.lhin~ in J 1\-duction in he~n r:uc. In 
pgtienls with lll'r"F (kft wmfi<·ular ejection fmrt1on SJS'%.) 

and Kt'W Y()rk I k·art A~iJtion function..ll rl:l<>'\ II to IY 
symplOrtlS whn nn.· i n sinus rh)'1hm \•Vilh a ht":!rl ralc of70/ 

min or h igh("r :lnd laking guideline din;t·tL"tl medical th<:r~ 

;)J""')'. trea1nu.·nl wil h iv·ahr.l(Jin..: h..ts been :1.\SOCiM«I wil h :.1 

reduction in ~n r~ilurc hChtlil.J.Iil.;JLions. &fore !he re<tinJ: 
ft<."art rate is~~ fbr putcntiJI initiation of i\·Jilr:Miinc. 
~ blockers shQUfd Of> lilrJH.'t.l to nlJXimally WICr.Uecl d{)S(:S. 
(k"('ause this J).ll hmt ha~ a hL:urt r:.ttt> of 6S/min and is :llr<:<ldy 
t:lking ::1 maximnlly wlcr<:H<:d c.lo~c of carv<"d ilnl. Sht> is not u 
c::andidate for J\'.lbr:ulioc. II i' impc:>J1ant to note lh;JI ivdbra­
done should be gJ\"tn in addition Lo tl hlocker lhempy. not in 
It- place. 

V~lL~ui:m Stl<.:ubitril is an ang,Jott·nsin ret't.-pCOr neptilysin 
inhibitor. a new drug cl:l~~ I hnt combines an ungimensin 
rt'<..'l"PlOr hklcktor \\ilh a neprilv-..Jn uthibiror. The ncpritysin 
lnlubitor prewnl> the brcakd<>\\n ufll type n.llriull'tiq>eJl­
tldc. leading to <.'nh:mttd diun:....,i~. narriuresi~. and myoc·.:&r­
<.llal relaxation. Cnmpared with ACE inhibilor tht•r:~py. this: 
<.h ug comhinallon h:as btx'n shown to reduct· the composite: 
t..•nUpoint ofc~udir•vaq•tllar death or beart fhilurc hospitali:l.a­
Uun by 20'' in ~ympromali(•JlJtlc:nts with HFr£1-. llowc\"CT, 
In ,t ('linic:tl trial ;t(\,.c;es.~ng l"l"'I)Oru,e ro \"als.lrt~n c;.,cubi­
trll. the m:ajor C\lU~e of withdrawal was h}pOttnsion. In 
Lhis patie nt whO Is takinl< a n AC!i inhibitor and B blocker 
.uuJ i~ expcrien('lng syrnptolll;,llk orthostatiC' hyr')otensi<>n. 
the addition of valsartan-s.~<:ubltril L' not indicated .. \dd 
allJl valsanan <;.:l('tlbittilto OCr<:~nt medi<:<.ltaon regimen. 
which induch.~ lbinopril. \'\OUid greatly inCrt'a\(' her risk 
for ::mgioc.."tll'm:l :mel hypoh.:n:;iun. 1\Cf. inhibiro~ c;hou1d be 

Ans~!:~! and Critiques 

discontinued :u kast :~o hours before initi:lling val~rtan 
sacubitril. tr <he· did mlt h,l\<' <)mptoml!K' hypoter""i<m, 
~-wik'hing U-.lnopril to \'.lh.:lflnn sa<."ttbilril ·\\'ould he .an 
appropri:ltt> Ol)l h111. 

KEY POINT 

• <;uidelin<: dlre<1ed m<'<ii<Jllh<'ra~· G>r <vtnplomalk 

ll<."drl fdi!U..., \\;th rt.'dueed ~lion fracliun lndude< 
a ll ACE lnhibiiOr, ll blocker hpedfic;llly, metopmlnl 
succinate. <::.lrvectilot. or hlsopmlol}, and ahlostcronl' 
anta}..'Oill't 
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Item 115 Answer: 8 
Educational Obj<>ctive: Tn.-:tr atrial septal d<fcct. 

Pcrc-umnN)U' .atrial sepwt ddt..-ct L'\SD) dt\o·kc.· closure: 
Is lhe I'H:'st •nanug<:mcnl choke fOr this p:'l.llt>nl depend­
In~ Of'l tavol':lhiliey or an::uomlc features. Dtvlc't" c·losurc 
b performe-d In the: l'atheleril'.ation 1.\borntory and is 
an option fur J);J.lh.'nts wi1h an iSOiflled M'lium s<.·cun­
dum ASil. lndk•liuns for 1\SD de>'ke tlrNlrc include 
riAht heart cn l.tq.~t.·menr :tnd ~ymptomc;. ASI> dosurt: i~ 
nl$('1 re:~son:lbk t~u· orlhodcm:la pJntypn~a sync.JrnmL" <.~nd 
bctbre p:tc'('nl;)kcr p latemen1 l:x.·caus~ of 1 ht· increased 
n~k for "'l'h·mi<: lhromboemholism. An l~;;ymptomali<.' 
Mtwll ;\SD \\i lh no right bean enlarg('menr ~m be- mon­
itored wirh(ml dosurt·. Sul'ltlca1 dosure i~ indicat<.-d for 

I'IUtl!=>t>c-mHiun, ASD~. hHAe sc<:undum ASDs. ~n<J lorny 

unt:lvor-~blc for <.lcvjce closur\.". and a '\('t'untlum ASD in 
patients wilh \. .. x..·.xlstcnt ca.rdlo\':.lSC'ular di ... c.·:J'-C rl·quirin~ 

upe-mfivt" inlcn.c:ntion. such 3~ l"'t'OO;Jl) :~rlc.'rv di-st .. .J.SC or 
tnt·usric1 n·,~llt~titJ.tiun. 

C:mti:H· magm:tk R'Sonan<:c im:;~ging (;~In bt.· usc..'\J ~n 
tldC'Cf :) .st>c-undum ASD nnd <:an qunnlil:llt· lhc cfi"L•(:l uf 
lhl" detect hv Uch:mlliting right ventricnl:Jr volume: bow 
t"\("t. it is: nul lnc.lit.'dted in thi~ patk"nt bccau~: ttl<: diJliC'31 
as.~·~mmt o~nd t'(ilocardiogram an: !'t'llfficit•nt to guide the 
<.leci~ion to do.~ lhc ASD. 

EndocaJ\IItb. prophylaxis I~ recommcndc<.lllu p~uients 

with c-on,.,~nl1;_\l h<:<.ll1 disc:.ts<.' t:h3ra<·lerizL'tl hy uurep.aired 
c.:yJtlOtic di..;(.'J.'o4..'. including palllretl\'e slmniS ancJ <.:onduits: 
a COngt"''lital <.k-ft'\:l durint-t thl' hr;~ 6 month~ ..ncr com 
plete rep:lir u( th\' tJerecr v.ilh pr~1ht·tic mmcrlotl Vl t.levice-: 
oand r<-pairt."<J di::;c;;~se with rc:-.ldunl dercct:.. Patic,:nls with an 
uncomplie:Ht·t.l ASD without u hl'itorv or cndocdl'ditis do nol 
require cndoc.:drditis proph~ la\:11\. 

FunctiOndl J<'I'Ohic capac,!)· "'""'"re-d by >U\'SS testing 
l<i no1 gcncrJII) used to dctermln<' mancu..,~mcnt in patients 
with AS!)!.. 
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KEY POINT 

• Right her1n e nlargement and symptomatic disease.· :;lr<· 
i nd ication:-; ror dc:vic.'t' c:l<~"llre of <ln ostium secundum 

~trial sepw 1 delecr. 
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Item 116 Answer: D 
Educational Objecttvc: Treat se\'ere aortic stenosis with 
tr.mscatheter aortic valve re placement in a patient with 
lti!(h "'rgjt-al tisk. 

The mosl appropriate ne:\i step in 1nanagemcnt is tmnsnuh 
eter aortic valve repl~cement ('[1\..VR). TAVR has cnlt'l'g('d a:; a 
life saving the rapy for patients \".rlth SCV<'fC :lorlk Stt'nUiL.;. In 

smdies of patients w ith in{ermc.'XIi<.-ll(' or t~h surgi<.:af risk. Lht: 
outcomes of T·\VR luwe been e...omp;;H~tbk or th.vorJ.blt: w Lhat 
of surgety, with similar rates of mortality and stroke;·. In the 
United States. · 11\V~ is currently indic.<Hed for symptomatk 
patients with aonic stenosi~ and inlermediare Q f high surg.ic..:~LI 

risk, as ass~ by a muhidisdplilllll}' 11<.':111 lt':lm. Online 
1ools. which are derived and n.--gulady upda ted lium 101lional 
surgk:.ll dat:.lbasc·s. are ~walktblc to as::;ist wilh L~Lim<Uing~ur­

gic.31 risl\ {fOr C'Xampk. lhc Sodl'lY ofTilOrJ.t'i<: Surgeons Adult 
Canli"c Surgery Risk Q~culalor lriskt-ak .sl'i.O!Jl]), Allho~h 

these c::llculators contain nk.:any dat.H input Hdc.k iL i::; impotl 
<HH lo note thal fmilty as '"-'Cil as wmc other important IJ(\tk·nt 
ond prO<-edtu\ll dw.mctcrislics arc not ~rt oft he online as.<-:;s 
mc·nt I(X)I:;. lllc rd br<.:. a <.:onlprclu:nshrt=. holi::;tk aj)l) road'l ts 
n.:·quir<:d lbr c.lclcrn'li uing paci•.:nl ~urgi<:al ri::;k and candida<.')' 
(br ti1L· variou:; pnx.'l"tlur~~ to ln:.·~t aorck ~tc:nosis. r:r.:ailty (,_~HI 

he as.o.;csst'tl wilh ~Il l c;.;:an'linalion of lhc palicnfs aclivitic:; of 
daily living. indqx:ndL'n<.:•.: in amhulalion (rorc:xamplc. 6-min­
ulc w.dk tlis tantx:), and va rious other gcriatri(' looh;. 

Balloon aurlk valvu.lopla::;ty 1rmy bt• c.:onsitlcl'<:d a::; a 
brklgc.· lo tmnstalht:tcr o r surgic<~l aurU<.: vJ.Iv~..: n.:plat't.'Olt'Jlt, 
but it ltas not lJ<.:<.:n :;hown to i mprovc.: t h<.: long lt'ffll progno 
s i:; l>f ~mlknts vvjth aortic s tt·no::;is. 

l\k'tlic.ll thc.:r.apy has not b<.:1..'ll fbtu)d w b<.: d Ji:<.:tive in 
'iiO'-Ving lht• diS<.."d.'it' prugr~,·:;sion in pa tk nl::; with aortic.: ::;tt: 

nos is, ~kdic.:a l thl..'r~tpy would bl..' pursul'ti only ,r thi~ pali<.'IH 
d.;.·.;.·Hnt·d •tol'tk v~-dvc: r.;.·plac..x·mt·Jlt or if hc bad lllotbic..litk"S 
th~H W<.mld pr('du<k b~..·ndit from ::;m:h ::;ur~t.·ry, .::.uch 3.s ::. 
, ... ·dtK't.'tltit<: ~..·xp<:d:.uKy wlfdatt.Xl to v;.llvular cli::;ca::;.;.·. 

SurgkaJ :to nil" vaJV<: f(·pluc.:.:.:ment is not appruprj~llt' tOr 
thi~ 1XHk n1 b .... ,,_.~)LlSC his ~urgk~ll risl< w:.~s c.-slimatc.xl to bt." 
llil(il or prollibitiw. 
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KEY POINT 

• Tranocath<.:h:r aorl i<' vulv<.: rtphtcemc.·nl hilS been 
tOund to he com par~lhk" {0 surgi<'aJ intc.:rventi on and is 

indica led f()r symptomatiC' patients with aor(i<.: st~no­
si:; ami irHc.:rml-dioHc.: or h igh :;urgical ri~k. ;:~s assessed 
hy :l nm lrldisC'iplinary h<'o.lrt t<'o.lm. 
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Item 117 Answer: A 

Educational Objective: Treat ST dt·\•ation mvocardial 
infarction complieatf."d by h(·out failure. 

'IlK· rn<xst ~~~)J>mpriatt· 1 rt~tm<.:m is cplt>rcwmt". 'I his patk·nt had 
~lll :lrHt·ri<)r ST d<.-v~nkm m}'tX'<U1.Hal inlhn:tion tS"I'I~MI} <1•mplj 
(':lh.vl h\' m0<1~-"r.lt...' k.·ft v<.:ntri<..11k'r (l\ ') dysfunction ~nd ht . .'~lrt 
f:l ilus\~. Opthnij'm~ thk') palit.·ut's m<.:tlk"..lllht'r.tpv is func1am~n 

t:ll to prt"'t\'nOng rurl tl<.'r imp;Jlllll<.'nl of I.V function :mel pro 
tllOth,g 13vor.lbk.· LV r.l'mcxkling. t\lt hough fl blockers •-md ACF 
inh•hitors (or at~iolL'1l::>in rt't'tl)for blockers 1..\ I~Bsl) thnn the 
backboneofposlinlan:tion lnt'<Jic:JIIIlcr.lpv aimed ;)l pr<.-sc:rvi11g 

I Y funl:lk>n. it i.s imponanl to rt'<.'<)grl.izt• when :ldditionnl ;Jgt.~Hll-> 
m:.w h.;.· indk~1tt-d.l hL' EPI JESUS trial e!->1-ahlished thi' lk•n<·l)f" C>t 

:lklostemnr: ant~)llL':im ' vith t-pkr1.'n<mc..· in patit'nts wil h :lC'IU<: 
myn<":lrdi:ll int:lrttit)!l ~md 1.nnt·nmitmH LV dysfunction .• md 
C'urrt'nt ~ui<k~Jinl>es nxonunc..11d adding ~tn aldo!'l.1eronC' antagu 
'*' lo .~CI-. onhibilur ;~ml jl blockt·r lht·mpy in sn·;MIIXllit'lll' 
vvi(h ldl vc:ntrk'ular Lil'tiion lhl<'tion of +to·~. or I~ ;.ln.d c.:ilhc .• "'f 
hl"<trt i<tilun: S\1nplotn~ or diabetes mellitus. B ... "C\:Ul~' or tht• 
J.Xj(;ts:;ium SJXHingdftx1 of L·•pll·rc.·no-ne. serum JlOI;,t~iullllt.:v~:h 
~houkl h<.· <.':lrt.:•fully moniton'<.l Eplt'11.'1lOtK' ..,;hould lw U.~'l1 with 
<":.ltltinn in riK).';(" with un<k rh ing kidJ'k')' di&;.t.s(:. 

l.ong ;lc.-li ng nitrate..·~. sudl a~ tsosorbidt• mononilra!e, 
h:l\'<.' nn role in 1hc manng<.·mt·nt of p:.Hittnts immedknely 
~lftl~r ST t'kV~Hion ITI\UCan.li:ll in i<-IR'tion. Nilrmes may he 
ust·d for ruwn:· ~lngjrm or may bt• c.·oupkd with hvdmkl7jnt• 
1n thoSt.· ·with p(·r.,.istt'UI LV d\'·ih.mt·tion desvilc m:lximaJI\· 
tokr.1ttll t.lo..,;e;•.., ol' ;1 p bh.x:kt·r and t\CE inhibitor: hmn·ver. 
;lc1milliStt.•ring, IS<).::orhi<.k m<m<)llilr.tk is not Lht.· most a ppm 
pri:l1i;" nt.•xt stt-p 111 rhi.;. p~\tlt:.mfs management 

Ahhough :'lrl ·\I~H ..,U('h :lS \':\IS;ll l,lll mav be usdul as 
:u1 :lltt•rn:uive I<> i\Ll~ inhibitor lht:r,1py. adding a n ARB to a 
nwdh·:lti<>n re~~inwn th:li ;l ln~utv Indue!~ <.'Ill :\( E inhibitor 
;uHf Ji hlntkt'l' h:\...:; lx_.>pn :lC:C:t)('l:ltt'<i Wifh :ln C'-.;<.'{'S..." of a<.hl:rs<' 
('Vt·ntc: ~Hld 1. ... thc.~n·IOn• not rt"i"'mnwnde<1. 

\"f.lrt:1ru1 lht~mr'l\· fs fet-'t)lllmc:>ndt;><l tn rc."<.1m:t· the.• risk 
fhr ·~y·:t>lt~mk emhoiJ:~:ltlon in patie-nt.; with 1:\. :lpk:.ll dOl'·• 
lbllowin,t~ Jargt• anwrior nwo(•:mii:~ l inf:m·tion. ~I though I hi'> 
rt'C'Oilllllt'Jl(l:ltinn i..; nol h;1sed on :1 Llrg<' rnn<1omi?.e<1 cf:.lr.l'-('1 
In I h is p;lli~··nl. no t•lots \\'t'l't' nt>1t><l on The Pt.'h<Jt;:tn1iogram. 
.mel <»mpiri<.· :·mlico:lf.'lll:nion i4i nol indkatec1 :l('('()rding to 
<.'Urn•nl ~,1idelines. 
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KEY POl NT 

In pmicnts \oVilh S'f-C'kv·.tt ion myocardial inlluclion , 

left ventrfcnl~l r ejecrior\ frnction o r -iO'k;. or lc..--ss. am.J 

either heart fhilure syn1ptoms o r diabetes mellitus. an 
a1du:;ltront' anl<t~onis-1 is n..x:ommcn<kd in add ilion to 

ACE inhihlror ~nd Jl-bloc:ker therapy. 
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[::J It em 118 Answer: B 
Educat ional Objective: magnose cardiac l:lmpon~de 
following catheter abla tion of atrial fibriHatio n. 

'lht> <-:llheter ahl:ltinn rela tt>d complication I hal i:-> mo::;t likdy 
responsihlt' fcu· tlw ("'Kltient's ·~ymp{orns i;<; <:ardi~K· lampon~\U<.· . 

;\llh<JH~!h ('anli:w l:nnpon;lde ()('("UI'S In :lppmxima k ly 1'.~. 

ol patients '''ho und,~ l'f.'O c_-;u hett>r 3hl:u ioll pr'O("('<furt."S li 1r 
atri:JI lll>Jillation, il is tlw most <'()m mon S<·rlous compJiC<\tion 
:1nd is likdy lo n··mll in de:uh if nm cet·n~ni.Y«I ~md tt(·att·d 
ll~(•ntly. ( :an1i:1C' l :l mpon:Hie (l('('Ur:> w ithin ;J tn<.•au uf 10 d<!)'::i 
:1fk r lht· pn)('t;'(lun•. :although it m~lY occur \ ll.'ithiu hours of 
ih<.• pmc<•thJn• nr ht- dt•J:1yect hy Vll'('t'ks. C;HXfi~"lC tamponoJ<.k 
~hould he ~u~wc_·tffi wlwn llw l);ltil""llt has ;l ('{HnJ'l;•l iblt.' hi' 
tory: hypo tt·nsion. clf'\-al,'(1 jugular venous pressure. narn1\~l 
puiM-· pn..·ssmv, and pulsus l);lr.Hioxus. An f'n1~rg<"'<1 (";ntfkw 
~ilhout•ll (' may he .'\('t'l1 on d wst mrliograph (';\\'aft:' l' boule 
h<oan-). 'llw elt"Ctmc:udiogr..un (}1>kally demon~trmes sinus 
tatllyc;lrrli:\ :lll( I elfftl"ic..':ll alk rnan<.,., Ech<X'3rdirJgr.lphy n-:.KI 
lly cl<.~terls perkardial dfusions ~lnd L-; Lht· prim:..~ry modalily 
lOr di:lgnc~ing c.-;1 1\H~l<.' t~1rnpona<.lc. 

~~l l i<"nrs w ho d("Vt.•lnp .oln atrioesophrtg(·al 11sw h' mr~t 

c.·omn1only P"'~~.>nt 1 fO ·1 \ \o't."'t'ks afk·r the ;lhlatlon procedur<·. 
~~lli<~nt~ nl:ly exhihh :1.su<1den fnlset of neurnl<~ic :o>yrnptom'> 
fmm esopfwg<.~l l .:.l l r emboli?.:uion. P~nknts 1nay :ll:->o pt(':>(.'lll 
w i{h f'-:Vl'r. dK•st p;_\itl. Sd .lul"(·S. lr .. UlSic·nl iSdu:mit· altat'"­
;_lllCr 10od imal\t'. hcmak nlt'::iis. and <:ndoc1rditis. MRl ami 
C:T me: pr~:f<.'JT<.'tl as di:~~noslk studies. 

Palicnls who dt·vdop dy~q-m<.·.a months lo years a!kr 
:.Uri:ll tibrilb tion ~1bl<ll10n m~ly h<-lVC pu lmonary vd n ~t<.·no 
si>. Other symptoms may include C'Ou!(h. cl>cst pan>. and 
ht·mvpty~i'>. PuhllUIIaf) \'<.'in .slcno~i::; <.1<.'<-:Uni- in :..ppro.\i 
m::aely n,. w :r.t ofp:ltlents, but intervention to relk•vt' ~·mp 

!om~ is fiXIUkecl in only HI'~, ol' thest.~ paUems. Gu.iddulc.~ 

rt""Comm<.·nd \T ur \1RI as I he prd C:rrL'<I diagno.stk test in 
SJ mpturnaue patients. 

V~lscuk1r <.·vent:;. indmHng hl'nMlomas. p:;t·udo:.mt·u 
rysms~u l ht>3rWrial purH. rure sik . and retroperitoneal hem 
nrrhage frnm hl<.'e<ling at the groiu :l('<"t"SS site. :.lrt' arnong 
lhe •nost C<nllm<,n ('omplicm ions ol <.~~nheter ~lhlatinn. 

S) rnptoms indud<:" hypotension and iJ..~ilatc..·ml tlan"- pain. 
Symptom (lll ..;.(• t f~ •ypk :1lly wifhin hours of tht.., pm<'l."'(lun·. 
1 >i~gnosl~ ron he t-st:lhli~lwd w i[h C:T o r ultrasonog,r:_lph)~ 

fklropt•rihHI<.'<tJ ht·morrhag.t: <.'<mnot expl:lin thio; p:ltknl':; 
dio;tanl h<.·~trl sounds. dt"\UI<.·d C.'t'ntrnl venous pn .. o:; ... un:, or 
pul~u~ JXlr:.tduxu~. 

KEY POINT 

• Cardiac tamponade OCt'uts in approximaldy 1'~, of 
patienl') who un<kT~Jo <-al hcter ~hlation pl'()('("dures 
tOr atri:.tl t) l) rillaUon: it is the most common serious 
complic::ltion and is likely to rc"SuJt in death if nol rc(' 
ogn ir.cd and t n·;.Ht'tl n rgttnlly. 
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Item 119 Answer: D 

Educational Objective: Treat heo\r( failure with an 
implantable cardioverter-defibri.Ll:ltor and cardiac resyn 
chroni7..ation therapy. 

'lhe most nppropri:.Uc management is p lacement of :.U\ 

implanlable ca rdiovcrtcr dd ib Jillator (lCD) with carctiac 
re~yut·hronizalion tl1•mpy (CRT)_ This p<>tient has symptom 
aric heart t3ilurc with reduced ejection fraction thal m ulost 
likely S<."'rondary to c:ardiac s.'lrcoidosis. Although s:.tr<'Oidosis 
pr('dor-ninantly ~' fft'(.'h lh<.' lw1gs. <.-a.rdiac sai"C''icfosis is fomul 
In up to IO't Of i:Xltients wHhso.u1.uidosi.~ at the ti1ne of aulop-sy, 
:md the d l:lgno::-1s should ahv.lys be considered in patients 
with heart f.>ilu.re and concomitant pulmonary sarcoidosis. In 
IXltients w ith heart litUun.' who hav~: an eje<.·t ion fmction Jess 
l~'ln ~s·~. <."<mtinutxl sym ptoms: despite maximally tuk l"Jh.:d 
mc(tic;\1 therapy. and expected survival of at least 1 yc·a r. lCD 
pl..'lC(nl<:nl is indko.ttt'd. \Vhen these criteria are accompaniC'd 
hy left hundlc br.>nch block with a QRS d urntion greater than 
or equal to ISO ms on ele-ctrocardiogram. a:-> in th is patient 
<Xr i~ also recommended. CRT imJ,>rov<.·s left ventricular 
ejection fr:~ction, functiono.11 <.'<lfX\dl}~ ilnd most important!)'~ 

survlv.ll in symptOm<lUC J><llirnlS with an eje<.-tion fraction 
less than 3S';t, an d a wide QRS complex or ldl bundle branch 
block. 

Diuretics. s uch a::; fufOS('midc. art· the principal therapy 
tOr volume over'lood In pat ients with h<."art f3iltlf<.'. Patients 
shou ld h~ treated with diurellcs until they achieve a st<~rc 
of ~uvoleml:l. 'I hi~ pat ienr dnes not h;.W(' any <..'vi<.knct· or 
volume overi<-.:Kt and therefo~ does not require a <liw"Ctk. 

jllllockers. such as carved llol, have n mortality b(·nclil 
in (Xltient~ with he~rt failure with l"t'duced eje<.'tion n~ldion. 

It Is gener.JIIy reasonable to Increase the 1)-blocl;cr dosage 
~very ? to 4 \>Jeek~ until th(" ]Xlt lent :lChit"'\1'("$ :-1 h<.~lrl rate or 
~ppmxim:1tely 60/min or has symptomatic hypotension. In 
1 his patient Vl.ril 11 a '-'tlrrent he:lrt r:ut> be10\-\r 60/lnin. increas­
ing t he~ hlock("'T dosage is in:1ppropriate. 

Although cordio~ sarwldosls <.'1ln he dllftcu lr ro cliag 
nose, ("ndomyo-t-ardial hiopsy is not ind icated in sugges­
tive c:1ses. <:ar<Jia(' san:oictosis reS\llts in p ... 'lt<'hY myoc;.\r<l.i:.\1 
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Answers and Crit~qucs 

involvement, and a negativ(' biopsy result \'\'Ould nol bl' IX'J.S­
suring that cardi<1c sarcoidosis is not ptl'"S<.'Ill. ·n,l' two irnag­
ing modalit ies that are most sensitive for diagnosing cardia<.' 
san:o idosis arc C<lrdiac magnetic resonance im~lgin.g and PET. 

\¥hen sar<.·oidosis is fi rsr diagnosed. treauncnt wilh 
gJm:<x.·o rtk:oids can improve ejection fm<"tion ~Hld f<.'(lun · 
~lrrhythmias. 1l1is patient has al re;ldy b(>f.>'n trc~ucd vvilh 
pr<>dnisont tOr 6 monlhs. and further fherapy is w1likdy 
{0 I'('Sult in additionaJ improvement. 'I herefore, sh<' sholtld 
ret't'iw :~n iCD wilh CRT. 

KEY POINT 

• Cardiac resynchronizall<H1 therapy is ind icarcd in 
paHCnls v1.rilh an ejection llil<'lion 1<-ss lh:m or equal to 
:l'l'X,, New Yotk l l e.:~rt ;\SSO<'i<lUOn fum:lional class II to 
TV heart fa ilu re symptoms despitl'' glLid<:liru:-d in:ch.:d 
mcdical tll('r.-tpy. sinus rhythm. and left hundle 
branch block wilh a QRS d uration of ISO msor 
greater. 
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ltem120 Answer: D 
Educat io nal Objective: l'reat acute pericarditis. 

l ligh dUS<.· aspirin aJid colchidn<: ~m: imlicatc:d in 1 his l);.ll i('nl 
wilh ;t('UlC pcrkanULis willl<>Ut high-risk k'<11urcs. i\tutc.· pc1i 

carditis is diagnosed jn thL.., patknt by Ou.· pr<.~ncc nr sh<.~rJ> 
chest p::lill or ;;ICI.IlC 01\t;('{ witltuul t.•Vic.lcm.:l..' of myol'ardial 
necrosis. an elC<'trOC3rd.iogm.m dl'lllO ll~lrJ.li 11g wkk-spread 
ST segrntnt d l'V'...tlion mlc.l PR ~<:grl'l t.•nt dc.·prt~ion, and a 
small perkardial d ru::;ion. Tile <:kvatL'd C-n:aclivt· pmldn 
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lc:vc:l <llso supports :lCnte- peric::miiris. Admission lo the hos 
pital is appropli<llt" lhr p:uient~ wirh ::u:-ure pC'ricardHis '<Vho 
haw at k:ast one high 1isk te:ttnre, including high ((;-ver (tem 
f)(.'r.ttun:: >:~ °C r100.-1 ~>F)), ~mhacure onser {gmduolf onset over 
sc:vcral days), ~~~~~<.: pcric-;m1ial eflhsion (>20 n1mL oral an lit'<> 
ugulalion th(:rapy. or imrnttn<)!..'Uppres.<::ion. Fin;t line therapy 
indudcs <tSpirin {7SO 1000 mg) or ibupmft'n (600 mg) t~'t'ry 
8 hour$ fhr 1 to 2 W('t'ks plus co lchiC'ine (0.5 mg/d) fhr 
3 numths. In this P<lticnt. inilialion of anti - in Uamm atory 
tlter.tpy wit h <..<uiy nulp;.Hi('nl follm"r up is nppropriatc. 

Pcricardioccnte:;is i:; rt'St:rvt"d fOr rreatrnc·nL of pallc.·nts 
with tamponade or for dia~'11osis in J.Xlli t-nts with pericardia! 
<.:H'usion when lhCr<: is a high d ini<'al sw•picioll of a 1t1o11ig 
naru. b:.l<.'l<·rial. or fungaJ causc. 

C;udiat tmht•krb'.alion \Wiuld he approp1inte in the set­
ling o r an ST dt·vation myocardial infarction ro fu C'illtnte per­
cut~uK·ous comna11' intervention. l low<'"\•-er. th<>- '\.videSJ)f(o:Jd 
ST ~grnt·nt d<:v<tlion on this palknl's el~·rm(':.l tdiogram is 
(Hyph:;d forST dt'V:.lliOn myocardial inrar<'tion, which more 
OOilllllOtJJy ('~lU$CS Sf-Sc.:gtlU..'Ilt ekv•..tt ion Within :1 specifiC' 
vascular d islributiun. Furtlu:rn·1on:, lht' lac·k of hiomar ker 
evidence o f myot·ardial nl·t·rosi::; after prolonged chesr p:li n 

does not support a dia,gno..o;is of ;.K·uLc coron;.l ry syndrome. 
Ahhough this p;,1li<:nl has risk factors f()r ('oronary 

t1rtery disease. cxcn:i::;c tn:;,H.hnill str("SS ksling has no ro!C'. 
Additionally. jn the scUing o r acuh.' pericardili$, exetc-ist­
associa{c..'d 5TT \\1;,l,vc changes are not in lcrpret.lble for isch­
emiC' <'Oron:.-Hy ;,ltk't'Y di::;t'asc. 

KEY PO I NT 

• In 1>3-li<:nts w ilh acute ])("ti<:arrlitis., tirst-Jine tr('almcnt 
Is high -dose a•virin o r NSAIDs a nd adjuvant tolch i 
cine therapy. 
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