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Welcome to the Cardiovascular Medicine
Section of MKSAP 18!

In these pages, vou will find updated information on risk assessment in cardiovascular disease, diapnostic testing, coronary
artery disease, heart failure, arrhythmias. vahmular heart disease. myocandial and pericardial disease. periphenal artery
disease. and other clinical challenges. All of these topics are uniguely focused on the needs of peneralists and subspecialists
oitside of cardiovascular medicine,

The core content of MESAP 18 has been developed as in previous editions—all essential information that is newly researched
and written in 11 topic areas of internal medicine— created by doeens of leading generalists and subspecialisis and guided by
certification and recertification requirements, emerging knowledge in the field. and user feedback. MKSAP 18 also contains
1200 all- new peer reviewed, psvehometrically validated. multiple choice gquestions (MODs) for self-assessment and stody,
including 120 in Candiovasenlar Medicine. MESAP 18 continues (o include High Value Care (HVC) reeommendations, hased
on the concept of balancing clinical benefit with costs and harms, with associated MOOs illustrating these principles and
HVC Key Points called out in Lhe text, Internists practicing in the hospital setting can easily find comprehensive Hospitalisi
focused content and MCQs, specially designated in blue and with the [ symbal.

If yvou purchased MEKSAP 18 Complete, you alse have acoess to MESAP 18 Digital, with additional tools allowing you to cus-
tomize your learning experience, MKSAP Digital includes regular text updates with new, practice- changing information, 200
new self assessment questions, and enhanced custom-guiz options, MESAP Complete also tneludes more than 1200 clec-
tromic; adaptive learning -enhanced fasheards for guick review of important concepts, as well as an updated and enhanced
version of Virtual Dy, MESAF's image - based self-assessment tool. As before, MEKSAP 18 Digital is optimized for use on vour
mobile devices, with 105- and Android-based apps allowing vou to syne between your apps and online acoount and submit
for CME credils and MOC points online,

Please visit us at the MESAP Resouree Site (mksapacpontine.org) 1o find oul how we can help yousstady, carn CME credil
and MOC points, and stay up to date.

On behall of the many inlernists who have offered their time and expertise (o create the content for MESAP 18 and the
editorial staff who work to bring this material v you in the best possible way. we are honored that you have chosen to
use MESAP 18 and appreciate any feedback about the program you may have. Please feel free to send any comments to
mksap_editorsgacponline.org.
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MKSAP Resource Site
(mksap.acponline.org)

The MESAP Resource Site (mksap.acponline.org) isa
continually updated site that provides linls to MESAP

18 omline answer sheets for prinl subscribers: access to
MESAP 18 Digital; Board Basics” ¢ book access instrctions;
information on Conlinuing Medical Education (CME),
Maintenance of Certilication (MOC), and international
Continuing Professional Tevelopment (CPE) and MOC;
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International MOC/CPD
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national MOC/CP, please go lo the MESAP Resource Site
{mksap.acponiine.org),

Continuing Medical Education

The American College of Physicians is aceredited by the
Acereditation Council for Continuing Medical Education
(ACCME) Lo provide continuing medical education for
physicians,

The American College of Physicians desizgnates Lhis endur-
ing material, MKSAP 18, Tor 4 maximum ol 275 AMA PRA
Citegory | Credits™. Physicians should claim only the
credit commensuarale with the extent of their participa
tion in the activity.

Lip to 30 AMA PRA Category I Credils™ are available
from July 51, 2008, to July 31, 2021, for the MESAP 18
Cardivvascular Medicine seclion.

Learning Objectives
The learning objectives of MESAL 18 are Lo

» Close gaps belween aciual care in your practice and pre
terred standards of care. based on best evidence

= Diagnose disease states that are less common and some
limes overlooked and cemfusing

+ |mprove management of comiorbid conditions thal can
complicate patienl care

* Delermineg when to refer patients for surgery or care by
subspecialists

= Pass the ABIM Certification Examination

= Pass the ABIM Maintenance of Certification Examination

Target Audience

+ General inlernists and primary care physiciang

= Subspecialists who negd (o remain up toodate in internal
medicine

= Residents preparing for the certilfving examination in
internal medicine

+ "hysicians preparing for mainlenance of certification in
internal medicine (recertilication)



ABIM Maintenance of Certification

Check the MESAP Resource Site imksap.acponline.org)
far the latest information on how MESAP tests can be
used to apply 1o the American Board of Internal Medicine
(ABIM) for Maintenance of Certification (MOCH points fol-
lowing completion of the CME activity.

Successful completion of the CME activity, which
includes participation in the evaluation compenent,
enables the participant to earn up to 275 medical knowl-
edge MOC points in the ABIM™s MOC program. [ is the
CME activity provider’s responsibility to submit parlici
pant completion information to ACCME for the purpose
of granting MOC credit.

Earn Instantaneous CME Credits
or MOC Points Online

Print subscribers can enter their answers online (o carn
instantaneous CME credits or MOC points. You can subimit
your answers using online answer sheets that are provided
al mksap.acponline. org, where a record of your MEKSAP 18
credits will be available. To carn CME credits or to apply for
MOC points, vou need to answer all of the questioms in a test
and earn a score of at least 50% correct (number of correct
amnswers divided by the total number o guestions). Please
note that if vou are applying for MOC points, you must also
enter your birth date and ABIM candidate namber.

Take either of the following approaches:

1. Use the printed answer sheet at the back of this bool to
record your answers, Go o mbsapacponline.org, access the
appropriate online answer sheet. transcribe your answers,
and submil your test for instantaneous CME eredits or MOC
points. There is no additional fee for this service,

2. Go to mksap.acponline org, access the appropriate online
answer sheet, directly enler your answers, and submit
vour test [or instantaneous CME credits or MOC poinls.
There is no additional fee for this service.

Earn CME Credits or MOC Points

by Mail or Fax

Pay 1 $20 processing lee per answer sheet and submil
Lhe printed answer sheet al the back of this book by mail
or fax, as instructed on the answer sheet. Make sure

you calculate your score and enter vour birth date and
ABIM candidate number, and fax the answer sheet o
215 351 2799 or mail the answer sheet to Member and
Customer Service, American College of Physicians, 190
N. Independence Mall Wesl, Philadelphia, PA 19106 1572,
using the courtesy envelope provided in your MEKSAP 18
slipease. You will need your 10 digit order number and

&-dligil ACP ID number, which are printed on your pack-
ing slip. Pleasc allow 4 to 6 weeks for vour score report
to be emailed back to you. Be sure to include your email
address for a response.

If wou do not have a 10 digit order number and 8-digil
ACP 1D number, or if you nécd help creating a username
and password to access the MESAP 18 online answer
sheets, go to mksapacponline.ors or email
custserv@acponline org,
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Hospital-Based Medicine
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hospital sellings, content {hat is specific to the hospital
setting has been highlighted in blue. Hospital icons (ED
highlight where the hospital-only conlent beging, continues
over more than one page, and ends,

High Value Care Key Points

Key Points in the text thal relate to High Value Care con
cepts (that is, concepts thal discuss balancing clinical
benelil with costs and harms) are designated by the HVC
icon [HVCE:
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Cardiovascular Medicine
High Value Care Recommendations

The American College of Physicians, in collaboration with
mulliple other organizations, is engaged in a worldwide
initiative to promaole the practice of High Value Care
{HVC). The goals of the HVC initiative are to improve
health care outcomes by providing care of proven benefit
and reducing costs by avoiding unnecessary and even
harmful interventions. The initiative comprises several
programs that integrate the important concept of health
care value (balancing clinical benelit with costs and
harms} for a given intervention into a hroad range of edu-
cational materials Lo address the needs of trainees, prac
ticing physicians., and patients.

HVC content has been integrated into MEKSAP 18 in several
mportant ways. MKSAP 18 includes HVC identificd key
points in the text, HVC-focused multiple choice guestions,
and, for subscribers to MESAP Digital an HVC custom
quiz. From the text and guestions, we have generated

the following list of HVC recommendalions that meet the
definition below of high value care and bring ns closer Lo
our zoal of improving paticnt outcomes while conserving
finite resources.

Hizh Value Care Recommendation: A recommendation to
choose diagnostic and managemenl strategies [or patients
in specific clinieal situalions Lhat balance clinical benelil
with cost and harms with the goal of improving paticent
ouicomes.

Below are the [ligh Value Care Becommendations for the
Cardiovascular Medicine section of MESAP 18.

= Exercise electrocardiography is the initial stress test in
patients who can exercise and have normal lindings ona
baseline electrocardiogram (see ltem 27),

= Stress testing is not routinely recommended in
asymptomatic patients wilth diabetes mellitus o detect
subclinical coronary artery disease,

= Coronary artery calcification assessment in asvmptom
atic patients should be limited 1o these at intermediate
risk in whom reclassilication of risk will inlluence
primary prevention therapy.

= Percutanecus coronary intervention in chronic stable

angina is rescrved for patients with refractory svmptoms,

high-risk features, or an inability to tolerate medical

therapy (see llem 79).

An ischemia-puided approach is appropriate lor low-risk

non-ST-elevation acule coronary syndrome (sce ltem 96).

o not use thrombolytic therapy for treatment of non
ST-elevation acute coronary syndromes.

Do ot use statin therapy or secondary prevention of
cardicvascular disease in paticnts on hemodialysis.

Do ot use serial B type natriuretic peptide measure-
ments to guide heart filure Lherapy:

Office follow up within 1 week of discharge reduces early
resdmission for hearl failure (see e 83).
Guideline-directed medical therapy for heart failure with
reduced cjection fraction reduces cardiovascular mortal-
ity {see flem 114).

Guideline-directed medical therapy precedes consider
ation of device therapy for symptomatic heart failure
isee [tem 28):

Do ot couttinely use pulmonary artery catheterization to
guide lieart failure therapy.

Leovw-1isk premature ventricular contractions requlre no
intervention.

Pacemaker implantation is nol indicated for asvmplom
atic first-degree atricventricular block with bifascicular
block {sce lem 113).

Do not perform genetic testing for hypertrophic cardio-
myapathy in the absence of an identified mutation in the
proband.

No treatmerndt or follow-up s needed for an asymptomatic
patent foramen ovale,

Treatment of iron deficiency in patients with congenital
cyanotic heart disease improves exercise capacity and
quality of life (see Item 22).

Manage uncomplicated ventricular septal defect with
periodic clinical llow-up and imaging (sce llem 67).
Do not screen for peripheral artery disease with

ankle brachial index testing in asvmptomatic patients
wilhout risk faclors.

Primary therapy for asymptomatic peripheral ariery
disease is risk factor modification {see ltem 39,

Obitain a toe-brachial index in patients with an
ankle-brachial index greater than 1,40 to«diagnose
peripheral artery disease (see Tterm 24).

Primary treatment for intermittent claudication

is exercise trining (see ltem 15).

Benign asymptematic murmurs do not reguire investiga
tion (see [lem 500,

Transthoracic echocardiography is indicated for systolic
munmurs grade 3/6 or higher, late or holosystolic mur
murs, diastolic or continuous murmurs, and muarmurs
with symptoms (see ltem 110).

Transthoracic echocardiography is the initial imaging
maodality for suspected infective endocarditis {see

llem 95).
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Epidemiology and Risk
Factors
Overview

Cardisnascular disease (CVIN encompasses many condilions,
including coronary artery disease (CAIY, heart failure, valvu-
lar heart disease, stroke, congenital heart defects, heart rhythm
disorders, and sudden cardiac arrest. CVD is the lzading cause
of death in the United States; however, from 2004 to 2014, the
marality rate attributable to (WD fell approximately 25'%,
fikely as a resull of improved primary and secondary proven-
tion. Despite this improvement. CVID was responsible for
nearly 31'% of all deaths in the United States in 2014 {rouzhly
BOO,000 people). Globally, CVD resulted in more than
173 million deaths in 2013, representing 31% of all deaths,
More than one in three LS. adults currently have some
form ol CVIL Prevalence increases with age, and more than
m of persons aged 60 to 79 years have CVD. The American
Hurr Association projects that 4% of the ULS, population will
have some form of CVD by 2030. Lifetime risk for CVD is esti
- maied 1o be one in Lhree for women and two in three for men
‘according o data lrom the Framingham Heart Study:
Hospitalizations for cardiovascular relared diseases con-
finue to fncrease. In 201E heart failure and heart thythm prob
Ems were among the top 10 diagnoses assochited with hospital
| admission in the United States, accounting for approximately
million hospital stays. The number of inpatient cardiovas
ar operations and procedures inereased 28% to more than
-5 million from 2000 1o 2010, CVD, including stroke. was
isociated with a cost of $316.6 billion in 2011,

An estimated 5.7 million LLS. adulis older than 20 years
ve a dingnosis of heart Gilure. a final common pathway for
any cardiovascular conditions. The prevalence of heart fail
ire is projected to increase by 46'% between 2002 and 2030,
“and the current annual incidence is 1 in 1000 persons in those
“older than 65 years, Most patients with heart Bailure (75%) have
A history of hypertension. The overall mortality rate after the
diagnosis of heart failure is roughly 50°% at 5 years, with about

hall af those deaths due to cardiovascular causes,

Risk Factors for
Cardiovascular Disease

Cardiovascular risk can be mostly attributed to modifiable tisk
factors. Very fow persons meet the seven metrics of cardiovascular

Cardiovascular Medicine

health: optimal lipid, blood pressure, and glucose levels;
healthy diet: appropriate enemy intake: physical activity: and
avoldance of tobacco. Elevaied cholesterol levels impart the
highest risk for myocandial infarction (M1), followed by cur-
rent smoking, diabetes mellitus, hypertension, abdominal
obesity, no aleohol intake, inadequale exerclse, and subopli-
mal consumplion of fruits and vegelables,

Elevations in serum cholestero] levels are associated with
increased cardiovascular risk, and reductions in cholesterol
Tevels can reduee overall risk, Thireen percent of adults older
than age 20 vears. or 31 million persons, have 1otal cholester]
levels greater than 240 mg/dl. (6.22 mmol/L), and 6% of adults
are estimated 1o have ondisgnosed hypercholesterolemia.
Elewvated 11, cholesterol and low HDL cholesterol levels are
also Independently associated with increased risk for CVI. A
1% reduction in LDL cholesterol level decreases risk for CAD by
1. Risk for CAD decreases 2% to 3% lor every 1%, increase in
HIL eholesteral level; however, planmacologle therapies thal
increase 1L cholesterol levels in patients with acceptable
LD cholesterol levels do not reduce cardiovascular events,
Current cholesterol treatment guidelines are based on cardio-
vascular risk rather than absolute lipid levels. For primary
prevention of cardiovascular events, the treatment goal is al
least & 50% reduction in LDL cholesterol level in hish risk
palients and a 30% to 530% reduction in moderate-risk patients
(see MEKSAP 18 General Internal Medicine).

Tobuern exposure is a significant risk factor for OV,
inclading CALY, stroke, and peripheral vascular disease, In
2000, smoking was the second leading risk factor for death in
the United States, exceeded only by dietary risks. The preva-
lence of tobacco use continues to decline: 18.8% of men and
15.1'% of women were current smokers in 2014. The percent
age of adolescents who smoke tobacco dailv has also
decreased significantly, from 1529 in 2003 to 7.8% in 20013,
In patients who smoke. overall mortality is increased two
three times, and risk for stroke is increased two to four times,
The use of tobacco increases the risk for CAD by 25% in
women, Secondhand smoke increases the risk for CVD by
25% Lo 30%. Smoking cessation substantially reduces cardio-
vascular risk within 2 vears, with risk returning 1o the level
of a nonsmoker after approximately 10 years. Smokers who
quit extend their life expectancy by several vears. Smoking
status should be assessed ot every visit, and cessation coun
seling should be offered to active smokers (see MESAP 18
General Infernal Medicine),

Psychosocial stressors, Including depression. anger,
and anxiety, are associated with worse cardiovascular
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outcomes. Depression has been linked with higher risk for
cardiovascular events, and psychosocial stressors also affect
the course of freatment and adherenee Lo healthy Tifestvles
after an event.

Sedentary lilestyle, poor diet, and obesity contribute
to increased cardiovascular risk and increase the risk for
diabetes. According to the Centers for Disease Control
and Prevention, 23.7% of adults report no leisnre tme
phsical activity, and only 2002% ol adulls meetl aerobic
and strengthening recommendations. Average frait and
vegetable consumption in the United Stales is less than 1
cup of fruit daily (recommended is 1.5-2 cups daily) and
less than 1.5 cups of vegetables daily (recommended is
2-3 cups daily). On the basis of adherence o 2010 US.
dictary guidelines, average diel guality s worse in men
than in women, in younger adults than in older adults,
and in smokers than in nonsmokers. The Nalional
Piabetes Prevention Program found thal in persons at
high risk for diabetes, interventions such as changes in
diet, exercise, and moderate weight loss of 5% (o 7%
reduced the risk [or developing diabetes by 58% but did
not reduce CVI events.

Genetics

Although CVD risk is mainly aliributable o tradilional rishk
factors, additional risk may be causcd by other factors, includ

ing genetic predisposition. A history of premature CAD (male
younger than 55 vears, female younger than 65 years) in par

ents doubles risk for MEin men and increases risk in women
by 7005, CVIY in a sibling increases risk for VI by 5%, and
stroke ina first degree relative increases risk for stroke by 50'%.
A parental history of atrial Ghrillalion increases odds of this
condition by B0%, In addition to genetics, the sharved environ

ment {that is, lifestyle) may contribute to increased risk in
family moembers.

Ethnicity

There are significant racial and ethnie differences in the risk
and prevalence for CVD in the Uniled States, The prévalence of
heart disease, including ML, chest pain, heart failure, and
strolke, is highest among Hawaiians and Pacific Islanders
19.1%), followed by American Indians and Alaska Natives
{13.7'%), non-1lispanic whites {11.1%), blacks (10.3%), Hispanics
and Latinos (7.8%), and Asians (6.0°5),

Risk faclor prevalence varies by ethnicity, location,
income, and education level. Prevalence ol hypertension
{hlood pressure 2130080 mm Hg) is highest among non-
Hispanic black men (597%) and non- Hispanic black women
{56'%) and lowest among Hispanic men [44%) and non
Hispanic Asian women [(36%). In contrast, the rvisk for
diabetes is highest among American Indians and Alaska
Matives (15.9%), followed by non-Hispanic blacks (15,2790
and Hispanics (12.8%). Tobacceo use is highest among non
Hispanic blacks (19.9%) and lowest among Asian men
113.8%) and Hispanics (13.8%).
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Cilodhally, the provalence of cardiovascular risk factors and
subscyguent CVD is increasing as a result of changes in eating
habits, tobaceo use, and lifestvle factors,

KEY POINT
+ Risk for cardiowscular disease is mostly atiributed 1o
moclifinble risk factors, including dyslipidemin, smok
ing, diabetes mellitus, hypertension, obesity, inadequate
exercise, and dict.

Calculating Cardiovascular Risk

Cardiovascular risk scores and calculators can be used 1o
assess g paliont’s luture visk for major cardiovascalar events
and to identify which interventions are most elleelive [or
prevention. Traditionally, the Framinghant risk score, which
includes age, systolic blood pressure, Lolal cholesterol level,
HBL cholesterol level, smoking stotus, and presence of dia
hetes, was used to estimate the 10-vear risk for a major coro
nary heart discase evenl (M| or coronary death). The
Framingham risk score classifies a 10-year risk lor coronary
heart disease of less than 10% as low risk, 10% Lo 20% as
imlermediale risk, and sreater than 200 ag high risk (eonsid
ered 0 CVD risk equivaient), A limitation of the Framingham
risk score is its underestimation of risk in women and
minorily populations. The Reynolds risk score, which was
developed in an eflort (o create a more goeuriale risk assess
ment tool, is a sex specific score for both men and women
that includes Family history and high sensitivity ©C reactive
protein level

The American College of Cardiology/American Heart
Assoviation (ACC/AHA) Ponoled Cohort Eguations are a risk
azsessmenl instrument derived from several communily
based vohorts Lhat included large minorily populations in
addition to the cohort included in the Framingham Hearl
Study. The Pooled Cohorl Egquations include the cardiovascu
lar endproints of ML angina, ischemic or hemorrhaeic strole,
transient ischemyic attack,; clandicalion, and heart failore. The
ACCAAHA CVD risk calealator based on the Fooled Cohorl
Equations {available al Rlp:Stools.acc.org FASCVD Risk
Estimatar/) may be used o identify persons al risk for the
development of CVD whio would bepefit from preventive
measures, including statin therapy. The risk caleulator can
also be used (o risk-stratify patients with diabetes-to deler-
mine the appropriate intensity of statin therapy, However,
there are concerns Lhat the Pooled Cohorl Equalions overes
timate visk in certain populations, including women and
some minorities.,

The ACC/AHA and U5, Preventive Services Task Force
do not recommend routinely using several previously
considered cardiovascular risk factors, including a history
of premature cardiovascular disease in a first degree rela
live, elevated Tifetime ASCVD risk, and LD cholesierol
level of 160 migidl. (4.14 mmol/1) or higher, for cardiovas-
cular risk calculation. Other nontraditional risk factors,



such as high sensitivity C reactive protein level of 2 mg/L

or grealer, coronary artery caleinm score of 300 o1 higher

or in the 75th percentile or greater, and ankle-brachial

index below 0,90, have been associated with an increased

risk of cardiovascular events: however, the value of these

measurements, and whether they should affect reatment

decisions, is unclear.

KEY POINT

* The American College of Cardiology/American Heart

Association Pooled Cohort Equations are used Lo identify
persons al visk for the development of cardiovascular

clisease who would benefit from preventive measures,
inchuding statin therapy.

Specific Risk Groups

Hypertension

[y pertension, defined as a blood pressure of 130080 mm 1g
or higher, aflects approximately 467 of individuals aged
20 years and older, Belore ape 45 vears, the prevalence of
hvpertension is higher in men than in women; however,
alter age 65 years, the prevalence is higher in women than
in men. The population atlributable risk ol hyperlension for
first MI is 18%. Among the modifiable risk Tactors. hyper

rension is the leading canse of death in women. Treatment
of hyperlension reduces risk Tor stroke, heart Gilore. and
kidney disease.

Women

Altheugh mortality from CVID has decreased in the past dec-

ade, the death mate remains higher in women than in men.
CWVID remains the leading cause of death in women, resuliing
in more deaths than cansed by cancer, diabetes, and kidney
disease combined. In 2003, heart disease cansed 398,086, or |
in 3.2, deaths inowormen, Mortality within the frst vear aller
first M1 is higher in women (26%) than in men (19%), and
younger women are particularly at risk lfor death, Within
5 vears of M1, nearly 50% of women will die, develop heart
failure, or have a stroke, compared wilh 36% of men. Women
have a higher risk for stroke than men throughout their Tike

lime as well.

The prevalence of and risk [or CVDare higher in nonwhile
women than in white women. Prevalence of acute ML and
maortality are highest among black wormen. Black women also
have a higher prevalence of heart disease (7.0%) compared
willy Hispanie women {5.9%) and while women (4.6%)
Hispanic women develop heart disease nearly 10 vears eavlier
than while women. In Lhe past decade. heart disease mortality
has increascd in Asian Indian women.

Hyperlipidemia, type 2 diabetes, obesity, and tobaceno nse
confer greater risk for CAD in women compared with men.
Additional factors associated with incrcased risk for CVD
inchude depression; preterm labor; and less aggressive man-
agement of recognized CVID risk factors, such as hypertension.

Epidemiclogy and Risk Factors

Significant analomic obstruction in coronary arleries is less
predictive of clinical CATY in women than in men.

Approximately two thirds of women who die of M] have
no previous symptoms o have symptoms that were unrecog
niacd as cardiac in origin.. Many women have syimploms
described as chest discomfort, indigestion, shortness of breath,
or unusual fatigue, but less than 50% of women seek medical
attention [Or these symptoms. Because of the atypical presen
lation of angina, diagnosis and (realment in women are
delayed when compared with men.

Treatments and outcomes also ditfer ‘between men
and women. After an acute coronary syndrome, women
undergo fewer inferventions. have more complications,
and have higher unadjusted mortality. Women with non
ST-clevalion MI have worse outcomes, with higher rates of
blecding, heart failure, shock, kidney Gilure, stroke. and
reinfarction.

Obesity and Metabolic Syndrome

In the United States. 33.1% of adults older than 20 years are
overweight (BML 25 29.9); 35.7% are obese (BMI =30}, and
6.4% are extremely obese (BMI =40} Rates are increéased in
nomwhite acults, Obesily may inerease the risk for CVD events,
even in the absence of metabolic risk factors.

Melabinlic syndrome is characterized by the presence of
at lepst three of Lhe following conditions: elevated glucose
lewel, central obesily, low HDL choléstermnl level, elevated tri
glveeride level, and elevated blood pressure, The hallmark
feature of melabolic syndrome s glucose inlolerance.
Approximately 23% of adulls older than 20 vears meet the
criteria for metabolic syndrome, bul the prevalence varies
considerably among different ethnicilies. The highest preva-
lence is among Mexican American men {35%) and lowest
among nom Mexican American black men (19%). Metaholic
syndrome is associated with increased risk for CVD, with risk
increasing as the number of component conditions increases.
The cardiovascular risk assnciated with metabolic syndrome
also appears to be higher among women.

Diabetes Mellitus

Diabeles has been diagnosed inapproximately 234 million
LIS adules, and an estimated 7.6 million ULS. adulls have undi
agnosed diabetes. The prevalence of diabetes and prediabeles
is inereasing among adolescents aged 12 1o 12 years and in
those older than 65 vears, Additionally, diabetes prevalence is
disproportionately higher in nonwhite ethnic groups, includ
ing African Americans and Hispanics!Latinos.

Diabeles increases cardiovascular risk, especially in
women, and is considered a CVI} risk equivalent, Persons
with diabetes have a twoto four times inereased risk for OV
6B of those with diabetes eventually die of heart disease,
and 16% die of stroke. In persons with diabetes, the risk for
stroke is increased 1.8 1o 6 fold. Additionalhy CAD Is more
extensive in persons wilh diabetes, and the incidence of mul
tivessel disease is increased. Patients with diabeles are more
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likely 1o have undiagnosed CAD and have worse outcomes
when hospitalized [or other CVDs, such as heart [ailure.
Lindiagnosed diabetes may be recognized at the time of an
acule event, such as ML

Aparessive treatmen! of cardiovascular risk factors,
such as elevated cholesterol levels, is associated with
reduced cardiovascular risk in patients wilh diabetes. Early
recognition and treztment are important in reducing the
burden of CVD and the morbidity and mortality associated
with diabetes.

Systemic Inflammatory Conditions

The prevalence of atherselerosis Is Increased and the risk [or
CVD s higher in patients wilh systemic inllammatory condi
tlons, such as systemic lupus erythemalosus and rheumataoid
arthritis. The risk for CAD is nearly 60% higher in palicnts
with rheumatoid arthritis and is doubled in patients with sys
temic lupus enythematosus. Patients with systemic lupus cry-
thematosus and. antiphospholipld antibodies have a higher
previlence of CAD and MI: the relative risk for MI s higher in
younger patients with systemic lupus ervthematosus than in
age matched controls. The risk for CVD in patients with theu
matold urthritis increases from twolold at baseline w threelold
over 10 years when compared with the general population.
The increased risk is likely a result of the inflammatory pro-
cess, including a prothrombic state, In addition Lo traditional
cardiovascular risk Gctors.

Chronic Kidney Disease

Chronic kidney discase, defined as reduced estimated glo
merular Gltration rate, is associated with higher incidence
of CVD and worse cardiovascular outcomes. Beyond the risk
altributable to traditional risk factors, the risk for cardio
vascular evends is higher in patlents wilh kidney dysfunc-
thon. CVI s the leading cause of death in paticnts with
end-stage Kidney disease, and the risk for CVD related
death is 5 to 30 times higher in patients undergoing dialysis
than in those with similar risk laclors and preserved kidney
function. The presence of moderately increased alhuminu
ria (microalbuminuria) independently increases the risk for
cardiovascular events.

Despite excessive cardiovascular risk. there is evidence
that patients with chronic kidney disease do not receive
appropriale preventive theraples, such as statins, Data indicate
that patients undergoing hemodialysis do nol benefil from
secondary provention with stallns,

HIV

Increased survival of patients infected with HIV due to elfec-
tive antiretrovinal therapy has resuliéd in the increased devel
opment of non-AIDS - related complications. including CVI.
Patients with HIV have a L5 times increased risk for CVD, and
cardiovascular moriality is increasing in the HIV-infected pop
wlation. The increased risk s Hkely multifactorial, refated o
antirelroviral theraps associated dyslipidemia, insulin resistance,
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medications associated with CVD events (sach as protease
inhihitors), viral Toad, and disease related increases in risk
lactors (dyslipidemia, diabetes),
KEY POINTS
& Hypedipidemia, type 2 diabetes mellitus, obesity, and
tobaceo use confer greater risk for coronary artery
disease m women than in men.
* Delayed diagnosis of coronary arfery disease in women
is often due 1o the presentation of atypical chest pain.
» Candiovascolar disease risk is Increased in patients with
diabetes mellitus, systemic inflammatory conditions,
HIV, and chronic kidney disease.

o Statin therapy should not be used for secondary preven
Lion of cardiovascalar disease In patients on hemodialysis,

Diagnostic Testing
in Cardiology

Clinical History and Physical
Examination

The clinical history and physical examination are cornerstones
in the diagnosis of cardiovascular disease. A careful history
that includes symplom characteristics. timing, and duration;
factors that exacerbate or relicve symptoms: and functional
capacity is critical to ensure a locused and appropriate diag
nostic evaluation. Abnormal findings on the candiovascular
examination may also raise suspicion for specific cardiac con
ditioms and guide the selection of tests.

Cardiovascular testing provides both diagnostic and prog
nostic information, and irs use should be guided by symptoms,
the pretest likelihood of heart disease, and whether testing
resubts will alter pationt management,

Diagnostic Testing for
Atherosclerotic Coronary

Artery Disease

Diagnostic testing for coronary arlery disease (CADY) can he
vategorized as providing functional and/or anatomic informa-
tion reparding atherosclerotie disease burden. Functional
atadies revedl the presence of Ischemin lexercise electrocardi
ography [ECG], single-photon emission CT [SPECT], PET), the
exteni and severity of ischemia (SPECT, PET), information on
coronary blood flow (PET, fractional flow meserve (FFR) -CT),
and development of wall motion abnormalities (echocardiog
raphy, cardiac magnetic resonance [CMR| imaging). Anatomic
informalion & obtained from imvasive angicemaphy, coronary
CT ungiography (CTA), and coronary artery calefom (CAC)
scoring. Cardiae diagnostic testing modalitics are summarized
inTable 1.




Diagnostic Test

Utility

Advantages

Limitations

Diagnostic Testing in Cardiclegy

Exercise Stress Testing

‘Exercice ECG tnitial diagnostic test in most

patients suspected of having
CaD

Racommended when baseling
ECG findings are abnormal or
when informmation on a particular
area of myocardium at risk is
necded

Stress echocardiography

Recommended when baseline ECG
findings are abnomal orwhen
information on a particular area of
myocardium at risk is neadad

With LEBE, conduction delay in
the septum may cause false-
positive abnomalities;
vasadilator stress can improve the
accuracy of perusion imaging

Muclear SPECT perfusion

Data acquired an exercise
capacity, blood pressure and
hiart rate response, and
provoked symptoms

Exercise data acquired along
with imaging for wall motion
abnormalities o indicate schemia

Allows evaluation ot valve
function and pulmonary
Pressungs

Relalively portable and less costly
than nuclear protocols

Entire study is completed in <1 h

Gating (image acquisition
coordinated with the cardiac cyclel
use of higher-enengy agents, such
as technetium; and techniguas
used to correct for attenuation
provide improved specificity

Late reperfusion imaging allows
evaluation of myocardial wiability
if thalfium is used

Mat useful when baseling ECGis
abnormal (LvH, LBBB, paced
rhythm, presxcitation, =1-mm
ST-segment depression)

Image quality is suboptimal in
some patients but can be
improved with microbubbls
transpulmonary contrast

Image interpretation is difficul
when baseline wall mation
abnormalities are prasant

Diagnostic accuracy decreases
with single-vessel disease or
delayad stress image acquisition

Arenuation artifacts can be
caused by breast tissue or
diaphragm interference;
attenuation correction and
software programs canimprove
imageinterpretation

Radiatinn exposura

Pharmacelogic Stress Testing

Recommended in patients who
carnot axercise or when
information on an ares of
myacardivm at risk is needed

Recommended in patiants who
cannot exercise

Wasodilator nuclear
‘perfusion (adenosine,

dipyridamole,

regadenoson) Minimizes septal abnormalities

frequanthy seen with nuclear
perfusion scanning in patients
with LEEE

Recommended in patients who
cannot exercise and have
contraindications to vasodilator
slress

o 2
‘Disbutamine nuclear
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Recommended when
information on an area of
miyocardium at risk is needed

PET/CT Provides hest perfusion images

in larger patients
Provides data on myocardial
perfusion, function, and viability

Because the patient is supineg,
images are acguired
continuously, allowing the test to
be stopped as soon asischemia
isevident

Vasodilator stress testing may
minimize effect of f-blockade on
perfusion defect size

Imaging can be performed
sooner after myocardial
infarction with vasodilator stress

Hais sensitivity and specificity
similar to those of exarcise or
vasodilator perfusion imaging for
diagnesis of myccardial ischemia

Study duration is shorter and
radiation dose is lower than with
convantinnal nuclear perfusion
imaging

Abselute myocardial blood flow
can be measured

Can be combined with CAC searing

TContraindications are severs

baseline hypertension, unstable
anging, severe achyarrhythimias,
hypertrophic cardiomyopathy,
sevars aornic stenosis, and largs
FOATIC ANeuryam

Contraindications are active
bronchospastic airway disease,
theaphylline use, sick sinus
syndrome, hypotension, and
hagh-degres A block

Caffeine must be withheld 12-24k |

before the test

Adenocsine ar dipyridamole may
cause chest pain, dyspnea, or
ﬂu‘.hir‘lg

Radiation exposure

Contraindications are severa
baseline hypettension, unstable
anging, severe tachyarrhythmias,
hypertrophic cardiomyapathy,
severns agmmic stenogis, and large
Aoric areurysem

Radiation exposure
Mot widely availabla

More expensive than other
imaging modalities

lIsed with pharmacologic stress
anly [no exercise protocol)

Radiation exposure

(Continued on the next page) |




Diagnostic Testing in Cardiclogy

T N S | a (Comtinued)
| Dia gnostic Test Unility Advantages Limitations
Dobutamine or ¥ Provides excellent spatial Accurate test for myocardial Some patients expenence
adenosine CMR imaging  resclution for wall metion ischemiz or viakility claustrophokbia
abrormalities during ] A
4 Ty May ba contrain dicated in
min infusion patients with pacemaker; ICD. or
Identifies perfusion abnormalities other implanted device
cluring adenosine infusion with s 2 kit 3
g Gadolinium is contraindicated in
gacolinium s cortrast agant patienis with kidray tailure
Sfaies bility data Mmi fr- :-:ﬂr:_ln ot Sinus rhythm and a slower heart
by e rate are needed for improved
Il ratifi I i coheen
. i Gﬁ;:nmﬁ b eniaiihiml Limited availability and sxpertise
Other Tests
Coranary angiagraphy Prewides anatomic diagnosis of Percutaneous mvascularization Imvasive
the presence and severity of CAD can be performad aftar !
Jia : Rizks of vascular acress and
gricstic study : L
radiocantrast exposure tkidney
dysfunction, allergy, bleeding)
Racliation exposure
CAC sooring May inform troatment decisions CAC scores are predictive of Dioses ot provice dotaon
for patients with intermediate cardiovasoular nsk in selected coronary luminal narmowing
10-year risk for cardiovascular patients Rascliat _
e e ton exposune
Coronary CT Identifies anormalous caranary Coronary artery vessel lumen and  Requines high-resalution
angiography arteries atherosclerotic lesions can be (64-slice} CTinstruments
Useful for selected patientswith - vaized in detal Does not provide detailed
intermediate nsk for CAD imnages of distal vessel anatomy

Catheterization will be needed if
intervention is planned

Ability to quantify lesion severity
can be limited by significant
calcification

Radintion and radiocontrast
Exposune

Cardiac Stress Testing

Cardiac stress testing s commonly performed o diagnose
CADL Appropriale, cost offective stress esting s based on
the history, physical examination. and pretest probability of
CAL, which takes into account age, sex. symptoms, and
prevalence of disense. Cardiae stress lesting is most effe

tively used in patients with an indermediate pretest probahil

ity of CAD, in whom a posiiive test resalt sipnificantly
Increases discase likelihood and a negative test resalt sig

nillcantly  decreases likelthood  {see Coronary  Artery
Diseascl. Performing siress testing in persons with a low
likelihood of discase (such as young patienis with atypical
symploms) yvields a high Incidence of false positive test
resulis, potentially resulting in unnecessary testing, inac

cunile diagnoses, and harms. In patients with a high pretest
probability of disease, Imvasive angiography rather than
slress testing is appropriate,

Ay = giriovwentriculor, CAL = cororary aneny caiciem; CALY = coronary arefy deease; CME = cardac mangeete mesonanoe, BOG = abectro snliagmping: 1IC0 = implastable
capdlionrter-dislituillalon] LREE = et bundie branch block; LvH = el santricular hypsimply; SPECT = angles photon eresian CT,

Assessment of the patient’s functional capacity and abil
ity tovexeroise is impoctant in delerminigmg the most approgiei
e stress (esting. Exercise ECG s recommended as the Indtial
et of chioice in patients with normal Ondings on bascline
FCLG, KOG abnormalities (such as
ST sepment depression =1 mm, el bundle branch Block, lefl
venbricular hypertrophy, paced rhyvthm, or preexcitation),
ST segmeni changes with exercive canmd be used to evaluate

Ir there are haseline

for the presence of obstructive CAD; these abnormulitles will
resull in o nondiagnostic ECOG stoess test. Fundtional testing
with imugzing (with exercise or pharmacologic sivess) or ana
tomic assessment with coromary CTA i indicated in these
frstanees,

Stress testing mov. also be used for risk assessment in
patienis known or suspected o have CAL, The ability 10 ¢xer
cise and, more important, exercise capaciy are strong predic
tors of cardiovascular events. BOG changes, hemodymami




response th exercise (hlood pressure and heart rate recovery),
8 and other measures {such as the Duke Treadmill Score) also
© prowide progiostic information, Stress imaging siudies peo
vide information on the extent and severity of disease, which
is helpful for risk assessment.

The devision of whcther towithhiold cartiac medications,
such as nitrates and B blockers, before siress testing shoubd be
individualized. In pativnts who are undergoing exercise stress
testing to diagnose CAD, cardiae medications that impair hear
rate response {f-blockers) should be withheld for at least
24 hours before testing becanse these agents may lead o.on
inadequate peak heart rate, 1the stress test is heing performed
o evaluate symptems or determine prognosis in a patient with
Enown CALYL patients shouald continue their cardioactive med
ication regimen.

Exercise Electrocardiography

Stress testing should abaays be performed with exercise,
unless exerclse Is contraindicated or the patient is unable 1o
exercise. Exercise stress testing protocols nse treadmill or sta

tionary hicyele ergometry, and cach protocol should increase
wiorkload in o stepwise manner over a period of 6 to 12 minotes
toallow adeguate time for development of maximal metabolic
demand. A standard Broce protocol ingreases the specd-and
grade of the treadmill every 3 minutes, Achleving 85% of the
age-predicted maximal heart rate adeguately ules out
obstructive CAaly hewvever, patients should exercise untid lim

ited by symptomis, Because hicart rate and blood pressure are
the major determinants of myocardial oxygen demand, achiev

ing a rate pressure product (heart rate % systolic blood pres

sure) of at least 25,000 is considered an adeguiate workload
and reflects overall Tefl ventricular mvocardial performanice,
Stress testing should be terminated when the patient has
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Diagnostic Testing in Cardiclogy

exeried maximal effort, requests [ stop, oF eXperiences sig
niticant angina or other physical symptoms. The fest should
also be stopped tor exertional hypotension, significant hyper
fension (2000110 mim Hg). ST sepgment elevation or signifi-
ant ST sesment depression, orventricular or supraventricular
arrhwvihimias.

Isehemia is delined by the development of horfzontal or
downsloping 51 segment depression of at least 1 mm occur
ring 80 milliseconds after the ) point on exercise ECG,
althiough ST-scgment depression canmid Jocalize ischemia
{Figure 1). The development of hypotension o Lack of blood
pressure augmentation during exercise can indicate the pres
ence. of stEnifivant obstroctive disease. Heart mate recovery
after cessation of exercise provides incremental prognostic
information. & heart rate drop of less than 12/min in the first
minule after excreise wermindtion is associated with higher
mortality. Functional capacity Is also a powerful predictor of
citeomes: individuals unable 1o achieve 5 metahaolic equiva
lends, or the first stage of o Bruce protocal, have higher all
cuuse mortality. Information obtined from exercise stress
testing can be combined with ¢linical information in risk
predictiion models. The Duke Treadmill Score incorponales
duralion of exercise, development of svmplorns, and degree
of 5T segment depression to calculate 5 vear all cause mar
tality in patients without CALY

Stress Testing with Adjunctive Imaging

I patients with obstructive CAD, reduced blood flose and
myicardial jschemia lead (o a progression of myocardial
abnormalities, termed the ischemic cascade. Initially, ischemia
incuces changes in perfusion, followed by diastolic and {at o
Later staged svstolic dysfunction, BCG changes, and eventually
angina. The addition of imaging studies 10 ECG stress lesling
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FIGURE 1. Flectracardiogram secorded belare [laft) and during {right} exercise stress tasting. The presence of 2-mm downsluping ST-segment depressions in Teads |, I, 11,

ant aVE, and leads ¥, through V,, during esercise indicates ischemia.
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Increases dlagnostic sensitivity by detecting earlier signs of
Ischemia.

Stress testing with imoging s indicated in patients with
an Inablity b exercise. contraindications o exercise, baselionge
100 abaormalliies that would prechude interpretation of the
exervise BOG, or Indeterminate findings on the exercise BCG
Imaging with SVECT, PET, or CME can be osed (oo detect
redduced vocardial perfusion as early evidence of ischemia.,
Swstolie dystunetion, indicated by wall mation abnormalities
dhuring siress, can be detected by echoeandiogeaphy or CMR
Trmagzhing. Onverall, fimaging choice should consider characteris
Lies of the patieit and medality as well s Iocal avatlability arncd
experiise tsee Table 1),

Stress testing with adjunctive imaging compares wall
motion, perfusion, and/or metabolism ot baseline and afler
stress, depending on the modality used (Table 2). Excroise
i5 the stress molality of cholee. Matlents should undergo
pharmacologic stress il they are anable to exercise or have
contraindications o exercise. Dobutamine, ke exercise,
fcrenses myovirdial exyvien demamd and elicils (sehemia
bediuse of insufficient perfusion W the affected myocar
divm. Vasodilators, soch as dipvridlamole, regadenoson,
and adenosine, produce hyperemia and a flow disparity
between myocirdium supplied by unobstructed vessels
and mvocardium supplied by the stenotic vesse] because ol
the inability of the distal vasculature o dilate. In patienis
with left bundle branch block sndergoing nuclear stress

. AtRest After Stressor  Interpretation
’ Mormal Mormal MNormal
| Mermal Perfusion defect  Stress-induced
myncardial ischemia
Perdfusiondefect Perfusion defect  Infarct
Mormal LV dilation Small or no distinct zone
of ischemia, possible
balanced ischamia or
| multivessel CAD |
!r Stress Echocardiography .
. At Rest After Stressor Interpretation ]
J Normal Noirmal Normal
Mormal Wall motion Stross-incuced
abrarmality myeacardial ischemia
| Regionalwall  Regionalwall  Infarct
Moo ITHOTICN
abnormaliies  abnomalities .
| MNerrmnal LV dilation Small or no digtinct zone
of Ischemia, possible |
balanced ischemia or
multivessel CAD |
CAD = cororsmy urtery dissase; LY = lok vonticabar, SPECT = smaghe- phtan
| wraldsian CT. |

testing, vasodilator Induced stress is preferred to excereise
or dobutamine becanse of the potential for false positive
seplal perfusion abnormalitjes.

Stress Eehocardiography

Exercise stress cchocandiopraphy  provides information on
ischemin, hemodynamic signilicance of valvular abnormali

ties, @l pulmonary presures during exércise. Exercise s
performed with suplne or uprighl bicyele ergometry, which
allows [on comtinuons fivaging, or with a readmill protocol,
which requines soquisition of post siress Images within
o secomby The development of new wall motion abnormali

ties inceates schemiba in the visuaiized territory, Resting wall
madion albnormalithes that do not change 41 peak exercise may
imdhicie infarcted or hibernating myocardiom (chronic bt
potent killy reversible sehemic dyslonction),

With pharmacologic stress echocardiography,  dobu
L s progressively infused (ug 1o 40ug/ Kg/min) to achicow:
#5°%5 ol wee - predicted maximal baart rate. Abropine 5 adminis
tered i1 the tarpet heart mte is not achieved, The development
of pew wall mothon abnormalitics ndieates myocardial
tseliemibi. Dobotamine fafusion nay also be used in patienis
with low prodient soric stemosis o help dilTerentiate between
seviere aoric stemosis and  pseadosienosis,  Paticnis with
feduved systolic fometion who are able o augment thelr stroke
volunw: in the sctting of severe aortic sienosis may benefit
frewm aortic valve replaccmment.

tnterpretation of stross echocardiogeaphy findings s mone
sabjective than with other tests, and the sensitivity of stress
echocardiogruphy ey be reduced in the setting of baseline
will motion abnormalitivs, systolic dysfunction, or single
vessel diseise,

Nuclear Stress Testing
muclewr stress esting compares Blood Dow in the myocantiom
o cliagnese dschemin, b SPECT myvocardial perfusion imaging,
a radiotmoer s infected @t rest and ol peak excreise/vasodili
i, andd the rxlintraver is taken up by the iyocardiom el
tive o Blood Tow. Kest images are compared with those
edatadned aller exercise or pharmiacologie stress. Perfusion
deferts ohserved on magesoblodned after stress indicate Now
limiting CAD (Figore 2). Reglons with fixes] defecis can indi
cate infureted or hibemating nyvocardium, and viability
assessment can lielp distinguish between the two, Gated
imapes can provide an assessment of kit ventricalar sysiolic
function,

SPECT aging can also quantify the extent and severity
ol chisesse, 11111!."1.1H:|}',.|1I:I1li::u;i] prognastic information. High
risk featunes, such as severad reglins of Ivpoperfusion, o lack
of atgmiemation or o reduction In post-sines cjection fraction,
{ranstent cavity dilafation, and will motion aboormalities, are
ussocialed with o worse prognosis

lechnetium-basyd avocandial perfusion Tmaging has
higher sensitivity aod specificiny than thallimm based siudies
ard also provides better Bmage quality,. Technetiom based
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FIGURE 2, Selected images fram a nuclear perfusion single- photon emissien
CT{SPECT) strass study. Short-axis views {panel A) of the haart with stress (top row)
and at rest [ Dattom row) show a radiotracer defect in the septem and inferior wall
that s filled 0 the rest images. Long-asis views (pane! 8 demanstrate an apical
filling defect with stress {fop raw) that is perfused on rest images (Bbeftorm o).

agents are taken up with blood How and are bound o the
mitochondria, allowing for delved maging. In contrast,

uptake of thallivem requires active etabolism, which can be

useful o assess myvocardial viability (Table 3).

TABLE 3. Interpretation of Myocardial Viability

Study Results

SPECT Viability Testing
Initial Study Rest Study Interpretation
{at Rest) Repeated After
4-24 h (with
Thallium)
Perfusion defect Perfusion defect Fixed defect
infarct, no viability
Perfusion defect Eeperfusion of Wiable
area miyocardium
PET Viability Testing
Baseline Metabolism Interpretation
Perfusion defect Metabolically Viable
active myocardium
Echocardiographic Viability Testing
| Baseline Response to Interpretation
Dobutamine
Wall maticn Lew dase: Biphasic response
abnormality improverment of indicates viable
function myccardium
Higher dose:
worsening af
function

SPECT = single photon emission CT.
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Cardiae PET provides excellen dizggnostic and prognostic
information for patients koo or suspected (o have CALL PR

[rrewiddes better terporal and spatial resolution than does SPECT

imaging, whichis helpful in patients whoare obese or who have

nondiagnostic SPECT results, CT may be gsed with PET to pro
vice information on the presence of coronary artery calciffca
e PEF raciotracers bave o short half life, resulting in lower

eadEgion exposure and nécessitating the use of vasodilators.

Wasodilator stress allosws for assessmient of peak siress gjection
fraction, quantification of absobute myocardiat Dlood fow, and

ezl

ticn of pvocardial metabolism, The utility of PET maging

incardiac patients is limited by aailability of the techmolog:

Cardiovascular Magnelic Resonance Imaging
CME imasine is used with dobutamineg ti assess

developnent

of wall motion abnormalitics or with vasodilators o assess

riwsion, Right and left sysiolic function can beassessed with

gt imaging. CME imaging is commenty dsed to evaluale

inflarmmatory or infilralive discases, pericandial discases, anid

ity of infaretion. Viability con e deter

ek By evak : the extent of nyocardial fhimsis (nonyi

able myocarndi

wilhin the Jeft venlricular region. CME

iited by operator expertise. length of fime fon
irnage seguisition, and aailabilitg H|

KEY POINTS

* Cardiac siress testing is best used in patients with an
intermediate pretest prohability of coronary artery
discase,

* [n patiems undergning candiac stress testing, exercise
is the preferred stressor becanse iU provides addilional
prognostic information, inchading functional capacity
and hemodynamic response.

+ Stress testing with imaging is indicated in patients with
an inahility to exercise, contraindications to exercise,
baselitie electrocardiographic (ECG) abnormalities that
wonld preclude interpretation of exercise ECG results,
ot indeterminate findings on exercise ECO.

Visualization of the Coronary Anatomy

Anatomic assessment of the coronary arteries can be per-
Tormed with nonimvasive coronary CTA or invasive angiogra-
phy. Both tests require administration of contrast agents and
expose the patienl lo mdiation. CTA interpretation can be
limited in cases of extensive calcification and with assessment
of distal arteries.

In symptomalic patients with an intermediate risk for
CAD, CTA may be helpful in raling out CAT. In the PROMISE
trial, 10,000 symplomatic paticnts suspected of having CAL
were evalualed with an initial strategy of anatomic testing
with CTA or functional testing. In patients with an intermedi
ate pretest probability of CAL, the compaosite cardiovascular
event rate was low (<1% per year) in both groups, and
outcomes {death, myocardial infarction. hospitalization for

9
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unsiable angina. or major procedural complication) at 2 years
ik not differ between groups.

Coronary CTA may also play a ole In the evaluation of
dcude chest pain in the emergency department. CTA is appro
priate in patients suspected of having an acule sortic syn
drome or a cormmary embolism. Commnary CTA may be helplul
in patients with low or Infermediate likelibood of non
ST elevation acute coronary syndrome who have a fow TIMI
risk score. negalive troponin level. or nonischemie EOG. Tt
may also be usetul in pationts with an eguivocil diagnosis ol
non ST elevation acote coronary syndrome who have an
equivecal initial troponin level or single troponin: clevition
without further symptoms ol acule coronary syndrome, or in
patients who have Bschemie symptoms that resobved hors
before underpoing testing, Carefol consideration ol patlem
Bctors and selection of appropriate testing are essential o
avoid additional omneccssary testing and the associated costs
amd potential harms.

Coromary angiogrphy during a cordiae catheterizatlon
precedure is an invasive (est in which oonionic contest
material is injected into the coronary ameries (or bypass
grafis) by using long, thin (<2 -mm) catheters. Arterial aooess
s obtained by using the femoral or radial arery, and mulia
tion expostire 15 regquired. This test should be considercd in
patients who have a high pretest probaldliny of obstroctive
CAD. including symptomatic patients with abwormal [Tl
imgs on noninvasive fundtional or anatomic testing or with an
acule cormmnary syndromie,

The aclditton of FFR 1o invasive angiography and CFA can
previde additional funclional information, Inclading the
hemody namic sienificance of @ lesion and need for inlerven
tion. FFR & (he ratio of blood Dow distl o the stenosis o
bload flow proximal to the stenosis at maximal Mow 18 s tpl
cally measured. during cardine catheterfznion by placing o
pressure wire across the stenosts and indocing conditions ol
maximal hyperemia, wselly with adenosdne. FFRCT is an
FOA approved disgmostic tes! that prevides both anatomic anid
functional data: il has higher specificity for the diagnosis of
obstructive CAD than dees CEA alone, Performance of FFR CT
{s similar o perfornance of lvastve FFR durlng angiograplhy,
The availabllity of this test and its delayed interpretation may
lirit its use in patients with acute symptoms, [

PRERROINE S i SO I T
= Coronary angiography and C1 angiography (CTA)
provide anatomic informuticon regarding the extent and
severily of coronary artery discase: however. the
diagnostic value of CTA may be limiled in cises of
extensive calcification,

Coronary Artery Calcium Scoring
Coronary anery calcification indicates at herosclerosis and may
be quantificd with clectron beam or multideteclor CTL

Although CAC scoring provides information regarding the bur
den ol disease. it cannot determine the degree of obstruction,

CAC measuremenl has boeon used for diagnosis and risk assess
ment in both symplomatic and asymplomatic patients; how
ever, assessment of CAC in asymplomatic patients should be
lmited L those al intermediate risk (according to the
Framingham score) in whom risk reclassification will Influ
ence primary prevention therapy:

CAL seores are calegorized as follows: 0. no disease: | o
99, mild disease: 100 0 399, moderaie disease: and above 100,
severe discase. These scores should he interpreted in the set
ting of age. ethnicity, and sex, Specific numograms and risk
calculators, such as the MESA risk calculator (wwwmesa-
nhibi.org/ MESACHDRisk 'MesaRiskScore/ RiskScore.aspx).
can be used [or risk prediction. The absence of CAC is associ
ated with a low risl for cordiovascular evenls.

KEY POINT e 1-_— LTrEEEs
= Assessment of coronary artery calcification in asympto
muatic patients should be limited to those at intermedi-

ale risk in whom reclassification ol risk will influence
primary prevention therupy.,

Risks of Diagnostic Testing for Coronary

Artery Disease

Cardiac diagnostic testing carries risks related to exercise;
exposure o pharmacologic siress festing agents, radiation,
or conlrast agents: and vascular access for invasive proce-
dures. Additionally, inappropriate initial testing may lead to
uniecessary downstream testing with added physical and
inaneial costs.

There 15 a very small risk for myocardial infarction or
death (1/2500 patients) In paticnts undergoing exercise stress
testing. Absolule comtraindicarions (o exercise include unsta
ble angina or acute myocardial infarction, ancontrolled
archythmias, decompensated heart allure, acute pulmonary
emballsm or deep venous thrombosis, acule pericardilis or
myvocarditis, acule aorlic dissection, and severe symplomatic
aortic stenosis. Relarive contrmaindications are kel main ooro-
narw artery stenosis, bypertrophic cardiomyopathy with severe
obstruction, electrolyle abnormalities, high-degree alrioven
triculur blocl, and sipnificant archythmias,

Vasodilalor stress agents (mast commuonly adenosine) are
associated with the side effects of chest pain. headache, and
Mushing. Atdoventricular block and bronchospasm may also
occwr. Theophylline may be given afler the test to reverse these
effects, Yasodilalor siress testing is contraindicated in patients
with reactive airways disease with active wheezing, systolic
blood pressure of less than 90 mm He, sick sinus syndrome, or
high degree atrioventricular block

Nuclear stress testing with SPECT and PET, CAC scoring,
coronary CTA, and coronary angicgraphy all expose the patient
to radiation; however, advances in technigues have resulied in
reduction of overall rdistion exposare, The level of radiation
exposure depends on the procedure, equipment, radiophar-
maceutical agent, operutor lechnigque, and patient characteris
lics (such as body siec),



Contrast agents used in invasive angiography. coromnary
CTA. CMR imaging, and echocantiography also pose @ risk (o
the patient. CME imaging that requires gadolinium contras!
iy rarely canse nephrogenic systemic [brosis, particularty in
patients with underlving kKidney disease. lodinated contrast
material used in CF may resull in acute Kidney injury.
Microbubble comirst agents are used (W enhance the endocar
dial borders in echncardiography and can cause hypersensitiv
ity reactions in rare instances.

Coronary angiography can be complicated by vascular
access problems: bleeding complications; coronary artery dis
section; aorlic dissection; and plague disruption or thrombas
teading o peripheral emboli, stroke, or nvocarndial infarction.
Fermnoral urtery access can be complicated by retroperitoneal
hemorrhage, which should be suspected in patients with
hypotension, back or Mank pain, and/or a drop in hemoglobin
fevel, Pseudouncarvsms at the arterial punclure sites oocur
maore coammaonly with femoral arlery aceess and may manifest

as a large himatoma or new hrail o the aocess site.

Diagnostic Testing for Structural
Heart Disease

Diagnostic lesting for stroctural heart disease should be con
sidered in patlents with a soggestive history and physical
examination, such as those with o svstolic mormur that is
grade 3/6 or higher, a late or holosystolic murmur, a diastolic
or conlinuous murmur, or a murmur with accompanying
symproms. Routine imaging of Known strociural disease is
unnecessary unless there is a change in the dlinical presenia
tion or examination, A change in fonctional status in patients
with known underlying strocioral disease warrants evalua
tion, Imaging modalities to evaluate for stroctural heart dis
ense are Hsled in Table 4.

The mainstay of noninvasive cardiovascular imaging for
structural abnormalities is transthoracle echocardiography
(TTE). TTE evaluates right and lelt ventricular size, thickness.
and function, incduding wall motion abnormalities. It can
also be used (o oblain information on valvular function

{including regurgitation or stenosis), diastolic function., fill

ing pressures. and the pericardium. The presence of an intra

cardiac shunt cun be evaluated with (he vse of apirated saline
contrast. Initial assessment for endocarditis can also be per

formed with TTE.

Iransesophageal echocardiography (TEE) is commuonly
used 1o evaluate for the diagnosis of Infective endocarditis in
patients with a high pretest probability and 1o assess for com
plications of endocanditis (such as abscess), TEE may also be
used (o better visualize valvalar pathology, particulardy when
surgical repair or perculaneous intervention is planned:; o
evaluate specilic structures that cannol be well visualized on
TTE (such as prosthetic heart valws) or patients with poor
transthoracic imaging: o evaluate acure aortic abnormalities;
and o rule out ket atrial thrombus before cardioversion
(Figure 3), TEE requires moderate sedation and placement of

Diagnostic Testing in Cardiology

FIGURE 3. lramsesapha

trivern {LA) and leh

i 1o the
Irial appendage (LAA, arrow] are-more easily
wgraphy. showing an abs

rchogram, The tansdiscer is past

heart, and the

veen than with Itansthoract

of Enpmmsrs

N the appendage. LY il wirirbe

the TEE probe in Lhe distal esophagus and stomach.
Contraindications include vsophageal sirictures or active
esophageal varices. Fsophageal Injury, including perforation
aned Bleeding, are potential complications of TEE,

KEY POINTS

* Transthoracie cchocardiography 1s used to evaluate
patients with vahular abnormalithes, congenital heart
disease, pericardial discase, or lelt or right ventricular
dhyslunction

* Transesophageal echocardiography is the most accurate
test (o evaluate endocarditis, prosthetic valves, and left
atrial thrombus.

Diagnostic Testing for Cardiac
Arrhythmias

I'he initial study in patients with a history of palpitations,

presyncope. or syncope when an arrhvthmia is suspected

should be 12 lead resting ECL. The ECG may show evi

dence of preexcitation, ectopic rhvthms, atrioventricular
block, or intraventricular conduction delay, providing
insight into the cause of the symptoms. Echocardioeraphy
should be performed in patlents suspected of having strue
tural hearl disease

Fhe intermittent and Oecling nature of arrhythmias can
make dingnosis difficull. Diagnost ic studies are selected on Lhe

basis of the presence and frequency of symptoms and the

duration and ti of the recording (Table 5). If symptoms

12 hour ambulatory ECG monitor (Holter

orruTr daily, a

i ior)

sed Infrequent symplomatic events may be
caplured with an external patient-iriggered event recorder i
the evenl Lasts long enowgh for the patient to triggerthe device,
A Inoping evenl recorder capiures several seeonds of the ECG
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esting for Structural Heart Disease
| Diagnostic Test Major Indications Advantages Limitations |
| Transtharacic Hear faalure Accurale diagnosis of presence and Operator-dependent data
echocardiography Catch thy severity of structural heart disease acquisition; interpretation requires
Velve di Quantitation of LV size and function, &
{ ” Eanee pulmonary pressures, valve function,  Variabiliy in instruméentation
! Congenltal heart disease and intracardiac shunts \mage Guality rits dracsdaisin
Pulmonary hyperension Widely available, portatile, fast sore patiants (COPD, large body
5 hahitus)
Bortic chsoase } AN
! May require microbubble eontrast
| Pericardial disease aga:n;q
Transesophageal Endocanditis High-quality images, espedally of Requires esophageal intubation,
echocardiography Brosthatic wilie duid i postenor candiac struciures typically with conzcious sedation
. Antic dRani Most accurate test for evaluation of
ORIG/AERREE endocarditis, prosthetic valves, and
| Leftatrial thrombus lesft atrial thrombus
: Three-dimensional Mitral valve disease improved tomographic imaging Adjunct to two-dimensional imaging
schaceshooraphy ASD (percutanecus ASD Used duning cardiac proceduresfor Limited by availability and expertise
closure) device placement
‘ Improved assessment of LV global/
regionil systolic function
Radionuclida Evaluation of LV systolic Cuantitative EF moeasurements Radiation exposure
angiog Y (MIGA) Runclion Accurate for serial LVEF Provides no data on other cardiac
| measirements{e.g,, 1o evaluate for structures
cardivtoxicity fram chamotherapy)
Cardiac catheterization  Congenital heart diseass Direct measurement of intracardiac Irvasive
(beft and right) Co g disease pressures, gradients, and shunts Rad aidl ok o
Contrast angiography provides EXDORINe
‘ Valve assessment visuplization of complex cardiac Imeaasnosam narphis Trnitg
Shunt assessment anatory evaluation of complex three.
Allows percutaneous inlernvention dimensional anatomy
for structurad heart disease
i Coronary CT Coronary artery diseass Visualization of complex cardiac Invasive
| angiograptiy Congenitol heart disease Aoy Radiation and radiocontrast
| High-resolution tomographic CXPOEIG
e Image acquisition mmproved wath
| sinats rhythm and slower heart rate
CMR imaging Congenital heart disease High-tesolution tomographic Limited by availability and expenise
i imaging and blood How data PR it
Myocardial disease Mathes RV vol i May be contraindicated in patients
(infilratve disease, Mo ionizing radiation or contrast with pacemaker, ICD, or other
myacarditis, hypertrophic material implanted devices
cardiomyapathy) Enables three-dimensional Gadelinium Is contraindicated in
RV cardiomyapathy [ARVC) reconstruction of aontic and patients with Kidney failume
Cuantitation of LV mass and g4 Y Sinus rhythm and slower heart rate
function ara needed lor improved image i
guality |
Chest CTwith contrast Ao disease High-resalution temographic Radiation and radiocontrast |

Coronary anery disease
Cardiac masses

Pericardial discass

g

Enables three-dimensional
reconstruction of vascular structures

EXPOSUNG

ARVE = arthythmogeeic feght venlfcular candiomytupsathy; AS0 = stnal saptal delect, CMR = cardial magnefic resonance! BF = ejection ictos; 1IC0 = implamable candiovens-

bfdwillgtor [V = bod wennculas . LVET = lef senarioular epncsion Fae(an; MEUGA = multagated scoguitiden; B THZT T
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TABLE 5. Diagnostic Testing for Suspected or Known Cardiac Arrhythmias
Diagnostic Test or Device Indications Advantages Limitations
Resting ECG Initial diagnostic test in all 12-lsae ECG recorded during Mast arrhythmias are
patients tha arrhythmia often identifics intermittent and not recorded
the specific arthythmia on resting ECG |
Ambulatory ECG (Holer Frequent (at least daily) Records every heart beat Mot helphil when arrhythmia
monitor) asymptomatic or symptomatic during a 24- or 48-h period o accurs less froquently
arrhythmias later analysis ECG laads kit patient
Patient log allows correlation activitios
with symptoms
Long-term external ECG Infrequent asymptomatic or Provides continuous thythm Adhesive attachment to chest |
roanitor symptomatic arrhythmias recording for up to 30 days o jon of rhythim
abnormalities that are
asymptomatic or not clinizally
significant
Exercise ECG Arrhythmias provoked by Allows diagneosis of exerclse- Physician suparvsion needed
CRETCI reslateel arrhythmias during tasting
Allows assessment ofimpactof  Most arrhythmias are not
arrhythmia on blood pressure cxercise related
Patient-triggered event Infrequent symptomatic Small, pocket-sized recorderis Symplomatic arrhythmias must
recorder arrhythmias that lastmore than  hold to the chest when last long enough for patient m
1-2 min symploms one present activate the device
Recorced data are transmitted Arrhythmia onset is not
to central monitoring service recordad

Looping avent recorder Infrequent, spmptomatic, brief
|

(wearable) arrhythmias
Syncope
| Implantable loop recorder Very infrequent asymptomatic
[ or symptamatic arrhythmias
Maobils cardiac outpatient Continuous outpatient ECG
telematry recording for precse
quantification or capture of
rare arrhythmia
| Electrophysiology study Used for inducing, identifying,

and clarifying the mechanism
aof arrhythmia as well as
potential treatment {catheter
ablation)

Continuous ECG signal is
recorded (with the proviouws
30 5 to 2 min saved) when the
patient actvates the recording
mode

Asrhythmia onset is recorded

Long-temm continuous ECG
man toring with patient-
triggered or heart rate-
triggered episode storage

Spedcific hean rate or QRS
Paramelnrg can be setto
initiate recording of data

Auto-triggened and patient-
triggered caplure of arhythmic

et

Up to 96 h of retrievable
Mamory

Crrigin and mechanism of an

arrhythmia can be precisely
diefinaed

Mot useful for syncops or
extramaly briet arrhythmias

ECG leads [imit patient
Activitins

Device records only when
activated by patient

Irnvasive procedurne with minos
risks
Device must be explanted later

ECG leads limit patient
activities |

Rezource intensive

Invasive procedure with some
sk

Some archythmias may not be
inducible, particularlyif the
partient s sedoted

| FCG = alectrocardiography
signal before the device is tripgened; it is usclul for synoope or
presyncope associated with arrhythmias, A longer-term exler-
nal ECG monitor or an implanted loop recorder may be war-
ranted in patients wilh very infrequent cvinis.

Exercise stress testing is also frequently used in patients
suspected of having or known o have arrhythimia. Treadmill
shress Lesting is an important ool for evaluating chronotropic

response, ischemia. and exercise-induced or adrenergically

induced arrhythmia.

Must patients do not require diagnostic electrophvsiology
testing. Electrophysiolozy testing may be indicated in patients
in whom the diagnnsis remains indeterminate or in setlings in
which catheter-based interventions may be needed Lo treat

refractory arrhythimias,
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Coronary Artery Disease

KEY POINT

* The initial stody in patients with a history of paipita
Lions, presyneope, or syncope when an arrhythmia is
suspected should be 12-lead resting electrocardiography:

Coronary Artery Disease

Stable Angina Pectoris
Diagnosis and Evaluation

Stable angina pectoris is defined as reproducible angina symp

toms (chest pain or pressume) of at least 2 months” doration thal
are precipitared by exertion or emotional stress and have not
appreciably worsened. In contrast. unstable angina is defined
by new onsel angina or angina cccurring at a relatively low
level of exeriion, oocurring at resL. or accelerating in frequency
or severin: Unstable anging Is associated with increased short

term risk for acute myocardial infarction (MI), As such, the
evaluation of patients with anglna should Include a focused
history. eliciting the duration of sympioms, agervating and
refieving factors, and whelher symptoms have worsened,
Although angina s classically described as tightness, heavi

ness, or gripping in the chest, it is important (o recognize that
classic symploms may be absent, and some demographic
groups (women and patients with diabetes mellitush may have
atypical symptoms. including exertional dysprc.

The physical cxamination should include an evaluation
of the cardievascular system and & search for findings sug
gesting conditions that mimic angina, including heart failure,
pulmonary hypertension, valvalar heart disease {(particularly
aortic stenosis). and hypertrophic cardiomyopathy. The first
step in diagnostic testing s 1o determine the pretest probabil
ity for likelihood) of coronary artery discase (CAD) (Table 6).
Baseline resting electocardiography (ECG) is required to rule
oul ongoing ischemia and o guide the cholee of stress Lest

(Figure 4). The selection of tests for evaluating chest pain is
discussed in Diagnostic Testing in Cardiology. Stress testing is
most useful in paticnts with an intermediate probability of
CAD; however, when Lhe pretest probability of CAL s high,
testing may provide prognostic information. Other diagnoses
should he pursucd in patients with normal findings on stress
testing. If Lhe stress ifest yields abnormal resulis, additional
evaluation shouald be considersd.

General Approach to Treatment

of Stable Angina Pectoris

All patients with angina should receive puldeline-directed med
ical therapy consisting ol risk Rctor modification, candioprotec
tive medlcations, and antianginal medications (Figure 5).
Lifestyle modifications, including repular physical activity,
weight loss, lebacoo cessation, and dietary changes, should be
strongly encouraged. and blood presssure control fwith a goal of
<130/ 80 mm He) and diabetes management shouwlkd be empha
sized, Cardioprotective medications are indicared in patients
with CAD to prevenl thrombosis and hall further progression
ol atherosclerotic plague. Antianginal medications reduce car
e workload or increasie myvocandial oaosgen delivery, resulting
in decreased angina and improved functional capacity.

Cardioprotective Medications

Aspirin reduces the risk for M1 and cardiovascular death in
mitients with stable angina. Guidelines recommend low dose
aspirin (75 162 mg/d) because iU is as effective in preventing M1
as high-dose aspirin (325 mg/d) and confers a lower bleeding
risk. In uspirin intolerunt patients. clopidogred, a platelet P2Y
recepior inhibilor, is an aceeptable alternative. Neither prasu-
grel nor ticaerelor has been stodied in the context of stable
anging, and their mole in managing this condition remains to
be established.

Liphd- lowering therapy, targeting | DL cholesterol in par

tienlar, Is indicated o reduce Lhe risk for vascular events and

Fretest Likelihood of onary Artery Disease in Symptomatic Patients According to Age and Sex*
Pretest Likelihood

{ Nonanginal Chest Pain® Atypical Angina® Typical Angina®

Age (y) Men Women Men Women Men Women
| 3039 4 2 34 12 76 2 :
| ap-49 13 3 51 22 87 55 |
| 50.59 20 7 65 e 9 73 |,

60-69 27 14 72 51 24 86 :

Lach wahes sepuonnits the prni anlaga with ssopeBear (Onmary iy dseass on faffeborisakon

" Nominal eheml pain hss ean or nane ol the componeria kol goscal angina,
igical anging b two ol tha thirea carmponents for typlial ania

Tpical spaa hias three componants: { 1] sulstamal chast pem or discomio, (et is (7] provobked by essrbioh of ssnuticmal sieess and {3 ) ieliavied Ly’ seet arcdlor nitroglycenin
Repsoduced mith jreamiz=son Gom s 50, Gerdin 36, Abwwr J, Bava £, Blankeribg: J0, Dalles AP, o1 3 Amsnican Coll=ge o CanSology Founilanen. 2012 ACCRAHAIACP
AATSFUNASBCANSTS quadelan lor the diegeos and mamarrmeat of patenis milh Sable nowrs, bt docase: & repT of the Ameralan Cellage of Covdbology Foundation
Amaran bawr Maoratson Tazk Tors an Practice Goidalsies, and the Amedican {‘-;Iﬂ__p ol Ebppms whirs, APy b ar Ao kit o Thowac ic Surgery. Frevenibve Cardarersiuls

Peigrsen Assocation, Secety for Cardinvascular Anipography and Interventiona, and Sucety of Tharaeie Surgeopa L am Coll Candol. 707 2;50w488-w 164 [PMID: 23182103]
i 10, V00 e e 201207 003, Copyrleghi 2012, Elaewn, |
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[ Cardiovascular symptoms I
¥
1 Pretest probability (likelihood) of CAD |
v ! |
| Low | I Intermadiata* | [ Hight
l l »
Mo additional ECG mormal and Medical therapy
diagnostic testing able to oxercise? for CAD
Yo
l ¥
Exercise treadmill stress tasting | ECG abnormal and ik
able to exercize?
Warkecly - By
Pt toal * Lifestyle-limiting
l ¥ SYMFMITTS
* Progression to
Exercise nuclear Exereise Pharmacologic unstable angina
stress testing echocardiography stress testing
Mzrkecly Markedly Markedly
positive test prorsibive fost prosibive best
¥
.s_.[ Coronary angiography “
Stress Test Criterria for Mackedly Positive Tost
Exarcise traadmill Significant ST-segment L at low work load, ST-segment T, hypatension
Exercisa nuclear TID or lung uptake of thallium, ischemia in >2 vascular distibutions, EF <35%
Exercise echocardiography  EF <35% at rest, ischemia in =2 vascular distributions, fall in EF with stress

FIGURE 4. Diagnosis of coronary artery disease. CAD = coranary artery disease; ECG = electrocardiography; EF = ejection fraction; 110 = tmansient ischemic dilation,

Antenmdiabe pratest probalifiy {lizdihod) = vanably lefined 45 Botaeen V% and W% o betmein 25% and /5%

Fharngd e s patients with figh petest probiabilig cen e st b Gbisn gogn et istomatam, bt B ek sheald ol atlec e imitiabion ol aplimal medcs hivapy

progression of underlying CAIY Statin therapy remains the
commerstone of lipid management for secondary prevention,
as it has been shown lo reduce the risk for ML death. and
strake. High intensity statin therapy (atorvastating <) 80
mg/d, or rosuvastating 20040 mgid) decreases LD choles-
terol levels by 500 or more and is preferred o moderafe-
inlensily therapy in patients with no contraindications to its
use. In patients who are intolerant of slatins {such as those
who develop significant myalgial or who do nol achieve
adequate LDL cholesterol reduction with statin therapy, it is
reasonable to address 11N, cholesterol levels with nonstatin
medications, including ezetimibe, bile acid sequestrants,
fibrates, and proprotein converlase subtilisingkexin tvpe 9
inhibitors. Management of statin therapy and nonstatin cho-
lesterol lowering therapy is discussed in MESAP 18 General
Internal Medicine,

ACE Inhibitor therapy is indicated in patients with stable
angina if there is coneomitant diabetes. chronic kidney dis
gase, lefl vemiricular dysfunction {ejection Mmaction <40%.),

heart failure, or g history of ML In these populations, ACE
inhibitors have additional Denefits that are anrelated o CATY
such as preservation of kidney function and improvement in
left ventricular function. Angiotensin receptor blockers (ARBs)
gy bee used as an alternative o ACE inhibitors in these same
patient populations.

Chelation therapy involves @ series of intnvenous infu-
sions ol ethylene diaming letra -acetic acid or similar com
pounds to bind cations {such as caleium) and inerease their
excretion from: the body There has been no convineing
evidence of any bhenefit with chelation therapy, and it s not
recommended for rreptment of CAD.

Antianginal Medications

B-Blockers are recommended as first line agents in patients
with stable angina. [} Blockers simultaneousty lower heart rate
and blood pressure (o reduce myocardial oxyeen consump-
tion. All B-blockers are equally efficacious in reducing angina,
and dosage showld be titrated to achieve a resting heart rate
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Stable angina pectoris I

-

factor modification):
Aspinin [75-162 mg/d)
B-Blacker

Sublingual 23 needed for angina
Moderate- to high-intansity statin

' Coentinued symptoms

* Increase dose of f-hlocker (target resting hesrt rate of 55-60/min)
= Add calcium channel blocker or long-acting nitrato

¥

Continued symptoms and impaired quakty of ke

= Optimize long-acting nitrate, B-blockes, and calcium channel blocker
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Refer for coronary anglagraph
G FIGURE 5. Management of stable angina pectaris,
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between 55/min and 60/min. The choice of f-blocker may
depend on other medical conditions. such as concomilanit lefi
veniricular dysfunction, kidney dysfunction, long disease, and
stgnificant hypertension. B Blockers should be used with cau
tion in patients taking nondibydropyridine calcium channel
blockers (verapamil, diltiazem) because ol additive negative
inotropic and chronetropic aclions. Coution should also be
exercised with these agents in the setting of significant con
duction disease on EOG or lell ventricular dysfunction.
Selective B blockers, such as metoprolol, should be used in
patients with significant lung disease to avwoid worsening res-
piratory function. Reported side effects include fatigoe, leth
argy. sleep disturbances, and impotence,

Calcium channel blockers can be useful in patients with
symploms despite B blocker therapy or in patients intolerant
of i blockers. All caleium channel blockers improve myocar
dial oxygen delivery by causing coronary vasodilalion and
reduction in coronary vascular resistance. Additionally, cal
cium channel blockers can decrease myocardial oxygen con-
sumption through their antibypertensive and negative
inotropic cffects. The nondihydropyridine calclum channel
hlrwkers have negallve chironotropic effects and lower heart
rale, which can worsen heart failure and increase mortality:
therefore, they should not be used in patients with left ven
tricular dysfunction. Shor acting dihydropyridine formula
tions, such as short-acting nifedipine, should be avoided
because they can paradoxically worsen angina by causing an
acute drop in blood pressure, resulting in reflex tachycardia
and increased myocardial oxygen demand.
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Nitrates cause coronary vasodilation, thereby improv-
ing myocardial oxvgen delivery, These agenis also decrease
oxygen consumplion by reducing preload, which reduces
ventricular wall stress. The beneficial effects may be offset
by rellex tachycardia unless B-blockers or calcium channel
blockers are used. Short-acting sublingual nitrates should be
prescribed to patients with CAD for acute reliel of angina.
Long-acting nitrates, including isosorbide mononitrate or
dinitrate and nilroghvoerin patch formulations, provide a
constant level of vasndilation throughout the day. A nitrate
free interval of about 12 hours. generally during sleep hours,
is needed to avoid development of nitrate tolerance. Side
ellects include beadache, Mushing, and hypotension, par
tieularly with rapid acting formulations. Concomitant use
of nitrates and phosphodiesierase 5 inhibitors, such as silde-
nafil, should be awoided because of the risk lor significant
hypotension.

Ranolaxine decreases angina and modestly increases
exercise times in patients with stable angina. It inhibits the late
socliom current, which In turn redueces sodium- dependent
calcium currents, resulting In reduced wall tension and myo-
cardial oxveen consumption. Ranolazine also has a modest
OT-prolonging effect, but no proarchythmic effect has been
directly attributed 1o manolarine. The OT interval shoulkd he
monitored carefully when other QT prolonging drugs are
coudminisiered. The typical dosage s 1000 mg Iwice daily;
however, the dosage should be reduced to 300 mg (twice daily
in patients receiving moderate inhibitors of eytochrome P 450
AAA (verapamil, diltiazem). Ranolazine should not be used in




palicnts receiving strong inhibitors of eytochrome P-450 344
(clarithromyein, itraconazole, ketoconazobe, soveral HIV med
irations) hecause serum levels of ranolaxdine will significantly
increase.

KEY POINTS

+ Stable angina is characterized by reproducible angina
symptoms (chest pain or pressure) that are present for
maore than 2 months without appreciable worsening
and are precipitated by exertion or emotional stress.

+ Initial evaluation of a patient with angina should
inclade a toeused history, eliciting duration of symp
tarms, apgravating and relieving factors, and whether
sympioms have worsened.

= All patients with coronary artery disease should be
counseled on lifestyle modifications, blood pressure
control, and management of diabetes mellitus.

= First fine therapy in patients with stable angina
includes aspirin (or clopidogne] in aspirin-intolerant
patients). statin therapy. and p-blocker therapy.

¢ ACE inhibilor therapy is indicated in patients with sta
ble angina if there is concomitant lelt venlronlar dys
function. heart Lilare, diabetes mellitus. chronic kid
ney disease, or history of myocardial infarction,

Coronary Revascularization

Decision to Revascularize

Patients with progressive angina symploms refractory 1o med-
ical therapy or markedly abnormal stress lesting resulls should
be considered [or coronary angiography. Belore angiography,
the risks, benefits, and alternatives to the procedare shoald he
discussed with the patienl. It is also importan Lo discnss pos

sible findings and the therapeatic oplions available after angi

opraphy. The gnals of revascularization are to improve symp

toms of angina and gquality of life, prevent Talare CAD events,
and improve survival.

Coronary angiography with [ractional flow reserve testing
can provide inlormation on the functional significance of
angiographically indeterminate lesions (see Disgnostic Testing
in Cardivlogy). Determining the hemodynamic significance of
lesions reduces hoth unnecessary stenting and the need for
urgent revascularization. Abnormal fractionad Dow reserve
measures (values <0.80) suggest that a lesion 1s hemodynami
cally signilficant.

Percutaneous Coronary Intervention

Percutaneous coronary intervenlion (PCL encompasses sev-
eral different catheler based (echnigues to improve coromnary
Blood flow by relieving coromary obstruction. Initially, PCTwas
most commonly performed with balloon angioplasty: how
ever, this technigue was replaced in the 1990s with hare metal
stenting. Currently, most PCprocedures imvolve drog-eluting
stent implantation. which has reduced the risk or in-stent
restenosis (the process by which necintimal proliferation

Coronary Artery Disease

within or adjacent to the treated section of coronary artery re
narrows the vessel lumen).

Despite advancements in PCL technology, there is no
evidence that PCLis superior Lo guideline - directed medical
therapy in the Lreatment of stable CATY Specifically, neither
the COURAGE trial of patients with stable angina nor the
BARI- 2D rial of patients with concomitant CATY and diabetes
showed any difference in mortality or incidence of MI
between treatment strategies. PCI is indicated for the treat-
ment ol patients with medically refraclory angina, those who
are unable to tolerate optimal medical therapy owing to side
elffects, or those with high risk features on noninvasive exer
eise and imaging tests.

Coronary Artery Bypass Graft Surgery

Coronary artery byvpass gralling (CABG) is gencrally recom-
mended for patients with extensive CAD and in certain subsets
ol patients for whom studies have shown CABG to be superior
to PCI or medical therapy, In patients with maltivessel CAL,
revascularization with CARG results in decrensed recurrence
of angina, lower rates of M1, and fewer repeat revascularization
procedures compared with PCL Unfike PCL CABG improwves
survival in patients with left main or three-vessel CAD and is
recommended to reduce mortality in these high- risk patients.
Additionally, CABG has an established mole in revascularization
of patients with diabetes and in those with left ventricular
dysfunction. Long term (10-vear) follow-up of the STICL trial
demonstrated a survival advantage with CABG compared with
medical therapy alone among patients with multivessel CAD
and severe left ventricular dysfunction.

After Revascularization

Patients should continue receiving suideline-directed miedical
therapy lollowing surgical or percutaneous revascularizalion,
although some antianginal therapies may be reduced or dis
continued. Aspitinis recommended indefinitely afler revaseu-
larization. The addition of o P2Y |, inhibitor to aspirin therapy,
knonwn as dual antiplatelet therapy (DAPT), is also indicated;
the recommended duration of DAPT depends on many clinical
considerations. Clopidogrel is the only antiplatelet drug thal
has been studied in combination with aspirin after revascu
larization of patients with stable CAD. The mle of newer anti-
platelet azents is unclear at this time.

In patients treated with bare metal stent placement, guide
lines recommend 2 minimum ol 1 month of DAFT. Studies of the
optimal duration of DAFT alter drog-clating slenl implantation
have sugeested salety sl benefits with both shorter (6 month)
and longer (30 month) treatment courses. Cormend guidelines
recommend trealing patients with stable anginag with DAPT for at
least & months after drug eluting stent placement, with the
option o continue therapy for a longer duration in those with a
high risk lor thrombosis-related complications (such as depressed
left ventricular function, saphenous vein graft stenting, and dia
betes) and a favorable bleeding profile. Although guidelines
define minimum DAPT duration, the optimal duration should be
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indivichoalized sccording o the patient’s risks for thrombotic and
bleeding complicalions.

In patients undergoing CABG for stable CAD, DAPT for
12 months may be reasonable 1o improve the patency of vein grafis.

K Xy LA AL

* Percutaneous coronary intervention may alleviate angina
symptoms but does not decrease mortality or risk for
myocardial infarction in patients with stable angina,

= Coronary artery bypass graft revascularization is assoct
ated with improved survival in patienls with multives
sel coronary artery disense, diabetes mellitus, or severe
left ventricular dysfunetion.

= In patients with stable angina who undergo perculane
ous coronary intervention, dual antiplateiet therapy
should be continued for at least 1 month after bare
metal stent implantation and at least 6 months aller
drug ehting stent implantation.

Acute Coronary Syndromes
General Considerations

An acule coromary syndrome (ACS) resulis from acute o suli
cule disruption in eoronary blood Aow, Patients present with
acule onset chest padn oor an anging equivadent thin ocenrs
without a clear precipitant. Unlike stalide angina, which
imvolves a grisdual narmowing in the coronary artery, an ACS s
cavsed by acute plague rupture or etosion, often in sections ol
the coronary arfery with mild or moderate stenosls, The pres
entation depemds on the degrée of commary Bow impairiment.
ACS 15 classifled as ST elevation mvocardial infarction
CSTEMI) or none ST elevatlon deule  coronary  syndsieme
(NSTE ACS) Based on findings on FCG (Figare 61, The hall

Acute syncrome
[STEMI and MSTE-ACS)
¥ L4
§T-segment elovation MNonspecific ECG cha’nﬁq;
STsegment deprossion
T-wwinen smeersion
¥ ¥
STEMI NSTE-ACS

Elavated cardiac Mormal cardiac
troponin levels troponin levels

| ]

METEMI J I Linstable angina |

FIGURE &. Diagnosis of acuts coronary syndrames, E0G — elecirocasd iographic,
NSTE ACS = non-5T-ebevalion acule coronary syndrame; NSTEMI = non-5T-elevation
mmyacandial mtarction; STEMI = ST-elevation myccandial infarion.
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mark: BOG features of STEML are ST-segment elevation of
Lmarm o mare i b or maore contiguons [imb or chest leids,
excepling leads V, and V. STEMI Is definéd as 5T segment
chevation ol 2 mm or greater in mwen and LS mm or greader in
women in leads V and ¥, Posterior MIvpically manifests as
STsepmwent depression greater than 2 mm a0 the aterior
lesuds AV, throaggh Vo), ofien with ST segment clevation In the
inferior or lateral leads, New lefl bundie branch block is con

Sidered o STEMI eoguivalent and potentially refleets an acule
left anlberor descending artery occlision.

NSTE-ACS is further criemorized acconding to the pres
ener of bimarkers of cardiae injury (rmoponin T or 1) in the
serun. Non ST elevation myoeardial infaretion (NSTEMI 1s
defined as o biomarker positive presentation that does not
miect oriteria for STEMIL Unstable angina is characterized In
new or worseping angina, with or without FCG changes, and
withoul detectable levels of cariae injuey markers, The use
of rogunin assays has resulted In imereased diagnosts of
NSTEML New high sensitivity troponin. assayvs can detect
cardine Infury with even greater sensitivity and earfier in the
setting of ACS than previous lests, Their clinieal use may
expedite risk stratification in patients with chest pain but
may imerease detection of non: ACS events anid consegquent
downstream testing,

ST-Elevation Myocardial Infarction

Recoznition

The pathogenesis of STEMI typieally involves plague rupture
withina coronary arlery. The rupiore cavses plateler adhesion,
activation. and ageregation: resulting in a thrombosed oo
ngry artery and actile vessel occhusion. The sudden loss of
corrnnary Blood Mow leds wo trmsmural ischemia of the myo
cardium aid the BCG manifestation of ST segment ¢levatlon:
Because oxyeen delivery to the alfected anery B acuicly and
complelely obstructed, prompl recognition and indtithon of
reperfusion therapw are vital (Figure 7).

Althetngh the presentation of STEM = ollen deamatie and
Clear, several diagnoses can miEmic STEML These disease enti
ties peed (o be distinguishesd from STEMI to minimize potient
harm Avpte pericanditls presents withacote chest pain, albeit
pain with a pleariie and positional nature, and ST-Sopment
elevation. The ST semment elevation of pericanditls tends 1o be
chiffirse ol comcave; howeser, It can be easily misinterpreted
fer STEMIEon ECG (Figure 8], Perlcarditiscan also be localbzed
and present with regional ST-segment elevation, such s in the
inferior kauds. Myvopericanditis resulting fmom vicl inlections
o autainmane conditions can canse canding enmvme nelease,
Turther confusing the elinical pleture,. A thorough history and
phvsical examination combined with review of the ECG Ol
ings may help differentiate the: conditions.

Lefl ventricular hypertrophy -induced FCG changes may
wso ook similar 1o STsegment elesation Injury currents;
howeever, these changes are rypleally concave in appeamnee.
Comparison with previous EOG resalis is helpful in assessing
for acole clunges.
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Evaluate:

1. Tirne: from onset of symptoms?

2. High-risk features®

3. Time to device therapy with PCI

4. Risks of thrombolytic therapy [contraindications)

|

Initiate medical therapy: aspirin, i-blocker, nitrates,
heparin (unfractionated or low-molecular-weight)

! !

| PCi-capable facility !'{ I Mon-PCLeapable facility
— Transfer for primary PCI®
- w
| Administar P2Y |, inhibiter Thrombolytic therapy
{goal =30 min from arrivall
Administer clopidogrel
¥ {300-mg loading dose)
PCHFMCto-device goal: =20
min for primary PCI) |
Long-term medical tharapy: I Thrombalytic fai!umJ | Succassful reperfus'an
aspirin, f-blocker, ACE inhibitor,
statin, PZY_ inhibitar 4 1"
Emergent transfer Urgert transfer for
far rescue PCI coronary angiography
and possible PCIF

FIGURE 7. Management of STelevation myecardial infarction. FME = first medical contact; POl = parcutanenus coronary intervention;
STEMI = STelevatian myocardial infarction,

AF 8 or mor hours have elpsed since spmpbem cnsey, PO & predamed,

¥iigh-risk features, such e tandiogenic shack and beat failure, Gwor FOL

T 0 devire | Hoae tohalloen”] gual fur patiests being warabamed for primary PCHS o soon a5 pessibie and <1 20minues
tpgr . ebitors: clopidogred, prasagrel tianmdar.

“Patzanls with STEMI geasestmg %2 3 hespial withes PL) copatities and whi cannint be transemed toa PO-capable cenber and undesyo PO mishin 120 minetes ab FRAC "deor-tozabaon
iz} shauld b iakad with srecmbndyic therapy within 30 minutes of husgital presntation | "dogese-need| time'] o spnems qoal wsles: thmmbolytic theapy &= ratrind aied

lin patients with suzcessel mepertusicn aher thmmbolytic therapy, it & easonable L sansler these patients b2 FO-pable conterfor suberquent v nqingeaphy Anqingraphy shoukd
it be performed mighin 2 1o 3 hours alles thrombobgc sdiinistration butis idea By perlermad within 23 haours

Rerommendatioas bazed on O Gara T, Kushney TG, Asghein DR Casey U Jr Chang WE de Lemos. 18 o al; daserican Callege of Cediology Foundition fmpdican Hean l_&a.b\'.i;i.iun Taxk
Fonae an Pradice Goidelines. 2073 ACCHAHA quidelin for tie maeagement of ST elevation wecandial inkiction: o nepart of the dimiricss College of Cardislogy Feundationlbmericin Heen
Aasocanion Task Foore on Prartios Guidelines: Cicoition. 200 31276007 475 [ PRID: 20290 304] dui WO 10 CIR ORON e 2082 i dh

Aortic dissection can cause ST sepmont elevation i the dis Reperfusion
section involves the 1eft or right coronary artery. In these cases, Upon STEMI recognition, reperfusion with thrombiolbytic
the ST-sepment clevation is due 1o transmural myvocandial agents or primary PCLPPCH s necessary PPCLS the preferred
Bebemia. Aotic dissection is a surgical emergency and must be miethod of reperfusion in most cases.
recognized carly becatse treatment pasadigns ave drasticalby dif
Errnl. Dagniostic clues that help differentiale the two conditions Thrombaolytic Therapy
include differential blood prosaures in the upper extremities and Thrombaolytic therapy is recormimenced tor patients with STEMI
- mediastinal widening on chest radiograph with aortic dissection. when symptom onset s within 12 hours and PPCT s not avail
Severe hvpercalcemia may result in 5T segment elevation able within 120 minutes of first medical contact. If symploms
that mimics ACS: however, other findings inchade o short QT began 12 to-24 hours before presentation and there is evidence
frterval and Nattened T waves. ol hemodyvnamic instability or significant myocardinnm at visk
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FIGURE 8. Jop pane!: Electcardiogram showing findings consisten

Ewith an acute inferior ST-elevation myacardial infarction, Mote the STsegment

elevation isolated 1o the inferior and latersl precordial leads, which is consistent with a single coronary vascular distnbution {that is, the right coronary
artery in this case). Bogom panel: Hecsocamiogram demonsirating scute pencarditis with diffuse STsegment elevation and slight PR-segment
depressian {see head T} and reciprocal PR-segment clesation {“knuckle sign) in lead aVR anows).

{such as with anterior MI), thrombolytic therapy should be
comsiddered, Charmcteristics of the various thrombolytic agents
are preseiited in Table 7.

In acddition to thrombolytle therapy, all paticnts wilhout a
specific comtesndication should receive a loading dose of aspi
rin {162 325 mg) as well as intravenous heparing enosaparin,

or fondaparinux. Clopidogred loading has béen demonstrated
I increase rites of vessel patency and is also recommendet in
this setting,

After thrombalytic therapy 1s administered, the ECG
should be monitored o 60 minutes and 90 minutes to con
firm at least S0°% Improvement In maximal ST segment
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elevatlon. One guarter to one thivd of patients do not
achieve reperfusion, particularly it time from symptom
onsel o receipt of thrombolytic therapy s delaved. Owing
1o the potentinl for thrombobetic fallure, patients with
STEMI treated with thrombolytic therapy shoulkd be subse
guently transferred 1o a2 PCL capable hospital. Rescoe PClis
assoctated with improved outcomes compared with con-
servative management in the event of falled reperfusion.
Coronary anglography is generally recommended in all
patients before discharge, even after suecesstul thromboly
sls, Patienis with STEMIE wheo present with heart failure or
cardiogenic shock, or who develop these complications
after thrombolytic therapy, are a particalarly high-risk
group (mortality rate >50%) and should be immediately
transferred toa PCl capable center.

Although thrombolytic therapy is potentially fife - saving,
it carries significant risks, primarily related (o bleeding.
Intracerchral hemorrhage s the most catastrophic complica
tiom of thrombobytic therapy and occurs Inapproximately 1%
of patients. Relative and ahsolute comraindications Lo throm
balytic therapy are listed in Table 8.

Primary Percutaneous Coronary intervention

PP refers to the process by which an emergency medical
provider activates a team of providers 1o initiate emergent
comnary anglography and PCI in patienls with STEML
Ideally, the time from first medical contact untdl PCY s less
than 90 minuics. The amount of nvocandial sobvage is directly
related 1o ischemic time; therefore, the quicker the artery can
be apened, the better the final outcome, Because the rates of
achieyving vessel patency are higher wrd more rellable with

Eu"phl:lnlu
Dose ; 1.5 megaunits over Upto 100 mg in?0min 10 unitsx 2 (30 min 30-50 mg based on
A0-60 min (based on weight)* apart), each over 2min waight?
Bolus administration Me No Yes Yos
Antigenic Yos Mo e Mo
Allergic reactions (hypotension Yes No No Mo
MOSL COmmen)
Systemic fibrinogen depletion  Marked Mild Modarate Minimnal
TIMI flow grade 3 ~30% —50%, ~ &% ~&05%
TIMI flow grade 273 ~55% ~75% ~B3% ~B3%
Rate of intracerebral =% —0.4%-0.7% ~0.8% =0.9%
hemorrhage $100-mg dose)
Fibrin specificity Mene 4 + et
Eitsrin affinity Mere —- + AR
Cost par recommanded £562.50 £3404.78 $2872.50 5$2917.48 for 50myg
Mi dose [I.I'.S.f {
ks 15 gy, mbosaoe 015wy = 30 e Dmsaemnum 50 mg . then 005 moog not i ecoed 35 mey o the nent 50 mim te an overall s m of 100 mg '
30 g R wesepivt <<l by (132 Bl 75 1y e /0 89 b {132 152 L 0 mug foae 70 79 6 (1581 74 o), 45 wnwy For BO-BT g 1175196 1, anscd 50 g o 590 by (198 Moot e
“Dippuartmend of Haalth and Human Senaces, O of g ion General. Rod Book, 2005 Acvailskle m hagifog kb govpublications/docsfredbookBerL20 ook RAT2000. gl
Raparcchacid with permimsan fiom Boden WE, Esgle K, Geangor CR. on strategues i acute Sl st elevation mypocardial imarctions & compeelwmsive ieses of
| tontemporary managemant options. | Am Coll Candiol, 2007:50:917 29 [PMID: 17745117] Copyright 2007, Rlsavier .

TABLE 8. Contraindications to Thrombolytic Therapy

for 5T-Elavation Myocardial Infarction

Absolute Contraindications

Any previous intracerebral hemarrhage
Known cerebrovasoiar lesion {e.g., anerovenous
malformation)

lschemic stroke within 3 mo .
Sunpected aoric dissection

Active bleeding or bleeding disthesis (excluding menses)
Significant closed head or facial trauma within 3 mo

Relative Contraindications

History of chronic, severe, poorly controlled hypertension

Sovere uncontrolled hypertension on presentabion
{SBP =180 mm Hg or DBP >110 mm Hg)*

History of ischemnic stroke (=3 mo), dementia, or known
intracranial abnormality

Traumatic or prolonged {>10 min) CPR ar major surgery (<3 wk)
Recent (within 2-4 wk) intarmal bleeding

MNencompressible vascular puncture sita

Fer streptokinase/anistreplase! previous exposure (>5 dlor
previous allergic reaction to these agents

Pragnancy

Active peptic ulcer dissase |
Currant use of anticoagulants: the higher the INR, the higher |
the bleeding ik

CPR = cardiogolmnnary meousciation; DR = chantoda hiood Pressure;
SHP = sywiohic blood pressuae

Taosnbiahytic Usiragry con B considerad (F 500 can ba meduced po <140 mm Hyg
aenvcl DIAF o « 960 ey Hyg with initzal sl Dweapy,
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PPCI than with thrombolysis, PPCI is the prefermed method
of treating STEM| when the patient presents o a hospital
capable of performing PCH or can be transferred from an
index hospital 1o 4 PCl capable conter guickly (time from
first mcdical contact to PPCI of <120 mimutes). Once the
patient is in the catheterization suite, (he initial focus i5 on
Yuickly restoring Now 1o the acutely oocluded artery, There is
omgoing debate as o the timing and potential benefit of PCI
ol nonculpeit vessels,

Patlents undergoing PIMCT should receive aspivin and
heparin before thromboelytic therapy. During the procedure,
patients generally receive intravenous heparin (with or
without glycoprotein b/ Alla blockade) or bivalirudin, Most
patients undergo stenting and receive loading doses of
additional antiplatelet drugs {P2Y inhibitors) (Table 9).
Clopidogre] has historically been the most commonly pre
scribed P2Y,, inhibitor. Compared with clopidogrel. prasug
reel 15 mare potent, has @ quicker onsel of action, and has a
linwer risk for thrombaotic complications; however, prasugrel
Is also associated with an Increased risk for bieeding.
Prasugrel should not be used in patients with a history of
stroke and those aged 75 years and older, and dosing must be
adjusted for those weighing less than 60 kg (132 [b).
Tieagrelor, a nonthienopyridine P2Y,, inhibitor, also has
greater potency and faster onset of platelet inhibition than
clopidogrel. In the PLATO trial of patients with ACS, ticagre
lor treatment resulted in significantly foswer mortality rafes
compared with clopidogrel. Ticagrelor causes subjective
ivspnea In some patients; this symptom is usually sell lim
Ired but oceasionally couses drug discontinuation.

Medical Therapy
Medical theraples for the treatment of patients with ACS ore
surmmarized in Tahle 10.

All patients presenting with STEMI should receive aspi
rin and anticoagulation therapy. Regardless of the selected

reperfusion strategy, patients should also be treated with a
P2Y,, inhibitor. Clopidogrel is indicated in patients recely
ing thrombolytic therapy, whereas clopidogrel, prasugrel,
and tcagrelor are opiions for those underpoing PRI
(see Table 9),

B Blockers decrease myocardial oxygen demand, reduce
the incidence of ventricular archythimbis, and Inypeove long
term survivil in patlents with STEMI. Current gubdelines sug
pest initinting thoese droes within 24 hours of presentation, The
COMMITACCS -2 trial demonstrated that inlravenous melopin
lol reduced the early risk for reinfarction and ventricular
(Thrillation in patlents with acate M1 bt also resalted Ina
higher rate of cardioeenic shock. [ Mockers should oot be
given if there 5 -evidence of hypotension. candiogenic shock.
pulmonary congestion, or afrioventricular block. In these
cases, b hlockers may be withheld Indtially and introedoced
once the patient is stabiliaed,

ACE inhibitors are mdicated in most patients with STEMI
and particularly in patients with impaired felt veamdoular
function, heart Eilure, or anlerior wall infarction. ARBs may
he wsed IF the potient is intolerant of ACE inhibitors, These
agents hove shown sipnificant carly benefit and should be
administered within the first 24 hours of presentation, assum
ing there are no conlraindications.

Eplerenone, an aldosterone antagonist. has proved bene
fictal in patients with STEM] who hove an ejection fraction
less than or egaal fo A0%-and either heart fBilure ordiabetes:
however, the treatment effects were demonstrated only when
eplerenone was inltiated within 1 week of presentation.
Potassinm levels must be carelully monitored. particularly in
patients with pre existing kidney dysfunction and (hose
receiving ACE inhibitors or ARRs.

High Intensity statin therapyis indicated in patients with
STEMI. Cholesteral levels may be transtently ower around the
timee of ML and a low LDL cholestero] leve] should not dissuade
clinicians from prescribing statins.

mth Coronany Arten

Clopidogrel -%blel’.'ﬁﬂmwﬂt 300600 mg
ACS

Ticagrelor ACS 180 mg

Prasugrel ACS treated with PCI® a0 mg

“Ticagrador dhould beesod wih aspeon, 87 mae'd.
Urgsadpne shiould 5ot be losded “upstresm” Thidors casheaerizataon)

inpeairman]
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ALS = acuie pisgnary Iyrakirme: CAD = fosonary aney deeste; PL & perOlldiaous comoeary mierwsaton

Maintenance Dose Contraindications

T5mg/d Increasad Known allergy 1o the
bleeding nsk drug

20 mg twice daily* Increased Known allergy to the
bleeding risk, drug
dyspred

T mg/d* Increased Known allergy 1o the

stroke, aga 275y

Prasugrel, 5 mgfd, showsd be consdomd for those wemghing bess e 40 og (132 B or a8 weberate- 1 hagh nck for blesdng fe.g., pratents woth scpubcant odey nction
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TAELE 10. Medical Therapy for Acute Caronary Syndromes
Medication Drugs in Class Dosage Indications Comments
| Antiplatelet Medications |
- |
Aspirin [, B1-T62 mog/dd Al patients with AC5; unless |
intolerant or allergic |
1
| Clopidogrel P E 5 mofid P2, inhibiter in Clopidagralis recommendad - |
| combination with aspinn is as an altemative for patiants |
| indicated in all patients after  with intolerance or allergy to |
ACS forat least 1 y aspirin |
Prasugrel MNA 5-10mg/d P2Y . inhibitorin Contraindicated withaga |
mmllgination with aspinin is =7 5y or history of stroke T, |
indicated only in patients in 0o e
whom PClis performed for RAgE Soh st
atleast 1y 3 rng."n:_| shwld_be_mnmdered
for patients waighing <60 kg |
(132 1b) !
Ticagrelor R P0mgtwice dailly  P2Y, inhibitor in More rapid onset of action;

cormbination with aspinn is
indicated in all patients after
A5 Tor at least 1y

does nat require first-pass [
hepatic metaboliseg; no known
genetic polymorphisms

Decreased effectivencss
with aspinn doses 2100 mg |

' Cardioprotective Medications

=g
f-Blockers

ACE inhibitors

JAngiotensin
raceptar blockers

| Aldosterone
inhibitar

High-intensity statin
therapy

Moderate-intensity
statin therapy

Atenclol, metoprolol,
carvedilol, nebivolol

Benazepril, captopnl,
enalaprl, fosinopril,
perindopril, trandolapril,
lisinopril, ramipril, quinapril

Losartan, valsartan,
olmesartan, candasartan,
irpesartan, Telmisartan

Eplerenana

Atorvastatin

Resuvastatin

Atorvastatin
Rosuvastatin
Simwvastatin
Fravastatin
Lovastatin

Fluvastatin

Variakle

Vartable

Variable

25.50 mg/d

40-80 mig/d
20-40 moid

10-20 mg/d
5-10mg/d

20-a0 mg/d
40-80 ma/d

A0 mefd

40 g twice daily

Al patients with pricr Ml ar
LV systolic dystunction

All patients with L\ systolic
dysfunction, hypertension,
diabhetes mellitus, or kidney
disease

All patients with LV systolic
dysfuriction, hypertension,
diabetes, or kidney disease
who are intolerant of ACE
inhibitors

STEMI patients with LVEF
=40 and either clinical
heart failure or diabetas

For all patients with
evidence of coronary artery
disease and age =75y

For all patients with
evidence of corenary antery
disease and age =TSy ar
otherwise intolerant of
high-intensity statin therapy

Auoid in patients with cardio-
genic shack, hypotension, or
conduction disturbanceas

Particularly beneficial in
patients with antenor M

Should not be used in
patients already taking an
ACE inhibsitor

Caution s advised in
patients with chronic kidnay
disease or hyperkalemia

Antianginal Medications

Mitroghycerin

Mitrostat (5L

Mitronal [1V)

0 g every
5 min for a total
ofthree doses

Initial IV irdusion
rate of 5-10ug/
min

s part of multimodalitg
traatment for ongaing chest
pain

For persistent chest pain
following three 51 doses and
as part of rmultirmadality
treatment for hear failare;
hypertension

Svaid with- 58 =90-mm Hg

or =30 mm:-Hg below |
baseline, bradycardia, ]
taechycardia, B infarction, |
PLE-S inhibitor use within

the last 24-48 h, HOM, or
savera A5

{Continwed on the next page)
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Medical The

bleekers

Medication Drugs in Class Dosage Comments
Nondihydropyridine  Diltiazom, verapamil Variable Patients with NSTE-ACS Mo benefitin STEMI
calcium channel wha are intoberant of patients

[-blockers or with angina
refractory to nitrates and
prblockers

May warsen clinical status
with coincidental hear
failure or LV dyshinction
Avord with evidence of
heart failure, cardiogenic

shoek, or conduction
abnormalities

Intravenous nitroglyeerin can be used to treatl patients
with STEMI and hypertension or heart fallure; however, there
is no mole for the routine use of oral nitrates in the convalescem
phase of STEML Calcium channel blockers and rimolazing also
have no role in treating patients with STEMIL

Complications of STEMI
Arrtiythmias commonly occur in the peri-infarct setling.
Alrial Nbrillation, which alfects ap o 10'% o 20% of patients
with STEML complicates munagement and may cause hemao
dynamic instability. Ventricular tachyeandia and fibrillation
iy also cocur during Ml or alter reperfusion. Repet iive and
sustained bouls of postinfaret ventricular archythmias may
warrant consultation with an electrophysiologist, as predis
charge implantable cardioverier-defibrillator therapy has a
role in (reating Jale arrhythmias complicating STEML Routine
suppression ol ventricular ectopy with untiarrhythmic agents
ts penerally not recommended and B8 associated with
increased risk for ventricular arrhvithmiis. In particular.
accelented idiovemricolar rthythoe which commuonly arises
alter reperfusion, is generally benign and transient, regquiting
na treatment, Atrioventricular blocks, including Wenckebach
andl complete heart block, may occur alter inferior Mis
Temporary (ransvenaus pacemakers are sometines neces
sy, but permanent pacing is ravely required, Benign forms
of vagally mediated heart block muost be differentialed from
Muobhilz type 2 second - degree atrioventricular block. which is
more frequently observed with anterior infarction and
chammage o the conduction system., Mobible tvpe 2 block may
progress o complete heart block and necessitates perma
nenl pacing

Cardiogenic shock is a common complication ol STEML It
typleally resulls from a large anterlor MIT due o severely
rechuoed left ventricular systolic function and carries 4 mortal
fty rate of 507 to B0%.. Patients with cardiopenie shock, par
ticularly those younger thin 75 years, have a higher mile of
survival if they receive emergent revasonlarisation, In these
cases. an intra aortic balloon pump (TARPY or left ventricular
assist device may he implamted temporarily, althouagh Tmited
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ACS = e coronary syndrone; AR = aonic stercter; HCM = hypemmphic cordompopathy; IV = ntreveos; LY = lelt sentiaudar; IVEF = bel sontrioular ejection Fecton:
M1 = rripgcanchal infarction: NAA = not applicablo; NSTEACS = ncn. ST alpvaiion scuts comnary syndrome: PCL= peculanaaus corsaly intarantcn; FDE =
R = jigitit wentriculer, SEP = systobic blood presswes; SL = siblingual; STEMI = ST-alevation myacardind ilanction, TIA = manshem ischemic sitac, |

data support their benefits in candiogenic shock. Ongee the
paatient is stabilized, weening the patient from mechanical and
inotropic support and gentle uptitration of alerdoad- reducing
agenits, such as caplupril. can be attempted. - Blockers shoulkd
be avaided initgatly and can be introdoced once the patient s
stabilized, Divretics should be used 1o treal pulmonary viscu
lar congestion.

Approximately 10% to 20% of cases of antlerior STEMI are
complicated by lelt ventricular apical thrombus. Although not
supparted by rigorous studies, antlcoagulation with warfarin
is genetully recommended for at keast 3 months to reduce the
risk for systemic embolization.

Rates of mechanical complications afver STEMT, includ
ing lefl ventricular free wall rupture. right ventricular
infarction. ventricular septal defect (VSI), and acote mitral
repurgitation, sre low: however, clinicians must be able
recoEniye these complications, plven their highly morbsdd
maturre’. Free wall rupture produces sudden onset chest pain
or symeope with raphd progression 1o pulseless electrical
activily. It |s more commaon in older adults, women. patients
with anterior M1 those receiving anti-inflammatory agents,
and patients with astgnificant delay in recelving reperfusion
thermapy (=12 hours). Surgery should be considered, bt mor
tality miles, even among those who survive (o the operaling
rewim, are very: high,

Right vemricular infarction, rvpically indicated Ty
ST-segmenl clevation in right-sided EOG leads (V, and V_R),
can complicate rght coromary artery occhusion. It presenis
with hypotension, levited jogular venous pressure, and un
absencd of findings on lung ausculiation: Right ventricle pump
dysfonction causes inadeguate: Mlling of the left ventricle,
resulting in shock. Trewtments Include volume resuscitation
and posilive inotropes dobatamine or dopamine) o bridge (he
right ventricle o recovery, which generally takes 2 10 3 days
Nitrates are contraindicated  because they may worsen
hypotension by reducing preloxl.

Acquired VS from septal wall rupture may complicate
tnferior or anterior STEME With inferior STEMIL. the VS
tends to be localed in the inferior basal sepium, whereas
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MNon-5T-elavation acute coronary
syndrome (LA/NSTEMI)

Initiate aspirin, -blocker, nitrates, statin

!

—{ Rizk stratification
¥ ¥ - l
High risk Intermediate risk Low risk:
(TIMIE5-F ar (TIMI 3-4 or (TIMID-2 aar
GRACE 141-372) GRACE 109140} GRACE 1-108)
¥ ¥ l
Early invasive strategy Delayed invasive Ischemia-guided
{within 24 hours) strategy (25-72 hours) strategy
+ Antiplatelet therapy * Antiplatelet therapy » Antiplatelet therapy
{azpirin plus ither {aspirin plus githar {aspirin plus either
clopidogrel or dopidogrel or clopidagral or
ticagrelort?) ticagrelor=t) ticagrelor')
= Anticoagulant * Anticoagulant therapy: = Anticoagulant
therapy: UFH or LFH ar LMWH; therapy: UFH or
LMWH; alternatively, alternatively, LIMWH; alternatively,
fondaparinux fondaparinux fondaparinu
= Urgent/immediate = Consider diagnostic
diagnostic coronary coronary angiography®
angiography* +
[ Stress testing

|

¥

l

Marmal or low-risk stress Abnaormal stréss test results
texst results and no of recurrent symptoms with
recurrent chiest pain suspected cardiac etiology
Y w
Discharge with Coronary
follow-up angiogmaphy

FIGURE 9. Initial management of non-5T clevation acute coronany syndromes, IMWH = low-malecular-weight heparin:
HETEMI = non-5T-elevation myocardial infarction; UA = unstable angina; UFH = unliactionated heparin,
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treatment of this condition. Notalily, thrombolytic (herapy s
not beneficial in patients with NSTE-ACS and 13 ol recom

mended. Medical therapies for the (reatment of NSTE ACS arc
summarized in Table 140,

Antiplatelet Medications

Aspirin (162-325 mgd should be administened al prosentation 1o
all patients with definite or likely NSTE-ACS. followed by a daily
dose of 81 to 162 mg. Early clopidogzel loading has been recom
merded in patients with NSTEMI: howover, the optinmal fiming
for loading of other oral antiplaelel agenty is unclear. Prasugrel
leading before coronan: angiography is not beneficial, Clopidoged
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or Heggrelor therapy is recommended for 1 vear after NSTE-ACS
presentation, rogardless of the treatment strategy. Prasugrel s
indicated only in patients treaded with PCL Bvidence supports
contimaing DaAFT beyomc 1 wear in patlents at high risk for reenr

rent vaseular events (such as those with depressed left ventrbowla
Tometion, saphenous vein-prail stenting, or diabetes) inowhom the
henelit exceeds the blecding risk.

The wse of intravenous glveoprotein TIhillla inhibitors
(eptifibatide, tirofiban) has decteased ovér the past decade.
Although these drogs had been shown to Improve ouloones
in patients with NSTE-ACS (particularly higher risk and
Lrorpronin- pasitive patients), subseqoent study demonstrated




| 0o benefit of upstream ghycoprotein 1/ blockade and an
- nereased risk for bleeding. These agents are generally reserved
*for wse during PO however, given the advent of guicker

acting and more potent oral antiplatelet apents, administration
Cof glycapratein b/ 1 inhibitors in the setting of PO has also
signifleantly declined.

Anticoagulant Medications

- Patients with definite NSTE-ACS should underpo anticoaguta
tion. Intravenous unfractionated heparin and subcutaneous
enoxuparin are most commonly used. Intrvenous heparin is
erred in patlents with Ridney dyvsfunction because enoxa
and similar agents are partially cleared by the kidnevs.
padlents procecding to the cathelertzat lon laboratory, anti
gulant therapy should be provided untll revascularization
th PEI or CABG In medically trested patients, aaticoagula
is recommended for ar least 48 hours and is penecally
inued until discharge.

Antianginal Medications
llockers should be administered within 24 hours of NSTE

jong term mortality. B-Blockers ane not appropriate fior
patients with evidence of heart failure or shock at presenta
ton, Likewise, (hese agents should not Be given 1o patients
with biradyeardia, heart biock, or o PR Interval greater than
240 ms on KOG,

_ Caleium channed blockers are recommended for patients
with NSTE ACS intolerant of - blocker therapy or in patients
with angina sympioms despile therapy with nitettes and
P blockers. The nondilydropyridine calcium channel blockers
reduce heart rate. blood pressore, and candiae contoactitity,
therely reducing myocardial oxvpen demand. Hlowever,
because of these hemmt}_mamb‘.' efteets, use of these agenis is
also contrnindicated in the setting of shock, pulmonary
edema, or significant conduction disease. Importantly, short
acting dilwdropyridine calclum channel blockers are con
icated, owing o their ability 10 acutely lower the blood
sire and miise the heart rale,

Nitrates are primarily used 10 manage angina symploms
patients with NSTE ACS. Sublingual nitrates should be
inistered at presentation 1o relieve chest pain. For patients
1 persistent chest pain desplte [ blockade, Infravenoos
mltroglveering can-alleviate symptoms, particularly in those
with hypertension. Patients receiving nitrogheerin infusions
Jor a profonged time will often require Increased doses doe
the development of nitrate tolemance. Nitrates should be
'Idrd in patients who have had recent exposure (within
24.48 hours) to phosphodiesterase type S inhibitors such as
sildenafil,

Pathents with chest pain relraciony (o antianginal medica
tions should be cvalusted for noncardiae causes of chest pain
and biomarker elevation. as well as for the possibility of severe
underlying CA or electrocardivgraphically silent commary
thrombosis.

l.'.':nrnnlr’r Artery Disease

Lipid-Lowering Medications

Statin therapy reduces mortality and adverse elinical event
rates after ACS, High-intensity statin therapy b reconmmended
because it improves outcomes compared with lower intensity
Ireatment. Initiading statins in (he Inpatient setting is assoc
ated with greater medication adherence. Furthermore, statin
prefoading before PO has been associated with lower rates of
periprocedural ML

Invasive Versus Ischemia Guided Treatment

Immediate inmuisive freammemt (within 2 hours) s recom
mended for patients with NSTE ACS who have hemodynamic
instability, refractory chest pain, heart failure, or ventricular
arrhythmins. [ patients with an elevated clinical risk score,
shanificant ST segment deviation, or elevated cardiac hiomark
ers, candise catheterbation s wsually. performed within
24 howrs of presentation. The type of revascularization proce
dure (PC] or CABG) depends on the resulls of angiography:

Animasive strategy improves the composite clinical emd
point of death, recurrent MIL. and repeat hospitalization com
pared with an ischemia goided approach in high-risk and
troponin positive patients with NSTE-ACS. An invasiie stral
egy I8 the Rnored approach, with the exception of patients
wilh extensive noncardiae comorhild conditions (such as can
cerh, in wham the Qlinjcal beocelits of revascilarization may be
lonwer, and patients with acute chest paln unlikely 1o be refited
o CAD,

With an ischemia-goided (reatment strategy. patients
undemno nonimasive stress testing belore hospital discharge;
cantiac catheteriation B reservesd for patients with active or
intermitient ischemia, meluding these with angina despiie
medical thempy or evidence of ischemio on stress testing, and
patients at very high clinical risk based on risk score. The
Ischemifas puided approach is appropeinee Tor low- risk patients
CIIMI score <2 or GRACE score <109), [0

* In patients with a2 non ST elevation acute coronary syn
drome, initial risk siratificarion with the TIMI or GRACE
risk scores aids in diagnostic and therapeutic decision
making.

= Thrombuolytic therapy is not indicated in patients with
non-ST-elevation acute coronary syndromes,

¢ The decision to pursue an invasive approach versus an

Ischemia-guided approach in patlents with a non-

ST elevation acute coronary syndrome depends on the
patient's risk for clinical evenis,

Pual antiplatelet therapy is indicared for ar least 1 year
after a non - 5T elevation acule coronary syndrome
INSTE ACS):; clopidogrel and ticagrelor may be used in
all patients with NSTE-ACS, whereas prasugrel may be
used only in patients treated with percutaneous com
nary intervention.
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Coronary Artery Disease

Acute Coronary Syndromes Not Associated
with Obstructive Coronary Disease
Elevations In cardiac eneymes, particularly cardioc roponins,
coupled with ECG changes prowide excellent dingnostic dis
crimination for ACS, However, comditions not causad by acuie
coromaty plagoe rupture can present with similar findings,
and treatment of these concitions with antithrombotic agents
and revascularization is not beneficial or recommended.
atiends with acoelemted hwpernension, sionificant left
venrricular yvpertrophy. and cardionyopathies may present
with chest pain and elevated cardiae troponin levels caused by
elevated left ventricular flling pressures or wall tension rather
than plague ropture, The BOG findings are ofien abnormal in
these patients. Patients with supriventricular lachycandias,
whith may also dramatically increase the nue- prossure prod
uel, often present with chest pain, ST -sepment depressions,
and elevated cardine enayme levels, even il no CAD is poesent.

Coronary vasospasm is sudden constriction of i commary
artery. [l may occur spontaneously or follow use of filicit sub
stances (methamphttamines, cocalne) or prescription drags
(5 -Muorouracil, bromocripiine). FOG abnormalitics ooy be
nonspecific or mimie STEMI patterns. Comnary viasospasm is
a dingmnosis of exclusion. Unless the patient has a history of
vasospasm, patients often undergo cotonary angiography,
which may reveal nommal findings or slowed coronary Tow
resulting from microvascular dysfunction. Provocative testing
can be performed but is not esually indicated. Patients sus
pectid of having vasospasm (or the related micnmascular
dysfunctiond are usually treated emplirically with nitrates ands
or calvium channel blockers.

Takotsubo cardiomyopathy, alternatively termed siress
cartionmyvopathy or apical ballooning syndrome, Is a relatively
uncomeion form of ACS (see Heart Failure). Patlents present
with acute chest pain, FOG changes (often ST segment eleva
tions). and elevaiod cardiae ensyme levels. Takotsubo candio
myvopathy most commonly occurs in women, and there is
aften, but pot abaays, s antecedent psychological or physical
stressor. Patients may initially be diagnosed with STEMI bt
found 10 heree nio significant coronary stemosis al the time of
candiae catheterization. Systolic apical balloeoning and nolably
sparing of the base of the heart on echocandiography or ven
triculography are chameteristic of this syndrome,

Candiae syndmome X is a poorly defined condition charac
terized by anginal chest pain in the presence of angiographi
cally normal coronary arleries or insignificamt CAD (<500
stenosis), Cardiae syndrome X isa frequent cause of chest pain
symlmmes in women, and patients often present without tra
ditional risk factors for CAD. Several hypothess have been
propswed o expliain the pathogenesis of this syndrome. One of
the most aceepted conters on microvascualar dystunction as the
s, Patients muy by treated with i blockers, caleium chan
el blockers, and nitrates.

Patienis with chronie inflammatory muscle discases or
neuremusceatar diseases may hove elevated levels of cardine
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treponin T doe to expression of this eneyme in skeletal muscle.
The cardiae troponin | level &5 normal in these cases, which can
be helpiul in differentiating ACS from these other entitics. B

Care After an Acute Coronary Syndrome

All patienis with ACS should continue aspirin, preferably
BLmg/d, Indelfinitely, DAPT is recommended for al least 1 vear
isee Table 10). There is some evidence for extending DAPT
heyond | vear in stented and medically treated patients: how
ever, the decision 1o prolong therapy should be individualized,
with the risk for bleeding weighed aguinst the risk for throm
bosis, Statin therapy should continue indefinitely. -Blockade
and ACE inhibitor therapy should also be continued indefi
nitely in parients with lefl ventricular dysfunction: continua
tion of these medications is reasonable in patients with nor
mal left ventricular function. Guidelines recommend avoiding
NSAIDs if possible, owlng 1o the increased cardioviscular risk
associated with these drues. Patients should be referred for
cardiac rehabilitation, a medically observed exercise program,
to improve functional capacity and risk factor profiles.

Management of Coronary Artery
Disease in Special Populations

Women

Clinical Presentation

Women usually develop schemic heant discase at an alder age
tham mweny andd mone commonly present with stable CALD than an
ACS, In women with tvplcal anging sympioms. nondobstructive
CURTHEITY SICTROSCS e frescnl ofn oomnary angiogmplny in mone
tham S0°% of cases. and mibcrossscular dysfunction dendothetium
dependent or endothelivm: independent) is thought (o be a pre
dominant ciuse of symploms in these patients, In women with
acute ML the predominant somptom & chest pain or pressun
hewwiewer, women can often have atypical synguoms, such as
Esthoue, chpiness, mavsen, or abdominal symptems.

Several unigue manifestations of cardiovascular disease,
including spontancous cotonary artery dissection, lakotsubo
cardiomyopathy, and comnary vasospasm, occur primarily in
women,. Spontanecus cornary arlery dissection is 4 common
cause of chest pain among younger women who present with
ACS. In many cases, spontaneous cotonary arlery dissection
ocours in the peripartum period and s thoughl to be cansed
by hormonal changes, although the true cause is unknown.
Given the preponderance of young women with this condi
tion, minimizing mdiation exposure and avoiding Invasive
angiography are recommended. This can typically be achieved
with the use of supportive care with or without CT angiogra
phy. In severe cases, vessel ooclusion causes STEMI and neces-
sitates emerpent revascularization,

Fvaluation and Treatment
Noninvasive stress testing for the evaluation of CAD symptoms
has a lower sensitivity and specificity in women than in men,




and 5T segment deviation has a lower reported accuracy in
women. Therelore, stress lesting with imaging provides better
accuracy in women (see Diagnostie Testing in Cardiology).
Despite these differences, the same guideline recommenda
tions apply to both women and men.

Feports [rom observational stodics and substudics of

randomized controlled trials snggest that women have worse
oulcomes after STEMI presentation. The cause of these

worse outcomes 15 thought to be delays in recognition of

CALD and loriger overall ischemic time. Complication rates
are also reported o be higher in women who undergo rep

erfusion therapy [or STEMI The COURAGE trial demon

atrated that among patients with stable angina treated with
revascularization, women had lower rates of overall mortal

ity and nonfatal MI buat a higher rate of complications com

pared with men. Overall, freatment ghidelines do nof differ
for men and women.

Diabetes Mellitus

Risk and Evaluation

[iabetes has been proposed as a CAD equivalent becanse age

adjusted risk for CAD events is two  to threefold higher in
patients with diabetes, Cardiovascalar morbidity and maorlal-
ity are alsosignificantly higher in this population, especially in
patients with type 2 diabetes. Much of the risk has been attrib

nted to the higher incidence of known cardiovascular risk
factors: however, evidence suggests that underlving vascular
dysfunction may play an important role.

Patients with diabetes may present with atypical cardiac
symptoms. such as dyspnea or nauseq. requiring a high index
of suspicion for CAT} during their evaluation. The diagnostic
accuracy of nominvasive stress tesling in symptomatic patients
with diabetes is similar to that in patients without digbetes,
Although traditional risk factors for CAD should be aggres
sively managed in patients with diabeles, sereening for CAD in
asymplommilic persons 15 controversial, and routine stress test-
ing is not recommeoended,

Medical Therapy and Secondary Prevention

Medical therapy for patients with diabetes and CAD includes
ageressive risk factor reduction. glucose control, and
antianginal therapy. The American College of Cardiology/
American Heart Associalion recommend antibypertensive
treatment with a target blood pressure below 1307800 mm
Hg in patients with diabetes. In contrast, the American
Habetes Associaltion recommends a svstolic hlood pressore
goal of less than 1490 mm Hg and 2 diastolic blood pressure
goal of less than 20 mm He for most patients. Lower systolic
and diastolic blood pressure tareels may be appropriate [or
indivicuals at high risk for cardiovascealar disease, i they
¢an be achieved without nndue treatmenl burden. ACE
inhibilors and ARBs are preferred in the seiting of hyper

tension because of their kidnev-pratective effects. High

intensity statin therapy is indicated in most patients with
diabetes and CAL.

Heart Failure

Agpirin is recommended for secondary prevention in all
patients with diabetes and CAD. Primary prevention is recom
mended for paticnts with diabetes with a 10-vear cardiovaseu-
lar risk greater than 10, or one additional risk factor,

Tight glvcemic control reduces microvascular complica
tions; however, il does not reduce the risk for ML Ina recent
study, liraglatide, o glueagon like peptide-1 analogue, was
assoctaled with reduced risk for cardiovascular death in
paticnts with ype 2 diabetes and high cardiovascular risk.
Initial studies suggested thiazolidinediones, specifically rosigl
itazone. were associated with anelevated risk for cardiovascu
lar cvents, although a subsequent clinical frial demonstrated
no elevated risk for M1 or death: Consequently, the FDw has
removed the restriction on rosiglitazone use in patients with
lvpe 2 diabetes and CATE Metformin does nol have any carndio-
vascular effects, but caution should he exercised in patients
umdergoing coronary angiography, patients whao have had an
M, and patients with heart filure because of concern [or
potentially Bsal lactic acidosis.

Invasive Treatment

The choice of revascularization strategy (PCL or CABG) in
patients with diabetes is based on many factors, including the
sevierily and extent of CATY, comorhid conditions, and degrec
of athermsclerotic narrowing of small, distal vessels. Mortality
rates are similar hetween the two procedures; however, CABG
is pencrally prefermed because 10 is associated with lower rates
of repeat revascularization. In patients who undergo PCL
diug-eluting stent plagement is recommended Lo reduce Lhe
ooeurrence of target vessel revascalarization becanse of higher
rates of restenosis in patienis with diabetes,

KEY POINTS

» Stress testing is not routinely recommended in asymp
tormalic patients with diabetes mellitus 1o detect sufb-
clinmical coronary artery disease.

« Coronary artery bypass grafting is the preferred mode
of revascularization in palients with diabetes mellitus.

Heart Failure
Pathophysiology of Heart Failure

Heart failure is a clinical syndrome characterized by signs
and symploms of Ouid everload and decreased cardiac oal
put. Hearl failure can resull from gsystolic or diastolic dys
function. In cases of systolic dysfunction, multiple causes
result in reduced stroke volume and ejection fraction, lermed
heart [ailure with reduced ejection fraction {HFrEF).
Common causes of THFrEF include coronary artery disease
(CADY, myvocarditis, valvolar heart discase, infilirative pro-
cesses, and hypertension, Digstolic dysfunction is usually
characterized by a stiffened left ventricle with abnormal
relaxation during dizstole, resulling in an increase in lel
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Heart Failure

ventricular preload. Ejection {raction classically remains
normal in this setting, known as heart failure with preserved
egjection fraction (HFpEF), Commuon causes of HEpEF include
hypertension, aging. obesity, diabetes mellitus, and CAD.
Ofien, patients with heart failure have concomitant systofic
and diastalic dysfunction. The outcome of both processes is
increased lefl ventricular filling pressures, which are trans
mitted to the lungs and subsequently o the right ventricle
and the body The increase in pressures causes the classic
signs and symptoms of heart failure, incloding dyspnea, par
oxvsmal nocturnal dyspnea. orthopnea. peripheral edema,
crackles on pulmonary auscultation, elevated jugular venous
pressure, andan 5.

In patients with heart failure, compensalory mechanisms
activate o adapt 1o the reduction in cardiac output and ele
vated pressures. The heart dilates in response (o an increase in
preload to improve myocardial contraction (Frank- Starling
mechanism). To combat the increase in wall stress that occurs
with dilatation and high filling pressures. the myocyles lyper
trophy, initially reducing wall stress but eventually leading o
reduced left ventricular eompliance, These changes improve
or maintain stroke volume at ficst: however, in the long term.
they contribute o worsening cardiac function.

Another compensatory mechanism is the upregulation
of the renin-angiolensin aldosterone system 1o produce
angiotensin Il amd aldosterone. Angiotensin 1l causes vaso
constriction, which improves blood pressure and stimulates
thirst. Aldosterone increases fluid retention by increasing
sodium resorption. The adrenergic nervous system is stimu
lated, resulting In release of epinephrine, nurepinephrine,
and vasopressin. The hormones canse an inerease in heart
rale, contractility, and vascular resistance, and vasopressin
causes additional waler retention. These mechanisms
improve hlood pressure and forward Oow inltially: however,
over time, they become deleterious. The increase in blood
pressure causes an increase in afterfoad, leading to reduced
stroke volume and increased ventricular preload, The
increase in volume results in an increase in preload and left
ventricular distention, followed by a rise in pulmonary pres
sures and enlarged heart siee owing to both myvocyle hy per
trophy and clongation. Flevated levels of neurohormones
also cause mvocyle injury and adversely promote remode-
ling, The result is o cycle of slowly worsening lefl ventricular
function with decreasing forward NMow and incrcasing pul
monary and right-sided pressures.

= Common causes of heart failure with reduced ejection
fraction include coronary artery disease; myocardiris,
valvular heart disease, Infilirative processes, and hyper-
lension.

= Heart failure with preserved ejection fraction is com-

monly caused by hyperiension, aging, obesity, diabetes
medlitus. or coronary artery discase.

Screening and Prevention

Patients al risk for heart failure {such as those with hyper

lension, diabetes, or vascular disease), but without heart
fathare symptoms or left ventricular dysfunction, should be
screened with B type natriuretic peptide (BNP) or N terminal
pro Boaype natrivretic peplide (NT proBNP) measurement,
followed by early intervention with appropriate therapy in
those with elevated Tevels. BNP assays are typically used to
establish or exclude heart failure as the cause of dyspnea.
Small studies have shown that aggressive guideline- based
medical therapy in patienis with elevated BNP or NT-proBNP
levels can help prevent future left ventricular dysfunction or
new-onsel heart Gilure. Additional research is needed to iden

lify the effects of screening on mortality as well as the cost

elfectiveness ol such interventions,

Evidence has shown that heart failure incldence can also
be reduced by significantly lowering blood pressure in al-risk
patients, The American College of Cardiology (ACC) American
Heart Association (AHA), and Heart Failure Society of America
recommend Largeling an optimal blood pressure of less than
L30/80 mm Hg for heart fallure prevention.

Diagnosis and Evaluation

of Heart Failure

Clinical Evaluation

Clinical evaluation of patients suspected of having heart failure
should include a comprehensive history and physical exami-
nation, fcusing on assessment of Muid and perfusion siatus.
Most patients with heart fallure present with volume overload
and normal cardiac output. The second most common presen-
tation is low cardiae outpat with volume overload: rarely,
patients have signs and symptoms of low cardiac outpul with

out volume overload. Volume overload is associated with
crackles, jugular venons distention, peripheral edema.
imcrensed abdominal girth (ascites), dyspnea, orthopnea, and
paroxysmal nocturmal dyspnea. Patients witlh hearr failure
rypically develop exertional dyspnea first, followed by ortho-
prnea and paroxysmal nocturnal dyspnea. Elevated jugular
venous pressures and orthopnea are most predictive of an
clovated pulmonary capillary wedge pressure, which suggests
left-sided heart failure. Signs of low cardiac output include
low pulse pressure, cool extremities, and reduced cognition,
Although worsening kidney or Tiver function may be a sign of
howe cardiae outpul, end - organ dysfunction can also be caused
lwy vascular congestion.

Diagnosis

Initiad dingnuostic testing should include electrocardiography
o evaluate for sclemia and arrhvihmin. chest radiography
i exchrle pulmomary couses of dysprea, and @ BNP or
NT-proBNP assay (o establish the presence and severlty of
hean Gillore. In patients with dvspnea, BNP can effectively
differentiate candioe from pulimonary cagses, BNP Jevels are




elevated in patients with increased right or el ventricular fiil
ing pressures and systolic or diastolic heart fallure {typically
=400 p il 400 ng/LLY, whereas BNF levels are low (o nor
mal in paticnts with pulmonary disease (typically <100 pgiml,
[100 ne /LI Studies have shown thal an clevated BN level has
a sensitivity for heart failure of 95% 1o 97 and a negative pre
dictive valae ol 0% to 978, Between 100 pgiml. and 400
mb (00-400 ngdl), BNP concentrations are neilther sensitive
norspecific for excluding or confirming the diagnosis of hean
Failure. Other factors that inerease BNP levels include kidney
fatlure, older age, and female sex. BNP levels are redueed in
patients with an elevated BMIL

Laboratory assessmenl should also include a complete
blood coumt, serum electrolyies and kidney [unction tesls,
glucose and lipid levels, liver chemistry tests, and serum thy
roid-stimulating  hormone level, Thyroid-stimulating - hor
moene measurement is indicated to evaluate foroccall hypo- or
hyperthyroidism as a reversible cause of heart failare. In
hyperthyroidism in particular, the predominant manifestation
of thyroid dystunction may be cardiae symptoms, which will
abate when the hvperthyroidism Is treated.

Echocardiopraphy is the primary diagnostic test in the
evaluation of heart Gailure, An echocardiogram provides
Information on heart size, systolic and diastolic function,
regional wall motion abnormalitivs, and valvualar disease.
Findings on echocardiography can provide intormation on
underlying causes of heart failure as well. Regional wall
motion abnormalities suggest CALD, and changes in the
myocardim can sugpest conditions such as cardize amy
leid. Echocardiopraphy mav also provide prognostico infor
mation, particularly in the setting of severely depressed
#lection fraction.

Evaluation for Ischemia

CAD s the feading cause of hearl Tailure in the Uniled Sties
=505 of patientsh and should be considered inall patients
ﬂ‘fth newly diagnosed heart failure, The decision to evaluate
for CAD depends on the patient's symptoms and risk factors
-{ﬁmih history. male sex, diabetes, hypertension. tobaceo usel,
Additionally, lindings on electrocardiography and echoear

dioeraphy may suggest an ischemic cause for left vendricular
gfunction. Patients with exertional chest pain, history off
wocardial Infarction, or other symptoms suggesting CAL
ould undergo further evaluation with stress testing or
fardiac catheterization as clinically: appropriate (sec
genostic Tesling in Cardiology). Identilication of signifi

mt CAD is important, d@s left ventricalar dvsfunction
ed by ischemia may improve or resolve with percutane-
s or surgical revascularization. B3

E. assification

¢ severity of heart failure is categorived according 1o the
New York Heart Association (NYHA) functional elassificalion
[Table 12) and the ACC/AHA heart failure slages {Table 13).
Patients can maove hack and forth between NYHA classes

Heart Failure

12. New York Heart As

Classification
Class Description
I Me limitations of physical activiby
I Slight limitation of physical activity
I Marked Smitation of physical actvity
[T, Symptoms with less than.ordinary activity
e Syrptorms with minimal exertion
| v Unable to carry on any physical activity without
| SyMptoms

TABLE 13.

American College of Cardiclogy/American

Heart Association Stages of Heart Failure

| Stage Description |
| {
| Stage A Atrisk for heart failure but without structural haart
changes (a.g., patients with diabetes mellitus, {
1 coronary arlery disease, hypertension, or vascular
disease) ' :
Stage B Structural heart disease (e.g., reduced sjsction
fraction, left ventricular hyperrophy, chamber
enfargement] but withouot heart failune symptoms
Stage C Structural heart disease with current or prioe haart
failure symptams
| Stage D Refractory heart failure reguining advaneed

intervention (e:g., biventricular pacemaker, laft
wventricular assist device, transplantation)

Inlerrmestso friam Hunt 54, Abraham WT, Chin MH, Feldman AW, Fraacs G5,
Gandils T3, eLal. B9 Tocused updale incorpesrated into the ACCAAHA 2005
guidelines for the diagnosis amd management ol e fileee 0 adults 2 repart of
thu Avrnar an Colloge of Cardicdagy Foundationfmeriven Hen Assodalion Task
Farce an Praction Gisdelicss: deseloped in collaboration satdy the Intarmational
Socicty for Heart and Lung Transplantation. Sircalaton. 2009119381479
[P T9A24%6]] doi 101 T AIRCULAT IONAHA 107 192065

depending on fluid status and progression of heart failure:
however, they may only progress in the ACC/AHA stages. Both
the patient’s functional class and stage affect the choice of
therapy.
KEY POINTS
* B-lvpe nalrinretic peptide measurément is a sensitive
and specific test for the diagnosis of heait failure in
patients wilh dyspriea.
+ [n palients suspected of having hearl failure, echocandi
ography should be performed to assess efection [raction
and identity possible canses of heart faflure.

Medical Therapy for

Systolic Heart Failure

The treatment of patients with HErEF (systolic heart failure)
ineludes treatment of acute exacerbations followed by long-

term therapy to decrease morbidity and mortality and Improve
symptoms in patients with chronie hear! failare.

|



Heart Failure

ACE Inhibitors and Angiotensin

Receptor Blockers

ACE inhihitors reduge morbidiny and mortabity In patients with
HFrEF and are the comerstone of long term thempy for both
symptosatic and asvmptomatic patients. ACE inhibitors block
the comversion of angiolensin | toangiotenstn 1, inhibiting the
upregubalion of the aldosterone pathway. The ATIAS prial
examined the effects of low dose versis high-dose ACE inhibi
tor therapy (lisinoprill fnopatients with svstolic heart illure
and tound no difference In overall monality: however, high
dise lisinopril wos associated with a significant reduetion in
Lhe composite endpoint of morality and hospitalizations from
hesart Gailure and forany cause. On the basis of these resalis, the
genemal consensus s 0 optitrate ACE inhibitors to muximal
diwes or until the ongel of sympromatic hypotension.

The primary adverse ¢flects associnted with the use of

ACE inhibitors are kidney dvsfunction, ACE inhibitor
induced cough, and angioedema Although ACE inhibitors
should be considered inevery patient with HErEE elevations in
creatining levels may prevent wse of maximal doses. Many phy
sicians do not recommend Increasing the dosape once the cre
atinine level rises to 2.5 mgfdl (23 pmaoli/L) or the estimaled
glomerular filtrstion rate Bils below 30 mL. min/L.73 m®, The
estimted glomerular ltration rate should be monitored for
decline during upthimation of ACE Inhibitor or angiolensin
receplor bincker (ARB) therapy and shoukd be rechecked
bedore discontinuation of these drngs, as other conditions or
drugs may confound the assessment of kdney funetion,
Hyperkalemia meay also resull from ACE inhibitor or ARB
therapy in patients with pre existing chronie Kidney discase
and may require dosage reduetion or discontinuation.
Development of ACE inhibitor - indwced congh is the primary
reason (o switch o patient from an ACE inhibitor to an ARR.
Although lewer data supporl the use of ARBs in asvmpio
matic patienis with a reduced ejection fraction, there is gen
eral consensus thal all patients who cannot tolerate ACE
inhibitor therapy showld recebve an ARE: Palients who develop
angioedema while taking an ACE inhibitor are often switched
1t an ARE; however, there are rane reports of ARB- induecd
angioedemin. and patients showld be informed of this risk,

Angiotensin Receptor-Neprilysin Inhibitor

The angiotensin receplor-neprilysin inhibitor (ARNI) svalsarian
sacubitril belongs 1o o relathvely new droe dass thal combines
an ARB with a neprilysin inhibitor. Neprilysin 15 a neotral
endopeptidase thot degrades several vasoactive peptides,
Inchuding natriuretic peptides and bradykinin. Inhibition of
neprilysin increases levels of these substances, leading (o
enhanced diuresis, natriuresls, and myocardial relaxation. In
the PARADIGM-HEF rrial. patients with symptomatic hear
fifhure {eleviated BNP or NT-proBNP level or o hearet failure
hospitalization within 12 months) and an ejection fraction
betow 40°% were mndomly assigned 10 receive valsartan
sncubilrl]l or the ACE inhibilor enalapril. The patients who
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receivid vadsarian spcubiird] had a reduction in morbidity and
martality. Fowaver, 127 of patients wilhdeew fmom the trial
during the run-in phase, primarily because of hypotension,
Kidney dvsfunction. cough, and hyperkalemin. During he
trial, 16.7% of paticnis had symptomatic hypotension, and in
8% of patients, creatinine level increased 1o higher than
2.5 mghdl, (221 pmol/L).

Ctidlelines currently recommend replacing an ACE inhih
ltor or ARE with valsartan sacabitril in patients with chronic
symptomiatic HFrEF wha tolerate ACE inhibitor or ARB ther
apy well. Caution should be used when initiating rhis drug in
paticnts wilh hypotension or Kidney impairment, and kidney
funclion should be followed closely, Valsarian-sacubiiril
should nod be administered concurrently with an ACE inhils
tor or within 36 hours of the last dose of an ACE inhibitor
e o the risk for angioedenna.

p-Blockers

B Blockers should be initinted in all patients with HEFrEE
B Blockers Improve remodeling. increase cjection fraction,
and reduce hospitalbzrion and mortality when added to ACE
Ihibitar atd diveetie therapy, Incontrast o ACE inhibliors,
the benefils of i blocker therapy do not appear 1o be a class
effect, and one of the three agents shiwn to have a mortality
benefit (hisoprolol, carvedilol, and metoprolol succinate)
should be used.

B Blockers ane generally well tolerted, but they should be
initiated only when the patient is euvolemic or nearly ey
olemic. These agents have negative inolropic properties and
may exacerbate heart Gilure in patients with volumice overload.
Comsegquenth [§ blockers showld be inltiated at low doses and
slowly oplitrated over weeks (not days) antil the patient
achieves o heari rate of armd 60/min or has sympromatic
hypotension (Table 140, [n generl, hosplialized patients should
be siaried on B blocker therapy before discharge. [n patlents
with reactive airways disease or COPL, B-blocker thempy
should nol be initiated 1 the patient has bronchospasm or
evidence of an exacerhaiion of pulmonary disease.

Initiating and Managing ACE Inhibitor

and p-Blocker Therapy

ACE inhibitors and [-blockers are indicated In all patlents
with HFrEF, Either drug may be inithated first, Studies have
shown that patients receive additive benefit from the seoond

- Agemt Target Dosage |
Carvedilo 25 mg twice daly (50 motwice dailyif |
J weight =85 kg [187 Ib]) ' r
l Metoprolal 200 mg daily ,
SUCCIngte j
| Bopeo) | IOTONRCISRINNL L |




Py apent regardless of which agent is started carlier. I is reason
o able toselect the firstagent based on patient faclors. For cxam
ple, a (i blocker should be initiated first in patients with CAD
or atrial fibrillation who require heart rate control. Conversely,
an ACE inhibitor should be started first in patients with diahe
tes fin the additional renal benefits. Regardless of the agent
first initiated, the second dmg should be started: before the
dosage of the first agent is maximized. especially if Lhe paticnt
has low blood pressure oris an risk for hypotension.

Recent puidelines recommend treating to a systolic blood
pressure of less than 130080 mm Heg in patients with HEFTEER
Although randonvized controlled trials have nol specifically
evaluated a goal hlood pressure in patients with HErEEF studies
have shown that patients with lower blood pressure have
fewer adverse cardiovascular events,

Diuretics

Loop ditretics are the mainstay of treatment for volume over

load in patients with heart tailure because of the increased
O ency of these agents compared with other divreties. OF the
deur loop dinretics, furosemide is most commonly used: how

er, some studies have shown torsemide to he more effective,
feh mvy Do attributalle o ity incereased bicavailabil iy amd
denger half life. Crecasiomnally, loop and thinzide diuretics are
combined to potentiate diuresis. The lowest dossge That
achieves cuvolemia should be used. The primary side effects
tude hipokalemia and hypomagnesemia; therelore, clec

e'tevels should be monitored.

oxin

oxin is used in patients with HErEF dnd conceomilanl atrial
llation for rate control and in paticnts who continue to
sympioms of heart Gilure despite optimal therapy with
inhibitor and B-blocker therapies. Digoxin reduces the
tor hospitalization in patients with heart failure, and its
i sitinuation is asstcided with worsening heart failure
mptoms. Unlike neurohumoral anbigonists (including ACHE
ibiturs, f-blockers, and aldosterone antagonists), dizoxin
oes not improve survival. The vse of digoxin in patients with
heart failure has decreased over the past 20 years, primarily
hecause of its lack of mrtality bhenefit and the danperius side
effects associated with digoxin toxdcine Digoxin should be
managed caretally in paticnts with impaired kidney function,
older adults, and women, I should be dosed o achiewe a
serum level of less than L0 ng/ml (1,28 nmol/0L).

Aldosterone Antagonists

Aldosterone antagonists {spirenolactane, eplerenone) reduce
maortality and heart failore hospitalizations in patients with
symptomatic heart filure (INYHA functional elass 3TV symp
tomsh and patients with heart failure after an acute myocardial
Infarction. Despite their proven efficacy, they are tmdernsed,
probably because of concerns of hyperkalemin and associated
death raised by observational studics of spironolacione, Both
drugs require that patients e monitored for h}peﬁcsfﬁmi:—:,

Heart Failure

amd. these agents should be used carefully in palients with
Kidoey dysfunction. n clinical trials, potassium supplementa:
ton was roulinely discontinued at the beginning of therapy,
and electrolyte measurencent was repeated within | week of
inifintion.

Although spiromelactone and eplerenone are both. effee
tive, their differences may guide drug selection: Spironolactong
is-a nonspecific antagonist that has antiandrogen and antipro:
gesterone side elfects, 1 isexlensively mistabolized in the liver.
ancd the hali-lite can increase in the setting of hepatic conges
tion. Eplerenone is a selective antagonist that is metabolized by
cytochrome P-450 isocmayme 3A4 (CYP3A4) and [s subject to
substantial drug interactions with both inhibitors and induc
ers of this oenzyme, .

Current guidelines recommend these agents as first-line
therapy, along with ACE inhibilors and f blockers, in patients
with symptomatic heart fatlure. Generally, the doses of both
(he ACE inhibitor amd B-Blocker shonld be uptitraged to nwaxi
mal levels before spironclactone or eplerenone is added.
Aldosternne antagonists should not be considered diurctic
therapy: and pationts with volume overload will also need o
be treated with a loop or thineide diuretic.

isosorbide Dinitrate-Hydralazine

Isosorbide dinitrate-hydralazine is superior 10 placebo In
reducing hospitalization but inferior o ACE inhibitors for sur
vival benefit in patfents with symptomatic HFEE Therefore,
this combination should be considered in patients intolerant
of ACI inhibitors and ARBs, especially those with chronic
kidney disease. In black patients with NYHA [unctional class
Ut IV symptoms. isosorbide dinitrate -hydealazine should be
wsed i combination with optimal therapy, inclsding ACE
inhibitors: i blockers, and aldosterone anfaponists, o réduce
mortality,. Headache isa ocommnon adverse eftect. Becatise
roany patients will not adhere (o the dosage regimen of three
doses dailv. clinicians should strongly encourage patients 1o
comply. Nonadherence issues may prompt clindcians to con-
sider switching the patient to once-daily nitrate therapy, but
once-daily therapy has nol been studied in clinical trials to
priwe similar efficacy:

Calcium Channel Blockers

The nondihvdropsridine caleium. channel blockers verapamil
amd dillireem both have detrimental effects in patients with
systolic heart failure, probably refated to negative inotropic
effects, and these agents should not be used, Amlodipine and
felodipine have shown neither benefit nor harm in patients
with heart Eiluee. Therefore, these Dwo diugs ame gafe bt
should be nsed only in patients with hypertension Qespite
therapy with other apents at maximal dosage,

ivabradine

Ivabradine is a sinoatrial node modulator that seleclively
inhibilts the Teurent in the sincatrial node, causing a reduc-
tion in heart rate. It has o negative inotropic effects: In
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patients with chronde symptomatie hearl Bilure and lefl ven
tricular ejection Fraction tess than or coual W 35% who are in
©sitms vhythm and taking maximally folerated doses of a
B-blocker, ivabradine reduces heart failure associated hospi
talizations and the combined endpoint of mortality-and heart
failure hospitalization: lvabradine has been approved for use in
the United States and should be considered for patients who
have an elevated heart rage (200 min in stous thythim despite
maximally tolerated doses of [ blocker therapy, [
KEY POINTS
« Guidelines currently recommend replocing an ACE
inhibitor or angiotensin receplor blocker (ARE) with
valsartan-sacubilril in patients with chronic sympto
martic heart failure with reduced ejection fraction who
tolerate ACE inhibitor or ARB therapy well.
= [ Blockers are generally well toleraled in patients with
heart ailure, but these agents should be initiated cnly
when the patient is ewvolemic or nearly euvelemic,
= Ivabradine should be considered for patients with
symptomatic heart failure and an ejection fraction less
than or equal 1o 35% who hive an elevaled heart rate
(=70/miny in sinus thythm despite maximally tolerated
doses of B blocker therapy:
+ Aldosterone antagonists redoce mortality and heart
failure hospitalizations in patients with symptomatic
heart failure.

[F] Management of Heart Failure

with Preserved Ejection Fraction

Thee protoly pical presentation ol HEpEE is an elderly woman
with long-standing hvperension associated with left ventric

ular hwperitophy: however, patients with CAD, diabetes. kid

ney disease, or olher conditions may also present with signs
and symptoms ol heart failore ond a normal Geetion fraction.
Thee primary therapics for HFpEF are diuretics o control
symptoms of volume overload and antihvpertensive agents 1o
target a systolic blood pressure of less than 130 mm Hg in the
setting of hyperlension, In palicnis with worsened sympdoms
of heart fafhare and. atrial fibrillation,. restoration of stmas
thythm or rate control may reduce symploms.

Despite many studies of therapeatic apents, no drog has
heen shown to reduce morhidity or martality in patients with
HFpEE: which may reflect the heterogeneity of efioloay: The
recent TOPCAT trial showed nodifference in the primany com-
hined endpoint of death, aborted cardiac arrest, or heart fail
ure hospitalization in patients treared with spironolactone
compared with those who received a placebo., In rétrospective
analysis, there was o mortality advantage with use of spironao
[actome in the United States, whereas in Burdpe, evidence
showed spironolactone 10 be less effeetive. However: the cling
cal characteristics of the enrolled patients were statistically
different in these two regions, Some clinicians have suggested
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that spironalactone shonld be used routinely for this condition
with o odher preven restmiends; however, spincmolactone
therapy for HEpEF is nol supported by current evidence. [
KEY POINT
» The primary therapies for heart failure with preserved
cjection fraction are diaretics o contral symptoms of
volome overload and antihypertensive agents to target a
systolic blood pressure of less than 130 mm Hg,

Device Therapy

Implantable Cardioverter-Defibrillator Therapy
for Prevention of Sudden Cardiac Death
Arrhyihendas ane g common cawse of deadh in patients with heant
failore, and Implantable cardioverter-defibrillators (1015
e survival wihen used for both priveary and secondary
prevention of arbyhimias, Current puidelines recommend 105
placement in patiems receiving gaideline: divected medical ther-
apy who have an djection fraction less than or egqual 1o 35%and
NYHA Tunctional cliss [Tor I heart fathare symiptonns. Patients
with class IV symptoms should only undengo 1ICD plwcement #f
they are cumidiciates fise heart transplant or fefll ventrioalir assist
desvice (VALY plicement. 1L is important to reasséss both éjec
tion fraction and symploms aler paideline-direcled medical
themapy (20 diys alter myocarndial Infarction, 3 months inoall
others): Many paticnls with new onset heart failure experience
substantial improverments in cfection fction with medical ther
apy-and may not reaquire or benefit feom 10D insertion,

Cardiac Resynchronization Therapy
Cardioe resynchroniztion (hempy (CRT), or biventricular pac
ing, involves traditional pacing of the right ventricular apex and
macing of the left veniricudar lateral wall vig 2 lead inserted
thercaeieh the cordnary sinusinto a Lateril candiac vein. In patients
with dyssynchrony {demanstrated in most rials by 4 widened
QRS interval or left bundle branch block |LEBED, CRT has
impproved ejection fraction, redoced heart failure symptoms,
and reduced mortality, Betrospective sanalysis of many trials has
shomam thar patients with LBBR are most likely to benefit frem
CRET. Based on these fndings, CRT i indicated o patients with
an gjection fraction less than or equal 16235%, NYHA functional
class T IV heart failure symptoms-despite suideline directed
miccical therapy sinus rhythm, and LEBEB with a QRS complex
O 150 ms or areater. Paticnis with no LBBE but o QRS complex
O 150 ms or geeater may derive a lesser benefit from CRT. B
KEY POINTS
o Macement of an implantable cardioverter-defibrillator
is recommended in patients with heart fallure who have
an ejection fraction less than or equal to 35% and New
York Heart Association functional elass 1 or I symp-
toms while taking guideline-directed medical therpy.

{Continued)




» Card mynchnmtmmn lhl.‘la]:l} is indicated in

C mih_nm.-;mmn-udmnlﬁsltmnorcqual o
%, New York Heart Association functional class I 1o
'BF heart [ailure symptoms despite guideline directed
mdkallhumsmusﬂwlhm and left bundie branch
hlock with a QRS complex of 150 ms or greater.

Assessment of Chronic
eart Failure
gtients with chronic heart failure should be serially assessed
of disease in the outpatient setting. Each follow
wisit should include evaluation of current symptoms and
m erional capacity; assessment of valume status, electrolytes,
r kldney function; and review of the patient’s medication
mien for adeguacy (hoth appropriate doses anid the appro
medications as heart fallure progresses). OF equal or
er imporiance is repeated patient education, including
ding paticats 10 take their medications as prescribed,
their weight daily. avold dietary sodium, watch their
gid intake, and exercise regularly. Patients who appropriately
ke their medications and avoid sodium and excess Muid
gake can greatly Improve their functional status.

_ Sleep disorders frequently occur in patients with heatt
are and are often underdiagnosed. Recognizing these dis-
mders and distinguishing between central and obstructive

p apnea are important for improving quality of life in
sfienits with heart Failure and for potentially improving heart
related outcomes. Current guidelines support oblain
a formal sleep assessment in patients with symptomatic
ﬁili‘um {NYHA functional class 11 1V} and excessive day
ﬂm:lnm or those who are suspected of having slecp
dered breathing (see MKSAP 18 Pulmoenary and Critical
- hhdirine}l Treatment with continuous positive airway

sssure in patients with obstructive sleep apnea improves
=p guality and reduces the apnea-hypopnea index, In con-
2. therapy for central sleep apnea with adaptive servoven
"_- has been shown to cause harm.

FRTOETESS

rial B-Type Natriuretic Peptide Assessment

feasu enit of BNP levels is helpful in determining whether
spnea is related Lo heart Faflure or a different cause. Foroul

s with chronic heart failure in whom volume status is
ain on physical examination, BNP level can e useful in
Ragnosing fluid overload. BNP measurement in putients with
gbie heart failure also can provide information about prog,

el and disease severity. However, serial measurements andl
gatment based on BNF levels have not been shown (o reduce
sations or mortality in patients with heart failure.
tly, BNP measurement should be used to aid in the
eniosis of heart failure and acute volume overload, but it
4 not be used serfally in the inpatient or outpatient
fting, 1o guide care.

Hun Failu r-

Echocardiography in Chronic Heart Failure
Echocardiography is the most common method for assessing
left ventricular function. For patients with new onset heart
failure, guidelines suggest repeating assessment of Teft ven-
tricular function after optimization of medical therapy. If the
patient’s cjection [raction s less than or equal to 35%, the
patient may be a candidate for ICD or biventricular pacemaker
placement. Current guidelines recommend routine echocardi
ography cvery 1 to 2 vears in stable patients or when clinical
status changes: however, routine echocardiography every 3 1o
& months is not indicated.

Assessing Prognosis
Many prognostic models have been developed fo assist in pre
dicting morbidity and mortality in patients with heart failure.
These models are usually derived from retrospective analyses
of clinical trials or large admission databases. To some extent,
the mudels refleet the unique patient populations enrolled in
chinical triats. which temd 1o have fewer comorbid conditions.
Unforunately, no one ool has been found to he more predic-
{ive than the others, and questions remain regarding the utility
of these models for the individual patient. It has been sug
pested that these tools be used in addition 1o, nol in place of,
the clinfcian’s judgment for heart failure management.
Clinical indicators associated with worse oulcomes in
the 1 1o 2 years after diagnosis include heart failure hospitali
zation, poor exercise tolerance, 1C1D firings, serum sodium
level less than 135 mEg/L (135 mmel/L}, worsening kidney
function. cardiae cachexia, required diuretic doses of more
than 1 mg/kg. and symplomatic hypotension necessitating
reduction in the dosage of hearl fallure medications. Heart
Failure hospilalizations are associated with a mortality rate af
10% 0 205 over the next 6 months, In patients with poor
prognosis, a frank discussion of advanced therapies, such as
VAL placement or heart transplantation, should oceur. For
patients who are ineligible for or uninterested in such ther
pics, end of life goals should be discussed, and palliative cane
or hospice should he considered.
'KEY POINTS PR A = = ——
» Serial B-type natriurctic peplide measurementsshould  HVYC
not be used to guide the care of patients with chronlc
heart failure.
» Echocardiography should be performed every 1102
years in stable patients with heart failure or when clini
cal status changes.

Inpatient Management
of Heart Failure

Acute Decompensated Heart Failure

Initlal management of patients hospitatized for acute decom
pensated heart faiture should focus on identifying the cause
of the heart faflure exacerbation, determining the patient’s
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current phvsiologic state, removing fluid to improve conges
tion, and optimizing medical therapy before discharpe,

Dwetermining the cause of acute heart failure can be chal
lenging, Common cavses include fluid overload in the setting
of nonadherence to dictary fluid or salt intake recommenda-
Lions and recurrent ischemia in patients suspecied of having
ischemic cardiomyopathy. Fluid overload can sometimes be
related toan unintentional inerease in foods with ligher salt
contént or an inability 1o wlerate prévious lovels of Maid and
salt intake due to progression of left ventricular dysfunction.
Crther causes of decompensation include hvpertension, con
current illness, and nonadbierence o medication’ regimens,
inchuding bot not limited to divretics. Anunderstanding of the
cause of the decompensalion may identify opporiunitics (o
prevent recirrence.

Patients hospitalized for heant failure should be evalu
ated for volume overload. Typical symptoms inctude orthoe
pheéa, paroxvsmal nocturmal dyspnea, peripheral edema,
weight gain, and progressive exertional dyspnen. On physi
cal examination, juguiar venous distention is usually pre
sent. Patients may have crackles (which are muoch more
likely in acute than chronic heart failure), ascites, or periph
cral coema. Perfusion should also be assessed, and patients
may be classified as “wiarm™ {adequate perfusion) or “cold”
{inadeguate perfusion). Signs and symptoms of poor perfu
ston include cool extremities, a narrow pulse pressure, poor
mentation; and worsening Kidney funciion. Intravenous
inotropes or other advanced therapies should be considered
in patients with signs of poor perfusion to help improve
cardiac function.

Diuretic therapy is the principal treatment lor paticnts
wilh decompensated heart Tailure and Thuid overload, A
recent study evaluated different strategies for diuresis,
inclading varied diuretic dosages and bolas versos continu
ous therapy. Administeation of high dose diuretics (2.5
times the ougpatient oral daily dosage) was assoctated with
increased diuresis but alse transient worsening of kidney
function. Mo differences were observed belween bolus and
comtinuous imravenows infusion groups, and length of stay
didd not differ regardless of the strategy used. Providing
effective dinresis is-essential and often requires intravenous
administration. I the current dosage of loop diuretic is
imadedquare, inceeasing the dosage or adding a thiazide diu
retic may be considered. Notably, administéring low-dose
dopamine to improve diuresis and preserve Kidney function
offers no henefil,

I patients with acate kKidney dysfunction at the time of
admission, it is still important to treat with diuretic therapy,
The most likely cause of the dysfunction is poor kidney perfu
stom due toovasenlar comgestion, and Kidney function will often
improve with diuresiz. [n contrast. withholding ACE inhibitors
and sldosterone antagonists muy be reasonable until Kidney
Function improves. Ifa patient receiving diuretic therapy devel-
aps worsening kidney function when approsching euvolemia,
withholding divretios for 1 day o allow extravascular fluid to
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redistribute into. the wvascolar space shonld be considered.
Omce euvolemia has been achieved, creatinine often also
incregses, which may indicate decongestion.

Standard heart fallure therapy, including ACE inhibitor
o ARB therapy, [ blockers, and aldosterone antagonists,
should cither be maintained throughoot hospitalization or be
testaried before discharge. IF (i-blockers are discontinued
upon admission becamse of signs of low cardiac output,
therapy should nol be reinitialed until the pationl nears cuv-
alemia. I the patient s admiteed with volume overioad with-
out signs of low cardiac output, [ hlocker therapy can usu
afty be maintained a0 the same oroa lower dosape during
Iospitalization,

B level should be measured upon admission and hefore
discharge for propnostic purposes hecause high levels ane
linked with incressed mortality and  rehospitalization.
Likewise, patients with BNF levels that fail to decrease during
an admission hove o higher mortality. mte, Seruam troponin
measurement upon admission cancalso be used for prognosti-
cation; patients with elevated troponin levels have wiorse clin
ical outeomes and a higher risk [or death, Currently, there ae
iy absolute CotolT values for these biomarkers, and meastre
ment data should be wsed in combination with clinical judg
ment inadvising the palieont with heart filoee,

Cardiogenic Shock

Cardingenic shock is characterized by signs and symptoms of
love pardiae oultput and end-orean conmpromise. with acate
worsening of Kidney and liver function. Patienis with cardio
peaic shock often reguite intravenons motmopic sgenis (o
improve hemodynamic stas, inchiding increasing cardiae
output and urine outpul (Table 15). Bowtine use of invasive
pulmonary actery cathererization (oo monitor Demodynamics
does ot improve sunvivil or reduee fulure hospitalization in
patients with decompensated. heart [ailure, Thepefore, pual
monary artery, or “right heart,” catheterization should be
used only when hemodynamic and volume statos is not evi
dent from physical examination findings or othernoninva
sives tests, or when hemodvoamie data may Tead toadvanced
mechanical circnlatory support or consideration of heart
transplantation.

The use of percatanecus mechanical support during
acute exacerbation has greally inereased in the past fow
years. [ntra-aortic balloon pumps, percutancons ventrictlar
assisl devices, and extracorporeal membrane oxveenators
cin be guickly placed (o support the critically Hl patieni.
Treatment hy a team composed of 4 heart fafhire physician.
critical care physician, and cardiae surgeon is supgested (o
rapldly deploy therapy and care for the pationt in the follow
ing days. Decisions regarding longer-term options. for
advaneed heart Taflure (heart transplantation or permanent
or “destination” INAD) are an important aspect in the use of
mechanical support in the acate setting. In patients who do
not show clinicalimprovement, there should be daily discus
sions about reatiment options and goals of care, including
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15. Intravenous Vasocactive Medications Used for Treatment of Cardiogenic Shock

Sransplantation, permanent device placement, ar palliative
eare or hospice,

Strategies to Prevent Readmission

.Tf]t‘ first step in preventing heart failure readrmission is o
treal any reversible canses of the exacerbation. Medication
reconciliation before discharpe shouldensure that the patient
s taking the appropriate medications, particularly those that
sreduce mortality and morbidity in heart faflure. Paticnts
e not be discharged until they have achieved envolemia
Swith diuresis, Patients should be cducated on heart failure
“physiology. the importance of medication and dietary adher
'fhl:_'f.‘, sins and symptoms of worsening heart failure, and
"H'hrn to contacl o physician. Finally, an ecady follow ap
appointment (within 7 days) should be scheduled 1o review
‘the medication lisl, assess the patient’s volume status and
‘adherence to diet and medications, and reinforce patient
“education points. G

KEY POINTS

e Management of patients with acute decompensated
heart failure focuses on identifving the cause of the
heart failure exacerbation, determining the patient’s
current physiologic state, treating fluid overioad, and
optimizing medical therapy before discharge,

In patients hospitalized with acute heart failure, sched
uling an carly follow up appointment {within 7 davs) to
review the medication list, assess the patient’s volume
status and adherence to diet and medications, and rein-
force patient education points reduces the risk for heart
failure readmission.

» Routine frvasive pulmaonary artery catheterization tor
hemodynamic monitoring is not recommended in
patients with decompensated heart Bailure,

Medication Mechanism Inotropy  Vasodilation
Milinona : Phosphodiesterase inhibiticn It + _
Dobutarmine [}, b Beceptor agonism ++ {+1{at low dosa) [
- (vasoconstriction, at high dose)
%‘Nmiritide Matriuretic peptide recaptor agonism 4] ++
Sodium nitroprusside  Mitric oxide production 0 H
bﬂi‘tmglymﬁn Nitriz oxide production 0 + (mainly venous)
Wasopressin Argfining vasopressin receptor [V receptar ) agonism = = (vasnconstriction)
F?.,ﬂopamina Dopaminergic receptor (D receptor] agonism + — (vasoconstriction, &t high dose)
[ [, Receptor agonism at intermediate dose
oty Receptor agonism at high dose
MNorepinephrine By 0y Receptor agonism greater than B, receptor b - [vasoconstriction}
agDﬁlEl’l'l
Stranggth ol effect: 4 mdcatas wary strong; +indscated slreng; {4 ndicales waeak; indscabes newtrl; - Tndicates coposite ofiect,

Advanced Refractory Heart Failure

Omee heart failure has progressed to ACC/ALLA stage 1, char
aclerized by persistent severs symptoms despile maximum
therapy. advanced treatments should be considered. Cardiac
transplantation rerains the gold standard therapy for patients:
with emd stage heart failure. Unfortunately, becanse of a lack
of appropriate donors, fewer than 3000 heart transplantations
are performed in the United States cach year: Indications for
transplantation generally include age vounger than 65 to
70 years, no medical contraindications (such as diabeles with
cod organ complications, malignancies within 5 years, Kidney
dysfunction, or other chronic illnesses that will decrease sur
vival), and good social support and adherence. The use of an
IVAD as “destination therapy” should be considered  for
patients who are not transplant candidates. Many patients
awaiting transplant also require an IVADY [or support until an
organ becomes available. Hospice may he ennsidered as an
option in shared decision -making discussions.

Mechanical Circulatory Support
In the past 10 years, clindeal oulcomes of patients with
advanced heart failure have markedly improved with the use
of IVALTs With newer continuous - flow devices, patients have
L year survival approximating that of cardiac transplant recip
ients and substantial improvements in functional capaeity and
quality of life. Because these devices provide continuous [ow,
most patients no longer have a palpable pulse, and blood pres
sure must be measured by Doppler, Typical therapy includes
anticoagulation (o prevent pump thrombas formation, contin
ucd heart fhilure therapy with ACE inhibitors (or ARBEs) and
B blockers, and managerment of Tuid overtoad with diuretics.
IVAD}s are associated with important complications
related to both the driveline, which passes through the skin
and connects the internal pump O-a power source, and the
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pump itsell. Major complications include hemorrhagic and
thrombotic strokes; skin infections; pump thrombosis; and
gastrointestinal bleeding, which is usuatly associared with
small bowel arteriovenous malformations. Despite these com
plications, IVADs have been associated with survival of mone
than 10 years in some patients.

Management of Posttransplant Patients

Most patients who undergo heant iransplantation quickly
recover physical activity and have normal gquality of life, with
amean survival of more than 11 years, The most frequent com
plication within the first year affer transplant is infection.
Cytomegaloviras (CMVY) infection is common, and patients at
maoderate risk (CMV-positive donor/CMY-positive reciplent)
and high risk (CMV-positive donor/CMV negative recipient)
often receive antiviral prophylaxis for 6 months, Incidence of
rejection is highest in the first & months after transplantation.
Because most paticnits with rejection are asymptomatic, regu-
larly scheduled endomyocandial biopsies are oflen performed
to detect rejection for the first few years after transplant.
Severe rejection is characlerized by slgns of acute heart failure
andd atrial arrhythmias (typicallv atrial floner) or conduction
abnormalities, Early complications related (o immunosup
pressive therapy include hypertension [more than 0% of
patients) and diabetes (15%-200% of patients). Long term com-
plications after transplantation include CAD and an increased
incidence of malignancies, including skin cancer {commuon)
andd B-cell lymphoma relaled (o immunosappressive therpy
{less common).

When new drugs are added to a transplant patient’s
medication reglmen. carchul attention is essential o avold
drug-drug interactions. Cyclosporine and [acrofimuos, two
agents commonly used for immunosuppression, are metabo-
Hzed by the CYP3AA system, Many drugs increase or decrease
the metabolism of cyclosporine and tacrolimus, and con
versely. these agents may alter the metabalism of other drugs.
An extensive list of drugs that can interact through the
CYP3A4 isoenzyme can be found al medicine iupui.cdu/
clinpharm/ddis.

SEEBOMTS .
= Patients with severe heart failure symptoms despite
maximal medical therapy are candidates for advanced
treatment, including placement of & left ventricular
assist device and heart transplantation.
= Cardiac transplantation is the gold standard therapy for
patients with end-stage heart failure.

* Endomyocardial biopsy should be routinely performoed
alter heart transplantation o diagnose rejection.

et e el

Specific Cardiomyopathies
For a discussion of hypertrophic cardionmyopathy and restric
tive cardicmmyopathy, reler to Myocandial Disease. Peripartum
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cardiomyopathy is discussed in Pregnancy and Candiovascular
Disease.

Takotsubo Cardiomyopathy

Takolsubo cardiomyopathy. also Known as stress candiomyo
pathy or apical ballooning syndrome, is a clinical syndrome
associated with reduced efection fraction, elevated cardiac
ensyme levels, and signs of ischemia on clectmcardiography:
It typically occurs in older women and is usually precipitated
by a stressiul physical or emotional event, such as the death
of a loved one, sudden surprise, or other acute stressors, The
exact mechanism of takolsubo cardiomyopathy s unknown,
but the condition is postulated 1o resull from a reversible
e effect of very high catecholamine levels on the myocar
dium. On cardiac imaging, wall motion abnormalities that do
nol follow a coronary artery terrilory (typically, apical dyski
nesis or ballooning) are ofien found with preservation of
hasal wall motion. Because these acule events olten resemble
an acute coronary syndrome, ecmergen! coronary angiogra
phy is oflen performed and demonstrales nonobstructive
CAD. Treatment is largely supporiive and Is similar 1o thal for
other hearl faflure syndromes (divretics, ACE inhibitors,
B blockers). Most patients will recover cardiac fonction over
the course ol a few weelks o months. As with other forms of
new onsel heart failure, repeat echocardiography should be
performed in 3 to 6 months o evaluate recoverye 1P a patient
has recovery of function, i is unclear for how long medical
therapy should be continued, bul most clinicians conlinue
therapy for at Jeast | year.

Acute Myocarditis

Myoearditis s a clinical syndrome of acute onset heart fuilure.
Causes include viral, bacterial, or other infections: toxins: and
fmmumologic syndromes. The classic form §s viral In origin
and is usually preceded by a typleal upper respiratory tract
infection causcd by adenovires, echovirus, or coxsackievirus,
Although the pathogenesis is nol completely understood., it is
thought thal acute viral infection causes early destruction of
the myocytes, [ollowed by an immune response thal causes
further destruction.

Clinically, patients may be asymptomatic or have a viral
prodrome with fever, myalgia, and muscle soreness. Patients
may also presenl with acule heari failure symploms
Echocardiography is useful to assess for olther causes of heart
fallure. Deflnitive diagnosis may require cardine magnetic reso-
nance imaging or endomyocardial biopsy Anti-inflammalory
agents are not of benefil in the treatment of acute myocanditis.
Standard therapy for heart failure is recommended. Prognosis
depends on the clinical presentation.

Giant Cell Myocarditis

Gitant cell myocarditis is an acoie und frequently fatal form of
myvocarditis that tvpically ocours in younger persons. I is often
rapidhy progressive and can cause both Teft and right ventrico-
lar dysfunction. Glant cell myocarditis is also associated with




an inereased incidence of high-grade atrioventricular block
and ventricular arrhythmias. Unlike in acute myocarditis,
agoressive immunosuppressive therapy has some benefit and
should be initiated in these patients. For this reason, patienls
with acute hearl filure unresponsive Lo wsaal care or with
accompanying arrhythmias should undergo endomyocardial
.h-';cl;:lsy for diagnosis. Initial biopsy [indings may be negalive
Because of the patchy nature of the inflammation. Patients
with giant cell nyyocarditis often require percutaneous or sur
gical ventricular supporl until they recover or need hearl
transplantation or IVAD placement. If giant cell myocandilis is
suspected, prompt transfer to a hospital equipped with
‘mechanical support should be considered becanse patients
‘can progress [rom [eeling well o moribund within hours,

Tachycardia-Mediated Cardiomyopathy
Tachyeardia mediated candiomyopal by has been associated with
‘hoth supraveniricular and veniricular arrhythmias, Reversible
canses of tachyeardia, such as hvperthyvroidism, should be roled
ot Importantly, heart rate control improves lett venfricular
:Iimv:'tit:-n in these patienls. The primary treatments are medica
thons, such as B blockers, and catheter directd ablation. In
patients wilh atrial fibrillation associaled with rapid ventricular
response. Lhere is no evidence thal converling to simas thythm is
more efficacious than controlling the heart mte, In paticnts with
atricular arrhythmias or Freguent premature ventricular con-
stions, cardicmyopathy is generally thought to develop when
burden of prematuee ventricular contractions is more than
10,000 /day: ablation, especially if the premature ventricular
pntractions are unifocal, should be considersd,

-
Arrhythmias
ntroduction
Arrhythmias are traditionally categorized as supraventricular
ventricular based upon simple electrocardiomraphic {ECG)
Supraventricular arthylhmias orginate from the
or atricventricular (AV) node and are characterized by

nt ventricular condition. Vemtricular archythmians origi
e below the AV node and are characterized by abnormal

saring and prolonged QRS complexes. Disruptions in
and rate oceur in seven basic patlerns: early beats,
tgeninal beats, prouped beats, pauses, bradycardia, Lachycar

and chaotic rhythms. This section provides an approach to
ardia and tachycardia and discusses the diagnosis and
ent ol specilic rthythm disorders,

Approach to Bradycardia

cal Presentation and Evaluation
seiveardia (heart rate <60/min) may be asymplomalic or asso-

=

e with symploms of lightheadedness, syncope, exertional

Arrhythmias

intolerance, dyspres, and Batigue. 1 can resall from disease in
the sinus noce, AV node, or His-Purkinje system, o from dys-
funetion of the autonomic svstem,

Diagnostic evaluation consists of a thorough history,
physical examination, focused laboratory testing (electrolyle
levels, thyroid function lesting), and resting 12-lead ECG. 1t is
important to identify severe or unstable conduction abnor
malities that reguire urgenl intervention. The evaluation
shoubd also include investigation [or extrinsic and reversible
causes of bradycardia, inclading ischemia. myocarditis,
cndocarditis, hypothyroidism, electrolyte disturbances, and
mecBication use (especially B-blockers and dipoxin). Cloes
from the history and physical examination may sugges) Lyme
discase, elevated intracranial pressure, or typhoid as other
potential causes of bradyeardia. Additional lesting may
include exercise treadmill testing 1o assess chronotropic
competence and ambulatory ECG monitoring (see 1Hagnostic
Testing in Cardiology).

Sinus Bradycardia

Simus bradyeardia is defined as the presence of sinus thythm
with a heart mate below 60/min. Sinus bradveardia may be
approprigie in trained athletes and during sleep. Inappropriate
or pathologic sinus bradveardia is most commoenly caused by
sinus node dystunction due to age - related myocardial fibrosis.
Less commuonly, sinus node dysfunction may resalt from right
coronary ischemia; intracranial hypertension: postoperative
searring or fibrosis from cardiothoracic surgery: or infiltrative
or inflammatory disorders, such as sarcoidosis. The most com
o extringic cause is medication usc.

Atrioventricular Block

AV Block may be classified as first degree, second degree, or
third degree. First-degree AV block is defined by a delay in AV
conduction (PR interval =200 ms), In large cohorl studies,
first-degree AV block has been associated with an increased
risk for atrial Gbrillation and all-casse mortality:

In second degree AV block, onby some P waves conduct to
thie ventricles, Mobite type 1 second-degree (Wenckebach) AV
block is characteried electrocardiographically by a PR interval
that progressively prolorgs until o beat is dropped (Figure 10},
Miobitz type 2 second degree AV Block is tepilled by ECG fingd
ings ol greaped beating and progressive shortening of the RE
intérvals (Figure 1), The PR interval does not lengthen in
Mobily type 2 before nonconducted atrial beats, When 21
Block is present, the Mobite typecannot be determined. Mobitz
type 2 AV block vsually cceurs below the AV node and hasa
higheer risk for progression to complete heart block,

in third-degree AV block; also: termed. complete heart
block, no Fowaves conduct to the ventricles, AV dissociation is
observed on the BUG (Figure 12).

Treatment
In patients with sympomatic bradveardia and hemodynamic

distress, atroping: should be administered. If artmopine 15
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FIGURE 10. Flecticardiogeam showing Mobitz type 1 secand degree atrioventmicular block {Wenckebach block), which manifests as a progressive prolongation of the PR

interval until there is 2 dropped ventricular beal,
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FIGURE 11. Hedwenliogram showing Mobit? type 7 second degree
amioventricelar block. P waves are blocked intermmittently, and the PR interval is
fiwtd. Mote the wide ORS complaxes, which ane also more consistent with biock
bebow the compact atroventricular node.

Inettective, dopaming or epinephrine infusions can be given
untll frnsculaneous pacing or & lemporey. pacing wire (pro
ferred) can e placed. Temporary pacing s indicaled in cases
ul bemody namically unstable bradycurdia or asystole. In suimne
uniyue clrcumstanees, prophylactic lemporary pacing may be
considered, induding in patients undergoing ranscatheler
aortic valve replacement with high risk features for heant
block (such as right bundie branch block).

In hemodynamicatly stable palicnts, reversible and
extrinsic causes of bradveandia should always be addressed
Defiore mure invasive measures, such as permanent pacing, ane
considered. Common  indleations for permanent pading
include the followlng:

+ Symplomatic bradyoardia withoan reversible canse

s Asymplomatic breadveardia with  significant  pauses
(=41 seconds in sinos chwthm) or heant rate less than 4100 min

= Atrial fibriltation with poneses ol 5 seconds or Tonper
= Alternating bundle branch block

* Asymnptoniatic complete heart block or Mobitz tvpee 2 second
degree AV block
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The various types of implanted candiae electronic devices,
thedr functions, and thedr general Indications are reviewed in
Tabde 16. Patients with lell bundle branch block or right bun
dle branch block with or withoul a prolonged PR interval do
ol reguire permanent pacing because inlrventricular con
duction delays have a kaw risk for progressing o complele
hesart block (U5-3% per vear). [

KEY POINT Fa———— 2=t Tiinid
* Permanent pacing is indicated [or symptomatic brady-
cardia with no underlying reversible cause and in
asymptomatic patients who have atrioventricular and
infranodal conduction disturbances that have a high
risk for progressing to complele heart biock ar asystole.

Approach to the Patient
with Tachycardia
Clinical Presentation and Evaluation
Patlents with tachyeardin (heart rate =100/min} may be
asymplomaltic or experience tachypalpitations. a sensation of
skipped beats, Hghrheadedness or dizzdness, chest discomior,
dyspnea, exertional intolerance, fatigoe, progressive heart fail
ure, noear-synoope, or syncope. In asymptomatic patients,
tachycardia may be discovered incidentally during routine
ECG, monitoring in the setting of hospitalization, or other
metlical care.

ECG documentation of tachyeardia and correlation with
symploms is the key component of the diagnostic evaluation,
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CFIGURE 12 Inthis electrgardiogranm, the P waves (shost arrows) and the ORS complexes Hong arows] are not assaciated with each other, indicating the presence of
tomplate haart block.

E16.

Cardiac Implantable Electronic Devices for Treatment of Cardiac Rhythm Disorders

Functions
Components Indications Pacemaker Antitachycardia Defibrillation
Function Pacing
Pulse generater and Sinus node dysfunction, Yes e e
intravascular l2ads atrioventricular block,
[single- or dual-chamber) nonreversible
symptomatic bradycardia
Pulse generator with ines  Atrial fibrillation with Yéo (ventricular Mo M
implanted directly into bradycardia, parosysmal sansing and
the cardiac chamber; no sinus node dysfunction pacing only)
loads [e.q., brief sinus pauses)
Defibrillator and Monitoring and treatrment  Yes g Yeg
intravascular leads of ventricular arrhythmias
Isingle: or dual-chamber)
e Defibrillatar and a single Monitoring and treatment Mo Ma fex [
i lzad that ane entirely of wantricular arrhythmias [
under the skin |
[extravascular); no |
transvenous leads
Pulse genarator and Restoring electrcal Yas Plo T '
intravascular leads, synchrany in patients with
including a pacing leadin  symptomatic heart failura
the corgnary sinus to (left ventricular ejection
pace the left ventricle fraction =35% and left
bundle branch black)
Defibrillator and Restaring electneal Yas Yes Yes

intravascular leads,
including a pacing lead in
the coronary sinus to
pace the left ventricle

synchrony between the
ventricles in patients with
heart failure; monitoring
and treating ventricular
arrhythmizas
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After a thorough history and physical examination, a 12-lead
ECG should be obtained in all patients with stable tachycardia.
A 12-lead ECG recorded during symploms, although often not
possible to obtain; is far superior to most forms of ambulatory
monitoring in terms of diagnostic value (see Diagnostic Testing
in Cardiology for strategies for sclecting an appropriale moni
toring device). Thyruid function testing and echocardiography
may be considered in selected patients with tachycardia.

Sinus Tachycardia

Simus tachycardia (sinus rhythm with a heart rte >100/minj is
the most common tachycardia and is typically the resull of
physiologic demand or distress, including evercise, pain, fever,
anemia, or anxiety. Diagnostic evaluation and treatrent ane
gmided by the underlying cause.

Inappropriate sinus tachycirdia (151] is a disorder charae-
terized by an elevated resting heart rate, with exaggerated
increases in heart rate with light activity. The sinus ratc Lypi-
cally decreases during sleep, which can be documented with
ambulatory ECG monitoring. 18T frequently presents in
woimen in their second to fourth decades and appears (o be
more common in health care professionals. Symptoms vary
and can include palpitations, lghtheadedness, syneope {(or
near syncopel, dyspriea, and fatgue, The diagnosis ol 1T is
based on the exclusion of other causes of tachyeardia, such os
hyperthyrotdism, anemia, pheochromoeytoma, and structural
heart disense, First line therapy 1s removal of aggravating lac
tors and exercise therapy, In patients with bothersome and
persistent symptoms, pharmacalogic therapy with f-blockers,
caleium channel blockers, or habradine {in relmetory cases)
can be considered.

Postural orthostatie wmchyeardia syndrome (POTS) is
another condition that often presents with lachycardia, POTS
isa form of dysautonomia characterized by orthostatic intoler
ance and excessive tachycardia, particularly with standing.
Diagnostic criteria for POTS include an increase In heart rate
of 30/min or more, or an increase o greater than 120/min,
within 10 minutes of standing. The diagnosis is often con
firmed with tilt table westing. Behavioral modification. com
pression stockings, evercise training, and increased Nuid
intake are important components ol therapy. Medical therapy
for POTS is highly variable and may include, but is not limited
tn, B blockers, Mludrocortisone, sclective serotonin reuptake
inhibitors, midodrine, and pyridostigmine.

Supraventricular Tachycardias

Paroxysmal supraventricular tachycardias (SVTs), including
atrioventricular nodal reentrant tachycardia (AVNRT), acces-
sory pathway-mediated tachycardias, and atrial lachyeardia,
are frequently the cause of palpilations in younger persons.
The acoessory pathway may resull from anterograde conduc-
tion, manifesting as a della wave on ECG or retrograde condue-
tion (so called concealed accessory pathway), Management of
these arthythmias is discussed later in this chapter,
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Other Tachycardias

Older patients with palpitations are more likely 1o have atrial
fibrillation, atrial Autter, or ventricular lachyeandia (VT) often
due to underlying cardiovascular disease. VT is often associ
ated with hemodvmamic compromise; however, some VT can
be well wlerated, particularly in patients with normul ven
tricular function. Evidence of hemodynamic compromise,
inchading syncope, may also be present in patients with atrial
tachyarrhwthmias. For further discussion of the clinical pres
entation and manasement of these conditions, refer 1o the
Atrial Fibrillation. Atrial Fluiter, and Ventricular Arrhythmias
sections later in the chapier

KEY POINT R
* Sinus tachycardia is the most common tachyeardia and

is lypically the result of physiologic demand or distress,
including exercise, pain. fever. ancmia, or anxiety.

Antiarrhythmic Drugs

Antiarrhylhmic agents are used Lo treat and suppress arrhyth
mins. These medications have traditionally been organized
according to primary mechanismi of action by using the
Vaughan-Williams classification system (Table 17); however,
most antiarrhvthmic drugs exert their effects through several
riechanisms.

Class 1 and class 111 antiarchythmic drugs are the most
effective antiarrhythmic dmgs. Class 1A agents are indicated
for specific conditions (see Table 17). These medicalions have
been associated wilh ventricular proarchythmia, sudden
death, and increased mortality in patients with coronary
artery disease or structural heart disease. Class Il agents
{B-blockers) and class IV agents (nondihydropyridine calcium
channel blockers) are commonly used to inhibit arrhythmia
induction and AV condoction in patients with supraventricu
lar or atrial arrhythmias. Class [0 agents sotalol and dofetilide
are used to treal atrial and ventricular arrhythmias. Class 1l
antiarrhyvihmic therapy should be initiated in an in- patienl
selling. with regular assessment of the corrected QT (QTo)
interval. Ihutilide is an intrvenous class 111 potassium channel
blocker that is used for pharmacologic cardioversion of atrial
fibrillation.

Amiodarone is among the most effective and commonly
wsed antiarthythmic drugs. This multichanne] blocker is fire
quently used to treal patients with recurrent VT or atrial
fibrillation. Amiodarone has no significant risk for proar
rhythmia but is associated with thyroid, liver, Tung, and eve
toxicitics, as well as nearologic side elfects. Maniloring thy
roid and liver function every & months is recommended in
patients receiving amiodarone. Patients should also undergo
annual pulmonary function testing and ophthalmologlc
examination. Amiodarone interacts with many drugs, includ-
ing warfarin, statins, and digoxin, Dronedarone, another mul
tichannel blocker, can he used in patients with intermittent
atrial fibrillation and no overt heart fallure,
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ation Mechanizm of Individual Effects Use Side Effects Contraindications
Action Agents/
Examples
Sodiumchannel  Quinidine, Decraases Preexcited Anticholinergic lschemic or
blockade with procainamide,  speed of atial fibrillation  effects, including structural hean
some potassium  disopyramide  depolarization  (procainamide),  increased heart dizsease, second- ar
channal and prolongs  Brugada rate, dry mouth, third-degres AV
blockade repolarizalion. syndrome urinary retention, block without a
[quiniding), blurny vision, and pacemaker,
SN, atrial constipatian prolonged 4T
filrillation, L like itenval, advanced
wentricular oL kidney impairment
arrhythmias arndm_me :
{procainamide)
Sodium chanrnel Lidocaine, Decreases Yentricular Headache, Advanced liver
hlockade mexileting, speead of arrhythmias dizziness, orother  disdase
phenytoin depolarization neuralogic
symptoms
Seizures (lidocaine
toicity)
Sodium channel  Flecainide, Decreases Atrial Headache, Izchemic or structural
blockade propatenona spead of fibrillation, SVT,  dizziness, or other heart disease, sinus
depalarization  ventricular neuralagic nade dysfunction,
and shorens arrhythmias symptoms seoond- or thing-
repolanization degree AV block or
bundhe branch
disease withouta |
pacermaker
P-Adrenergic Matoprolol, Decreases Rate contral of Fartacpue, Sevare asthma,
blockade propranalol, sympathetic atrial drowsiness, cardiogenic shock,
carvadilaf, tone; arrhythmias, dirziness, hairloss,  second- or third-
atenglol, SUPPICESES SVT wentricular cold hands and degree AV block,
bisopralal automaticity, arrhythmias feet, deprassion, presxcitation
sincatrial erectile
canduction, and dystunction,
AW conduction bronchospasm
Potassium Sotalal, Frolongs Atrial fibrillation,  Headache, dizziness, CrCl<40 mbL’ |
channel dofetilide, action aitrial flutter, bradycardia, fatigue, min/1.73 m?, QTc |
blockade ibutilide potential wentricylar dyspnea (sotalal) intancal =340 ms,
duration arrhythmias, Satar sinus bradycardia
pharmacologic Hgadhache, d|_:_ﬁn_e-ss, <50/, second- or
cardioversion of d'arrdea‘éare ¥ third-dagrea AV
atrial fibrillation  [O2CES CEPOINES - block withouta
[ibutilicde) (dofetilide) pacemaker
Calcium Verapamil, Suppresses SNT, rate control  Dizziness, Significant sinus
channel diltiazem simgatrial of atrial constipation, node dysfunction,
hlockade and AV arrhylhmias, dependent second- or third
[randihy- conduction triggered adema, nausea degras AV block
dropyridines) arrhythrmias without a pacemaker,
{outflow tract praexcitation
MTs} |
il Several Amiodarone, Multiple Atrial Fatigue, dizfiness, Addvanced lver, lung,
kors mechanisms, dronedarone  mechanisms, arrhythrias, nausea, vomiting. or thyroid disease |
ls ineluding a[tlmugh‘th?y wentricular cﬂnshhpatian (a8 famigdangng)
' potassium, act principally  arrhythmias diarrhaa, tramor ! §
| sadiurm, and by extending S:ﬂl.ranm_d l:vr:rnent |
i calcium channzl repolarization atfii?:iﬁrﬁleatioz '
! blockade 5 f
recent
decompensated or
advancad heart
= failure (NYH

tuncticnal class -
[dranedarsne)

{Continued on the next paga) ;
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TAELE 17. Antiarchythmic Medications (Continued)
Classification  Mechanism of Individual Effects Use Side Effects Contraindications
Action Agents/
Examples
Late sodium Late sodium Ranolazine Shortens Atrial Dizziness, nauses, Advanced lver l
channal channel action fibyrillation, haadacha, disease, use of
blockers blockade potential ventricular comstipation, strong CYP34A4
duration and arrhythmias hypoglycemia inhibitors or
prevents inducers
calcium
overload
Adenosing & recepion Adenosine Slows or Termination of Flushing, dyspnea,  Severs asthma,
receptor aqonism blocks oyT chesst pain, cardiac
agonists sinoatrial and hypotension, transplantation
Al node dizriness, nausea
conduction [
Carcliac Increases vagal Drigoin Showes AV Rate control of Mausea, warmiting, Advanced kidney
glycoside activity nade atrial fibrillation  dizziness, blurry i pairment
conduction viston and yellow (requiras.dose
halos, adjustment)
thrombocytopenia

&y = atriceantricular; Srll =
WT = wantricular lachycardia.

Ranolazine, digoxin, and adenosine are excluded from
the Vaughan-Williams classification. Ranolazine is used to
treat angina and decreases the risk for atrial fbrillation and
ventricular arrhythmias, Digoxin is a positive inotropic agent
that also increases vazal activity, leading o a lower resting
heart rate, It can be used for rate confrol in patients with atrial
fibrillation. Adenosine is uwsed in the acule treatment of
arrhythmias Lo interrupt AV conduction and terminate SVT

cremtining clearsnce; CYFA00 = oochrome PAS) 384; FIVHA = Mow Yook Hean Sssocation; Ole = corected O SWT = sugraventnoular tachycanda,

Administering adenosing can also help in determining the
tvpe of arrhythmia.

Atrial Fibrillation

Atrial fibrillation is defined by the presence of disoreanined
atrial activity with an irregularly irregular ventricular
response on ECG (Figure 13). It is the most common
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FIGURE 13. Electracardiogram demonstrating atrial fibrillation. No clear P waves are seen, and the ventricular respense is irmegalar
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gined arrhvthmin, affecting more than 33 million per-
:_: vorldwide, Lifetime risk for atrial fibrillation s 25% in
1_' 15 older than 40 yvears, Incidence is strongly associated
3 and increases with age. Accordingly, atrial fibrillation is
Senlarly common in the elderly, occurring in 10% of per
=r than 80 years. Atrial fibrillation is associated with
ased risk [or adverse cardiac events, including a five.
dncreased risk for stroke, as well as increased risk for
o failure and dementia. Among paticnls aged 55 years
\pider who have a cryptogenic [schemic nenrologic event,
5 as a stroke or transient ischemic attack, occult intermit
atrial fibrillation is thought to be present inoup to 25% off
and 30 day ambulatory ECG monitoring is indicared
detection.
al fibrillalion is usually the result of long-slanding
ors, such as diabetes mellitus, obesity, hypertension,
ary arlery disease, heart failure, and obstructive sleep
sea It may also be cansed by reversible or acute physiologic
ailts, including cardiac surgery, pulmonary embolism, or
erthyroidisim. When there are no identified risk factors, a
dispos ng genetic background is oflen present.

inical Presentation

s with atrial fibrillation may be asymptomatic or expe

e palpitalions, lightheadoedness or dizziness, dyvspoes,
reise intolerance. chest pain, near-syncope, or, rarely, svn

In some cases, atrial fibrillation can lead to hemody

m compromise, especially in patients with advanced
gstolic dyvsfunction or restrictive cardiomyopathy. Patients
il atrial Ghrillation uncomumaonly present with tachveardia

x wd cardiomyvopathy, charscterized by asymptomatic Tefl
cular dysfunction or overt heart Failure. B

Atrial fibrillation is categorized according Lo s duration.
smial atrial fibrillation stops spontaneonsly within
of onset, whereas persistent alrial Gbrillation fasts for
s or more. Long-standing persistent atrial lbrillation is
ntinuous, with a duration of more than 1 year,

icute Management

eddiate cardioversion is indiciwsd in patients with hypo
siom, acule myvocardial ischemia, or decompensated hear
pilure. R veave synchronization during cardioversion is neces
: v 10 avaoid an “R-on-T" evient and provocation of veniricalar
frillation (VF). [

In stable patients, the primary goals of therapy are o pre
perit stroke, control heart male, and minimize or climinate
ymptoms. Upon diagnosis. reversible causes must be ruled
All patients should undergo thyroid function tesling Lo
svaluate for hypert hyroidism. Paticnts wilh risk Getors for or
rmptoms sugpestive of sleep apnea should undergo testing
MESAT 18 Pulmonary and Critical Care Medicine),
oeardiography is indicated to evaluale for potential valvu
r or other structural hearl disease. Echocardiography can
also be used Lo assess left atrial size, which helps determine

Arrhythmias
the severity of the underlying atrial ryvocardial dysfunction,
Transesophageal echocardiography is often used before elec
tive (nonemergent) cardioversion to exclude the presence of
lef atrial thrombus or el atrial appendage thrombus iF the
patient has not received adeguale anlicoagnlalion therapy
{3 woeeks” duration) before the procedure,

Anticoazulation
In paaticnts wheo are ol undergoing candioversion, intravenous
anticoagniation i nsmadly unnecessary; boweser, oral andico
alation should be indtizted # the patient has sutficient risk
factors for stroke. The most common . method, of assessing
strake risk in nonvalvilar atrial fibrillation i by ealoulating
the CHA DS, VASe seore {Table 38). Patiends wilth valvular
alrial fibrilation (mechanical prosthesis or rheumatic mitral
stenvnsis) reguire oral antieoagubation regardless of the pres
ence o1 abwenee of olher risk fetors,

I cardioversion 35 pianned, the duration ol steial il
tion goides thempy, Patients with atrial fbrillation with a
knomen duration of less than 48 hours have a low risk for
thrombus formation amd subseguent stroke, and preproce
dural anticoagnlation is not needed. fn patients nwhom the
duration of atrial fibrillation is vnelear or in whom atrial
filsrillation has fasted longer than 48 howrs, anticoagulation
thernpy for 3 weeks is required betore: cardioversion. In the
absence of preprocedurnal anticoagulation, transesophageal
echoeandiopnapby can be performed o exclude the presence of

TABLE 18.
and Antithrambotic Therapy Recommendations

CHA, DS -VASc Score. Adjusted Stroke Rates,

CHA DS - Incidence of Ischemic  Antithrombotic
VASc Score®  Stroke/100 Patient- Therapy*®
| Years®
| L) 0.2 Mare [
1 0.6 Moane or aspirin or !
CaC |
| 2 2.2 DA
3 32 OAC !
4 48 OAC '
5 7.2 QB
G4 103 OAC

Qe = oral amicoagulation;

ACHA, D5, MAS: soorning (maximarn F pointst One pointesch i gives Torheart
failuzre, hyperbension, disketes msflitas, vascule diseacs (priot myecandial

| infarction, peripheal anary digease, aomic plagque], famale sex, and pge 65 to

| Fdogoars, Twie points each ans givan For prsdous shokedtransient ischemic atltackd |
throenbormibiol: disedse and age 275 vaa |

| Ul e Fribaee L, Recenguist 8, Lip G Evaluation ol risk steatification schemes
4 e Fmchaermin siroke snd L.In;-u_ad"m in T2 A7E patiants wath atrial fibnliahen: tha

| Swedish Alnal Fibinllahon cohor study, CurMeart 2071233 1500- 10, [PRID:

| 2EFALA43] doi 100 09 B eurhieart e ke 88

‘Recommandatians from Jareany CT, Warih L, Alpert 15 Calkins B Cigarma IF
Cleweland JC Jr, st al ADTAHA Taak Foacs Membars, 2014 AHAACTIHRS
guidedtrie for the managemeant of patsnts with arial fibeiflation: a ropont af the
Amarivan Coflsce of Cardalon@Sman cam Hean Association Task Forceon
Practice Guidalines and the Hoaet Rhythim Sockety, Chculotion: 20040 1 5 ke 99
26T, [PME: 2EGEIIA T i 10,1 16T AR 0000800000047
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left atrial appendage thrombus and facilitate urgent candiover
sion. Regardless of the duration or nature of atrial fibrillation,
all patients who undergo candioversion must receive antico
agulation therapy for at least 4 weeks following the procedure
owing 1o an Increased risk for thromboembaolic events after
sinus rhyihm is restored. B

Cardioversion and Rate Control

Pharmacologle or electrical cardioversion should be pur
sued fnopatients with significant symploms despile rale
control. In patlents without structural heart disease, class
I agents or ibutilide can be considered for pharmacologic
cardioversion, Patients treated with ibulilide should be
monifored on telemetry for a minimum of 6 hours or until
the (Tc returns to haseline, owing to a small risk for tor
sade de pointes,

Heart rate control i necessarny in patients with rapid ven-
tricular rates to improve cardiac function and alleviate symp
toms. Acutely, the goal heart rate should be between 60/min
and 110/min. Commoniy used medications include AV nodal
blockers, such as metoprolol or diltazem. Intravenous or oral
administration may be appropriate depending on a patient’s
symptoms, In patlents with left ventricular dysfunction, cal-
cium channel blockers should be avoided. Digoxin can be used
as adjunctive therapy o improve mate control, especially in
patients with heart faihre,

Long-Term Management

Anticoagulation

Arterial thromboembolic cvents are the most serious compli-
cation of atrial fibrillation. In nomyvalvalar atrial Gbrillation
paticnts, the absolure risk for stroke is approximately 4% per
year; however. the presenee of comorbidities {such as heart
[ailure, hyperiension, diabetes. or vascular discusel can
increase the risk 15 10 20 [dd. Hyperiension is associated
with an increased risk lor both atrial fibrillation and stroke;
therefore, blood pressure control is critical in the management
of atrial fbrillation,

Stroke preventlon with antithrombotic theraples Is
dependent on the patient's risk for stroke and risk for bleed
ing. Although severnl risk stratification scores are avallable,
current guidelines recommend the use of the CHADS, VASe
seore in patients with nomvalvolar atrial fibrillation. Adjusted
stroke rates and recommendations for antithrombotic therapy
bused on the CHA DS, VASe score are shawn in Table 8.
Patients with nomabvular atrial Gbrillation who have o
( ”:'1-_.”3';. VASe score of 2 or higher should be treated wilh
anticoagulation o prevent stroke, Patients with valvular atrial
fibrillation {rheumatic hean disease. mitral stenosis, and
valve replacement) should receive warfiuring Non-vitamin K
antagonist oral anticoagulants (NOACS) are nil approved for
wse in vabvular atrial fibrillation, However, patients with atrial
fibrillation und other valvular lesions faortic vildve discase,
mitral regurgitation, and tricuspid regurgitation) are eligible
Tur NOAC thernpy,

a6

Rleeding scores, such as the ATRIA. HAS-BLED, and
ORBIT scores, may be used 1o identify patients with significant
bleeding risk based on patient characteristics, including ane
mila, hyperiension, labile INR, older age, kidney insulficiency,
and treatment with antiplatelel midications. Reversible risk
etors for bleeding should be addressed In patlents receiving
anticoaguiants, Concormitant antiplatelet therapy should be
avolded unless the patient has recent active coronary artery
cHsease (aoute coronany syndrome or revaseularization within
the past year).

Several oral anticoagulants are avallable for stroke pre
vention in patients with atrial fibrillation, Vitimin K antago-
nism with dose-adjusted warlirin Is an effective, low cost
therapy: however. warfarin has limitations, including the
need for reguent mondtoring and adiustment and numerous
vl and dimsg interactions. The safety and efficacy of wirfa-
rin therapy depend on the time the patient i in the therapen
tic range (INR 2-3).

Four NOACS are approved for the prevention of stroke
in atrial Abrillation (Table 19). Dabigatran, an oral direct
thrombin inhibilor, is superior to warlurin [or the preven
tion of ischemic stroke and results in less intracranial bleed
ing. Matients taking dabigatean have a higher risk for gastro
intestinal blecding relative toowarfarin and may experience
dyspepsia. Rivaroxabae. a direct factor Xa inhibitor, is non
inferior i warfarin in the prevention of stroke or systemic
embaolism and is assoctated with less intracranial and fatal
bleeding. As with dabigatran. patients taking rivaroxaban
have o higher sk for gastrointestinal bleeding compared
with those taking warfarin. Apixaban. another oril factor
Xa inhibitor, is superior to warfarin for the prevention of
stroke and conférs ess risk for major bleeding, including
intracranial bleeding. Edoxaban is noninferior 1o warfarin
for stroke prevention and is associated with less major
bleeding. All of the NOACs have shorter hall lives than
warfarin: however, there are no quick, readily available
serum assays to accurately determine anticoagulant activ-
Ity Reversal agents and sotldetes continue o be developed
[or these agents, Andexanel alfa §s being evaloated for
reversal of factor Xa irthibition, for use in patienis trealed
with rivaroxaban, apixaban, or edoxaban. |darucizumab is
a dablgatram reversal agent avallable for emergency inva
sive ar surgival procedures or n cases of uncontrolled or
life threatening bleeding.

Approsimaiely 105 to 25 of patients with atrial fibrilla-
tion have conimindicat ions to oral anticoagulation or discon
tinue therapy for varous reasons. including bleeding events
In paticnts who are al moderate 0 high risk for stroke
(CHA DS, VASe score =3), lelt attial appendage occusion 1o
prevent stmke and systemic thromboeimbaolism can be consid-
ered. Oovlusion of the lelt atrial appendage can be achioved
percutanecusty with a self expanding device that is implanted
in the lett atrial appendage or with surgical closure. Left atrial




Anticoagu

fedicatio Frequency

Type of AF

d far Strake Prevention in Afrial Fbrillation

Cautions and Dosing

efarin (vitamin K Dosing adjusted
facionist) to INR

Malolar® or
naonvaliular

L n{direct MNomvahalar

ihrombin inhibitor)

ban (factor Xa

Twice daly

Onca daily Nonvatvular

'_{- waban (factor Xa Monvalwlar
Inhibitor)

Twnea daily

Once daily

Avold in pragnancy

Caution with idiopathic thrombocytapenic purpura, heparin- |
induced thrombogytopenia, liver disease, protein Cor 5
deficiancy

Many drig interactions {
Caution with P-ghcoprotein inhibitors |
Reduce dose with CrCl 15-30 mUfmin/1.73 m?

Avaid with CrCi <30 mUimin1.73 m?. moderate liver

impairment, strong P-glycoprotein inhibitors, and strong
cytochrome P-450 inducers and inhibitars

Reduce dose with CrCI30-50 mldmind1.73 m?

Ayoid with strong Peglycoprotein inhibitors or strong
cytochrame P-850 inducers and inhibirars

Reduce dose with two of the following eritena: creatinine
=1.5 me/dl 133 {prmal/L), age =80 years, or weight <60 kg
(132 Ib)

Avoid with strong oytochrome PLA50 indhucers and inhibitors |

Reduce dose with CrCl 30-50 mL/min/1.73 m?, weight <60 kg
{132 Ib}, or concomitant use of verapamil or guinidmne i
{potent P-glycoprotein inhibitors)

B = miifal ik illatiam; CrCl = croatinens chearanoe

pencage occlusion has a lower risk for intrweranial bleeding
mpared with dose-adjusted warfarin, [

aie Versus Rhythm Control

dies have nol demonstrated that sinus rhythm restoration
uperior to rate control alone. Consequently, the decision
Snitlate a rate or rhythm control strategy s predominantly
ged on symptoms, patient age, and patient preference.
i conirol can be used to manage asymplomalic patients,
ih a resting heart rate goal of less than 80/min. A goal of
. than 110/ min may be considered in select patienis with
left ventricular dysfunction. B Blockers, culcium chan-
T- nckers, and digoxin can be used to confrol the ven-
ular rate in patients with atrial fibrillation. Combination
_: py may be needed to adequately contrel heart rate.
from resting heart rale assessment, evaluarion of the
rate with activity such as with a 6 minute wallk test,
wss test, or 24 hour ambulatory ECG monitoring, should
performed.
~ A rhythm control sirategy can improve quality of life in
fents who continue to have symploms despite adequate rate
strol. Because the long-term effects of rate control are
known, rhythm control is ofien pursued in younger patients
gd <50 years) wirh minimal symploms, Rhythm control
_ gquire cardioversion in addition to antliarrhythmic ther
 Antiarrhythmic drug selection is guided by the patient’s
morbid conditions and safety considerations. Patients wilh

bar niednl Bbrillation refers tooarnal Bheillagion n G (SR of a mechanical haart vales, thoumatic raird valve discase, andfor frmoral stenoey, |

infrequent arrial fibriltation who have no structural bear dis-
ease or conduction discase often benelit from a “pill-in-the
pocket™ approach. With this strategy. palients take a class IC
drug (Necainide or propatenone) at the onsel of an episode of
atrial filwrillation. These patients should be receiving B-blocker
orcalelum channel blocker therapy or should take one of these
medicarions before taking the “pill in the pocket.” Pill-in-the-
pocket therapy should be indtiated In o monitored setting 1o
crsure patient safety

Nonpharmacologic Strategics
Catheter ahlation with pulmonary vein isolation is an effec
live rhythm control therapy in patients with recurrent symp
tomatic atrial Mbrillation despite antiarrhythmic drog ther
apy. Catheter ablation is most effective in patients without
slgnilficanl left atrial enlargement and multiple comorbid
conditions, Sevenly percent to 90% of patients with paroxys
mal atrial fibrillation are symptom free | vear after the pro
cedure: however: success rates vary. Complications include
thromboembolism (0.5%-1'% risk), tamponade, and vascular
complications (such as inserfion hematoma, pseudoancu
rvsm. arleriovenous fistula, and retroperitoneal bleeding).
Longer lerm complications, such as pulmonary vein sienc
i, AT UWNCOMImon.

AV node ablation is an option in patienis with atrial fibwil
lation who have continued symptomatic tachycandia despite
rate and rhythim control therapy, Therapeutic ablation of the
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AY node requires implamisiion of 2 permanent pacemaker.
These patients remain in atrial fibrillation and still regquine
anticoagularion.

+ |mmediate cardioversion to sinus rhythm is indicated in
patients with atrial fibrillation who have hypotension,
acute myoeardial ischemtia, or decompensated heart
fallure, regarcdless of atrial fibrillation daration.

+ Current guldetines recommend ealeulation of the
CHA, DS, VASe score for stroke risk stratification in
patients with nonvalvular atrial fibrillation: patients
with a CHA, DS -VASc score of 2 or higher should be
treated with oral anticoagulation o prevent stroke.

= A rhythm control strategy can improve quality of life in
patients with atrial fibrillation who continue to have
symptoms despite adequate heart rate control.

Atrial Flutter

Atrial flutter is an organized macro-reentrant lachyeandia with
diserete regular atrial activity on ECG, usually with a rate of
250/min to 300/min, Tvpical atrial flutter is charcterized
electrocardivgraphically by a sawtooth pattern with inverted
Mutler waves In leads 1 1 and aVF and positive flutter waves
in lead V, (Figure 14). Typical atrial flutter is the result ol coun

terclockwise reentey around the tricuspid annulus. In atypieal
futter, the circall can rvel in a clockwise dircction or can

4

occur in other locations in the right and left atria. Arvpical
Mutter may occur after ablation or alter congeniial or vahvular
cardiac surgery.

Management of atrial Motter s similar o atrial fbrillation
rorspement; however, a rhythm comrod stealepy is favored in
atrial Mutter because rate control may be diMeult and often
requinrgs: high doses of more than one AV nodal blocker
Catheter abkation is the delinitive treatment Tor typical et
Mutler, owing to avery high sucoess gite (9575 and low com
plication rate. Cral anticoagulation i patlents with atrial Bt
ey is approached in the same manner as in patients with atrial
fibrillntion. Patienss with atelal Outter and sefficient stroke
risk {CHALLTS, VASe score >3] réquiee ol anlicoagulation to
prevent strokie and systemic embolism. [

KEY POINT

= (Catheter ablation is the definitive treatment of typical
atrial Qutter, owing 1o a very high success mie (>957%)
and low complication rate.

Supraventricular Tachycardias
Clinical Presentation

SVTs are rapid heart rhythms thal arise from the atrium or
reuire. conduction through (he AV node, Atrial Gbrillation
and atrial flutter are technically SVTs, although the lerm gen
erally pertains o paroxysmal SVTS. SVTs can affect all age
groups but frequently occur in younger patients. Prevalence is
higher in women than in men. SVTs usoally occor in the
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FIGURE 14, Inthis electrocardiogram demanstrating typical atiial Hiatles, negatively directed sawtooth waves are seen in the infesior loads, and positive waves are seen in

fead V. In the botam rythm swip, 2:3 and 47 conduthion patterns ame seen,
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ce of structural heart disease, although echocardiogra

¢ should be performed to exclude underlying cardiac
nction or structural defects. Patients often have
ted episodes of tachyeardia and may report palpita

5. a sensation of pounding in the neck. latigne, light

edness, chest discomfort, dyspnea, presyncope, and,
=5 COTRINGNLY, syneope.

The EOG typically demonstrates a narrow complex
ichycardia: however, wide QRS compilexes (=120 ms) may
jresent iy cases of bundle braneh block, aberrancy, pac

ig. or anteroerade pocessory pathway conduction {antidro

tachycardia). SVTy may be classified electrocardio

phically sccording Lo the relationship of the P wave and
QRS complex. Shorr-RP tachyeardias (BT inlerval < PR
nterval) feature a Pwave that closely follows the QRS vom

plex, whereas long-RP tachyveardias. feature a P wave that is
pore than half the distonce between the RR interval (RP
pterval = PR intervall. Short R¥ tachveardias inelude pypical
VET, AVRT, and junctions] tachyveardia. Long RP lachy

arciias include atypical AVNRT, situs mchyeardia, and
ial tachyeardiia.

Vagal mancuvers, including the Malsalva manenver
bearing down), carofid sinus massage, or tcial immersion
in cﬂld water, are first line therapy to restore sinus rhythm
i palicnts with SV Adenosine can be used 1o terminate
ST and simultaneously help diagnose its cause, Tachyeardias
hat terminate with adenosine are typically AV node depend-
nt (AVNET and AVRT}, whereas conlinned atrial activity (P
ex) during AV block is consistent with atrial futter or
al tachyoardia,

Arrhythmias

Atrioventricular Nodal Reentrant Tachycardia
AVNRT accounts for bwo thirds of alleases of SVT, nol including
cases of atrigd librillation and Muiter: AVNRT s the resull of a
reentrant circudl within the AV node that uses both the fistand
slow pathwars, Typical AVNRT Tnvedves conduction down the
slow pathway and back up to the atritim aver the fast pathway
{slewar Fasek. This conduction pattern resalts inoa shaort BP inter
val with a retrograde P wane inseribed very close 1o the QRS
compilex {Figure 15). Alvpical AVNRET occurs when the impulse
travels down the fast pathway and returns 1o the atrfom via the
sy pathwery (fast slow), resulting inadong RP interval.
AVNERT maay be terminated with vagal maneoavers or aden
osine. AV noda] blecking thevapy with §-hlockers or calcium
channel blockers i3 nded to prevent reciurent AVNRT In
patients willy recurrent AVNRET and patients who donol Woler-
ate or prefer toavoid Tang wrm medical therapy, catheter abla
tion should e considered. Catheter ablation of AVNET hasa
high success mle, althoush @ §s associated with g 1% risk for
injury tor the AV node necessititing paoemaker implantaiion.

Atrioventricular Reciprocating Tachycardia

AVET 19 an acocssony pathwany thvpass tract) meddated (achyicar-
i thatis ollen obwerved as procseitation on EOG (Figure 16).
Farly venideular activation over the sceessory pathwery couses
shortening ol the PR interval, and the initial part of the QRS
complex is slurred becawse of premature ventricnlar depolar
wation in the myocardial tissue adjseent o the accessory path
way I AVRT. the tachycardia can comduet aiteroprade over the
AV node forthodromic AVRT) oranterisrade over the acoessory
pathwey anfidmomic AVET), Orthodremic AVET s the most

» QRS comples, which is best sean in , (zppearing as a pseudo 1 wave [amows]).

FIGURE 15. Electrocardiogram showing atrioventricular nodal reentrant tachycardia characterized by a short RP interval with a retragrade P wave inscribed very dose to
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comumon ype ol AVRT, accounting for more than 905 (o 95%
of cases. This type of AVRET has o narrow QRS complex; owing,

* o conduction over the AV node and the His- Purkinje system.

Antidromic AVRT is characterized by awide, slurred QRS com
plex resulting from conduction over the bypass tract and acti
vation of the ventricle wilhout usealthe speclalized conduction
system. Adenosine can be given to terminate orthodromic
AVET: hrmweser, adenosing and other AV nodal blockess are
contraindicated in cases of antidromic AVRT,

Wolll-Parkinson-White (WPW) syndrome is defined by
symptormatic AVET with evidence of preexcitation on resting FCG
(chelta wave). It is often seen in paticals with Fhstein anomaly
Atrial fibriflation ocoars inoup e one thivd of patients with WPW
syndrome. Rapid conduction over an accessory pathway in strial
fihrillation can result in VI and sudden cardiac deatly (SCI).
although this occurs in less than 1'% of cases of WPW syndrome.

In patients with preexcitation on ECG, stress lesting can
effectively risle stralifly palients; paticnts in whom preexcita
tion is lost during exerclse are generally at low risk for ven
tricukar arrhythmia and SCL. Electrophysiolomy tesling is also
helplul in determining the risk for SCI and in localizing the
pathway to facilitate catheter ablation. Catheter ablation is
first-line therapy for patients with WPW syndrome and has a
high suecess rate: however, ablation suceess is dictated by the
Incation of the byvpass tract. Antiarrbythmic therapy & consid
erd second-line therapy. In patients with accessory pathwgys
close to the A niode, antiarrhythmic drug therapy is particu
larly useful hecause catheler ablation carries an unaceeptable
risk for iatropenic heart block.

In asymptomatic patients with preescitation on ECG,
management is controversial. Tvasive festing is generally not
reguired, unless the patient las a high risk occupation. such
as 3 commercial airline pilot. G

Premature Atrial Contractions

and Atrial Tachycardia

Premature atrial contractions [PACs) are early isolated beals
that arise [rom the atria. They are exceedingly common, and
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FIGURE 14&. Electracardiogram dempnstrating sinus thythm with precxcitation as indicated by the presence of 2 delts
wave, The slurring of the QRS upstrake represents premature depolarization of the veniricular tissue adjacent to the accessary

their frequency increases with age. During ambulatory ECG
monitoring, only 1'% of persons have no PACs. High PAC bur
den is associated with increased visk for atrial fbrillation.
Symptomatic PACs are typically treated with [ blockers or
caleinm channel blockers.

Atrial tachyeardia can arfse inthe presence or absence of
structural heart disease. b Blocker or caleium channel blocker
therapy is [irst Hne lreatment for symplomalic atrial tachyear
dia. Second line treatment consists of catheter ablation or
antiarrhythmic drug therapy. Ablation success rates are gener
ally lower in patients with atrial tachycardia than in patients
with other SVTs.

Multifocal atrial lachycardia is tvpified by three or more
P-wave morphologies and a heart rale greater than 100/min
(Figure 17). It is usually seen in patients with end-stage
COPILE

KEY POINTS ¥ =

* il maneuvers, including the Valsalva mancuver,
camlid sinus massage, or facial immersion in cold
waler, may restore sinus rhythm in patients with
supraventricular tachycardia:

» Patients with recurrent alrioventricular nodal reentrant
tachyeardia are trealed wilh atrioventricular nodal
blocking agents (B -blockers or caleium channel block-
ers) or catheter ablation.

= First-line therapy for patients with Wolff- Parkinson-
White syndraome is catheter ablation: antiarrhythmic
therapy is reserved for second - line therapy

Wide-Complex Tachycardia
A wide-complex tachwearndin s any tachyeardia with a QRS
complex of 120 ms or greater. Differential disgnoses include
SVT wilh aberrancy, preescited tachveardia fantidromic tachy
cardid). ventricelar paced rhythm. and VT,

I adult patients with struetural beart disease, 95% of
wide ‘complex tachyeardios are VT Severad important clinical
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ECG features can distinguish VT from other conditions,
Wide complex lachyeardias that are positive inlead aVR, have
r_;_? mirphology that is concordant (all predominantly pos-
five or negative) in the precordial leads, have QRS morpholegy
er than tvpical right oc left bundie branch block, and
Ehibit extreme axis deviation (“northwest™ axis) are usually
i AV dissociation, fusion beats, and capture beats are all
hig Iy sugpestive of VT (Figure 18}, When the origin of a
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FIGURE 17. Electrocardiogram showing multifocal atrial tachycardia Lypilied by three of miore Pawave morphalogies (amows),

wide complex tachycardia cannot be determined, VT should
be assumed until expert consuliation can be obtained. [

Ventricular Arrhythmias
Premature Ventricular Contractions

Premature ventricular contractions (PVCs) oceur in up 1o 73%
ol healthy persoms. Symptoms include palpitations or the
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IGURE 18, Electracardiogram demenstrating a reqular monomarphic wide-complex tachycardia in a lett bundie branch bBlock pattern, The presence of atrioventricular
ssociation confirms the diagnasis of ventricular tachycardia. The arrows identify nenconducting Pwaves,

31



perception of skipped beats. Forceful beats are caused by
increased cardiac filling during the pause following the PVC,
PVUs dre more common in patients with hypertension, left
ventricular hypertrophy, previous myocardial infarction, and
other forms of structural heart disease, such as nonischemic
cardiormyopathy

In the absence of high-risk features {svnenpe, a family
history of premature SCI, structural heart disease), reassur-
ance is appropriate management. PVUs require treatment
when symptoms are bothersome or frequent (=10% of all beats
or 10,000 PVCs per day). Tachyeardia-induced cardiomyopa-
thy may result from frequent PVCs (see Heart Failure).

First-line treatment for PVC suppression is B blocker or
calcium channel blocker therapy. [-Blockers are preferred in
patients with ventricular dysfunction. If PVCs persist despite
f-blockade or calcium channel blockade, antiarthythmic drug
therapy may be wsed. The selection of an antiarrhythmic
medication for PV suppression depends on many factors,
inchzding kidney function and comorbid conditions. In young
healthy patients withoul structural heart discase, class 1C
drugs are usually effective. Amindarone is most commaonly
used in patients with structural heat disease, particularhy heart
failure, Catheter ablation should be considered in palionts
with continued frequent PVUs despite medical therapy, those
who cannot tolerate medical therapy; and patients who develop
PVC related left ventricular dysfunction,

Ventricular Tachycardia with
Structural Heart Disease

[1 fschemic and nonischemic cardionmyopithy, the prosence of

mvocardial scar tissue facilitales a reentry circwit and the
development of VI VT s usually regular and manomorphic in
patients with veniricularscarring. Sustained V1 (=30 seconds)
can lead to bypolension, syneope. VE and cardiae arrest; how
ever. short episodes of VT (nonsustained) or slow sustained VT
may be well tolerated or cause no symploms.

BEvaluation with resting BECG, exercise tréadmill testing (Lo
provoke arthvthmias), and cardiae imaping (Lo identify stru
lural heart disease) is Indicated in all patients with VT, Patients
with ischemic cardionmopathy who present with V1 should
be considered for angiceraphy and revasenlarization il appro
priate, Cardiae magnetic resonance Tmaging clarifies the extent
and pattern. of myocardial scarring, which can be helplul in
tefining the cause of the cardiomyopathy and can assist in
determining prognosis. For example. patients with a higher
burden of myvocardial scarring have higher risk for recurrent
arrhvthmiza.

B Blockers and ACE inthibitors reduce the risk for SCD in
patients with prior myocardial infarction and cardiomyopathy:
I thosewith recorrent VT despite B-blocker therapy, antiar
rhvthmic drig thesapy with amiodarone may he comsidersil.
Catheter ablation should be considered in patients with reenr
rent VT despite medical thevapy: 1CD placement is indicated
for secondary prevention of SCD in patients with stractural
heart disease or cardiomyopathy who have sustained V1TIVE
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provided thal reversible causes hiave been excluded {such as
AcUle Coronary schemin or cocaine ingestion).

Idiopathic Ventricular Tachycardia
Idigpathic VT tso-called normal heart ¥T) oceurs in the
absence of structural heart discase, ypically arising from the
ot flow tracts, Bscicles, and papillary muscles. Patients with
idiopathic VT usually present with palpitations in the thind 1o
fifth decades of life Episodes ol syncope are unoommon.
Arrhythmic events are often tripgered by stress, emotion, or
exercise. These tachyeardias are responsive to adenosine,
Caleium channel blockers, especially verapamil, and
B-blockers are first-line trestiment for idiopathic VI Catheter
ablation can be considered ifsymptoms continue despite These
therepics, 1CDs are contraindicated in patients with hemody
mamically stabde idinpathic VT, owing (o the benign prognosis
and efficacy of other therapies. [£]

KEY POINT

* The primary treatment for patients with premature
ventricular contractions (PYCs) without high risk fea
tures (syncope, a family history of premature sudden
cardiac death, structural heart disease) is reassurance;
treatment is reserved for those with bothersome symp
toms of frequent PYCs.

Inherited Arrhythmia Syndromes

Paticnts younger than age 40 years with unexplained SCI,
unexplained near drowaming, or recurrent exertional syncope,
who do not have ischemic or other structiral heart disease,
should be evalualed for inherited arhythmia syndromes.
Additionally, unexplained premature death (age <35 years) or
sudden death in a first degree family member {age <40 years)
should raise suspicion for an inherited arrhyvthmia syndrome
anc prompt referral o a candiovascular specialist, with genetic
counseling and genetic testing as indicated by clinical find
ings. The diagnosis of inherited arrhythmia syndromes can be
complicated because of variable penetrance and expressivity
of these disorders. Characteristic findings and treatments for
these syndromes are reviewed in Table 20.

Lomg T syndrome is among the most common inherited
arrhythmias. affecting between 1 in 1000 and 1 in 5000 per
sons. Prlongation of the Qe interval has many causes, most
of which are acquired, such as medication use, structural heart
disease, and electrolyte abnormalities. Drugs that have been
implicated in QT prolongation include antiarrhythmic agents,
antibiotics (including somie macrolides and fluoroquinolones),
antipsychotic drugs, and antidepressants. A list of drugs cate
porized by their potential o cause OT prolongation is avadlable at
crediblemeds.org. The presence of a prolonged (¥ interval
(=440 ms in men and >460 ms in women) alone is insufficient
o diggnose long O syndrome. Diagnosis requines the presence
of a OTe interval greater than 500 ms on repeated 12-lead
ECGs accompanied by unexplained syneope or ventricular



Findings

Presenting Symptoms and Characteristic

Arrhythmias

Treatment®

torsades de pointes

Short OT syndrome
fibsritlation, VT, WF

rugada syndrome
Catecholarminergic polymaonhic ¥T

FA:; repolarization syndrome

ARVC/D

Syncope, OTc interval usually =460 ms,
Syncope, QT intenval <340 ms, atrial

Syncope, VE, coved ST-segment alavation in CD
early precordial leads (W, through V)

Syncope, polymorphic.or bidirectional VT
during exercise or emaotional distress

Syncope, infericr and lateral arly D
rapolarization on ECG,VF

Syncope, palpitations, Tawave inversionsin
leads V| threugh at least V', monomaorphic
YT, abnarmal signal-averaged ECG,
frequent PYCs, ard abnormal right
wentricular size and function on
echocardiography or CMR imadging

[-Blockers, W20, exercise restriction

ICErin all patients

[-Blockers, warapamil, flecainide, ICD, exarcise
abstinence

ICE, f-blockers, antiarrchythmic medications,
exercise abstinence

dmgs, are aftan required in several syndromes for recurrent ventricabar arrhythanias,

arrhythmia. Patients with a Q¢ interval greater than 500 ms
are at grealest risk for SCO. B-Blockers are first-line therapy:
wever, palienls wilh cardiac arrest or those who have recur
sent events {syneope or VT) refractory 1o f-hlocker therapy are
gandidates for ICD placement. These patients should not par-
i ipate in competitive athletics,

Short QT syndrome is a rare and genetically heterogene-
ous disorder characterized by a short QT interval (QT <340 ms
o (e <350 ms). 1L is inheriled inoan aoutosomal dominant
pattern. Palients can present with atrial and ventricular
arrhythmias (including atrial fibrillation. polymorphic VI and
?‘i"F]I and syncope. Patients with shorl QT syndrome are consid
ered to be al very high risk for 5C0; therefore, 1C1) placement
& recommended in all patiends.

Brugada syndrome is distinguished by right precondial FCG
ahnormalities, including ST segment coving {concave or linear
dovwnsloping 5T segment) inleads V, oV, with orwithout right
bundle branch block, VE and cardiac amrest (Figure 19), Brogada

Asian descenl. Arrhwthmic events in patients with Brugada
drome are more commeon at nighl  during  sleep
Abnormalities on ECG can be intermitlent and may be elicited
by fever or pharmacologic challenge with sodium channel
Slockade (such as with procainamide infusion). Patients with
syncope or ventriculararrhythmia should undergo XD implan-
fation. Cuinidine may be benelicial in patients with recurrent
ventricular arrhythmias and/or 1C1 shocks.

Catecholaminergic polyvmorphic VT is 4 rare disorder
characterized by intracellular caleium overload, polymorphic
gentricular arrhythmias, and cardiac arrest. The arrhythmias
are usually trigecred by high-adrenergic states, including

ARVCIT = arhythmagenic right ventricufar cardiomyopatfiypidyaplasia; TMR = cardiae ragnetic respnance; ECG = electrocardingraphy; B0 = implamable candoeeter
defibrillaton: PYC = preematre ventricalar conteartan; OTc = cormeted OTWF = wentricular Bbrillation; WT = wentriculs techypcardia,

Mreatment recommendationss oG inkeered archyghmia syndoemes are quicled by risk stratdication with critena thad aee oflen disease specilic. Additianalfy, aptiaerhyghmic

syndrome has an increased prevalence in men and persons of

strong conolion and exercise. These archythmias can alsa be
prinoked with epinephrine infusion. f Blocker therapy and
ICE placemenl are treatments, Patients with catecholaminer
aig polymorphic VT showld avoid exercise,

Farly repolarization syndrome should be stromgly sus
pected in patients with unexplained VF arrest, particularly
when provoked during exercise, Early repolarization (J-point
elevation) isa common and usaally benign BECG finding; how
ever, the presence of inferior and lateral early repolarization of
more than 1 mm in 4 patienl with VF and/or cardiac arrest
should be considered early repolarization syndrome. 1C1
implantation is indicaled in patients with VF or cardiac arrest,

Hypertrophic cardiomyopathy or arrhythmuogenic right
venlricular cardiomyopathydysplasia (ARVC) can often pre
senl as SCD in voung persons. Hypertrophic cardionnopathy
and arrhythmic risk stratification are discussed in Myocardial
Disease, Most patients with ARVC/D present between puberty
and young adulthood; however, it can also ocear in older age,
Patients with ARVC D usually present with freguent ventricular
ectopy and/or monomeorplic VT, althosgh severe cases can
present with heart failure. The diagnosis is established by ECG
abnormalities, famiby history, the presence of archythmias, and
struetural abnormalities of the rightventricle. Cardiac magnetic
resonance imaging can demonstrate enlargement (segments of
poorky contracting heart muuscle), focal ancurysms, and wall
molion abnormalities in the right ventricle (hypokinesis).
ABVC/TY is usoally progressive. and palients with ARVC/D
should abslain from viporous exercise. Patients with ARNVCD
and cardine arrest or risk factors (nonsustained VT, inducible
VT} shotbd be affered ICD implantation. i-Blockers are fitst. line
therapy for ventricular arrhythmia, although antiarchythmic
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FIGURE 19. Hedrocardiogram demanstrating atype 7 Brogada pattern, 22 mm J point elesation, ST segment coving [toncave or linsir downslaging 5T segment)

[arrowheads), and Twave versians in leads ¥, 1o\,

therapy with sotalol or amiodanone or catheter ablation is oflen
required for recurment VT

K - B -.._ilu.;'l 4

s LUnexplained premature death (at age <35 vears) or sud
den death in g first-degree family member should maise
suspicion for an inherited arrhythmia syndrome and
prompt referral 1o a cardiovascular speciallst,

Sudden Cardiac Arrest

Epidemiology and Risk Factors

SCD is defined as an instantaneous fatal evenl or collapse
within 1 hour of symptom onsel in an apparently healthy per
som In patients in whom death was unwitnessed, SCI is con
sidered 1o have ocourred if the palient was Krowvn 1o be alive
and well within the past 24 hours, VT and VI are the most
common causes of SC1.

In the United Stales, more than 350,000 episodes of SCD
oceur each year The annual risk for SCD s 11000 in the gen
eral population. The highest incidence occurs in paticnts with
pre existing structural heart disease. althongh lefi ventricular
function is normal in most patients experiencing SCI. Risk
factors include heart failure. diminished left ventricular fonc-
tion, previous myocardial infarction, unexplained syncope,
lefi ventricular hypertrophy, nonsustained veniricular
arthythmia, chronic kidney disease, and sleep apnea. It is
important to distinguish between myocardial infarction and
SCD when a family history of cardiae disease is obtained.
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Acute Management

Cardiae arrest necessitoles immediate cardiopulmonary resus
citation [CIPRY and advanced cardiae 1ite support, Basic life
support guidelines emphasize the importance of Immediate,
rapid, and sustained chest compressions in caring for indi
viduals with candise arvest. Following activation of the emer
gency medical system and request for an aatomated external
defibrillator, the patient’s pulse should be checked mmedi
ately, Chest compressions should be initiated I no definiie
piilse Is detected within 10 seconds. Hizh-quality CPR (30
compressions and 2 breaths per cyele i no advaneced airvay is
present) includes adeguate depression of the lower sternum at
a e of at least 100 compressions per minute with adeguate
time for chest recoil. Intermuptions in chest compressions
should be minimized. Once an airway s been secured,
breaths should be delivered at a rate of 1 breath per 6 secords
{10/ min) 1o aveid brealh stacking and increased thoragic pres
sure, which impedes cardize output. Defibrillation should
oocur as snon as possible in patients with a shockable rhvithim
because Hme 1o defibrillation #s an important determinant of
the likelihood of survival to hospital discharge,

Acvoonding o the 2015 American Heart Association
advanced cardiovascular life support guidelines. the presence
or absence of a shockable rhvthim guides management after
PR has been initiated. In patients with asystole or pulseless
electrical activity, CPR s confinued with reassessment of
rhwthm status for a shockable rlwthm every 2 minutes
Epineplirine should be administered intravenously 1o increse
coronary perfusion. Vasopressin I no longer recommended




becanse it provides no advantages over epinephrine. Likewise,
atropine should not be used for the treatment of asystole or
pulseless electrical activity arrest. Any reversible causes (such
as tamponade) should be identified and treated,

Patienits with VI'VE should be shocked, ollowed by
immediare resomption of CPR and reassessment of the rhivihim
in 2 minutes. Epinephrine should be administered alter the
second shock and every 3 10 5 minutes thereatter, Amicdarone
should be given as a bolus if VIVVE continues despite three
shocks and epinephrine administration. A sceond dose of ami-
edarone can be given iF VT VE persists. G

Device Therapy for Prevention of Sudden Death
HCDs have demenstrated efficacy in the primany and secondary
prevention of SCD, Patients with sustained ventricular arrhyth
mias (=30 seconds) or cardiac arrest without a peversible canse
have a class | recommendation for seoondary. prevention 1C1)
Placement. Paticnls with Teart ilure who mecl specilic criteria
should undergo 1CT placement fir primary prevention (see Hear
Failure). Patients with heant failure and interventricular condue
ton defeels (predominantly left bundle branch block) often
Benetit from cardiae resymchronization therapy or cardiac resyn
chronization therapy in combination with a defibrillator. B

Patients with [CDs need Lo avoid strenuous upper ¢xiren-
Ity exercises. including weight lifting, because ol concern for
fead stress and subsequent fracture. Inappropriate detection of
VTVE and shocks can result [rom electromagnelic interfior-
ence; therefore, patients need o avold devices thal pose risks,
such as arc welding equipment and high voltage machinery.
Patients with TCDs who are undergeing invasive procedures or
surzery should be evaluated by their electrophysiologist for
device reprogramming recommendations.

In the past, s were implanted almost exclusively by
using a transvenous approach. New techniques allow [or
implantation of detibrillators inthe lateral chest at the midaxil
lary line adjacent to the heart with tunneling of the lead under
the skin next o the slernum. Subcutancous defibrillators have
several advantages, including reduced risk for device infection,

» [mplantable cardioverter defibrillators are effective for
primary and secondary prevention of sudden cardiae
death,

 Device Infection

Device infections have many different forms, mnging from pocket
Infections (o endocarditis. Most infections. are due. 10
:- phylococeus  epidermidis and  Staphuylocoocus  aureus.

s, lassitide, and faflure o thrive, particularly in the-elderty,

Phivsical examination of the pocket may reveal eryihema,
swelling, drinage, or wound dehiscence. In patients sus
.' soted of having device infection, several blood cultures, an
Eryihrooy e sedimentation rate, and a C-reactive protein level

Valvular Heart Disease

should be obtained. A transcsophageal echocandiogram shoald
he obtained to evaluate for intracardiac or lead vepetations,
Aspirating the device pocket is never indicated because this
can damape the leads or indmoduce infection ina sterile or
unitfecied pocket, PET-CT can also identify infection of the
deviee pocket or leads if other testing is inconclusive.

Treatment of candiae device infection includes complete
extraction of all hardware, debridement of the pockel, sus
tained antibiotic therapy, and reimplantation ot a mwesw location
after infection has been eradicated. [

Valvular Heart Disease
General Principles

Valvular heart discase (VHDY is characterized by underlying
funetional or anatomic abnormalities in the cardiae walves Lhat
result in regurgitation or stenosis. VHID is common, ecourring
in approximately 20 million persons in the United States.
Although there are congenital formis, VD is lareely age depend

ent, and 3% to &% of those aged 63 vears and alder are affected.

A thorough history and physical examination are essen
tial in evaluating for VD, Many hearl valve lesions are slowly
progressive, and patients may unconsciously limil their activ-
ity in response g worsening of underlying VHIL The most
common symptom is exertional dyspnea. Other symptoms
include angina, syneope, palpitations, lower extremity edemiz,
and ascites, depending on the: lesion and severity. Typical
phvsical examination fndings tor valvular and other cardiac
lesions are deseribed in Table 21, Twebee-Tead electrocandiog-
raphy, chest radiography, and transthoracic echocardiography
ITTE) with two-dimensional imaging may be performed to
evaluate for VHD.

For clinical menitoring and timing of intervention, VHI is
classified into four stages (A o D), which consider the presenog of
symploms, severity of the lesion, ventricular response to the ol
ume or pressure overload cansed by the lesion, effect on the
pulmonary or systemic circulation, and heart rhythm changes
{Table 22). Surveillance intervals for echocardiographic cvalua-
fiem hased on disease severity are listed in Table 23 om page 58.

Surgery can be a life-saving intervention in select
paticnts, and surgical risk calculation is.a Key component of
the patient evaluation. Surgical risk is determined through
an assessment of the patient’s age, morbidities, frailty, and
impediments specific to the procedure ing considered (for
example. prior chest radiation therapy for g sternotomy
approach). Risk caleulators derived from national databases
can assist in estimating risk for morbidity and mortality for
various surgical valve proceduores. One such calenlator, the
Soeciety of Thoracie Surgery Adult Cardiac Surgery Risk
Caleulator, iswailableat riskeale sis.org: Although risk calou
latars contain many data inpat felds, it isimportant to note
that frailey and some other important patient and procedural
characteristics are not par of these online assessment (ools,
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Valvular Heart Disease

¢ Lesions and Their Associated Examination F|r--:i:r'|-.g-5
Cardiac Characteristic  Location Radiation Associated Findings Severity and Pitfalls
| Cendition Murmur
| L 1
Aartic stencsis Midsystelic: RLISE Right clavicle,  Enlarged, nondisplaced Severe aortic stenceis
; crescendo- carctid, apex apical impulse; 5,; bicuspid findings may inchide
decrescende valve without calcification decreased A.; high-pitched,
will hawve systolic ejection late-peaking murmur;
elick followed by murmur diminished and delayesd
carolid upstroke
Radiation of murmur down
the descending thoracic
aorta may mimic mitral
| requrgitation i
Agrtic Diastohe; LLSB [valvular)  Mone Enlarged, displaced apical Acuite severs requrgitation
regurgitation decrescenda ar RLSB impulee; 5, or & increased s tray be masked by
(elilatae] porta) pulse pressure; bounding tachycardia and short
{haard Best caroticd and peripheral duration of murmur
ﬁ::ﬁ;nd s Seventy in chronic
Foraard) rogurgitation is difficult to
assens by auscultation
| Mitral stenosis Diastolic; low Apex [(heard MNone Loud 5; tapping apex beat; interval between 5, and
| pitched, best n left opening snap after 5 if opening snap is short in
decrescendo laterad leaflets mobile; iregular severe mitral stenosis
decubit if atri illati
| PDihiDﬂl;s :'u:::mamal fibrillation Intansity of mismoe
correlates with transvalvular
gradient
Py may be loud if pulmonary
hypertansion prasent
Mitral Systolic; holo-,  Apex Azilla orback;  Systolic click in mitral valve Acute severs requrgitation
regurgitation rmid, ar lane occasionally prolapse; 5; may have soft or no
systolic antericrly to apical impulse holosystolic murmur, mitral
precordium hyperdynamic and may be inflow rumble, or 5,
displaced if dilated lefi J
ventricle: in mitral valve
prolapse, Valsalva maneuver
moves onset of clicks and
murmur closer to 5, ;
handgrip manauver |
INCTaASES MUrMmUT tEnsity
Tricuspid Holosysiolic LLSE LUSE Merged and praminent ¢ Right ventricular impulse
regurgitation anel v waves in jugular brolow stermum |
vanous pulse; murmur Pul ke
i T, satile, enlarged live
incrpases dunng inspiration ;Jon'nblln:ir_':bns CWith |
Murmur may be high-pitched
il associated with severe
pulmanary hypertension
Tricuspid Diastolic; low LL5B Moz Elevated central venous Low pitched frequency may
slenosis prtched, pressure with prominent a be difficut te auscultate,
decrescenda; wave, signs of venous especially at higher heart
incraased cangestion {hepatomegaly, rate
oSty ascites, ademal
during
inspiration
| Pulmonaryvalve  Systolic; LUSE Left clavicle Pulmonic ejection click after Incrmased intensity of
stenasis crescendo- %, ldiminishies with murmur with late pezking
decrescendo inspraticn)
Pulmonaryvabee  Diastolic; LLSB None Loud P, # pulmonary Murmur may be minimal or
regurgilation decrescendo hypertension poesent absent if severe dueto

minimal difference in
pulmeonary artary and right

wirntricular diastolic pressures

56

{Continued an tha next paga)




Valvular Heart Disease

Valvular and Other Cardiac Lesions and Their Associated Examination Findings (Continued)

Characteristic  Location Radiation Aszsociated Findings Severity and Pitfalls

Murmur |
Midsystolic; RUSE Mone Morral intensity of & normal — May be present in conditions
grade /6 ar splitting of 5.; no radiation with increased flow (e.g.,
244 inintensity pregnancy, fever, anemia,
hyparthyraicism)
Systolc; LLSB Mone Enlarged. hyperdynamic Murmur may not be present
crescendo- apical impulse; bifid carotid i nenobstructive |
decrescendo impulse with delay; increased hypoertrophic
intensity during Valsala cardmycpathy
maneuver or with squatting to
stancding
Systalic; RUSE Mone Fixed split 5.; right May be associated with
crescendo- ventricular heave; ranely, pulmonary hypertension
decrescendo tricuspid infiow murmur with increased intensity of
P, pulmanary valve
requrgitatian
tricular Holosystolic LLSB Mone Palpable thrill; rarmur Murrmur intensity and duratio
saptal delect increascs with handgrip decrease as pulmonary |
manguver, decreases with hypertension dovelops |
armyl nitrite (Esenmenger syndrome)
Cyanosis if Fisenmenger
syndrome develops

A= acsitic commpomind of 5. LLSE = beh lower stermal homder; LUSH = lefi upper stermal bomder P, = pulimome component of 5 ; BLSA = right nwsr stemal binder; RUSE = rght |

et tanrial bioechar |

surgery and can be measured preoperstively (see MESAP 18
General Internal Medicine). B
For all paticnts in whom surgical or interventional ther-

Stages of Progression of Valvular Heart Disease

Definition Description

Atrisk Patiants with risk factors for apy Is being considered, a muliidisciplinary approach with a
P O heart leam consisting of cardiologists, surgeons, and inter-

Progressive Fatients with progressive VHD ventional cardiologists is recommended. Evaluations in cent
L";“;mgﬂm severity and ers with specialized expertise in VHID (for example, a leart

Vilve Center of Excellence) s also advised for patients in

i } who have
mpmmanc mﬁmﬂm - whom inlervention is being considered when (1) there are no
€4 Brastomatie rationts symptoms; () multiple or complex morbidities are present;
whi., g:“mw.m. v b the ar 3} surgical valve repair is favored over valve replacement.
left or right ventricle remains: Medicul therapy. although often effective for symptom
compansated . palliation, has not been shown to prevent progression of VHID
ﬁ; %mptﬂﬂwliﬂpl;i:ﬁﬂﬂs | or improve long-term survival in patients with VHD.
ith severs VHD, wit i
decompensation of the left or KEY POINTS
ngl'ﬂm
. { * Many heart valve lesions progress showly, leading
Symptomatic Patients who have developed
mfe A iy 1o patients 1o unconsciousty limil their activity in

response; therefore, a careful history and detailed phys
lcal examination are essential,

[ = whirl il Dot drsesane,

pcdu el with porrmission from Mishimurs 88, Otie CM, Ranow RCE Carnkelia h X .
B, G JP 3, Guylon RA, et al; American Colloge ol Cardiniogyfmerican o For all patients with valvalar heart disease in whom

mart Associatian Taak Force on Pradtice Guichdlinos, 014 AHAMACC guickeling fos . . ¥
b ritiagemient of patients with vadvidar beart disesdo; sacutive sumimany: 4 M"“lm“ ar |I'|tt'.["h"['ﬂ|.l.l.]l'!.ﬂ.:| tmﬁlﬂ}' 15 hﬂ'[ﬂg i.'ﬂnbi.df‘fﬂd, i

gt ol thes Amecan College of Cardiolegy/dmerican Haan Associstin Task scinli : e s consist-
pa on Practice Guidalmess. J Aoe Coll Cardiol 2074:45: 2418 BR [FWMD: mulrkilauplcmar_} Approach With & heutt te L 2
011971 i 0.1 D1 jmerr 2014 07 537, Copyright 2014, Elsesier. tng of cardiologists, surpeons, and interventional cardi

ologists is recommended.
frefone, a comprehensive, holistic approach is required for » Medical therapy. although often effective for symptom
ining patien! surgical risk and cndidacy. Frailty, pailiation, has not been shown 10 prevent progression
oh is variahly defined as a geriatric syndrome characterized of valvular heart disease ar improve long term survival
pdeclines in several physiologic systems and processes; por in patients with valvular heart discase.

gl an increased risk for morlality in patients andergoing
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Valvular Heart Disease

TABLE 23.

Serial Evaluation of Asymptomatic Patients with Left-Sided Valvular Conditions

| Factors Considered Lesion Severity Frequency of Evaluation
| Aortic Stenosis
[
Stenosis severity; rate of progression; LV At sk (V<2 m/s)
Idfyjli{l_:ilral-::*ﬁrﬁ::hLrﬁ_il:ﬁ:gg;rnlzaviiit‘mn Mild (VY 2.0-2.% misor mean gradient Clinical evaluation yearly; acha évary 3-5 v

<20 mm Hg)

Moderate (V3039 m/fs or mean
gradient 20-29 mm Hg)

Severc (V=4 mfs or mean gradient
=40 mm Hg, AVA =10 em®)

Wery severe (V|
260 mm Hg)

=5 mfs or mean gradiant

Clinical evaluation yearly; achaevary 1.2y
Clinical evaluation yearly; echo every
&-1.2 mo

Clinical evaluation yearly; echa every
512 mo

Aortic Regurgitation

L ejection fraction; LV chamber size;
ascanding aorta dilation if bicuspid aortic
valve

Regurgitation severity; rate of progression;

Wild {WC 0.3 crm, ERO <010 em?, RY
<30 mlfbeat, RF <30%) normal EF

Moderate (WC 0.3-06 cm, ERD 0100.2F o,

RY 30-59 mlL/beat, RF 3056-49%)

Severs (VT 2004 cm, ERO =0.3 e, RV
=40 mlbeat, BF 250%)

EF =505%; LVESD =50 rrim

EF =50%:; LVESD =50 rorm

Clinical evaluation yearly; echo every 3-5 y

Clinical evaluation yaarly; echo every 1-2y

Clinical eval uation every &-12 mao; echo avery
&12 o, mvore frequently for dilating LY

Clinical evaluation every & 12 mo; echo eveny
&-12 o, more freguently for dilating LV

| Mitral Stenosis

Stenosis sevarity

Mild and maderate (MVA 1.5 em?,
diastolic pressura half-tirme <150 ms)

Severs [MVA 21,5 cm?, diastalic pressure
hatf-tima =150 ms or =220 ms with veny
severe stenosis, PASP =30 mm Hg)

Clinical evaluation vearly; ocho every 3:5

Clinical evalustion yearly, echo every 1.2y
for WMWA 1.0-1.5 om?, every year for MVA
1.0 em?

Mitral Regurgitation

EF;: L chamber size

Regurgitation sewverity; rate of progression;

At risk (VT =03 cm)

Mild and moderate (VC <07 cm, EROC
«0.40 em?, RV <40 ml/beat, RF <509%)

Sevara (VT 207 om, ERO =0.4 cm?,
A =40 mbteat, BF =50%)

Clinical evaluation yearly; echo anly if
symptomatic

Clinical evaluation yearly, echoevery 3.5y
for mild sewarnty, every 1-2 y for moderate
SEverity

Clinical evaluation every 6-12 ma; echo avary
&-12 ma, mare frequantly for ditating LV

AR = gortic valve area; achio = schocardicgraphy; EF = sjection fracton; RO = effective requrgitant orilice; Ly = left ventricular WVESDE = bl venticalar ard-stilic demension;
MwA = mitral valva arsa; PASP = pulmonary artery sysolic pressiee; RE = reguegitant fraction; BY = regurgitant volurme; W< vana contracta width: V= maximum aortic jet

velority.
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Aortic Stenosis
Clinical Presentation and Evaluation

Aortic stenosis may be congenilal, such as in persons with a
bicuspid aortic valve, or acquired. The most commoen cause is
degeneration of the valve that cecurs with aging; severe lesions
oceur in approximately 3% of persons aged 65 years and older
(Figure 20). Other causes include rheomatic disease and chest
radiation, Although rheumatic disease of the miteal valve fre

quently occurs in isolation, rheumatic aorfic valve discase
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almost never occurs without mitral valve inmvolvement. Chiest
radiation {for example, mantle therapy for non-Hodgkin lym-
phorma) commonly causes a mixture of Doth valvalar stenosis
and regurgitation,

Aortic stenosis results in chronic pressure overload of the
left ventricle (IV). leading to concentric LV hypertrophy and
myvocardial interstitial fibrosis. Diastolic dysfunction follows,
with eventual systolic heart failure and pulmonary congestion.
Exertiomnal dyspnics, syncope, and angina are the most com
mon presenling Ssymploms; however, symploms may nof
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appear until stenosis i severe, The disease typically progresses
with a decrease in the aortic valve area of approximately
0.12 tm? per vear, but the rate depends on patient age, under
hying severity of the stenosis, and comorbid conditions, such as
Kidney failure and hypertension. Among asymplomatic
patients wilth severe aortic stenosis, 75% will die or develop
symptoms within 5 years, Onee symptoms occur in patients
wilh severe anrtic stenosis, life expectancy is generally only 1
163 2 yisars. Thus, serial evaluation every 6 1o 12 months is nec-
ommended for patients with severe discase (see Table 23).

In patients with severe aortic stenosis. the characteristic
physical findings include a late peaking systolic murmur, a
diminished or absent aortic component of the 5, and a delay

in the carolid upstroke (pulsus tardus) that may be accompa

nicd by a decreased pulse amplitude due to low cardiac oulpul
(pulsus parvus). Phvsical findings that suggest sovere aorti
stennsis should be promptly evaluated {see Table 21),

Mhe primary imaging modality for the evaluation of aortic
stenosis s TTE (Figure 21}, Echocardiography can determine
the cause and severity of aortic stenosis (such as the gradient
and valve areal as well as LV Tunction and wall thickness, In

some patients, echocardiography may underestimate the

severily of aorlic stenosis. Further evaluation with candiae
catheterization, during which the candiac output and the gra
dient peross the aoriic valve can be measared. is required

when there are discrepancies between the findings on physical
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FIGURE 21. Echocardiographic finding

shenosis |arrewh

cxamination and the echocardiographic resulls in sympito
matic patients being considered for surgery,

Severe aortic stenosis is typically defined by a small valve
aren (1,00 cm?) and elther high peak velocity (=4 my/s) or high
mean gradient (=40 mm Hg). There are two patient subsels in
which severe aortic stenosis may be prosent with a small valwe

&0

ared and cither low velocity or ow grsdieni: patients with severe

IV dysfunction and low cardiac outpul and patients with pre-

served LY function and paradoxical bow low, low- gradient aor

the stenosis. Inthe fi dobutamine echocardioora
or an invasive hemodynamic study is needed to distinguish troe
aclic stenosis from pseudnstenosis. With pseudostenosis, dobu

famine increases cardiac outpul and the opening fonees on the

w0l vabve, causing (he valve area o inerease oul of the severe

range. With tree aortic stenosis, the caleuloted valve area remains
in the severe range with dobutamine administrution, and the
aortic vilve gradient and velocity increase with Increased stroke
volume. In patients with paradoxical low-ow, low-gradient

aortic stenosis, low stroke svolume (235 ml/m?) resulis from a

combination of small 1V size and Heh aortic impedance to fow

(hypertension). Determimation of lesion severity in paradoxical

aorlic stenosis [y of the hemodynamics.
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In peatients with either low-Mow, kow gradient severe aortic ste

nosis or parsdoxical low-flow, low gradient severe aortic

stenosis, ohservational studies have shown improved survival

with aortic vale replacement compared with medical therapy:

Mamnagement

vortic valve reptacement is o Hie-prolonging procedure in
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Although the pathophvsiolopy of aorfic stenasis is Known

(o be inflammatory, randomized trials of medical therapy

this therapy o be effective

speci fcally statins, have not Dund

in slowwing disease progression. For patients with coexislent




|[GURE 2 2. Transcatheter surtic vakve replacement. Top left panal: Ballien agitic
leplasty (arrowhead) is first performed. Tog sight panet: Using a translemaral
opreach jarows), a transcathelen anrtic valve [arowhead) is positioned a1 the ageic
annulus using aoragrphy. Sottom jef panc); The prosthesis [amowhead) s then
showly infiated using rapid pacing from a temporary pacemaker (TP, which creates
sentricular standstll. Bottons rght panel: The prosthesis is fully deployed.

?J:@']JHLunsim:m or hearl [uilure, guideline directoed medical
therapy is recommended. Vasodilators should be used with
“gaution in patients with aortic stenosis and heart failure symp
oms. In select cases, balloon walvaloplasty may be used o
bridge patients to therapy with TAVR or SAVE.

KEY POINTS
‘o The most common cause of severe aortic stenosis is
desencration of the aortic valve,

» The characteristic physical lindings of severe aorlic ste-
nosis include a late peaking systolic murmur, a dimin
ished or ahsent aortic component of the §,. and a weak
and delayed carotid upstroke.

& [chocardiography is accurale for defining the severity
of aortic stenosis in most patients; when there is a-dis
crepancy belween the clinical and echocardiographic
findings, cardiac catheterization should be considered
in patlents who are surgical candidates.

o Agrlic valve replacement is a life prolonging interven
tion in patients will severe aortic stenosis; the patient’s
surgical risk and the presence of symploms determine
whether aortic valve replacement is performed using
open surpery or @ lranscatheter approach.

o Transcatheter aortic valve replacement is indicated lor
symplomatic patients with trileaflet aortic stenosis who
are at intermediate or high surgical risk and who do not
have coneomitant severs aoriic repurgilation.

Valvular Heart Disease

Aortic Regurgitation

Clinical Presentation and Evaluation

Aortie regurgitation may be caused by aortic root pathology or
intrinsic valve disease and can manifest acutely or chronically.
Causes ol chironic aortic regurgilation include ascending aortic
dilatation and valve abnormalities due to hicuspid diseasc,
calvilic degeneration. rhewmaltic invelvement, or chest radia

tion. Causes of acute aorlic regurglitation are endocarditis,
blunt chest trauma, iglrogenic causes (such as complications
of balloon aortic valuloplasty), and aortic dissection.

In chronie aortic regargitation. solume overlond couses m
progressive 1V dilatation and eccentrie hypertrophy. Chromnic
aortic regurgitulion may be folerated for many yéars hul can
eventually fead w symptoms, including shoriness of hreath,
fatigue, or angina. Physical findings result from the large
stroke volume and LV diligation and inchade bounding periph
cral pulses, displacement of the BV apex, and a diastolic decre
scendo murmur heard cither along the right sternal border
tsugmesting rool pathologyl or lefl sternal border (suggesting
vahve pathology) (see Table 21 The large forward stroke vl
wie can adso result inan cardy peaking svstolic ejection mur
mur. In patients wilh scute reguogitation, the abrapl onsel of
vohwme overload may not besel] olerated, and these patients
citn present with acute heart Tilure oreven cardingenic shock.
Additionally, patients with acuoie regurgitation nuay ol hive
bounding pulses because strole volume has not markedly
increased, and murmurs may be softer or shiorter in duration,
owing to the mpid cqualization of pressares between Lhe dorta
and 1% [T

TTE is recommended for the evaluation of aortic regurg
tation and IV function. When endocarditis is suspected and
transthoracie imaging is suboptimal, lransesophageal echo
cardiography (TEE} s advised. As analiernative, cardiac mag
netic resonance (CMR} imaging and invasive angiography also
can b used o determine the severily of regurgitation. Criteria
for severe aorlic reaurgitation include a jet width Lhat oocu-
pies 65% of the LV outflow tract or more, vend contracta
grealer than (b6 omy, holodiastolic flow i the descending
aorla, regurgitation volume of 60 mL or more, and effective
regurgitant orifice aren of 0.3 em?® or greater. Thie TV s also
typically dilaled in chronic aortic regurgitation. For paticnts
suspected of having an aortic root abnormality. an evaluation
with CMR imaging, CT, or TEE s recommended,

Management
Actle aortic repurgitation due foaomic dissection is . surgical
emergency. For other acute causes, the indications for surgeny

depeid on severity, preserce of symptoms, and thie hemody
namic stability ol the patfent. In cases of Chronic Aot regar

gitation, sursery with trafditional open aortic vabwe replacemen
s advised for patients with symptoms (ypically, dyspnea of
anginal. those with LV dystunction {ejection fractinn-<S0KL 08
patients undergoing other cardizc surgery. Surgical treaimmens
of aortic regiraitation is reasonable incases of significant w



(DN

Valvular Heart Disease

ditatation (end-sysiolic diameter >30 mm or indexed end - sys
todie dimension =25 mm'm). Aortic viaslve repair withoot vahe
replacement. may be performed in cemters of expertise.
Follow-up of asymMpmatic patients is based on severity of
regurgitation and other Factors (see Table 230, B

Medical therapy, preferably with dilydropyridine cal
cium channel blockers (nifedipine, ismadipine, felodipine,
nicarcipine, nisoldipine, lacidipine, and amlodipine), ACE
inhibitors, or angiotensin receplor blockers, is recommended

in patients with chronie aortlc regurgitation in the selling of

hypertension. In the absence of hypertension, medical ther
apy Is appropriate for symplomatic palicnls who are naot
surglcal candidates.

TSRO b S el
= Characteristic physical findings of chronic aortic regur
gitation include bounding peripheral pulses, displace
mient of the left ventricolar apex, and a diastolic decre
scendo murmur heand along the right sternal border or
left sternal border.

* Emergent surgery is indicated for patients wilh acute
aoriic regurgitation due to aortic dissection.

* [ncases of chronic aorlic repargilation, surgery with tm
ditiomal open aortic valve replacement is advised for
patients with symptams, those with lefl ventricular dys-
function, or patients undersoing olher cardiae surgery.

« Medical therapy with dihvdropyridine ealeium channel
blockers, ACE inhibitors, or angiotensin receptor block
ers is recommended for patients with aortic regungila
tion and hypertension: in the absence of hypertension,
medical therapy | appropriate in symplomalic patients
who are not surgical candidates.

Bicuspid Aortic Valve Disease

Bicuspid aortic valve disease affects approximately 1% (o 2% of
the general population. Bicuspid morphology leads to abnor
il shear forces and predisposes o early degeneration of the
valve, resulting in stenosis in most patients {up to 75%) (see
Figure 20) and pure regurgitation in a small minorily of
patients (2%-10%). Patients with a bicuspid aortic valve typl
cally present with an Incidental systolic ejection murmur in
adolescence or young adulthood and gradually progress to
severe disease in the [ifth or sixth decade of life. More than one
third of those older than 70 years with severe aortic stenosts
have an underlying bicuspid valve.

A bicusphd aortic valve is oflen accompanied by abnor
mafditées in the aortic arch, independent of the severity of aortic
stenasis or regurgitation. and may be associated with ancu
rysime, dissection, or coarclation. Therefore, in patienis with a
bicuspid aortic valve, the aortic arch should be examined for
anrtopathy with CMR imaging, echocardiography, or cardiac
Ol serfal imaging is indicated i abnormalities are detected.
The imaging modality and frequency depend on several fac
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tors, including the location and severity of the abnormalities,
ape of the patient. Bmily history, and candidacy for surgery
(see Diseases of the Aorta). Importantly, bicuspid aortic valve
disease is heritable, and frst-degree relatives should be
screened for ils presence with echocardiography:

Management of bicuspid aortic valve discase depends
an the predominant lesion type (aortic stenosis or regurgita-
Lion) and its severity. In patients with a bleuspid valve who
are undergoing surgery for severe anrtic stenosis or regurai-
tation, sargical repair ol the ascending aorta Is advised when
the aortic diameler is greater than 4.5 ¢in, [n the absence of
surgical indications for a stenotic or regurgltant aortic valve,
surgical repair of the ascending dorla or aortle sinuses is
ddvised when the acrtic diameter |8 greater than 3.5 cm or
when the diameter s greater than 5.0 cm with additional
risk factors for dissection (family history, rate of progression
0.5 cm/vear).

No medical therapies slow aortic dilatation in patients
with aorfopathy and a bicuspid aortic valve. Blood pres-
sure should be contrelled in patients with concomitant
hypertension.

KEY POINTS
= Hicuspid mormhology predisposes o carly degeneration

of thie aolic valve, resulting In stenosis In most patiengs
and pure regurgitation in few patients.

* Patients with a bicuspid aortic valve iypically present
with an incidental systolic ejection murmur in adoles
cence or young adulthood and gradually progress (o
severe disease in the fifth or sixth decade of life,

= Management of bicaspid sortic valve disease [ollows the
recommendations for the predominant valve lesion
Lype {aortic stenosis or regargitation) and severity of the
valvular disease.

Mitral Stenosis

Clinical Presentation and Evaluation
The leading cause of milral stenosls is thewmatic heart disease,
which has a higher predilection for women than men (female
to-male mtio of 4:0), Although relalively uncommon in the
United States, theumatic heart disease is fregquent in populations
with limiled access to trsgtment for streptococeal pharyngitis.
Rheumatic heart disease resulis in fusion of the mitral commis
sures and. in more advanced forms, calcification of the vabve and
ahnormalitics in the subvabular apparatus (Figure 23). Other
capses of mitral stenosis are pamchute mitral valve, chest
radiation, and severe mitral annular calcification, Mitral anno
lar calcification is more common in the elderly and is associ
ated with inflammatory disorders, periphenil arlery disease,
and chronic kidney disease.

The natural history of mitral sienosts s characterized by 2
slow progression over decades, with gradual enlargement of
the left atrivm (LAY and preservation ol LV function. Symploms




FIGURE 23. Rheumalic mitral stenosis. Tag panel: Diastolic doming (arowfad)
fs present wilh a “hockey stick” deformity fram mitral stenosis, Midale panel:
Commissural fusion {arowheads) of the mitral valve (MVYis present, Bodtam panel.
Dhappler echocasdicgram showing a mitral gradient of 13 mm Hy, consastent with
gyere stenosis, g = ascending aorta; L= ledt atrivm; 1Y = lefl veninide.

ol mitral stenosis may arise from low cardiac outpul (Eatigue),
pulmonary congestion (dyspreal, and pulmonary hyperten

sion with right sided heart failure (lower extremity edema).
Symiploms lypically occur with exertion because exercise
shortens diastolic [lling time and inereases the transvalvalar

Valvular Heart Disease

Mowe and diastolic mitral gradient, leading to worsening of LA
hypertension. Symptoms may first occur during preghancy
owing to increased hlood volume and cardiae outpul. Patients
can also present with systemic cmbolizalion, atrial fibrillation.
oF, in severe cases, hemoptysis, Heart failure 5 the cause of
death in approximately 60% of patients with mitral stenosis,
and thromboembolism is the cause in most olhers.

On physical examination, the findings ol milral stenosis
when the valve is pliable inchade a tapping LV impulse in the
precordium. a loud 5. an increased pulmonic component of
3,0 4 diastolic opening snap, and a diastolic romble or low
pitched murmur at the apex (see Table 21} Signs of pulmonary
or systemic congestion may be present depending on the
sevierily of the lesion and the patient’s volume status,

TTIL s highly accurate for assessing mitral stenosis sever
ity, pulmonary pressures, and right ventricular function (see
Table 23). Additional imaging or cardiac cathelerization is
rarely required. Severe mitral stenogis is delined by a mitral
valve area of 1.5 em? or less, which usually corresponds to a
mcan mitral gradient of more than 5 0 10 mm Hg at a normal
heart rate. In patients with a-discrepancy between the clinical
findings and the echocardingraphic findings, stress echocardi
opraphy with pharmacologic or phasical stressors should e
pursied to assess the response of the mitral gradient and pul
MIONETY Pressures.

Management

The procedure of choice for patients with significant rhen-
miatic mitral stenosis and a pliable mitral valve is percutanecus
balloon mitral commissurotomy (PEMC). PEME is indicated
for symplomalic patienls with severe mitral slenosis and
favorable valve morphology PBMO may be considerad in
asymptomatic patienls with eritical mitral stenosis when the
vithve ared s less than 1.0 om. In patients with LA thrombus,
moderate mitral reguigitation, or a severely calcified valve,
PEMC should not be performed. In appropriately selected
patients, suecess rates with PEMC are 95%., and complications
occur in less than 5% ol patients. Surgery for mitral stenosis
should be performed in patients with severe symploms (New
Yorle Heart Association functional class Ular IV) and a nonpli

able valve or concomtitantly in patients undergoing other car

diac surgical prooedares,

Mearly 50% of patients with mitral stenosis have alrial
libriltation, and without anticoagulation therapy, these
patients have a risk [or thromboembolism of 20% o 25%
Patients with mitral stenosis and atrial Gbrillation should
receive warlarin, with a goal INR of 2.0 to 3.0. Other indica
thons for anticoamilation are a history of LA thrombus or Sys
temic embolization. MNotably, clinical trials of non-vitamin K
antagonist oral anticoagulants in - atral fbrillation excluded
patients with mitral stenosis: therefore, the elficacy and safety
of these apents in this population have not heen demonstrated.

Becawse the milral gracient is heavily dependent on trans
walvular flove medical therapy with negative chronotropic
agents, diuretics, and long acling nitrates can be effective for
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sympltom palllation in patients who are not candidates for
inlerventional or surgical therapy,
= Transthorcic echocardiography is highly accurate for
assessing the severity of mitral sienosis, pulmonary
hypertension, and right ventricular function,

= Percutaneous balloon mitral commissurotomy is indi-
cated for sympiomatic patients with severe mitral ste-
nosis and fvorable valve morphology:

= Warfarin therapy is recommended for patients with
mitral stenosis and a history of atrial fbrillation, left
atrial thrombus, or systemic embolization,

Mitral Regurgitation

Clinical Presentation and Evaluation

Mitral regurgltution may arise (rom any portion of the complex
vabve apparatus (such.as the leallets, annulus, chordae, pagpil
lary magscles, or LV free walls) and nay present acutely or
chromically, Couses of acme milnil regurgitation ane infective
endocarditis, papillary muscle schemia or mplure, tmuma
(orexample, Injury from PEMC), or degencrative disease with
chordal rupture and Nail leaflet, Chronte mitral regurgliialion
is chassified as primary or secondary. Chronic primary mitral
regurgitation relates (o processes imvolving any portion of the
mitral annulus. Common cavses of printary miltral regungita
tiom are mitral valve profapse Glso Knewn as myxomaious or
degenerative mittal vabe disease), mdiation therapy, rheu
malic disease, and clel miteal valve, Chronie secondary mitmal
regurgitation involves causes other than the annulus, such as
vendricular dysfunction: )

Mitral regurgitation resulls in volume ;verload with LV
dilatation and LA hypertension, which may progress and
cause pulmonary hypertension and cight ventricular lailure,
In acute mitral regurgitation, hearl filure symploms often
oveur abruptly because there has nol been time for adaptive
chamber dilatation, and patients may present with candio-
genic shock. The systolic mormur in acule mitral regurgitation
may be briel because of the rapid equalization of LA and LV
pressures. Fehocardiography with coloe Alow imaging can
underestimate the severity of the regurgitation, Thus, when
acute milral regurgitation is suspected, comprehensive assess
ment o identify the potential causes should be pursued. and
additional imaging with TEE should be considered. Aggressive
evalnation and wcurate diagnosis are crucial for patients with
acute miteal regurgilation.

Chronic primary mitral regurgitation is predominantly
caused by mitml valve prolapse, which affects approximately
2%, of the general population or roughly 500,000 persons in the
United Stares. Echocardiography in patients with chrunie pri
mary mitral regurgitation may show a mnge of abnormualities,
including prolapse, gross depenceration of one or both leaflets
(Barlow syndrome). or chordal rupture with flail leaflet

&4

(Figure 24} Barlow syndrome is more common in young adult
patients. In patienis who are relatively older, fibroelastic defi

ciency predominates and requently results in chondal rup

lure, The mitral valve apparatus is normal in patients with
chronic secondary mitral regurgitation (Figure 25). In these
patlents, ventricular dystunetion causes milral regurgitation
through papillary: muscle displacement and tethering of the
mitral leallets, which impairs coaptation,

The phwsical examination in patients with chronic milmal
regurgitation is notable for a blowing hodosystolic murmur at
the apex. In patients with mitral valve prolapse, one or more
systolie clicks may precede the murmur, and variation in
sevierity, preload, and allerload can lead 1o differences in mur
mur onsel {holosysiolic, midsystolic, or lale sysolic). In
patients with IV dilatation. the apical impulse may be dis
placed laterally and an S, may be audible, especially in patienis
with secondary mitral regurgitation doe to IV dysfunction.

TTE readily assesses the severity of prinvary mitral repur
eitation, with a high degree of accuracy and precision. Severe
primary mitral regurgitation s defined by using several
parameters; the mos! common i an effective regurgitant ord
fiee amsa of 0.4 emy? or lanper, regurgitant vohome of 60 mi or
micre, or vena contmcts of 0.7 om or larger. In some mstances,
TEE may be reguired to further elacidaie the mechanism of
the mitral regurgitation, particulardy when sugical or inter
ventional therapy is planned. TEE may be especially useful in
vvaluating for acule mitral regurgitation, In which rapid sys
tolic egualization of LV and LA pressures can pose challenges
fior bath the bedside examination and TTE imaging. £

Appropriate follow up of asymptomatic patients with
miteal regurgitation is oullined in Table 23,

Management

Medical therapy and surgical infervention can be life saving
in patients with acute severe mitral regurghation. Vasodilator
therapy with a tiralable drog, such a8 nflroprusside,
ceerenses aortic impedance and mitral regungitation, thereby
fmproving forward cardiac outpul. An intro-aortic balloon
pump-can be used (o decrease alterload and augment sys
temic amnd commary perfusion pressures. Prompt surgical
correction should be considered for all patients with acute
severe mitral regurgitation. [

Matients with chronle severe primary mitral regurgitation
generally do poorly without surgery, particularly when there
are significant symptoms, ail lealet, or LV dilatation. In one
studly of 458 patients with asymptomatic severe primary mitral
regurgitation, the 5-year survival rate was only 58%. Surgical
treatment with repair of the mitral valve s indicated for
chronic severe primary mitral regurgitation in (1) symptomatic
patients with lell venirleular ejection fraction (IVEF) grealer
than 30%, (2) asympiomatic paticnts with LV dysfuncrion
(IVEF of 30°% -60% and/'or LYV end-systolic diameter 210 mm),
or (3) patienis undergoing another cardiac surgical procedure.
Surgical repair is reasonable in asymplomatic patients with
preserved LV function when the expected repair suceess rate is




FIGURE 24, Mitralvalve pralapse. Fehacardingram showing nermal opening of the mitral vahve [arow, fop el I
with myxomatous degeneration, 2 flail pertion of the posterior mitrakvalve is prasent (b
tom right parel], Ao = gseending aora; L= ledt atouin;

ggstole {armows, fop right panel), In & difterenl patient

seen (ermowheads), leading to severe regurgitation seen on color flow imaging (amow, ba

greater than 95% and the operative risk is less Lhan 1% o when
serial imaging studies have demonsiraled 8 progressive
fmerease in LY sige or decrease in IVEER Mitral valve repair
should also be considered in asymplomatic palicnts with
chronic severe primary mitral regurgitation who have new
onset atrial fibrillation or pulmonary: hypertension (pulmo
pary arlery syslolic pressure =50 mm gy, Surgical repair is
preferred over replacement in all patients, and patienls should
be referred to a surgical cenler with experlise in valve repair.
Medical therapy with vasodilators in patients with primary
mitral regurgitation is not heneficial in the absence of symp
s or LY dysfunction.

For paticnts who are not surgical candidates, mitral valve
repair with a catheter based clip device was approved by the
FDA in 2003, The perculaneously delivered clip improves

Valvular Heart Disease

it during
s); lean chordae are
= laft ventrigle,

coaplation of the mitral valve leaflets. leading to increased
valve closure and a reduction in regurgitation. In selected

ral Temurgitation, suceess rates with

palients with primary mit
implantation of the device are approxiniately 90%, with a pro
cedharal mortality of approximately 2%,

In patients with chronic secondary mitral regurgitation.
the primary goal of therapy is to address the underlying ven
tricular dysfunction wilh guideline-directed medical therapy
and, il indicated, cardine resynchronization therapy (see | leart

Failure). Guideline directed medical therapy for ventricular

dysfunction includes ACE inhibitors, angiotensin receptor
blockers, an  angiotensin receptor-neprilysin inhibitor,
B Blockers, divretics, and ‘or aldosterone antagonists. Benefils
of valve repair or replacement in patients with sccondary

mitral repursbal are less certain, although sdies have
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twith prior infenor r

infarction and left ventncular remod 3l requigitat

on{

IV = lalt yantriche

demonstrated favorable IV remodeling after surgeny. Surzery
for secondary miteal regurgltation s generally advised o
those undergeing concomitant cardiac surgical procedures
(for example, coronary arfery bypass grafting), but mitral
regurgitation may recur aller repair because of primary L\
dysiunction. Trials of rranscatheter mitral valve replacement
for patients with secondary mitral regurgitalion and high sor

gical risk are omgoing.
KEY POINTS

* Patients with acute mitral regurgitiation may present
with acute heart failure; these pallents may be ditticult
o diagnose clinically or with echocardiography.

L3

Fhe most common cause ol chronic primary mitral

regurgitation is mitral valve prolapse.

Surgery for chronic severe primary mitral regurgitation

s indicated in the presence of symploms, left ventrico

lar dilaration. or need for concomitant cardiac surgery

o Surgical repair is preferred over replacement in patients
with chronic primary mitral reguargitation, and patients
should be referred (o a surglcal center with expertise to
improve the chances of repair,

& Transcatheler mitral valve repair with implantation of a

clip device is indicated for paticnis with chronic pri

mary mitral resurgitation who are at high sorgical risk

= Patients with chronic secondary mitral regurgitation

should be teeated with gaideline-directed medical th
apy for ventricular dysfunction, although surgical inter
vention may be considered for those undergoing con
comitant cardiac surgery.
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Tricuspid Valve Disease
I'ricuspid regurgitation, the most commen form of tricuspid
vbve disease. is frequently functional and dinically asympto

muatic. Causes of tricuspid reguigitation indude cor pulmonale

(or pulmonary hyvpertension) with right ventc

pacemaker or d lator lead placement. trauma, congenila

abnormalitics, and infective endocanditis. When symplomalic

pathents can pres with Ethgue from low cardiae outpul an

symptoms and signs of right-sided failure, such as elevated

jugular venous pulse (a large o v wave), a palpable right ven
tricular ift, hepatic congestion with pulsatile liver, and periph
eral edema. The murmur of tricuspid regurgitation is typically
a holosystolic murmur heard along the lefl stemal border thar

increases during mspiration due (o increased venoos retum

Tricusp Tegurg

W ]'.,|!\l: PSS sSS T

estimation of [‘-l:..":‘.: NATY PReSsUres It :!-I| WS '-u‘q-.:-.
regurgitation due to pacemaker or defibrillator Tead pla
ment, TEE may be required (o more clearky evaluate the regu
gitant murmur.

Medical therapy with Ioop diuretics and  aldosterong
antagonists is eflective in improving sympioms of right -sideg

congestion; however, caulion should be exercised to minimize

the potential for creating o low-flow state with impained car

diac output. Surgen with sever

| [or patics

Iricuspid e incdergoin f1-sided va

SUMeTy. .

with symptomatic tricuspid regurgitation who are unresp

SIve 1o me or have right -sided heart failure.

Tricuspid stenosis is nearly always caused by rheuma

disease, (Other causes include radiation therapy, carcing




syndrome. and medication use (for example, the ergot agents
pergolide or cabergoline). Svmptoms of tricuspid stenosis
ifatigue, cold skin) are bypically overshadowed by those caused
by the left-sided.abnormalities of coexistent rhewmatic mitral
discase, Findings on physical examination include those of
right sided congestion {elevated jugular venous pulse, hepatic
congestion, peripheral edema) and a diastolic rumble, Surgery
for tricuspid stenosis is typically performed in concert with
therapy for rheumalic mitral disease.

= | oop diuretics and aldosterone amtagonists can improve

symptoms of right- sided congestion in patients with
sigmificant tricuspid regargitation.

¢ Tricuspid valve surgery is recommended [or patients
with severe tricuspid regurgitation undergoing left
sided vabve surgery and may be considered in select
cases of severe tricuspid regurgitation that are relrac-
tory to medical therapy,

Prosthetic Valves
" The choice of prosthesis for a patient undergoing surgical valwe
s replacement is complex. Faelors to comsider are the patient’s
age the expected durability of the prosthesis, the surgical risk
- for reoperation in the event of degeneration. and the ability
Cand willinaness of the patient to tale warfarin for andicoamala
tion. The American College of Cardiology/American Hearl
Association VHD goideline recommends a mechanical valve
prosthesis in patients yournger than 50 yvears, bioprosthesis in
patients older than 70 vears, and either a bioprosthesis or
Pmechanical valve prosthesis in those age 50 1o 70 yvears,
However, the final decision on valve type should be reached
through a shared decision making process between the care
.:j'.lmx'ir.h_'r and patient. The patient should thoroughly under
s stand the risks and benefits as well as have decision-making
Ccapacite Additional considerations include the expected dura
hility of hioprostheses (15 years) and {hat structural deteriora
tion of the vabve is more commaon in younger paticnts. In those
aRger than 60 yvears, approximately 0% of valves have evi
dence of clinically severe deterioration by 15 years.
[ Immediately - alter implantation. all patients  should
undergo cochocardicgraphy o document the baseline hemody
ic performancy of the valve, and repeat evaluations should
be performed for sigms or symploms of prosthetic dysfunction.
Annual cvaluation is recommended for all patients with abio
B lresis beginning at 10 years after surgen: Data on long
i durability of TAVE prostheses are currently limited o a
allonw-up of 5 years; however, thus far, vabve durability is not
iferent from surgical prostheses.
Lifelong warlarin anticoagulation is indicated in all
patients with a mechanical valve prosthesis. In pecent V1D
Buidelines, the goal INKE for swarfarin anticoagulation in
patients with a mechanical prosthesis has shifted rom o range
o 2 single value, This Change was made Lo minimize (he Gme

Valvular Heart Disease

the patient spends at the fow and high ends of a target range
hecause drifting above and below the mnge can be deleterious.
The use of a single value INR targel ean pose logistic chal
lenges or wsting and warfarin adjustments, and in those
instances, recommendalions 0 improve  processes and
enhance patient understanding and motivation should be
considered.

In patients with a mechanical aortic valve prosthesis
thileaflet or current: generation single tilting disc) with no
additional risk actors for thromboembolism (historyof embo
lization, hypercoagulable disorder. IV dysfunction. atrial
fibrillation). the goal INR forwarfarin anticoagulation is 2.5. In
palients wilh a mechanical aoric valve prosthesis with rigk
factors for thromboembolism, an older-generation asrtic valve
prasthesis (hall in cagel, or any mitral prosthesis, the target
INR is 3.0, Because of the risk for valve thrombosis, divect
thrombin inhibitors and factor Xa inhibilors should not b
used for anticosgulation therapy 0 patients with a mechanical
valve prosthesis, Oral anticoggulation with warfarin should be
considered for at least 3 months and as long as & months after
implantation of 2 mitral or aortic bioprosthesis, An INR of 2.5
should be largeted in these palients.

Aspirin (75100 mg/d} is highly recommended in addition
tex wiarfarin therapy for patients with a mechanical prosthesis
based on the results of randomized trials, which showed
risduction in the risk Tor embolic events, including stroke (137
PeT vear versis 4.2% per vear: F< 0.027) and death {2.8% per
year versus 7.4'% per year; P < 0.01). For all patients with a
bioprosthesis, low dose aspirin is geoecatly recommended. B
KEY POINTS ST =Ll

+ A shared decizsion-making process should guide the
choice of prosthetic valve type.

» Echocardiographic evaluation of prosthetic valve func
tlon is recommended at baseline and in patients with
SYIMpPtoms or signs suggesting prosthetic dysfunction.

= Annual echocandiographic evaluation is recommended
for all patienls with a bioprosthesis beginning at
10 years aller surgery.

= Lifelong wartarin anticcagulation is indicated in all
patients with a mechanical valve prosthesis.

* Antiplatelet therapy with low dose aspirin is strongly
recommended for patients with a mechanical prosthe
sis and is reasonable fon patients with a bioprosthesis.

Infective Endocarditis
Diagnosis and Management

Infective endocanditis is a life-threatening disordér tha
imvodves native valvular structures or implanted cardiovaseular
devices. Such devices include cardiac valve prostheses, perma

nent pacemakers, implanted cardioverier-defibrillators, and
ociuders for repair of congenital lesions (such as atrial septal
defeet and ventricadar septal defect occluders). Risk factors for
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infective endocarditis inclode advanced age, diabeles mellilus,
immunosuppression. injection drug wse, congenital heart dis
ease, cardiae tmansplantation with valvulopathy, and an
implanted candiovascular device. Farly diagposis, larpeted
antimicrobial therapy. and consideration of early surgical
Intervention are paramount io the evaluation and treatment of
infective endocarditis.

Infective endocarditis is diagnosed with the modilled
Duke eriteria. Definite infective endoearditis requires elther
pathological confirmation (microorganisms demonsirated by
culture or histologic examination of o vegetation, o vegetatlon
that has embalized, or an intracardiae abscess specimen; ora
vegetation or intrecardiac abscess confirmed by histologieal
examination showing active endocarditis) or clinical criteria
consisting of two major criteria, one major criterion plus
three minor criteria, or five minor criterta (Table 24). Possible
infective enddocarditis requires one major criterion and one
minor criterion, or three minor criteria. Infective endocar
ditis is excluded when there is a firm alternate diagnosis,

resolution of iInfective endocarditis syndmome with antibiotic
therapy for 4 days or less; or no pathological evidence of infec-
tive endocanditis al surgery or autopsy with antibiotic therapy
Tor 4 cays or less,

Blood cultures are positive in 90% of infective endo
carditis cases. In the remaining cases (that is, culture
negative  infective endocarditis), serologle testing is
required (o idenlify the causalive mieroorganism. For
patients with infective endocarditis with o prosthetic valve,
the syndrome-is classifled accarding 1o the time from sar
gery as early (within 60 days), intermediate (60- 365 days)
and late (>365 days). Early prosthetle valve endocarnditis
(PVE} s characterized by infection with hospital acquired
microbes, such as Staphylococcus aurcus. Coagulase
negative staphylocoeed are the most common miciobes in
intermediate PVE. Although both S, aureus and coagulase
negative staphviocorol remain importan! causes of late
PVE, the microbes in late PYE more typically resemble
thise of native valve endocardinis.

Major and Minor

M.I]nr Criteria

Blood cultute pesitive for infective endocarditis

Typical microorganisms consistent with infective endocarditis from two separate blood cultures: Virdans streptococ, Streptococcus
bovis, HACEK group (Haemophilus spp.. Actinobacillus actinomycetomcomitans, Cardiobacterium hominis, Etkenella spp., and
ngui‘lu kingae), Staphylococcus aureus; or community-sequired enteracoce, in the absence of a primary fuml- ar

Microorganisms consistent with infective endocarditis from persistently positive blood cultures, defined as follows:

At loast two positive cultures of bicod samples drawn 12 h apart: or

All of three or a majority of at least four separate cultures of blood (with first and lastsamples drawn at least 1 h apart)
Single blood culture positive for Coella bumatii or antiphase | IgG antibocdy titer >1:800
| Evidence of endocardhal involvement

i Echocardingram positive for infective endocanditis {TEE recommended in patients with prosthetic vabees, rated ot least “possible
| infective endocarditis™ by clinical criteria, or complicated infective endocarditis [ paravabuular abscess]; TTE as first test in other
i patients), chefined as follows:

Crcillating intracardiac mass on valve or supporting structures, in the path of regurgitant jets, or on implantad material in the
absence of an alternative anatomic explanabon; or

Abscoss; or
Maw partiol dehiscence of prosthetic valve

Mew vahvalar requrgitation (worsening or changing of pre-exlsting murmur not sufficient)

Minor Criteria

Predisposition, predisposing heart condition, or injection drug use

Fever (temperature =38°C [ 100.4°F])

| Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival
' hemorrhages, and Janeway lesions

Immunalogic phenomena: glomerulonephritis, Osler nodes, Roth spots, and rheumatond factor

| Microbiologic evidence: positive blood culture but does not meet 8 major criterion as noted above* or serologic evidence of active
| infection with onganism consistent with infective endocarditis

TEF = wanassapbagoal echacardiography; TTE = vartharmes oo hocardiography
Eucludfas single culur positree for cosgulasenegaiive saphylocacel anel arganiams that do nol ciuse endacarditn.

Raproducad with parrmissian from Li J5, Sexkon DO, Mick M, Nemles B, Fowler W5 I, Rpan T, o ol Froposed madificatens o Bie Dk cniteila fon e diagross of infactive
andocardivie Chn infect Dis. 2000;30:437 [P0, 10770227 | Cogugright 2000, Cwford Univeruiy Fross,
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TTE is recommended Wy identify vegetstions and asso
eiated hemodynamic derangements (for example, changes
S in LV function or palmonary pressures), TEE is recom
mended in paticnts with inlermediate or high suspicion for
infective endocarditis when TTE is not diagnostic {such as
with a prosthetic valve), intracardiac device leads are pre-
sent, or complications such asabscess have developed or are
suspected (conduction abnormalitics on clectrocandiogram
or persistent hacteremia despite antibiotic therapy).
Appropriate antimicrobial therapy should be initiated
pnce-culiures have been obtained and guidance from sensitiv
ity data and infectious disease consallanis has been made
available. Fmpiric antimicrobial therapy may be initiated in
‘high risk patients (soch as those with septic shock) on the
‘hasis of patient characteristics, predisposing Lactors, and epi-
deminlogic [actors. For patients with VHD and unexplained
[ever, antimicrobials should not be administered before several
‘blood cultures are drawn, and all efforts should be made o use
targeted therapy when microbiologie results are available:
The decision to pursue surgery for treatment of infective
endocarditis is complex and reguires a mudtidisciplinary
approach. Early surgery (during hospitalization and before
:'ﬂ::mpln_'ﬁi_‘u] of an antimicrobial course) is recommended for
i’p&ti{*]][s with (1) symiptomatic heart failure and valvalar dis-
fametion: (2} lel-sided infective endocarditis caused by fungal
infections or highby-resistant organismes: {3) associated com-
plications, such as annular or acrtic abscess, destructive pen
E:icu':aring besions, or heart block; or (4) persistent bacleremia or
Sfevers lasting more than 5 to 7 days despite appropriate antimi
Cerobial therapy, Early surgery is reasonable in patients with
recurrent emboli and persistent valve vegetations and may b
considered in the presence of o large {=10-mm}, left-sided
periation. When infective endocarditis is associated with a
saceriakier or defibrillator, the entine svstem (generator and
Heads) must be removed.
Infective endocarditis carries significant risk for morbidity
mortality, with high rates of in hospital mortality {207},

; patients betore dental procedures that involve manipula
‘fion of pingival tissue or the periapical region of the teeth, or
‘perforation of the oral mucosa (Table 25). Although endocar
ditis prophyviaxis was previoushe advised for a broad popula
flon, current guidelines now recommend its use only for
:imiiun[s with (1) a history of endocarditis; {2) cardiae trans
Eplantation with valve regurgitation due 1o a structuratly
|abnormal valve; (31 a prosthetic valve: (4) prosthetic material
_ ssed for cardine valve repair. including annuloplasty rings
chords: or (5) congenital heart disease. including unre
red evanolic disease, repaired lesions with residual defects
the site or adjacent o the site of a prosthetie patch or

Valvular Heart Disease

TABLE 25. Prophylactic Infective: Endocarditis Regimans

for Adults at Highest Risk of an Adverse Outcome Before a

Dental Procedure

i Situation Agent Dosage*
| Chral Apnoicillin g
| Unable to take oral  Ampicillin 2oy IM o 1V
redication |
| ar |
|
| Cefazolin or TgiMor v
| a
t ceftrianons
| Allergic to penicillin. Cephalexin®® 2'g i
| orampicillin - oral 1
| or |
| Clindarmycin &00 mig ,
'i or _
Azithromyein or 500 mg '
| clarithromycin
Allergicto persallin. Celazolin or TohorlV
arampicillin and ceftriaxone
| wnable to take aral
| medication &r
Clindarmycin SO0 g IM or v

I = indeasniescibar; B = intrave i

“Rargmen conists of s ungle dose 30 to A0 manates Before the dental procedure,
o, i inadvertently nat administered, drog may be givan up to 2 o aher the
proceduns.

0w athie lirst or Secord-generstion oral cephalosparin in eguivabent adult
dosace.

ephalosporivg should oot e ussd wyan indmidual with s histoog of snaphylaas,
areosndrma, o urtecana with panicling or amgalling

Ielorrration froie Wilses W Tacibaan KA, Gewitz B, Lockhart PEL Baddeour LM, Levisen
M, et o Armencan Heart Assocdation Rheumatic Fever, Endocarditis, ard Kawazaki
Dhisease Committee: Pravention of infective endocarditis: guidelines from the
American Heart Sssociation: a quideme rom Uss Smeican Hae, Agsodation
Rhuuratic Fever, Enckscardditg, and Kawasakl Diseass Comeirtes, Councd on
Cardicwascular Diseass inthe Yoang, and the Councl on Clinizal Cardiology,
Council on Cardicvascular Sargery and Sacsthesi sod the Quading ol Care and
Chtecrveis Heserch Ierdisciplinary Woarkiog e, Clroulation, 20007160 75654
[PMICE 1246002

prosthetic deviee. or disease thal has been repaired with
prosthetic material {surgical or catheter-based) within the
previous 6 months.

KEY POINTS

» Risk factors for infective endocardilis include advanced
age, diabetes mellitus, immunosuppression, injection
drug use, congenital heart disease, and an implanted
cardiovascular device.

« Early surgery is indicated for patients with acute
infective endocarditis presenting with valve stenosis
or regurgilalion resulting in heart failure; left sided
infective endocarditis caused by fungal or other
highly resistant organisms; infective endocarditis
complicated by heart block, annular or aortic
abscess, or destructive penetraling lesion; and infec-
tive endocarditis with persistent bacteremia or fever
lasting longer than 5 to 7 days afier starting antibiotic
therapy,
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Myocardial Disease
Hypertrophic Cardiomyopathy

Clinical Presentation

Hypertrophic cardiomyopathy (HCMY is o common aulosormal
dominant heritable disorder related to mutations in the genes
that predominantly encode sarcomeric proteins, I s charac
terized by the presence of increased left ventricular (IV) wall
thickness in the absenoe of leading conditions or other under
lying canses. HCM affects approximately 1 in 500 persons.
Most patients with HCM remain asymptomatic and have nor
mal life expectancy; however, certain subsets of patients are
more likely to develop symptomatic disease and are at risk for
sudden cardiac death {SCDY),

The diagnosis of HCM often resualls From the evaluation of

a heart murmur or abnormal electrocardiogram, Symptomalic
individuals usually present with signs and symploms of heart
Failare or arrhythmias, HOM may be identified within all age
groups. In the United States, most index cases present within
the third to fourth decade of life,

Symptoms of heart Filure may be associated with
abnormal IV filling (diaslolic dysfunction) or dynamic lefl
ventricular outllow tract (IVOT) obstruction. Diastolic dys
function is multifactorial, involving increased chamber sHEF
ness related o hypertrophy, progressive fibrosis, and
mvocardial ischemia due o mismalch of coronary Now and
IV mass. Dynamic LVOT obstruction. characterized by asym
metric IV hypertrophy with prominent interventricular sep
tal thickening, is the most classic form ol HCM. During
ventricular systole, anterior motion of the miteal valve resulis
in early to midsystolic obstruction of the IVOT and subse
quent mitral regurgitation related 1o leaflet malcoaptation
(“eject-obstruct-leak”™ triad), Patients with dynamic obstrue-
tion may develop dysphnea. presyncope, or syncope during
perinds of increased ventricular contractility {exercise) or

with decreases in ventricular preload or afterload, atl of
which may worsen the degree of obstruction.

Arrhylhmias may manifiest as palpitalions, syncope, atrial
fibrillation, or SCOL Alrial (Gbrillation is common in patienis
with HCM, and risk increases with age. Poring atrial fibrilla-
tion with rapid ventricular response, diastolic filling periods
shorten, worsening diastolic dysfunction; redoced 1V flling
may exacerhate the |VOT gradient. In some cases, SCIY may be
Lhe initial presentation of HOM

Evaluation

Physical examination may be normal in patients without TNVOT
obstmiction: The most commeoen finding related to LVOT
obslruction is a candiac murmur, and dynamic maneuvers
during examinalion are helpful in differentiating HCM fom
[ixed vahvzlar ohstractiom (Table 26).

Twelve-lead electrocardiography (ECG) is useful in the
evalmation of HCM and reveals abnormal findings in 75% to
95t ofaffected persons. The most common BECG abnormalities
inchade increased QRS voltage. evidence of left atrial enlarge
ment, LV conduction abnormalitics, patholoeic © waves, and
significant repolarization abnormalities (Figure 26); however,
there is substantial interpersomal variability in the degree of
abnormalitics.

The clinical diagnosis of HOM is maost commaonly established
by transthordcic echocardiography (TTE). Echocardiography
demonstrates the magnitude and distribution of hyperirophy,
reveals the presence and degree of dynamic IMOT obstruction
and mitral regurgitation, and characterizes diastolic LV filling.
Doppler echocardiography is the modality of choiee for quan-
tifying the INOT gradient in patients suspected of having HEM.
Increasingly. cardiac magnetic resonance (CMR) imaging has
also been vsed for diagnosis, especially when the diagnosis is
uncertain despite echocardiography (Figure 27). CME imaging
has higher resolution than echocardiography and better delines
[y aneurysms and thrombi, When used with intravenons

TAELE 24, Physical Examination Findings of Dynamic Left Ventricular Qutflow Tract Obstruction Versus Fixed

Valvular Aortic Stenasis

. Finding or Maneuver
LVOT Obstruction

Hypertrophic Cardiomyopathy with Dynamic

Valvular Aortic Stenosis

Characteristic of murmur

radliate to the carotid arteries

Carotid impulse
ejection {bifid)

Valsalva maneuver
phaze (+LFK =14

Fosition

Ejection-guality murmur usually best heard at
left lower sternal border; generally does not

Brisk upstroke; may have wo impulses for cach
Increase inintensity of murmur during strain

Increase in intensity of murmur with standing
frarm squat or seated positicn (4LRE = 6.07;

Ejection-cuality rmurmur usually best heard at
right second intercostal space with radiation 1o
the carotid arteries

Upstroke is often diminished and delayed
{parvys et tardus)

Me change or diminished murmur intensity
during strain phase

Me significant change in intensity of munmur
with position

decreaze in murmur with elevation of legs when

supine (+LR = 7.4)

i Feripheral pulze after PAIC

Mo change or decrease in intensity of pulse

Ineraasein intensity of pulse

70

#LR = positive likalibioad watio; DAOT = lelt yentricular ootfiow eact; PYC = promatee yeotreolar contractn




I leads V, through V.

gadolinium contrast, CMR imaging has the added benefit of
pnstrating the volume and distribution of late gadolinium
ahancement (LGE), which reflects fibrosis. LGE has been
sfated with the presence of nonsustained veniricular tachy-
1 on ambulatory monitoring. Although studies have
demonsirated a link between LGE, heart failure death, and
cardiovascular death, current guidelines do not support the
se of LGE lor risk stratilication. With more prospective data,
volume of LGE may emerge as a strong independent
ictor of SCD.
Upon initial diagnosis of HCM. 24 hour ambulatory ECG
loring should be performed 1o evaluate for arrhythmias.
The presence of nonsustained ventricalar tachyveardia identi-
g5 palients at higher risk for SCI, Treadmill exercise stress
festing is reasonable Lo determine functional status and to
monitor blood pressure response Lo exercise. Two wpes of
abnormal responses during exercise -a fallure 1o increase
gystollc pressure more than 20 mm Hg or a drop of 20 mm Hg
may indicate independent risk for SCD. Exercise echocardiog
hy may be useful to demonstrate the response of IVOT
struction to exercise.

Evaluation for CAD is important in patients with HCM
develop chest discomforl. In patients with a low clinical
odd of CAD, coronary CT angiography or noclear myo
ardial perfusion imaging stress (esting is reasonable for risk
gratification. In patients at intermediate 1o high risk [or CAD
‘_ ith chest discomfort, coronary anglography is indicated.

FICM mst be differentiated from other conditions that may
present with increased vendricular wall thickness (Table 271,
Particularly challenging is the differentiation of HCM from
hyperiensive heart disease and from the normal and compensa
tory changes in 1V wall thickness seen in competitive athletes.
In patients with hypertension, the likelihood of concomilant
HEM is increased i IV wall thickness |s greater than 25 mm or
if dynamic LVOT obstruction is present, [n athletes, IV cavity
dilatation and normal diastolic filling favor normal physio
logle changes. whereas unusual or asymmetric patterns of
hypertrophy on echocardiography favor HCM. A brief period
of deconditioning demonstrating a decrease in wall thick-
ness favors the athletic heart. When the diagnosis remains
unclear, CMR imaging with gadolinium contrast may help
with differentiation.

Risk Stratification

Patients with HCM have an annual incldence of cardiovasen
lar death of 14 o 2%, predominantly related to fatal archyith
mia and heart failure. Most arrhythmic deaths are caused by
ventricular fibrillation. and all patients with HCM, regandless
of the presence of obstruction, should undergo risk stratifica
Lion for SCI1D. Prevention with the use of an implantable car
dioverter-defibrillator (ICD) is effective in appropriately
selected high risk patients. In patients wirth one or more
established risk factors (Table 28), primary prevention with
an 1CD iy indicated. Patients who have experienced SCD or
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FIGURE 27. Cardiac magnetic resanance images of a patient with hyperraphic
cardiarmyopathy. Tap panel: Long-axs image demanstrating marked asymmetric septal
hypertraphy {shite arow) and systolic anterior motion of the mitral vahve narrowing the
lefi ventricular (W) outflow tract {rea arow). Midale panel: Long-ds image with velocily
flow mapping demonstrating increasad Aow velocty (ighter bue) onginating within
th % autlow tract. Botiorn panel: Shortais images demanstrating patdhy mid
ryotarchial late gadelinium enhancement (red avors). Ao = aorta; LA = left atrium.

sustained ventricular tachyeardia hove an annual recurrent
event rate of 10% and should receive an 1CD for secondary
prevention.

Fi

TABLE 27. Conditions with Increased Left Ventricular

Wall Thickness

Condition Clinical Features

Hypertension Elevated blood pressure [

Arhletic Beart
syndroma

Mo hyperension; normal or supranormal
SRErCISe CAPACity

Heart failure, low valtage on [
slectrocardiography, possible neuropathy |
ancfor nephropathy; usually older

patients [

|
|
1
|
! Amyloidosis
|
i

Fabry disease Male predominance (inkad), |
neuropathic pain, kidney dysfunction,
wlangiectasias, angickeratomas; typically

young patients

Friedreich ataxia Ataxia, scoliosis, pes cavus, visual and

hearing impairment
Heart failure, mental retardation, skelatal
ryopathy; young patients

Danon discase
| {LAMEZ mustation)

TABLE 2B. Risk Factors for Sudden Cardiac Death

in Patients with Hypertrophic Cardiomyopathy

Sudden daeath in a first-degree relative

Maximuin left ventricular wall thickness 230 mm
Recent, unaxplained syncope

Mansustained vontricular tachyeardia (23 beats)
Abnormal blood pressure response to exercise®

Sustained ventricular tachycardia or resuscitated sudden death
avent

*Drfined s n failere to mcrmase byt least 20 mm Hig o adeogs of 8t leadt 20 mem Ha
churing edlor

Management

In addition to risk stratification for SCDand ICD therapy, man
agement of HCM includes treatment of symptoms referable to
IV obstruction, heart failure, and atrial fibrillation,

In patients with obstructive symptoms, such as dyspnea
or syncope/near-syncope, lifestyle modification and medical
therapy form the basis of management. Patients shoulbd be
advised (o aveid debyvdration. exeessive aleohol intale; and
situational exposures that may result in vasodilation and
decreased preload (for example, ssunas, hot tubs) becanse
these may provoke greater INOT obstruction. Patients with
probabie or unequivoeal clinical expression of HCM should
nat participate in most competitive or recreational sports, with
the exception of low intensity sports. Medical therapy should
b initiated wilh noovasodilating B blockers titrated to maxi
muam olerance; carvediiol, labetalol, and nebivioldol should he
avoided. Verapamil or diltizzem may be used in putients in
whom B-blockers are not tolerated or are contraindicated.
Pisopyramide. a class 1A antiarhylhmic drog with potent
negative inolropic activity, may be added if significant symp
toms related to IVOT obstruction: remain, Diuretics must be




uwsed cautiously and only if symploms of dyspnea cannot be
managed with other therapy. Because of their propensily Lo
exacerbate LVOT obstruction, nitrates and phosphodicslerase
twpe 5 inhibitors shold not be used,

Invasive treatment of obstruction with open surgical
- septal myectomy or catheter based alcohol seplal ablation
should be considered in patients who have moderate to
severe symploms of obstmaction despite maximal medical
- therapy with a residual resting or provocable LVOT gradient
- of 50 mm Hg or greater. or in patients with recorment synoope
not related (o arrhythmia. Although both surgical myectomy
and alcohol sepral ablation reduce the IVOT gradient and
symptoms related o IVOT obstruction, appropriate patient
selection for each procedure is controversiul, Surgical myec
tomy 15 associated with a higher likelihood of complele
symptom reliel and lower rate for repeat procedures, and it
may be associated with decreased risk [or significant ven
tricular arrhythmias. Alcohol septal ablation carries a sig-
nificant risk for atrioventricular block requiring pacemaker
implantation, which is higher in older patients. Decisions
regarding therapy must be individualized. Septal myectomy
is favored in young patients, whereas aleohol septal ablation
may be more appropriate for older patients with several
comorbld conditions who have increased surpgical risk,
Outeomes with cither procedure are best when the proce-
dure 4 performed in a center with significant experience in
the management of HCM. Surgical myectomy is associated
with low operative mortality (0.4°%) in such centers.

Atrial fibrillation should be managed with rate control
and warfarin anticoagulation. irrespective of the patient’s
CHA, DS, -VASc score. Patients with HCM and atrial fibrillation
often remain symptlomatic despite rate control, and rhythm
control in conjunction with anticoagulation should be consid-
ered early (see Arrhythmias). Digoxin should be avoided in
patients with atrial fibrillation because the positive inolropic
effects may worsen the IVOT gradient,

A small percentage of patients (<5'%) will progress to end
stage HCM, manifesting as dilated cardiomyopathy with sys
tolic dvsfunction. These patients would appropriately be
treated as would those with systolic heart failure (see Heant
Failure).

Surveillance
ECG should be performed annually in asymptomatic patients
with HOM (o sereen for changes in rhythm or conduction.
Twenly four hour ambulatory FCG monitoring should be
repeated every 1 Lo 2 years in asymptomatic patients and with
the development of symptoms thal suggest arrhythmia. such
as palpitations or syncope.

Repeat TTE is recommended with any change in clini
cal status or new cardiac cvent. In asymplomatic patients, il
is reasonable (o repeat TTE every 1 to 2 years (o assess for
mitral regurgitation and changes in 1V hypertrophy, func
tion, and degree of obstruction, Although most patients
with HCM demonstrate normal |V function, a decrease in

Myacardial Disease

IV systolic lunction is associated with worse oulcomes,
including death.

Role of Genetic Testing and Counseling

Fatients knowwn or suspected to have HEM shoold undergo an
evalmation of familial inherilance and recelve penetic coun-
seling. Genetic testing is reasonable in patients who meet the
clinical definition of HCM to aid screening of family members,
but results must be interpreted carcfully, A known sarcomeric
muiation may be identified in up 0 60°% of patients with a
family history of HCM: the incidence s lower (20%-30%) in
isolated cases. The absence of an identified sarcormeric mula-
Hon in Lhe index case does nol exclude the disgnosis of HCM,
Genetiv testing s recommended In fivst-degree family mem
bers i a sarcomeric mutation is identifled in the index case.
Such lesting may disclose genolype-positive persons wha o
not express clinical featares of HEM, and these persons should
be followed with clinical examination and serial echocandiog-
raphy (Table 29). in the absence of a pathogenic mutation in
the index case, first-degree Bamily members should have BCG
and echocardiographic screening for HOM. The use of genetic
testing should not be used as the sole determinant for 1CD
placement for primary prevention.

Proposed Clinical Screening

trategias with
ion of HCM

Malignant family history of premature death from HCM or
| other adverse comphications

Patient is competitive athlete in an intense training

program
‘ Onset of symptoms
|

Other clinical suspicion of early left ventricular
hypetrophy

| Age 12101821y
Every 12-18 mo
| Age>18-21y

At onset of symptoms or at least every 5y, More frequem
intervals are appropriate in families with a maligrant clinscal
| coursa or late-onzpt HOM

ECG = aledistardiogaphy; HEM = hypertmaphic caidiomiyogathy.

AT pathologicmasticns aec not sl in et testing isefther
wiribigucais o nol performed

Fyger rarge bakes into consderamon mdividual wanshility w achieving physical
riaburity and i sorme patients may petily ceesning ot an eatler acge. Inital
ndaluanion houkd ocour no Later than edrly pubescends,

Raproduga stk permisaan from Geed B Maron B, Bonow RO, Dearan 1A,

| Pl MUA, Link M5, ot al; Asreene an College of Candiokagy Fousdation/&merican
Heaiet Agaocistion Tesk Foree on Practee Gusdobnes., 2001 ACLFAHA guadalng
Rowr then kst s meaierenl of hyperbophe. cerdwenyopathy a repoa of the

| duretices Coflege of Canmoiogy Foundi@on/Ameticen Heart Assooabon Task

| e o Fracioe Gesdelines: Doeveloped o collabonton with the Amenican
Agpuuiaton ko Thurac: Surgeny, Amerean Souaty of rfhﬂ(mal;lbf.ﬂl}'.
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-

» Asymmetric sepial hyperirophy with dynamic lefl ven
tricular outflow tract obstruction represents the classic
form of hypertrophic cardiomyopathy.

= Doppler echocardiography is the modality of choive for
quantification of the lel ventricalar outflow tract grad)-
ent in patients suspected of having hypertrophic cardio
myopathy.

s Patients with hypertrophic cardiomyopathy whe
have risk factors for sudden cardiac death should
undergo implantable cardioverter-defibrillator
placement.

= |n patients with hypertrophic cardiomyopathy who
have symptoms of left ventricalar outflow tract
obstruction, nonvasodilating B-blockers are Orst line
therapy.

= Transthoracic echocandiosraphy should be performed
every | 10 2 years in asymplomatic patients with hyper
trophic cardiomyopathy fo assess for mitral regurgita-
tion and changes in left ventricular hypertrophy, fune
tion, and degree of obstruction.

s Genetle testing is not indicated in fiest-degree relatives
of patients with hypertrophic cardiomyoparhy whao do
net have an identified sarcomeric mutation.

Restrictive Cardiomyopathy

Clinical Presentation and Evaluation

Resstrictive cardiomyopathy (RCM) is a rare disorder character

ized by abnormally stifl. noncompliart ventricles. RUM was
once considered idiopathic; however, increasing evidenoe sug-
gosts that gene mutations in sarcomeric proteins and abnor

malities in desmin, an inlermediate filament that regulates
sarcomere architecture, play an important role in familial and
sporadic cases. The sarcomeric protein gene mutations of RCM
are similar to or the same as those linked to HOM, raising the
possibility that these disorders represent different phenotypic
expressions ol the same heritable delect,

ROM s charcterized histologically by patchy Interstitial
fibrosks and myocyte disarray, which are also seen in HEM. With
increasing interstitial fibrosis, the veniricles stiffen. resulting in
increased pressure during normal diastolic filling. Patients may
present al any age, usually with symploms of dyspoea, periph
eral edema, and exercise intolerance. Hepatomegaly and asciles
may also be present late in the disease course.

The diagnosis of RCM should be suspected in patients
when echocandiogruphy  demonsirates biatrial enlamgement
and severe diastolic dysfunction in the setting of normal ven
tricular stre, wall thickness, and systolic function. Thene s
usually evidence of significant pulmonary hypertension, and
tricuspid and mitral valve regurgitation are commonly pre
sent. Patients with these findings should be referved to a car
diologist lor Turther evalualion.
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Primary RCM must be differentiated from other condi
tions that may presentl with restrictive physiology. These
include lbrosis related to radiation and eosinophilic diseases
as well as hemochromatosis, in which wall thickness is typi
cally normal. A complete blood count with manual differen-
tal and transfertin saturation are reasonable as part of the
evaluation. Infiltrative diseases with increased wall thickness
may share restrictive physinlogy but are considered separate
entities, When low ECG voltage accompanics increased wall
thickness on echocardiogram, amyloldosis should be consid
ered, Seram protein electrophoresis/urine protein electro-
phoresis and free light-chain analysis may help identify
immunoglobulin Hght-chain amyloidosis, and technetium
99m cardiac imaging may help identify transthyretin amyloi-
dosis. CMR imaging with gadolinium contrast may help
identify and differentiate BCM from other myocardial dis
cases with restrictive physiology. When the diagnosis remains
unchear, endommocardial biopsy is reasonable (o establish a
diagnosis.

Differentiating Restrictive Cardiomyopathy

from Consirictive Pericarditis

Patients with constrictive pericandits and RCM present with
similar sympioms and Andings on  echocardiography.
Differentiating between these 1wo disarders s essential
hecanse specific therapies, including surgleal pericardieciomy,
may relieve symptoms and prolong life in patients with con

striction. In patients with previows cardiae sorgery, pericardi

tis, or chest frradintion, constrictbvw pericarditis should be
strongly considenad.

Om physical examination, patients with constriction and
RCM both demonsirate increased jugular venous presune.
Increase in the height of the jJugalar wavelorm during inspim
tion (Kussmaul sign) has been associited more commonly
with constriction. Both RCM and constrictive pericarditis may
be associaied with-a diastolic sound. An S, gallop is ofien pre
sinl in ROCM, whereas a pericandial knock can be heand in
cunstrictive pericarditis. Differentiating between these sounds
ity D very difficadl (sec Pericardial Discase),

A multimodality approach, Including both nenimvasive
imaging and imasive hemodynamic evaluation, may by
required 1o distinguish RCM from constrictive pericarditis.
Clues 1o the presence ol constrictive pericarditls Inchade peri
cardinl caleilication on chest radiogrmphy or CT, pericardial
thickening on CT or CME imaging. or a Bty pe natriunctic pep
tide level helow 100 pg/ml, Q00 /L) (usually =300 pg/ml
400 ng/L] in patients with RCM). A hallmark feature of con
strictive pericanditis is ventdcular interdependency, in which
trdal cardiac volume is limited by the righd pericardium. With
veniricular imerdependence, increased Ailing of the gt or
left ventrick can occur only with reciprocal decreased filling
of the other ventricle. Ventricular interdependence may be
demonstrated by Doppler echocardiography, CMR imaging. or
irwvasive hemodynamic evaluation: It is not present in patients
with RCM. [0




Management

here I no specific medical therapy for ROM. Loop diurelics
are usnally necessary for reliel of congestive sympioms, espe

eally in lute-stage disease. However, patienls with RCM
geuuire relatively high filling pressures W maintain cardiac
gempat, and balincing relief of conpestion with adequate car

B cutput is often challenging. Even small changes in volume
my lead 1o lhwvpoperfusion of the RKidnevs: therefore, volume
s should be monilored careflully

Atrial fibrillation i a common complicilion due o ke
ksl dilatation and elevated pressure. I is poorly tolerated in
patients with RCM because of increased heart rate and reduced
sentricular Hiling. Anticoagulation and rate control are indi
Eated, and rhythm control should be considersd earky in
smptomatic patients, Digoxin should be used with caution
Beranse |1 indirectly Increases intracellular calcium, which
ey affect diastolic relaxation.

Survival is poor in paticnts with RCM, with a 5 year mor
ity rale of 36% and a 10 year morlality rate of 63%
Eardioviscular mortality is predomimantly refated to progres
e heart failore and arrithmias. Cardiac transplantation
may be considered in selected individuals who remain symp
matic despite maximal therapy. There is no accepted indica
San for 10D placement for primary prevention in patients with
BUM who have preserved systolic Tunction

JKEY POINTS

® Restrictive cardionmvopathy should be suspected in
patienis when echocardiography demonstrates hiatrial
enlargement and severe diastolic dysfunction in the sel-
ting of normel veniricular size, wall thickness, amd sys
iolic function.

w Restrictive cardiomyvopathy must be differentiated from
constrictive pericarditis becanse surgical pericardive

temy may relleve symploms and prolong life in patients
with constriction.

FIGURE 28. Transthoracic echocardiograms demonstrating a feft atnal mypoma, Lef paned- Pares vie
W trsuie densiny (arrow). Rnghit pasel: Apical foir-chamber view during diasiole demonstrates attachment of the mass to tha interatria

s the mitral valye

Myocardial Disease

Cardiac Tumors

Must carciac tumeors are metastatic. Neoplasms with the high

sl metastatic potential are melanoma, malignant thymoma,
and perm cell tumers. Commeen lemors will an inlermediate
risk for cardiac imvolvement include carcinoma of the lung,
stomach, and colon. Therapy is directed at systemic treatment
of the underlying ncoplasm, with cardiac surgery resenved for

patients with obstructive symproms

Primary candiac mmors, which are exceedingly rare, are

henign in two thirds of patients. OF the benign tumors, nearly
S0 are olrial myxomas. Myxomas may occur in either atria
but are most commeonly attached to the fossa ovalis within the
left atrim (Figure 28} Myxomas are usually solitary and dis
covered al o mean age of 50 years, often after a systemic
embxolic evenl, When tumors are multiple, recurrent, or dis

covered at a young age, they may indicale the Carney complex,

which includes the LAMEB (lentigines, atrial myxoma, hlue
nevil svndrome and the NAME (nevi, atrial myxoma, mvxoid
neurafibromas. and ephelides) syndmome. The Carney com
mulations of the PREARTA gene, which

may function as a lumor suppressor gene. Patients with a

plex is associated w

myNnma may present with constitutional symptoms related to
interleukin production, embolic phenomena from tumor frag
mentation, or symploms referable to intracardiac ohstruction
tlyspmen, syneope). When mitral valvalar obstructicn is pre
sent, auscultatory fndings are similar o those of mitral steno
sis; howewer, Tindings may vary with position or be associated
with an early diastolic sound, known as the umor plop
sSurgical remonal is indicated (o prevent embolic events, as s
subseguent sunveillance cchocardiography [or detection of
TCCLITTUTIOC

Fapitlary fibroelastomas usuully oocur on Lhe surface of the

aortic and mitmal vabves and are commonly discovered in the
elghth decade of lite. Although mest papillary Ghroclastomas do
not cause symptoms, they may be associated with stroke, tran

stent ischemic atlack, and, rarely, coronary embolization with

large left atria

e T35S

during ventricular syl

& thowing a
pusm and pralapse o
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FIGURE 29. Carcliar magnetic rasonance image of a patient with an angiosarcoma
A haterngenanus mass (effow arows) is infiltrating the rght atnal wall. & pedcardial
effusion {red arrows) and pleural effusion (e aeon) aie slso present

infarction. On echocardiography, these tumors olten have a
heterngeneons globular shape or a mobile frond like appear
ance. Patients with embolic symploms are treabed surgicalby
There are currently no randomized data comparing surgical
therapy with antithrombotic or antiplatelet therapy Lo prevent
embolic evenls,

Angiosarcomas are the most common primary malignant
rumaor. Angicsarcomas Wypdcally arise in the rghtl alrium and
are often assoviated with pericandial effusion (Figure 29).
Dysprnea and chest pain are commeon presenting symptoms.
Angiosarcomas are highly vascular tumors, and CT or CMRE
Imaging with contrast may help differentiate an angiosarcoma
fronm a right atrial myxoma. When complele surgical extirpa
ton s possible, survival remains Tess than 2 vears for mosl
paticnts, With incomplele resection, survival is generally less
than 10 months.

KEY POINT

¢ The primary treatment of atrial myxomas is surgical
removal to prevent embaolic events,

Pericardial Disease

Acute Pericarditis

Clinical Presentation and Evaluation

Pericarditis is defined as inflammation of the pericardiom, the
thin fibrous sac surrounding (he heart, Pericarditis may be
subclinical or present as sharp precordial pain of acule onset.
Acuie pericanditis has many causes (Table 30), bul it is most
often idiopathic or presumed o be viral in origin.

wule pericanditiy is diagnosed climically by the presence
i af Jesst bwo of the following foar oriteria: chest pain nypical

for pericarditis, o perfeardial friction rub, new electrodindio

graphic (ECG) changes, or 4 new pericarclial effusion. Tha
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TABLE 30. Causes of Pericardial Disease

| Category Cause
Infectious

Viral infecton Enterowwrus, herpesvinas, adenovirus,

DErVOMINS
Mycobactenum tuberceiloss,

Preumococcus spp., Staphylococous spp.,
Conciella burneni

Bactenal
mileechion

Histaplasma, Aspergillus, Blastomyces,

| Fungalinfection
Candlicla spp.

Noninfectious
Autoimmune Systemic lupus enythemalosus,
disecases rheumatowd arthritis. Sjogren syndnome,

sclaroderma, sarcoidosis, lamilial
Mediterranean fover

Cancer Muotastatic lung cancer, breast cancer, and

melanoma: lymphama and leukemia

Metabolic

conditions

Uremia, mysedema

Hydralazine, procamamide. mmasadil, all
trans relinesc acicl

Drug-related

LGS,

Introgenic causes  Cardiag surgerny {postpencardictomy
gyndrame), coronary perforation during
porcutanBous iIntervention, pacimaker

leadl penatration, radiofrequency ablation

Othar Radiation, aortic dissection, pulmanary
arterial |'|:',-1__1-:r|_|5-r|~_;'.|_||'\

Itis s sharp amd sevene. it is nol

chest pain of acute perictr
virCally related o exertion amd is oot relieved with rest or
nitroghveering unlike anginal pain. The pain is chormeterist
cilly winrse in the sapine posttion and improves with sitting up

and leaning forwand. These pain features may be related o

tersdon ol the pericardiom an fits steraal and di i
[IHTH s

pericardia DY PreseTil o0 s
Wl b I'h Sty v SO assiratly 5 Lhree comigx

nenty corresponding to the cardine cyele during normal sinus

rhyth: atrial systole, ventrieular systole, and vemtricular Gl

ing. The three phases of the pericardial fTHction rab different]

riction rub, which has bwo componenits

e it from & plearal

supine position or sitting upright

The typica mure of acute pericarditis is ST-sepment
elevation in multiple leads that does not correspond withoa
single coronary distribution. 'R segment depression in lead 1

or recliprocal PR-seament elevation in lead aVR mav also be

presemit (Figure 30). In contmst, ECO findings of acute mmyocar
il infarct I i s, ST sermer
sistet nary distribution, reciproca

51 segment depression, pathologic O waves during |

.:|1'| |.I: k of Pl

e 5T

Eiom o nwocardial infarction sepmient change
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FIGURE 30. Electrocardiographic changes of acute pericarditis. Concave ST-seqment slevation is present in most of the leads (amawheads). The PR segment 15 depressed

i all leads except aVR [drmows)

Echocardiography shoold be nsed 10 detect a pericandial

is ol Found in all casses of acuie

effusion, aithoweh an efTusion

1 the dias

'|:l|.‘T ICAMITS SIS TUMEIns uneerlain, < el
magnetic resonance (CME) imaging with gadolinium introve
podts comtrast may be used o identiy evidenee of pericardial

Inflammation, characterized by pericardiol thickening

lte gadolinium enhancement (Figure 31). Alrernatively, gited

P

candiac CT may also demonstrate pericardial imflammation

yodditional clings thatl support acule poericardilis oy

Include fever-and senloic evidenoe of Inflamumation (leuka
eviosls and eleviated erythrooyle sedimentation fale or
Creactive protein [CRIY level), Serum cardiae tropenin levels
In acute pericarditis are normal or may be stizhtly elevated i
there ks a component of nivopericarditls

Although mest cases of acute pericanditis are idiopathic, a
search for other causes is appropriate {see Table 300, Evaluation
inclndes a thorough history amd physical exomination, with addl
thomal testing based on the suspected cause, Tuberculogis testing

ghould be comsidered in hospital workers, patients whoare incar

ceraied or residing in chronic cane Bcitities, and patients who an
froam or henve tevelad 1oan endemnic ares Treatment of tubercn
Jowsis rmuy recioee Hhe risk for reactive pericandial constriction from
greater than 80'% 10 hess than 10%, Other eauses include uremia,
chest frradiation, and recent cardiae surpery. Cardiae suraery oy
be fiollived by postpericandiotomy syndnome, which is chara

terized by pericandi Wkrmmation that B Hkeby aatoimmiane in

patune and waully klkas a btent perkod of several weeks, Th

prescnization and treatment of postpencardiotomy syndrome ane

simidur o those of idiopathic percanditis.

FIGURE 31. Cardiac magnetu resonance image obtained after intravenous
administration of gadediniem. A peacardinl efusion (red arrow] s present, and
there i5 late gadalinium enhancement of thee percardiem consistanl with
inflammation {white arrow)

Management

Mot patients with acule pericarditis ca e mareeed mcdi

cally on an ouipatient basls: howeve

[EIents wWith acuHe

pericarditis accompanied by high-risk features ey require
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hospitalization for tréeatment and monitoring.  Predictors
of poor prognosis include temperature higher than 38 "C
(004 "F), subacute onsel. a large pericandial ¢Musion
=20 mm diastolic echa- free space) or tamponade at presenta
tion, oral anticoagnlation therapy, or lack of response {no
improvement in symptoms and/or inflammatory markers)
after 1 week of treatment.

First line treatment for acule idiopathic pericarditis
consists of aspivin (750 10040 mgd or NSAIDs (fhuprofen
B0 mg) every & hours for 1 to 2 weeks: Colchicine (0.5 mg
once-or twice daily for 3 months) s recommended as
adjunctive therapy to shorten the duration of symploms
and reduce the chances of treatment failure or recurrence,
Fatients who inilially respond to therapy but develop
recurrent pericardiiis after treatment completion may hen-
efit from a lemger course of standavd therapy with slow
tapering. CRP may be uselul as a marker of treatmen
response, with tapering initiated after the CRE level nor
malizes, Expert comsensus opinion recommends that ath
letes not return to competitive exercise for 3 months from
initial onset and that nonathletes restrict strenuous aclivity
until symptoms resobne.

Some patients with acate pericarditis may develop inces
sant or chronic pericarditts, Incessant pericanditis bas been
defimved as pericarditis lasting for longer than 4 to & weeks bul
less than 4 months withow! remission, whereas chronic pericar
ditls is defined as lasting longer than 3 months. Glueoeortiooid
therapy is reserved for patients with recurrent, Incessant, or
chronic pericarditis despite standard therapy (including
patients with uremic pericardilis notl responsive to intensive
dialysis); patients with contraindieations o NSAID therapy;
ancd  patients. with avtoimmune mediated  pericarditis.
Prednisone should be initiated at a dosage of 025 mg/kg ta 0.5
mg ke and continue for 3 months, Tapering should not be
initiated until after the first 2 to 4 weeks of therapy or until the
CRP level normalizes,

Limited data suggest that the interlenkin 1 receptor
antagonist anakinsa may be an effective therapy foridiopathic
recitrrent pericarditis that is refractory to standard (reatment;
however, its role in management is not established.

R = ST RS e
* Acute pericarditis is diagnosed by the presence of al
least two of four criteria: chest pain typical for pericar-
ditis, a pericardial friction rub, new electrocardio
graphic changes, or a new pericardial effusion.

+ First line treatment for acute idiopathic pericarditis is
high-dose aspirin or NSATDs and adjuvant colchicine
therapy.

* Glueocorticoid therapy is reserved for patients with
incessant, recurrent, or chronic pericarditis despite
standard therapy; patients with contraindications to
NSAID therapy; and patients with autoimmune - medi
aled pericarditis.
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Pericardial Effusion and Cardiac
Tamponade
Pericardial Effusion

Pericardial effusion is charcterized by an increased amount of
fluid in the pericardial cavity, Many patients with, pericandial
effusion are asympiomalic, and the effusion is discovered incl
dentally with chest madiography, CT, or echocardiography. In
asymplomatic patients. mast effusions are idlopathic; how-
ever, malignancy. infections, autsimmune disease. hypothy
roidism, and falrogenic causes (medications, antecagulation
therapy) should be considered (see Table 30). In countrices
where tuberculnsis is endemic, more than 609 of effusiohs are
caused by tuberculosis.

Heaneer or bacterial infection'is stoongly suspected, peri
cardioventesis shoukl be considered for diggmostic purposes,
I patients with a pericardial effusion of unknown cause and
elevited inflammatory markers, empiric freatment of pericar-
ditis may be reasonable. Dirainage should be considered if laroe
idiopathic effusions are present for more than 2 months
becanse one in three patients progress 1o cardiac tamponade,

Cardiac Tamponade

Clinical Presentation and Evaluation

Cardiac tamponade occurs when Nuid accumulation within
the pericardial space compresses the heart and impedes
dliastodic Hing. When Muid accomulates mpidly (such as
with trauma, aortic dissection, or invasive cardiac proce
dures), tamponade miay occur at relatively low pericardial
volumes, Subacule or chronic privesses, such as neoplastic
disease or hypothyroidism, may be associated with much
larger effusions (several hundred milliliters in volumel.

Clinical signs of tamponade. inchade tachyeardia, hypo
tension, muffled beart sounds, and elevation of the jueular
venous pulse. The y descent of the jugelar venous pulse may
be absent becanse passive Glling of the ventricles Is impeded
by the intrapericardial pressure. This finding niay be difficul
o apprecite, especially i o patient with tachyeardia. Pulsus
paradoxrs represents exaggerated ventricular interdepend
ence and is.a key clinical fealure of candiac tarmponade, 1L is
characterized by o fall in Systolic pressore of greater Lhan
10 mm Hg during inspiration. Pulsus paradaoxs 1..-: ne specific
for tamponade and must be interpreied in conjunction with
other clinical and echocardiographic features,

The ECG may demonstrate electrical alternans {(related o
aswinging motion of the heart within the pericardial fluid} or
I vinktage in patients with tamponade. [Fthe accuomuiationof
fluied has ocowmed showly, the cardiac silhouette is typically
enlarged on chest radiography.

Echocardivgraphy s an essential 100l in the didgnosis of
cardiae tamponade because it defines the presence, distribu
tigm, and relative volume of pericardial fluid (Figure 32), Farly
chiastodic collapse of the rigin ventricle, Tate diastolic collapse of
the Tight atrium, and abnormial interventricular septal motion
are features associated with candize tamponade, Additionally,




FIGURE 32. Apical fowr-chambr echocardiogram demonstraling a b
with pencardial lamponade {right panef). LA = lelt altium; LV =

e {
ledt wventeecle; RA =

Soppler evaluation may demonstrate a decrease in mitral

o velocity of more the

is Lhe
1 of pulsus paradoxus (Figure 33).
Cardiac catheterization is rarely necessary for diagniosis.

i 25% with inspiration, whick

pehocardiographic equivile
The e Yorramie lallme: : [y Sirvelinede Bl P

the hemodynamic hallmarks of tamponade include blunting
o Ioss of the g descent within the rightl atrial pressure wave

rm and elevated and equalived diastolic pressures. The latter

pellects (he transmiticd effect of the intrapericandial pressane

nnsive arterial pressure recordings also show pulsus
KIS,

Management

Sandiac tamponade is life-threatening, and oncea disgnosis is

giablished, foid removal is required. Drainage is most com

monly accomplished with pericardiocentesis, with fluoros
ROpy OT u.'u_-I1u-._';=.|1|'.r1"mpl1it_' guidance, Surgical therapy via 2

subxiphoid approach s indicated to drain fluid when pericar

@iocentesis cannot be |'ti'l'|l2:-'.’I'|‘|\.f.': safely to obtain pericardial

b bl o 46 b A iik-lu

NP R A PHHHH"F”"

FIGURE 33. Pulsed wave Doppler evaluation of mitral inflow velocity. &
ange in the flow between expiration and inspiration of greater than 25% is
peesent, consistant with enhanced ventricular interdependence.

ircusnferential pencardial elfusion {fell p
= right atriurm; BY =
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* Clinical signes of cardiac tamponade include tachyeardia,
hypotension, muffled heart sounds; elevation of the
jusular venous pulse, and pulsus paradoxis.

+ Patients with cardiac tamponade reguire drainage of
pericardial fuid with pericardiocentesis; surpical drain-
age is indicated when pericardiocentesis cannot he per
formed safely, pericandial tissue is needed for diagnostic
purpases, or 4 pericardial window is reguired (o pre
vent recurrent pericardial effusion.

Constrictive Pericarditis
Clinical Presentation and Evaluation
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Pericardial Disease

Patients with constrictive pericarditis most commandy
present with Indolent progression of right-sided heart failuve
symptomis, including peripheral edema, abdominal swelling,
and fatigoe, Dyspnea and fatpue limit exertion and are caused
by increased diastolic pressures and lmited abilily to augment
cardiac output due o the fixed stroke volume.

O physical examimation, the jogular veins are distended,
with prominent xand ydescents. The height of the waveform
does not fall or may increase during inspiration (Kossmaul
shenl, rellecting the fxed diastolic volume of the ght heart.
Early diastolic filling is unimpaired or even accentuated and is
followed by sudden cessation when total acceptable volume is
miet, resulting in a high-fregquency eary diastolic sound (the
pericardial knock). Characteristics that mav be used o differ
entiate a pericardial knock from other diastolic sounds are
Tisted in Table 31, Pulsus paradoxus is less freguent in consiric
tive pericarditis than in cardiae tamponade. Peripheral edema,
ascites. hepatomegaly, and pleural effusions are commaon.
Muscle wasting may De evident in advaneed cases.

Constrictive pericarditis is diagnosed with imaging stud
ies and hemodynamic. evaluation. Chest madiography or CT
iy demonsirate partial or circumferential pericardial calcifi
catton; and CT or CME imaging may demonstrate pericardial
thickening (>3 mm). Importantly; constrickion may exist in the
abwence of these findings, Inone case series, 18% of cases of
hemodynamically proven constrictive pericarditis occuroed

Characteristic

TABLE 31.

Heart Sounds

Diastolic Condition .
Heart Sound ]

Mitral
stenosis

High frequency
Heard bast at the left lawar
sternal border and the apex

Associated with aloud 5,8 |
loud B, with associated
pulmaonary hypertension, |
and a low-pitched diastolic
rumble at the apex

High frequiency

Heard throughout the
precordivm

I Cipaning snap

Constrictive
pericarditis

" Paricardial
knock

Earlier tharan 5,

Associsted with deep x and
v descants in the jugular
venops pulse wavetorm

Atrial
MyEoma

Tumer plop Low frequancy |
Heard best atthe apex
May be positicnal |
5 Heanfailure  Low frequency

Heard best al the apex and
the left lateral decubitus
position

Displaced point of maximal
impulse |
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with normal pericardial thickness. CMR imaging may alsi
demonsteate an inspiratory septal shill, a sign of venfricular
interdependence,

Transthoracic cchocandingraphy in consteictive pericanditis
reviesls norned tight and left vendricular size and svstofic func
tion. despite profminent symptoms and examination findings
suppesdive of heart failure. The echocardiographic finding of
dilatation of the inferior vena cava reflects elevated mght sided
filling {right atrial} pressure, Myocardial relaxation is impaired
in myvocardial disease, such as restrictive cardiomyopatiy, but is
unimpsiredd or even enhanced in eonstdetion, in which early
diastolic filling is rapid and unimpoded. Doppler echocardiog
raphy and tissue Doppler velocity are required to differentiate
constriciive pericarditiy from restrictive cardiomyopathy.

When - constrictive pericarditis is suspected but mol com
firmed by cchocardiography, cardiae catheterization can be
performed. Invisive bemodvnamic Andings of constrictive peri
carditis include a prominent y descent in the right atrdal wae
fisrm, which corresponds with the dip of the right ventricalar
dip-and-plateau wavéfonm (Csguere Toot sign™). The significant i
descent and the right ventricalar dip both represent animpeded
or rapid. carly diastolic ventricubar filling. As Inflow wolume

aches the fixed perivardial constraint, pressure rises rapddby
ekl maximeem volurme is achioved; pressure then remains oon
stant, cansing the plateau phase of the square ool sign. A moee
specific finding is ventriealar inlerdependence during simudta
neons right anc left ventricular systolic pressane moeasurement.
Paring inspiration, right veniricodar inflow is enhaneed, and
right ventricular syslolic pressurne rises; hinvever, these changes
oeur with a coneomitant decrease in el ventvicukar filling and
reduction in left ventrictlar stroke volume and systolic pressure
IFigure 34). The converse is seen during expivation.

fncreased pericandial thickening and impaired distensi
bility may eccur withour fibrosis or caleification in the setting
of aeute orsubacute inflammation. In these patients, constric
Fioty ey D transient and resolve spontineosshy Patients with
transient constrictive pericarditis present most commonly
with symptoms of right -sided heart Bsilure, although fever and
chest pain may indicate the active inflammatory condition.
Most cnses are idiopathic; other causes inelude recent candiac
surgery, actte pericarditis, antoimmune disease, or Chermo
Mherapyt Systemic markers of inflammation (ervthrooyte sedi
mentation rate and CRP) may be elevated in patients with
transient constriction but are generally normal in patients
with fixed constriction. Echocardiographic features are similar
tor those of fixed consiriction; however, percardial effusion is
miore likely tobe present in patients with transient constrictive
pericanditis.

Management

Treatment of transient constrictive pericarditis is the same
ax for acute pericarditis. Treatment with anti -inflamma
tory agents for 2 to 3 months is reasonable in hemody
mamically stable patients before recommending surgical
pericardiectomy, Response 1o therapy Is monitored cinically,
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FIGURE 34. Comparison of hemodynamics of constrictive pencarditis vetsis
wstrictive cardiomynpathy, In constrictive pencarditis (fop panel), there is
anificant enhancemerd of ventricular interdependence leading fo discordance of
the loft venmricular and fight ventricular pressures during respieation. Artows
mdicat onset of inspiration and subsequent respective thanges in left ventricular
Iigl'lt'ﬂ'l‘ln‘.l.llf systolic pressures. n the top panel, note the diastolic dip and
{amonaad). of “square root uign.” charactenistic of constricime pencanditis
1 1estrictive cardiomyopathy (boltam panef], there is evideace of wady raped
tricutar filling, but the veniricular pressures congosdantly rise asd fall during
mspiration. 1 = left ventricle, RV = right ventricle,

schocardiographically, and, if initial inflammatory markers
elevated, serologicallv.

Patkents with chronie pericardial constriction should be
peferred for surglonl pericardial stripping (pericardicclomy
srmed vie medion sternotomy). In advanced cases, ade
gate resection of the pericardium may be difficult, leading
incomplete resolution of svmptoms. Diuretic themapy o
e symploms of congestion may be useful in patienis
whs are not deemoed surgical candidates or in whom strip
alng was incomplete, B

BTN Y VAT
{Junshmtm: pericarditis is characterized by pcﬁmrdlni
thickening. fibrosis, and sometimes calcification that
impair diastolic filling and limit 1012l candiac volume.
* Transthoracic echacardiography is the initial diagnostic
test for evaluating constrictive pericarditis; however,

- additional imaging may be required (o differentiate con-
- sirictive pericarditis from restrictive cardiomyopathy.
 Patients with chronic pericardial constriction should be
 referred for surgical pericardial stripping (pericardiec
tomy performed via median stermotomy).

Adult Eﬂngemtal I'Inl'l Disease

Adult Congenital Heart
Disease

Introduction

Medical and surgical advances have resulted in more adults
living with congenital heart discase than childven with these
conditions in North America. All patients with repaired con-
penital candiac defects reguire regular follow-up. In addition
to a primary care provider, paticnts should have an adule
congenital heart disease team, Regular care with specialists in
adull congenital heart disease Is critical for patienis born with
complex and cyanotic congenital eardiac disease, sympino
matic putlents, and patients who desire pregnancy. The fre-
quency of llow-up depencs on the underlying disorder and
patient’s statos.

Patent Foramen Ovale

The foramen ovale is a passage in the superior portion of the
fossa ovalis that allows oxygenated placental blood 1o transfer
o the felal circulation. 1t normally closes within the first
weeks of life; however, in 25'% to 30% of the population, it
temaing patent (Figare 35). A patent foramen ovale (PFO) is
usually found incidentully on echocardiography or during
evaluation for a cerebrovascular event.

A PFO) is Ivpically diagnosed by transesophageal echo-
cardiography (TEE). less commonly by transthoracic echocar
diography (1TE). Right-to-lefl shunting of blood across the
PFO is demonstrated by color Now Doppler imaging or by
using intravenously injected agitated saline and ldentifving
subsequent mansfer of the agitated saline through the PFO
from the right atrium to the lefl atriom. No treatment or fol
low-up is needed in asymplomatic patients with an inciden
tally detected PRO.

Managemenl of paticnts with a PFO and cryptogenic
stroke has been controverstal, Antiplatelet thempy has tradi
Licomally been wsed a8 fest Hne therapy: however, Uree rand
omized trials have shown percutaneous PFO closure 1o be of
benefit in the provention of a seoond stroke in selecl patiends.
In 1w ool the three trials, PFOD closure was combined with

FIGURE 35. Patentforemen ovale. The sirows demonstrate the mechamism of
right-io-left shunting through the patent loamen swale. LA = lelratrium; 1Y = leh
ventriche; RA = right atrium; RV = right ventricle

Ethranun dtwn jwagingl sopptied tourt=wy uf D Wilkam [ Tdwarmy, Depanment ol Lebmeatiry Wedicine anc
Pathurbongy, Mispa {Tinir, Becheshar, MR
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Adult Congenital Heart Disease

antiplatelel therapy Resulis of these three frials demonstrated
a-small but statistically significant absolute risk reduction
lapproximately 1% per year) with closure of the PFO and a Tow
rate of procedural complications (mainly transient atial
ihrillation). Therefore, PRFO closure in addition to antiplatelet
therapy can be considered in select patients aller a thorough
evatuation for alternative causes of stroke. Limited data sup
port PFO closure in an efforl o decrease the frequency of
migraine. Asymptomatic palicuts reguire no reatment or
follow-up. B3

Platypnea-orthodeoxia syncdrome i o rare acquired disor
der characterized by cvanosis and dyspnea in the uprighl posi-
tiom as a result of right-to-left shanting across a PEG or, less
commonky;, through an atrial seplal defect. A transient increase
in right atrial pressure or change in right atrial analomy result-
ing from myocardial infarction, pulmonary embolism, tricus-
pid regurgitation, or acute righl-sided heart failure may
precipitate this syndrome. Device closure of he PFO may
improve symptoms and oxvEen saturation.

Atrial seplal snenrvém is characterized by mobile, redun
dant atrial septal tissue that is often associated with a PRCL
Atrial septal aneurysm with a PFO reporfedly increases the
riskefor stroke compared with a PFO-alone. Results of 2 rand
amized, open label trial demonstrated that patients present
ing with eryplogenic stroke in the setting of an atreial septal
aneurvsm with PFO had a lower rate of stroke recarrence
when treated with, PRO elosure combined with antiplatelo
therapy Lhan with antiplatelet therapy alone, Ravely, sureical
excision and defectl closure is considered based on anatomic
features. B
KEY POINTS

= Mo treatment or follow-up is needed in asymplomalic
palients with patent foramen ovale.

* Percutaneous closure of a palent foramen ovale can be
considerad in select patients with eryplogenic strolke
after a thorough evaluation [or alternative canses of
stroke. :

Atrial Septal Defect

Pathophysiology and Genetics

Am atrial septal defect (ASD is a flaw or hole in the atrial sep-
tum resulting ina left to- right shunt with eventual right sided
cardiac chamber dilatation in most paticnls.

ASDs are penerally classified by their location (Figure 36).
Ostium secundum defects, the most common type of ASDs
(73 of cases), are located in the mid portion of the atrial sep
tum and are usually isolated anomalies. Located in the lowest
portion of the atrial septum, cstivm primom defects (155 20%,
ol ASDs) are a componenl of endocardial cushion defects.
Associated abnormalities include mitral valve, ventricular sep-
tum, and subaortic ancmalies. Sinps venosus defects (3% 1070
of ASDs) are located near the superior vena cava or, rarely, the
inferior vena cava: anomalous pulmonary venous conneclion
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FIGURE 3 6. Posilions af vanous atnal seplal defects viewed from the right side
of the heart. (1) Ostium secundum; {2) estium primum; {3) sinus venasus; (4)
coranary sinus. PT = pulmanary trank; RY = right ventsicle.

Rescrsan trom anagfnal supphed counesy of D Wil D Dwantks, Depanment of Lasoraiory ediane ind
Pathodorpy, Mayo Clink, Borhestes, MK

{typically involving Lhe right upper pulmionary vein is present
in more than 90% of paticnts with this defecl. A coronary
sinues ASD (1% of cases) is a4 commumication between the left
atrium and the coronary sinus. These defects are commaonly
associated with a persistent lell sided superior vena cava or
complex congenital heart lesions.

ASDs are rarely associated with genetic svndromes. The
lHolt Oram syndrome involves bilaleral opper extremity
abnormalities and congenital heart delects, commonly an
ASD. Familisl ostium secundum ASDs may be aulosomal
dominant or linked o chromosome 3, Congenital heart defects
are relatively commen in patients with Down syndrome; the
oSt regquent abnormalities reported are atrioventricular sep
tal defects, including ostium primuom ASTL

Clinical Presentation

ASDIs may be suspected in patients with unexplained righi
heart enfargement or aivial archythmias. Atrial filieillation Isa
conmmon finding in adults with an ASD. The atrial fibrillation
risk decreases but does not normalize after ASD closure. ASD
siae and associated defects inflluence the age of presentation:
symptoms include fatigue, cxertional dyspnea, arrhythmias,
and paradoxical embolism. Rarely, palients with pulmonary
hypertension (PH) are foand 1o have isolated ASTs.

Clinical lindings in patients wilth an ASD include a par
asternal impulse. fixed splitting of the 5., and a pulmonary
outlow murmur. A diastolic low ramble across the tricispid
walve con occut with a large lefi-to-right shuant.

Diagnostic Evaluation
The electrocardiographic and radicgraphic findings in paticnts
wilh an ASD are presented in Table 32.




TABLE 32.

Imaging Findings and Late Complications in Adult Congenital Heart Disease

ECG and CXR Findings

Late Complications

Fatent foraman gvale

Ostium secundum ASD

Dstium primurn A5D

Sinus venosus A50

Srmall VSD
Larga V5D

“Small PDA
Large PDA

Pulmaonarny valve stenosis

| Martic coarctation

Repaired tetralogy of Fallot

Eisenmengar syndrome

Mermal

ECG: Incomplete REBB, RA enlargoment, right axis
deviation

CHR: Right heart enlargement, prominent
pulmaonary artery, increased pulmonary vascularity

ECG: Left axis deviation, first-degres
atricventricular block

CXE: Right heant enlargement, prominent
pulmoniary artery, increased pulmenary vasculariy

ECG: Abnormal P axis

CXR: Right heart enlargement, prominent
pulmenary artery, increased pulmonary wascularity

Mormal
ECG: BY or BV/LY hypertrophy

CXE: RAand BY enlargement, increased
pulmonary vascular markings: with PH: prominent
central pulmonary arteries, reduced peripheral
pulmonary vascular markings

Marmal

ECG: LA enlargement, LV hypertrophy; with PH: By
hypertrophy

CXR: Cardiomengaly, increased pulimonary vascular
riarkings; calcification of POA {oocasional | with
PH: prominent central pulmoenary arteries, reduced
peripharal pulmonary vascular markings

ECG: Mormal wher R systolic pressure <60 mm
Ha: if BV systolic pressure =60 mm Hyg: RA
enlargement, right axis deviation, B hypertrophy

CHR: Pulmanary artery dilatation, caleification of
pulmanany valve (rare); RA enlargement may be
reted

ECG: L hypertrophy and ST-T wave abnormalities

CXR: Dilated ascending dorta, “figure 3 sign”
beneath acrtic arch, rib notching from collateral
vesseld

ECG: RBER, increased QRS duration (ORS duration
reflacts degree of RV dilatation)

CHR: Cardiomegaly with pulmonary or tricuspid
valve regurgitation; righl acrtic arch in 25% of
Canes

ECG: Right amis deviation, RA enlargement, BV
hypertrophy

CXER: RV dilatation, prominent pulmonary artery,
reduced pulmonary vascularity

Paradoxical embalism, platypnea-crthodecxia
syndrome

Right heart enlargement, atrial fibrillation, PH (rare)

Post repair: residual shunt {rare)

Right heart enlargement, atrial fibrillation, mitral
regurgitation (from mitral valve eleft), PH (rare)

Post rapair: residual shunt {rara), mitral
regurgitation (from mitral valee cloft), left
ventricular outllow tract ohstruction

Right heart entargement, atral fibsrillation, PH (rare)

Post repair: residwal shunt (rare), residual
anomalous Plllmﬂnaf}f VEnoUS connection

Endocarditis

PH with assooated BA and BV enlargement, RV
hyportrophy, Eisenmenger syndrome

Post repair: residual VA, residual shunt (rana)

Endocarditis

Endocarditis, right heart failure, PH, Eisenmenger
syndrome

Post repair: resicdual shunt {rare)

Past repair: Severs pulmonary vabes regurgitation
after pulmonary valvotomy or vahauloplasty

Hyprortension [ 75% of cases), bicuspid acrtic valve
1=50% of cases), increased nisk for aonic ancurysm
tascending or at repair site) and intracranial
ansurysm

Fost repair: Beooarctation, hypertension, aortic
aneunysm

Post repair: increased atrial and ventricular
arrhythmia risk, pulmonary valve regurgitation or
stenosis: tricuspid requegitation

QRS =180 ms increases risk forventricular
tachycardia and sudden death

Right heart failure, hemaptysis, stroke

A50-= atrial sepral defect; CXR = chest radecgraphy; FEG = slacirocanciographys: LA = ey atrial; 1 = left ventriculas; PH = pulmonary hyparténsion: PO = patent ducius

anteriosus; R = right atrial; REES = nght bundbe branch block; FY

= right wentricular; W50 = vertmicslar septal detect,

right ventricular pressure elevalion. Agitated saline contrast
injection {microcavitalion study} in a peripheral vein during
TTE may help identify an atrial level shunt. Sinus venosus and
coromary sinus ASIks are less readily diagnosed by TTE in

TTE is the preferred imaging modalily for identification of
ostium secundum and primum ASDs, TTE also measures asso-
ciated features, such as right sided cardiac chamber enlarse
ment, tricuspid regureilation related o annular dilatation, and
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Adult Congenital Heart Disease

adults and often require other imaging modalitics, such as
TEE, cardiac magnetic resonance ({CMRE) imaging, or C1. MR
imaging and CT are marely used as the primary imaging modal
ity when an ASD is suspected bul can identily anomalous
pulmonary veins and quantify right ventricular sohaome and
gjection fraction.

Cardiac catheterization is the only method for accursicely
caleulating pulmonary-to-systemic blood fow ralio (Qp0s)
hut is rarely required for uncomplicated ASDs, Cardine cathe
terization may he recommended in patients wilh an ASD and
I*H when ASD elosure is being considered.

Treatment

The main indications for ASD closure include right sided
cardiac chamber enlargement or symptoms of dyspnea; clo
sure is reasonable for orthodeoxia platvpnea syndrome amnd
also before pacemaker placement because of the increascd
risk for systemic thromboembolism. In asvimplomatic
paticnts with a small A5 and no right heart enlargement,
periodic clinical monitoring and echocardiographic imaging
are recommended.

Percwtaneous device closure san oplion for patients with
an isolated ostium secundum ASDE Surgical ASD closure is
indicated for nonsecundum ASDs. large sccundum ASDs,
unfavorable anatomy for device closure, and coexistent cardio
vnscular disease that requires operative intervention, such as
coranary artery disease or tricuspid regurgilalion.

Patients with an ASEY and PH reguire specialty cares ASD
closure may he considered for persistent left (o righl shunting
wilhout fixed P Medical therapy targeled al PH should also
b comsidered.

Patients with an isolated anomalous pulmonary venous
connection may present with clinical findings and TTE fea-
tures similar tooan ASL. Surgical redirection of the pulmonary
vein is the only feasible treatment and reqguires surgical exper
Lise 0 congenital hearl disease,

Patients with small ASUs do not require physical activity
limitation. Large left to right shunts result in self limired
exercise restriction. Patients with severe PH are advised 1o
avoid isometric or compelitive exercise,

Presnancy is generally well wlerated in paticnts wilh an
ASTYin the ahsence of PEHL. The risk for congenital heart discase
transmission wilh o sporadic ASD is estimated to be around
5%, Holt Oram syndrome is inherited inan autosomal domi
nant fashion, and other genelic syndromes have variable
imheritance; genetic counscling is saggested i o syndrome is
suspecied.

Follow-up After Atrial Septal Defect Closure
Follow-up is recommended for patients after surgical or per
cutanecus ASD closure, TTE and clinical assessment are
recommended within the Orst vear after closure and then
perindically after that. Atrial fibrillation risk persists after clo
sure, and frequency increases related to age at the time of ASD
closure, Rare complications after device clisare include device
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migration, erosion into the pericardiun or aorta, and sudden
death.

KEY POINTS

* Clinical findings in patients with atrial septal defect
include a parasternal impulse, fixed splitting of the 5,
and a pulmaonary outflow mutmurn

* Cardiac catheterization is the only method for aceu
ralely calculating pulmonary-to-systemnic blood flow
ratic but is rarely requiired for diagnostic purposes other
than in patients with an atrial septal defeet (ASD) and
pulmonary hypertension when ASD closure is being
considered.

+ The main indications for atrial septal defect (ASD) clo
sure include right-sided cardiac chamber enlargement,
symptoms of dyspnea, or atrial archythmias: asymplo
matic, small ASDs without right heart enlargement can
simply be monitored with clinical and echocardio
araphic surveillance.

Ventricular Septal Defect
Pathophysiology

Ventricular septal defects (VSDs) are defined by their location
on the ventricular seplum (Figore 37} They are common al
birth, bul many small ¥3Ds close spontaneoushy, resulting in
lower prevalence by adulthood. Perimembranous VSDs ane
mist common (80 of cases) and are usueally solated abnor
mualities. Muscular V3Ds (10'% of cases) can be located any
where in the ventricular septum and offen close spontane
onsly. Subpulmeonary VS1Is (also called outlet or supracristal

FIGURE 37. Fositions of various vantricular septal defects viewed from the ek
side of the heart. {1) Perimembranons; (2] subpulmanary; (3) musculas (4) inlet
ho = aorta; LA = beft atrium.

Feveamn from agina sapplied contesy ol D Wil D, Bdwats, Depammiet of Labaraoey dediine aml
Fathukigy, Mayn ing, Buchester MK




WEDs) account for approximately 6% of defects in non-Asians
Jamd 33% in Asians and are associated with aorlic regurgitation
caused by aorlic cusp distortion. Inlet VSDis (4%, of cases) occur
in the superior posterior portion of the ventricular seplum
- adjacent to the iricuspid valve, They oceur as part of the alrio
ventricular septal defect complex, characteristically seen in
- patients with Down syndrome,

Clinical Presentation
The presentation of an isolated V5D depends on the V5D size
and pulmonary vascular resistance. A small VST withowt PH
presents with a loud (often palpable) holosyslolic murmur
ocated at the lelt sternal horder that may obliterate the Sy
Small V51 do not cause left hearl enlargement or PiL
AVED with a moderate left- to right shunt may cause leflt
ventricular volume overload and PLL Patients are asvimplo
malic [or many years but eventually present with heart failure
symptoms, A displaced left ventricular apical impulse supgests
volume overload. A holosystolic murmuor ar the left sternal
border is noted; the pressure gradient between the ventricles
determines the murmur quality and duration, Progressive 1711
results in shortening of (he murmur.

VS 1s associated with large left 1o right shunts are usually
detected by the presence of a murmur, heart failure, and fail
ure to thrive in infancy. Failure 1o close the defect early in lile
wsually causes fixed PH within several vears with subsequent
development of Eisenmenger syndrome (sce later discussion)
and shunl reversal,

Diagnostic Evaluation
The electrocardiographic and radiographic findings in paticnis
with a V51 are presented in Tahle 32,

TTE is the imaging modality of choiee or identification of
VS lncation, size, and hemodynamic impact. Rarely, TEE,
CMER imaging, or CT iz needed Lo delincate candiae anatomy
when TTE is unsatisfaciory: Cardiae catheterizalion is primar
iy performed o delineate the Qp:Qs ratio and pulmonary
Pressures.

Treatment

Vsl closure is indicated when the Qp:Os ratio is 2.0 or grealer
wilh evidence of left ventricular volume overload or a history
ol endocarditis, Most palicnts are treated surgieally, bt percu-
taneous device closure iz an option [or select V51Ds.

V&I closure s not indicated for patients swith a small left
to-right shund and no chamber enlargement or valve discase,
but periodic clinical evaluation and imaging are recom
mended. Large VD5 wilh shunt reversal (right Lo left shant
ing} and P (Eisenmenger syndrome) should nol be closed
because this causes clinical delerioration owing to reduced
cardiac output.

Patients with small VSIS do not require activity restric
tions. If the pulmonary artery pressure is greater than 50°% of
svstolic Iood pressure, isometric or competitive exercise is
discouraged.

Adult Congenital Heart Disease

Pregnancy in women with VSIs is senerally well woler
ated in the absence of PH; women wilh VSDs and associated
fixed PH should be counseled to avoid pregnancy

Follow-up After Ventricular

Septal Defect Closure

Fesidual or recwrent VS0, archythimias, PH, endocarditis, and
valve regurgilation are recognized complcations following
VA closure. Clinical assessment and TTE are recommendied
within 1 year of VA1 closure, Subseguent follow up frequency
depends on clinical and cardiac stats.

KEY POINTS

= A small ventricular septal defect without pulmonary
hypertension presents with a loud (ofien palpable) holo
systolic murmur located al the lefi sternal border that
iy obliterale the's,.

« Ventricular septal defect closure is indicated when the
Q05 ratio is 2.0 or greater with evidence of Teft ven
tricular volume overload or in patients with a history
of endocarditis,

Patent Ductus Arteriosus
Pathophysiclogy

A patent ductus arleriosus (FDA) s @ persistent fetal connec
Liom belween The aorta and the pulmonary artery, Prematurity
and maternal rubella predispose to a PDA. It may be an isa
lated abnormality or associated with other congenilal candiac
defects.

Clinical Presentation

The typical murmur of a POA s a confinuous “machinery”™
murmur that envelops the 5, making it inaudible; the mur
mur is heard beneath the left clavicle. A tiny DA s generally
asvmplomadic and inaudible, Patients with a moderate sived
PDA may present wilth bounding pulses, o wide pulse pros
sure, left heart enlargement and dysfunction, and, rarely,
clinical heart failure,

A large unrepaired PDA may canse PH with eventual
shunl reversal (Fisenmenger syndromel; chamcteristic fea
tures of an Eisenmenger POA are clubbing and exvgen desaln
ration alfecting the feet but not the hands, owing todesaturated
blood reaching the lower extremities preferentially (differen
lial cyanosis).

Diagnostic Evaluation

The electrocardiographic and radiographic findings in patients
with a P are presented in Tahble 32

a PDA. The P may be dilficult Lo visualize in patients with
severe PH o owing to equalization of pressures between the
aorta and pulmonary artery. In patients with a PIA and PLL
cardiac catheterization is used to determine shunt size and

as



Adult Congenital Heart Disease

reversihility of PI1. Angiography confirms PDA morphology
and helps determine whether percutaneous closure is feasible,
TEE, CT, and CME imaging mayv identifv a PIDA but are not the
primary diagnostic techniques.

Treatment

PO closure is indicated for lefi-sided cardiac chamber
enlargement in the absence of severe Pl Percutangous or
surgical closure may be performoed; referral toa congenital
cardiac center for consicderation of closure optinns s recom-
mended.

A tiny PDA requires no intervention. PODA closare is nea-
somable [or small PDAs with previous endocarditis. Moderate-
sized PDAs are generally closed percutaneoushy Large PDAs
with severe PH and shunt reversal should be observed; elosurne
may be detrimental. but medical therapy for PH should be
consitdered.

Patients with a small PDA without PH do not requine
phsical activity restrictions, and women should be able to
tolerate pregnancy:

KEY POINTS

=« Accontinuous “machinery”™ murmur heand beneath the
left clavicle thar makes the 5, inaudible is typical fora
patent ductus arteriosus:

= Angiography can delermine patent ductus arteriosus
morpholosy and whether percutaneous closure is
feasible.

* The sive of a patent ductus arteriosus (PDA) determines
management; a tiny PDA requires no intervention.

= A large patent ductus arteriosus with severe pulmonary
hypertension (PH) and shunt reversal should be

ohserved; closure may be detrimental, but medical
therapy for PH should be considered.

Pulmonary Valve Stenosis
Pathophysiclogy

Pulmonary valve stenosis {PS), an autosomal dominant
disorder, causes ohstruction to right ventricular outflow
and is usually an isolated valve Tesion. Isolated P3 is associ
aled with Moonan syndrome, which includes short stature,
variable intellectual capacity, neck webbing, and ocular
hypertelorism (abnormally increased distance belween Lhe
orbits).

Clinical Presentation

Mild and moderate PS5 is generally asymptomatic. On physical
examination. mild PS is charaelerized by a normal juguolar
vienons wavielorm and precordial impulse.

Severe PS can cause exertional dyspnea. Right ventricular
hypertrophy caused by prossare overload results in a promi-
nent o wave on e jugular venous pressure waveform and a
palpable right ventricukar lifl.
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Auscultatory findings in PS include a systolic ejection
click immediately after the 5, (which is the only right-
sided heart sound to decrease during inspiration), fol
lowed by a crescendo-decrescendo murmur. In severe PS,
the ejection systolic murmuar at the lefl sternal border
increases in intensity and duration, and the pulmonary
valve component of 5, is delaved {splitting ol 5.) and cven
tually disappears. A right ventricalar 5 is alten heard in
severe Pa.

Diagnostic Evaluation
The electrocardiographic and radiographic indings in patients
with P35 are presented in Table 32

TTE s the imaging modality of choice Tor identification of
PS5, Severe PS s presenl when the peak gradienl is 50 mm Hg
or greater. Treatment options depend an valve mobilily, calod
fication, and LHe elfects of obstruction on the tight ventricle,
P5 causes right ventricular hwpertrophyt Right vendricular
dilatation should prompt a search for an associated lesion,
such ag pulmonary valve repurgitation or an ASD. TEE, CME
imaging, and CT are not routinely used in patients with PS.
Cardiac catheterization is performed when perculaneous
inlervention for PS is considercd.

Treatment

Pulmonary balloon valviloplasty is the preferred treal

ment for valvolar PS5 It is indicated for asymptomatic
paticnls wilh appropriate pulmunary valve maorphology
whao have o peak Doppler gradient of af least 60 mm Hg or
a-mean gradient greater than 40 mm Mg and pulmonary
vialve regurgitation thal is less than moderate. Balloon val

viloplasty is also recommended for symptomatic patients
with appropriate valve morphology who have a peak
Doppler gradient of greater thian 50 mm He or @ mean gra

dient greater than 30 mm He. Surgical intervention is rec-
ommended for P3 associated with a small annulus, more
than mederate pulmonary walve regurgitation, severe sub

vilvar or supravalvar PS5, or another cardiac lesion that
requires operative infervention.

Patients with mild and modersie PS5 (peak pradiems
=50 mrn Hg) do not require exerclse restriction. Patlents with
severe PS5 should participate only in low intensity sports:

Pregnancy is senerally well tolerated with IP5; percutane-
ous vaivotomy has been performed during pregnancy for
severe symptomatic PS. Sporadic congenital heart disease
recurrence in offspring is rare, MNoonan syndrome should be
suspected with PS recurrence in offspring.

Follow-up After Pulmonary Valve Stenosis Repair
Palienls with previous PS intervention (halloon or surgical
olten have severe pulmonary valve regurgitation; thus, long
term chnical and TTE follow up is recommended. The fre
quency of follow up depends on regurgitalion severily and
impact on the heart,




KEY POINTS

= Anscultation findings in pulmonary vidve slenosis
include a svstolic cjection click immediately afier 5,
tolloweed by a crescendo- decrescendo murmur.

= Surgical interventicn is recommended for pulmonary
valve slenosis (PS) associated wilh a small annulus,
maore than moderate pulmonary valve regurgitation,
severe subvalvar or supravalvar PS, or another cardiac
lesion thal reguines operative inlervention,

Aortic Coarctation

Pathophysiclogy

Aortic coarclalion is a diserete narrowing of the aori. uswally
Tocated just beyond Lhe lelt subclavian arterys causing hyper
tension proximal and hypotension distal to the narrowing,

Clinical Presentation
Patients with aortic coarclation may present with heart faihare
B early in life Adults are usoally asymptomatic, but exertional
leg fatigue or headaches may occur. Upper extremity hyper
fension and reduced blood pressore and pulse amplitude in
the lower extremities cause a radial artery-to-femaoral artery
pulse delay: A systolic or continuous murmur is heard in the
et infraclavicular region or over the back. A murmuor from
collateral intercosial vessels may also be audihile and paipable
cowver the chest swall. Fifty percent of patients with acrtic coarc
tation have a bicuspid aortic valve. Auscultation of the bean
may reveal an ejection click, 4 systolic murmur gt the cardiac
base, or, somelimes, an S, G

Turner syndrome, a chromosomal abnormalily secondary
0 partial or total loss of chromoseme X is ollen associated
with conpenilsl cardiae discase, including coarctation. Turner
syndrome i characterized by short stature, webbed neck,
broad chest, and widely spaced nipples. Aortic coarctation is
also associated with aortic and subaortic stenosis, parachoie
mitral valve (Shone svndrome), ventricular septal detect, and
cerebral aneurysms.

Diagnostic Evaluation
The electrocardiographic and radiographic findings in paticnls
with aortic coarctation are presented in Table 32,

Thee charmaeteristic mdiographic feanwes of aortic coarctation
include the “figaee 3 sin” (Figare 38}, which is coused by dilata
tieaof the aorea above and below the area of coarctation. Dilatation
of intercostal collateral areries asa resull of aoriic obstruction may
lead to the rdiographic appeamnee of tib notching.

TTE is often the initial diagnostic test i paticngs sus
pected of having sortic coarctation; it usually identifies the
coarctition and assoclated features, such as hicuspid aorlic
valve and left ventricular hypertrophy, CMRB imaging and CT
are recommended 1o identily the anatomy, severity, and loc
tion of the coarciation: the presence of collateral vessels: and

Adult Congenital Heart Disease

FIGURE 38. Chestradiograph of a patient with aortic coarctation exhibiting
the “figure 3 sign,” caused by difatation of the aota above and below the area of
cearctation (hue amow), and rib notching {white araws)

assoctated sbnormalitics, such as aortic aneurysm, Cardiag
catheterization is prinwacily used in patients in whom percata
neaus intervention is being comsidernsd. (H

Treatment

Sewvere aortic coarctation is associafed with excess morbidity
and maortality, including hypertension. eoronary arlery dis
ease, strole, aorlic disseclion. and hearl fihare. Age at the
lime of coarctation repair is the most impoctant predictor of
lang-term survival,

Indications for intervention in patients with coarctation
include a systolic peak {peak 1o peak) prossoee gradient of
20 mm Hg or greater or tadiologic evidence of severs coarcla
tion with cotlateral Dow. Perculancous or surgical indervention
options are available: selection depends on the length. loca
tion, and severity of coarctation and the presence of associated
cardiovascular lesions: G

Physical activity restriction is recommended e paticnls
with severs postintervention residual or unrepaired coarcta
tion, aortic stenosis, or a dilated aorta; these patients shouald
avoid contact sports and somelric exercise,

A comprehensive preconceplion evalualion is warranted
in all patients with coarclation who are considering preg
nancy. Prepnancy is reasonable in women with repaired aortic
coarctation without significant residua. Women with mild or
moderate residua or unoperated coarctation will generally
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tolerate pregnancy well but should undenzo bload pressure
moniloring and cardiovascular evaluation during pregiancy.
Prepnancy should be avoided by patients with severe unre
paired coarctation.

Follow-up After Aortic Coarctation Repair
Following coarctation repair, hypertension occurs in up o 75%
of patients and should be treated. Additional intervention fol
lewing repair may be required for bicuspld aortic valve, aorlic
aneurysm or disseclion. recoarctation, coronary artery dis
ease, systolic or diastolic heart failure, or iniricranial anen
rvsm Regalar follow ap should include TTE, periodic aorlic
imaging, and evaluation by a cardiclogist specializing in con
genital heart disease,

'KEY POINTS.

= In patients with aorlic coarctation, findings may
include upper extremity hypertension and reduced
blood pressure and pulse amplitude in the lower
extremities, causing a radial arteryv-1o- femoral artery
pulse delay.

+ The “figure 3 sign” is a characteristic radiographic fiea-
ture of aorlic coarctation.

* [ndications [or inlervention in patients with aortic
coarctation include a svstolic peak (peak-to-peak) pres
sure gradient of 20 mm Hie or greater or radiologic evi
dence of severe coarelalion with collateral flow:

Tetralogy of Fallot

Tetralogy of Fallol {TOF) is characlerized by a lar=e subaoriic
Va1, infundibular or vabualar PS, aortic everride. and right
ventricular hvpertrophy (Figure 393, 1t is the most common
cyvanotic congenital cardiac lesion. Bepair is usually performed
carlv in life; adults who have not andergone an operation are
rarely encountered,

Genetic sereendng is recommended for all patients with
T who are planning reproduction. Approximately 15% of
patients with TOF have the 22q11.2 chromosome microdele
ticm (DiGeorge syndrome). When present, congenital heart
disease inheritance s approximately 500%, compared wilh 5%
in unaffected patients. TOVF is common in persons with Down
syndromae,

TOFE repair involves VS patch closure and reliel ol PS/
right ventricular cotflow tract obstruction by transannular
patch placement; the transannular patch disripts integrity
of the pulmonary valve, causing severe pulmonary valve
regurgitation. Severe long standing pulmonary valve regur
aitation causes right hearl enlargement, Iricuspid regurgi
fation, exercise limitation, and arrhythmios and is the most
commn reason for reoperation after TOF repair. Annual
congenital cardiology [ollow up is recommended  Tor
patients with repaired TOF to delermine oplimal iming for
intervention.
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FIGURE 39. Tetratogy of Fallat, & subarterial ventricular soptal detoct (astensi]
and pulmonary stenosis (arrow] are associabed with secendary aortic averride and
right ventricular hypertrophy. da = aora; LA = felt atrinm; 1V = [of ventricle;

RA = right atrium; BV = right ventride.

Irpskeapart fromn orginal supplied countesy of Br Wilkam [ Edhwarths, Dagaitie of Laberatosy Madicine sod
Parthrebwiyy, Mayo Clinie, Binchesien, MK

Diagnostic Evaluation after Repair

of Tetralogy of Fallot

The electrocardiographic and radiographic lindings in patients
with repaired TOF are presented in Table 32,

Symmpoms, arrhythmias, o right heart chamber enlarge
ment should prompt a search lor severe pulmonary vakve
reguirgitation. Prolongation of the QRS complex reflects the
degree of right ventricular dilatation; QRS duration of 180 mil
liseconds or longer and nonsustained ventricular tachveardia
are risk factors for sudden cardiac death.

TTE s the imaging modality of choice for identifying valve
dysfumetion, residual VS, left ventricnlar dysfunction, and
aortic dilatation. CMR imaging or CT 8 preferred Tor assess
menl ol righl ventricular size and fumction, which helps deter
mine appropriate timing for pulmonary vabve replacement
Cardiac catheterization may be required Lo assess hemody
narmics and residual shumts and o delineate coromary artery
and pulmonary artery anatomy.

Treatment of Tetralogy of Fallot Residua
[ndications for pulmonary valve replacement In patients with
repmired TOF and severe pulmonary valve regurgitation include
svmptoms; decreased exercise Wolerance, more than moderate
right hearl enlargement or dysfunction, arrbythmias, and
development of tricuspid regurgitation. Tricuspid valve repais
may also be needed. Percutaneous pulmonary valve replace
ment is possible in select patients with previons TOF surgen,.

Physical activity restriclion is recommended for patients
with repaired TOF amd residual sequelae; contact sporls and
heavy isometric exercise should be avoided.




gamlngy of Fallot who are planning reproduction
‘because the presence of the 22q11.2 chromosome
‘microdeletion (15 of patients) resulls in congenital
heart disease inheritance of approximately 50%.

= Indications for pulmonary valve replacement in patients
with repaired tetralogy of Fallot and severe pulmonary
salve regurgitation inchude symptoms, decreased exer-
‘cise tolerance, more than moderate right heart enlarge-
ment or dysfunction. arrhythmias, and development of
tricuspid regurgitation.

Ac ults with Cyanotic Congenital
art Disease

Management

* Right-1o-lell cardiac shants, such as palliated or unrepaired
TOF and Eiscnmenger syndrome, result in hypoxemia, eryth-

- mocytosis, and cvanosis, An increased erythrocyte mass is a

Lompensalory response o iImprove oxygen transport.

Physical leatures include digital clubbing and central cya
- nosis. These patients are predisposed (0 arthropathy, scoliosts,
gllstones, pulmonary hemorrhage or thrombus, paradoxical
- eerebiral emboli or abscess. Kidney dysfunction, pheochromo
cytoma/parsganglioma, and hemostatic problems. Patients
with cvanolic congenital beart discase should be evaluated
annually by a congenital cardiac specialist,

Perioperative complications are comman in patients with
cvanosiy, so clective procedures and operations should be per
formed at specialized muoltidisciplinary care centers; a con
genltal cardiae specialist should be consulied when patienis
are hospllalkaed, Additional considerations in these patients
include antimicrobial prophyluxis [or nonsterile procedures:
placement of intravenous line Bllers o prevent paradoxical ab
embalism: and early ambulation, preumatic compression
devices, and anticoagnlation to prevent venous stasis. venous
thrombosis, and pamdoxical embaolism. Vienous thromboem
bolism prophylixis is cpecially important in these patients
becanse of the risk for pamdoxical embolism iF a venous
thromboembolism were to occur. [

Muost patients with cvanosis have compensated, stable
erylhrocytosis, Phlebotomy is recommended for patients
with sympromatie hyperviscosity (headaches and reduced
concentration) with a hemoglobin level greater than 20 a/dlL

dehydration. Phlebotomy should be performed no more
than three times each vear and should be followed by Muid
administration. Repeated phlebotomies deplete iron stores
and cause iron-deficient eryvihrocyles or microcytosis,
increasing the risk for stroke. Short term iron therapy is
administered for iron deficiency in patients with destabi
lized erythropoiesis.

(200 g/ L) and hematooril greater than 65°% in the absence ol

Diseases of the Aorta

Maternal and fetal morbidity and monality increase related
10 the degree ol eyanosis and pulmonary pressunes: thas, preg-
nancy in patients with cvanosis is consldered high risk

Eisenmenger Syndrome

Elsenmenger syndrome is severe PH with cardiae shunt rever
sal (right o lefl shunting) caused by a long-slanding, unre
paired VSD. PDA, or ASD, TTE evaluation aml appropriate
intervention has decreased the frequency of Eisemmenger
syndrome, bul PH related to complex congenital heart disease
is increasingly identified.

Conservative medical measures  for  patients  with
Eisenmenger syndrome include avoiding iron deficiency, dehy
drition, acute exposure to excess heat, and moderale or sevene
strenuous or isometric exercise, Phlebotony is rarely performed,
Additionally, long term aliitude exposure should be avoided or
lirmiied becanse it results in g reduced partial pressure ol oxyeen.,
Alr travel should be underzaken in pressurized afrerafts: supple-
mental oxyzen mey be benelicial with prolonged air el

All patients with Eisenmenger syndrome should undenso
annual evaluation by a congenital candiac specialist. Noncandiac
sumgery should be performed al centers with expertise in the
care of patients: with complex congenital cardiac discase.
Patients with progressive cardiovascular symptoms may bene
fit from pulmonary vasodilator therapy or, in rare cases, heart
and lung transplantation,

Women with Eisenmenger syndrome should be cau
tioned (o avoid pregmnancy becnse of the high risk for mater
nal mortality.

KEY POINTS o b oAb B0 i
* [Phlchotomy is recommended for patients with cvanotic
congenital heart disease who have symplomatic hyper-
viscosity with a hemoglobin level greater than 20 gidl
{20000 /L) and hematocrit greater than 65%, in the absence
of delmlration; iron deficiency should be avoided.

* [atients with cyvanolic congenital heart disease who ane
undergoing surgery or elective procedures require addi
tional care considerations. including antimicrobial
prophylaxis for nonsterile procedunes; intravenous Tine
filters to prevent paradoxical air embolism; and early
ambulation. pneumatic compression devices, and anti
coagnlation 1o prevent venous stasis, venous thromba
sls, and paradoxical embolisim.

¢ |n palicnts with Eisenmenger syndrome, air travel
should be undertaken in pressurized airerafis, with
supplemental oxveen for prolonged air travel.

Diseases of the Aorta
Introduction

Diseases of the aorta include chromic conditions, such as tho-
ricle and abdominal acrtic aneurysms and aortic athercmas,
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amd potentially life threatening acute conditions, such as aor-
ric dissection and ancurysm rupture. Once chronic aortic
diseases are diagnosed, surveillance and trealment are critical
Loy prevenl disease progression, complications, and mortalitg

Thoracic Aortic Aneurysm

Thoracic aortic aneurysm (TAA) is defined as an increase in
the thoracic aortic diameter of greater Than 50% relative (o the
expected or normal aortic dimension. TAAs may ocour at the
level of the aortic rool, ascending aorta, aortic arch, or
descending aorla. They most commenly involve The aorlic root
and ascending aorta, olten torming at the site of aortic alhero
sclerosis, TAAS are usually the result of cystic medial degen
eration and weakening of the aortic wall due Lo loss of smoolh
muscle fibers and elastic fber degeneration.

Comrmon causes of TAA ure summarized in Table 33, TAAs
that coour in patienls vounger than 50 years are ollen caused
by conneclive tssue disorders, such as Martan or Ehlers-
Danlos syndrome. Bicuspid aorlic valve morphology is also an
important risk factor for TAA [ormation: TAAs occur in
approximately 50% of palienls with a bicuspid aortic valve.
Orher risk factors for TAA include ape and hypertension.

TaAs are often asymptomatic and are commaonly detecied
by echocardiography during an evaluation of left ventricular
funetion or murmures, Infreguently, symptoms of hoarseness
and dysphagia ocour when an aneurysm Compresses sur-
rounding structures. Physical examination findings, such as a

TABLE 33.
Category

Causes of Thoracic Acrtic Aneurysm

Syndrome

| Atherosclarasis

Connective tissue
disorders

Marfan syndrome
Ehlers-Danlos syndrome type W
Loays-Dietr syndrome |

Other genetic Familizl thoracic aotic ansurysm and

andior aodic dissection syndrome !
Eg:gﬁ:;:i_! Bicuspid aortic valwe i
| Turner syndrome :
| Vasculitis Takayasu arteritis !
Giant cell arteritis |
Manspecific (idiopathic) aoititis
Other autoimmune conditions {Behcet
syndrome, systemic lupus ervthematosus)
Infectious Septicembalism

Direct bacterial inoculatian -

Bacterial seeding .

Contiguous infection

Syphilis ,
Aorticinjury Prior acute acrtic syndrorme

Chast trauma
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diastolic heart murmur or wide pulse pressire, are found in
the setting of aorlic regurgitation, which often occurs in com-
bination with TAAL If the aneurysm ruplures, patients present
with severe chest or back pain, sudden shortoess of breath, or
sitchden cardiae death,

Screening and Surveillance

screening for abnormalities of the thoracie aorts with aortic
imaging is indicated in asymptomatic patients with genetic
conditions (such as Marfan or Ehlers Danlos syodrome), a
bicuspid aortic valve, or 3 family history of TAA or aortic dis
seclion. Screening is not recommended in other asymplo
IaLic persons,

After TAA is detected, noninvisive imaging is indicated o
delermine aortic crmss sectional area (Table 340, Aortic diam
eler measurement oflen varies subsiantially depending on the
[ype of imaging study used, Care must be taken to measure
Lhe dimension perpendicular to the long axis of the aorla
because obligue measurements may overestimate the frue
aoriic diameter. The maximum aortic diameter at the site of
anancurysm (measured in om) is generally used in the erite
ria for surveillance and treatment.

Becomse the leading cause of dealh in patients with TAA s
ruplure. surveillance and treatment depend on the ancurysm
sizer and risk for rupture, Onee the diameter of the aneurvsm
has grown larger than 5.0 cm, the average growth rate s
(.1 emdyear. and risk for ruphare increases, Additicnal inde
pendent risk factors for ruplure ane 3 mapid rate of expansion
=0.5 emiyear), the presence of an ancurysm during pres
nancy, and previous aortic dissection. Annual surveillance is
appropriate in patients with a st degree relative with a his
tory of familiad thoracie aorlic anceurysm and acrtic disseetion

Transthoracic echocardicgraphy s most commuonly used
for annual surveillance of TAAs smaller than 5:0 oo it diam
eter. In patients with previous mpid rale of éxpansion or ip
patients wilh a TAA of 5.0 cm i diameter or larper, maore fre
guent surveillance is oflen warranted. Patients with rapsd
expansion of the TAA or aorlic dimension of 5.5 cm shoukd
undergo additional imaging with CT angiography (CTA) o
rrgEnelic resonance angiography (MRA).

In patients with o TAA and a genctic condition (Marfan of
Fhlers Danlos syndrome) or hicuspid aortic valve, ibis recom
miended thal repeatl assessment oceur & months aller dizgno
slg to determine the rate of enlargement. Thereafier. annss
imaging is recommended if the aortic diameter las been stable
and smaller than 4.5 emu 1T the aortic-diameter is 4.5 cm of )
larger of the rate of enlargement excedds 0.5 cm/year, imaging
should be performed every & months.

Treatment

TAAs with a diamctér smaller than 5.0 emocan nsaally be mas
ared withe medical themapy and active sumveillance (see Table 38
Medical therapy includes ageressive Dlood pressune contes
with a goal blood pressure below 130/80 mm g, B-Blockess
are the preferred antihypertensive agents in patienls wes




Comparison of Thoracic Aortic

| Modality
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the descending aora

function, poercardial disease

Bedside diagnosis

collaterals

shape and any anomalies

TAA In palients with Marfan syndrome, 3 blockers and losar
an have been associated with o redoeed rate of anearysm
growih.
| Once ascending aorlic ancurysm sive exceeds 5.5 cm in
diameter, repalr is warmanted o prevent the morbidity and
mortality associated with aneurysm rupture. In paticnis with
“am ascending aorta or aortic rool greater than 4.5 cm in diam-
eter who require coronary artery hypass grafling or surgery to
“repair vilve pathology. aortic repair shoukd be performed at
the time of cardiac surgery, Current guidelines recommend
that all patients with a bicuspid aortic valve and ascending
Saortic ancurysm undergo aortic repalr when the aneurysm
‘exeeeds 5.5 ¢m in diameter, unless there is an indication to
repair concomitanl coronary arlery disease or aortic vahve
pathology. In patients with Marfun or Ehlers Danlos syn-
. the American College ol Cardiology/American | leart
i ation guidelines recommend that patients undersoaor
fic repair al a lower threshold (4.5-5.0 cm).
 The aneurysm location, associated anrtic valve pathology,
presence ol concomitant coronary arlery discase all dic
the type of thoracic aortic repair performed. Open sargical

CTangiography Visualization ol entire acrta anid side branches
Rapid imaging
Mulsplanar reconstruction
Magnetic resonance Visualzation of entire aorta and side branches
snglography Mo exposure to rediation or iodinated contrast
dye
 Aonography Visualization of anrtic lumen, side branches, and

Provides exact information on aona size and

Advantages Disadvantages i
Tramsthoracic i Good visualization of anric root/proximal Requires experienced operatar I
dchaandiagraphy (TTE) sscending pora Lirnited visualization of the distal ascending aorta
Mo exposure to radhation or contrast dye and aorbearch and branches of the great vessels
Allows definition of vahaslar pathology, myocardial A negative TTE result does not rule out aortic
function, pericandial disease dissection, and other imaging techniques must be
Bedside di i considered
Transesophageal TEE has supercr imaging quality compared with Reqguires sxperenced operator
echocandiography (TEE] TTE Wi rocathing

Excellent visualization of the aora from ite root to

Mo exposue b radiation or contrast dya

Allows dofinition of vahuilar patholagy, myocardial

Exposes patient to radiation, iodinated contrast

For atute disease, prolenged image aoquisition
ameay from acute care area

Contraincicated in patients with implanted
pacermaker ar defibrillator

Gadalimum contrast dye contraindicated in
patients with kidney disease

Diseases of the aortic wall and thrambus filled
discrele aoric aneurysms may be mssed

Inveasive procedure that requines power injection
within the aorta

Requires dye load and may be nephrotoxic

replr by indicated for TAAS that involve Lhe aorlic oo, ascend-
ing aorta, and aortic arch, Thoracie endovascular aortic repair
(TEVAR) with stenl grafting should be used when a deseend
ing aortic ancurysm has a diameter greater than 6.0 cm, has
exhibited rapid growth 0.5 cvvear), or has caused enid
ongan damage. owing to a lower morbidity and shorier hospi-
lal stay relative o open repain. TEVAR has the advantage of
avolding an open songical operation, although complications
(stroke, spinal Bschemia, aortic gralt endoleaks) can occor,
KEY POINTS
* Asymplomatic patients with Marfun or Ehlers-Danlos
syndrome, a bicuspid aortie valve, or a family history of
thoracic aortic apeurvsm or aortic dissection should
undergo sereening for abnormalities of the thoraclc
worta.
+ Patients with a thoracic aortic ancurysm smaller than
5.0 vm in diameter should ondergo annual echocardi
ography to monitor aorfic aneurysm growth.

(Continued)
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'KEY POINTS [continwed)

= [n patients with an ascending aoric diameter exceeding
5.5 cm. elective avrtic repair is warranted 1o prevent the
marbidity and miortality associated with ancurysm rup
ture; patients with Marfan or Ehlers-Danlos syndrome
should undergo aortic repair at 4.5 to 5.0 cm,

o Thormcic endoviseular aortic repair is recommended in
patiends with a descending aortic aneurysm when the
dimmeter is greater than 6.0 om;, has exhibited rapid
growth (0.5 cmdvear), or has caused end- organ damage,

Abdominal Aortic Aneurysm

Abdominal aortic aneurysm (AAA) is defined as an abnormal
dilatation of the aorta with an anleroposterior diameter grealer
than 3.0 ¢cm. Risk factors include male sex {6:1 male to female
incidence ratio), advanced age, smoking, atherosclerosis,
Iypertension, and a Bamily history of AAA

Screening and Surveillance

AAM 15 most commonly diagnosed incidentally by CTA or
abdominal ullrasonography. Approximately 75'% of patienls
with AAA are gsymptomatic al the time of diagnosis. Recause
of the high mortality mte associaled wilh ancarysm ruplure,
the LS, Preventive Services Task Force recommends one-time
sereening with duplex ultrasonography in all men aged 65 o
75 vears who have smoked at least 100 cigareties in their life
time and selective screening in men in this age group who
have never smoked (see MESAP 18 General Internal Medicine).
Estimutted annual risk for aortic rupture acconding 1o AAA
dimension is shown in Table 35. In paticnls with an AAA
diameter of 4.0 em or less, surveillance with duplex ulira
suniography every 2 1o 3 years is warranied. In patients with an
AAA diameter of 4.1 1o 5.4 cm, surveillance with CTA or
duplex ultrasonography should be performed every 6 1o
12 momnths, Onee the aortic diameter meets the threshold for
aortic repalr, analomic imaging tests. such as CTA or MRA, are

TABLE 35

Anaurysm by Diameter

Annual Rupture Risk of Abdominal Aortic

| Aneurysm Diameter Annual Rupture Risk _
: <4.0ecm <[.5% I
| #4.0-4.9¢m 05%-5%
| 5059em 3%-15% '
6.0-6.9 cm 10%-20%
T07.9¢cm 200-40%
>80 cm 30%50%

| Heproduced with peemimsion from HBresrssier DO, Cronensect L, Hallots P& e
Jobeutony KW, Knupuke W, Matsurmusa J5: loimt Goancl of the Armerican
Aosciation los Vasoular Surgery dod Society for Vasular Songery, Guidelee for
thir tmatmart o shdarminal somc arpursms, Repen of & sulsuommitiog wl this
Jesint Couneil af the American Association tor Vascular Surgeny and Socety o
astulan Surgmey, J Vase Sung 200337110617, [PWID: I2?5b]{r3'|‘:upyr|g|'rl
2003, Flaayio
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indicated to determine the exact location of the AAA (supranc
mal, juxiarenal, or infrarenal) in planning [or repair.

Treatment

Medical treatment of AAA Involves risk factor redoction to
redoce the risk for mupture, cardiovascular morbidity, and
overall mortality. Aortie repratr s hould be performed in patients
with an AAA diameter of 5.5 e or larger, in those with rapid
expansion Tn AAA size (0.5 em/vear), and in patients present-
ing with symptoms resulling rom AAA (abdominal or back
pain/tenderness). In patienis with an indieation [or aortic
repair; the choice between open surgical repair and endovas-
cular aneurysm repair (EVAR] s driven by the location of the
AAA and iovolvernent of the renal and mesenteric arteries.
Suprarenal and justarenal ancurnysms most often necessitate
open surgical repair. Patient age. comorbid conditions. and
ability to twlerate open surgical Tepair determine which proce
dure should be performed in patients with an infrarenal AAA.
EVAR is associated with lower shornt lerm (30-day) morbidity
and mortality but no significant differences in long-term mor
tality. Additionally, EVAR is assoclated with increased need for
repeal intervention and significantly higher rales of endoleak,
device failure, and postimplantation syndrome (lever, leuko
eyiosis, elevated serim Coreactive proteln), These complica-
Hons necessitate diligent follow' up with noninvasive imaging
tests (CTA or wltrasonography ) o evaluate the stenl grall,

KEY POINTS

= Risk factors for abdominal aortie aneurysm include
mtle sex, increased age, smoking, and Tamily historg

= Aortic repair should be performed in paticnts with an
abdominal aortic aneurysm (AAA) diameter of 5.5 om
or larger. in those wilh mapid expansion in AAA size,
and in paticnts presenting with symploms resulfing
from AAA (abdominal or back pain/tenderness).

Aortic Atheroma

Avrtic atherosclerstic plagues commuonly oceur in patients with
evidence of atherosclemsis in other vascular heds. The most
Ireguent complication of aortic atheromis is systemic embolism
and stroke, Aortic atheromas grealer than 4 mm i diameter or
with a mobile component are more [ikely to be associated with
thromboembolism compared with smaller atheromas.

Avrtic atheromas are most fregquently detected as an inci-
dental finding on imaging studics. The presence of an aortic
atheroma represents a coronary arery disease risk equivalent.
and patients should be considensd lor antiplatelet and statin
therapies in addition o other risk aclor inlenvaentions.

KEY FPOINT

= Patients with an aortic atheroma should be treated with
antiplatelet and statin therapies o reduce cardiovason
lar risk.




Acute Aortic Syndromes

anrtic hematoma and penetrating atheroscleratic ulcer.

Pathophysiology

Acute aortic dissection

Acute intramural hematoma

Penetrating atherosclerotic ulcer

*false lumen farmation within the media (e, Calor flow by Doppler
echacardiography or intravenous [IV) conteast by CT is present within the false

by Doppler echocardiography or [ cantrast by CT within crescent, Penetrating
- atharosclerotic ulcer: athersma {peflow) with plague rpture disrupling intimal

Hhow by Doppler edhocardiography or IV contrast by CT entess the ulcer crater.

The most common and life-threatening acule aortic syn
dromes include acute aortic dissection and aortic aneurysm
rupture. Additional acute aortic syndromes include intramural

Acute aoctic dissection involves tearing of the aortic intima,
leading 1o passage of blood ltom the true lumen of the aorla
into a false Tumen (Figure 40). Dissection of the aorta can
propagale in an antegrade or retrograde fashion, mainly due to
shear forees. Propagation of the disseetion can result in cardiac

" FIGURE 40. Crosssectional representation of arule aorlic syndrames. Aoute
 gortic dissection: interuption of inima [blue} with ceation ol an inmal flap and

Jumen in the acute phase, dcete ntramural hematoma: oescent-shaped hematoma
eurtained within the media without interruption of the intima [Ble). Ho cabor flow

 Integrity; bloed pool contained within intima-medial layer {pseudnanaurysm). Color

Diseases of the Aorta

tamponade: actte gortic regurgitation; compromise of arterial
side branches {carotid, mesenteric, renal. or iliac arteries); and
underperfusion of orsans such as the brain, inlestines, or kid
nevs. Aorlic disscclions are categorized according o their
location of origin by usc of the Stanford classification, which
deseribes type A dissections as originating within the ascend
ing aorta or arch und Lype B dissections as originating distal 1o
the Jeft subclavian artery. Tvpe A aortie dissections reguire
surgleal intervention due Lo risk for ruplure and death,
whereas type B aortic dissections can often be initially man
aged wilh medical stabilization and blood pressure conlrol,
[ntramral aortic hematomas result from microtears in Lhe
aortic intima and rupture of the vaso vasorum (Figure 41).
Penclrating atherosclerotic uleers are cansed by erosion of the
intermal elastic membrane at the site Oof aortic atberosclerotic
plague, leading Lo a blood-filled false space within the wall ol the
aorta (Figure 42), Both intramural hematomas and pencirating
atherasclerotic uleers are more common in tvpe B disseclions.

Diagnosis and Evaluation

Acute aortic dissection Is ¢ medical smergency, and a high
ey of suspicion s needed for immediale diagnosis anmd
Creatment. 1 classically presents with the sudden onsel of
chest or hack pain that has o tearing or ripping gquality: how

ever; nol all padicnts will have this symptom: Patients may
present with hypertension. syneope. 3 murmur of aortle
remuargitation, or heart fuilure b the setting of sudden amtic
imsuificieney. The ndings of asymmetric blood pressires in
the upper extremities: asynunelvic pulses, or pulsus para

deus showld abl naise suspicion for acute aortic dissection.

Abmormalities may be present on chest radiography (wid
enced medipstinum) and electrocardingraphy (ST seement
depression), W these fndings ane nol diagnostic Tor acute
anrtic dissection. In palients with o high likelihood of acule
aurtic dissection, diagnostic iniaging dests: showld not be
delayed based on the resulls of chest rdiography, electrocar
dicgraphy:, or laboralory lesting.

Tramsesophapeal cchocardiography, CTA and MEA have
similar sensitivity and specificity in paticnts with acute tho
racie aortic disease. Transthorascie echocardiography is ollen
wsecl bk is Heited By ile inabilite fo fmage the distal ascend
ing aorta, Teinsverse aoric arch, amnd descending aorta.
Compared witlhh CTA or MRA, the primary advamtapes ol
immsesophageal cochocardingraphy in patients suspected of
having aortic dissection include its portability for an unstable
patient and the lack of lodinated contrast. With the increased
availability of CTA, it has becorme the primary diagnostic test
for acule thomcie aortic discase. Invasive aortography is rarely
indicated tor the diagnosis of acute disease; honever, it is indi
cated al the tirme of endovascular repair or when noninvasive
testing s comraindicated or cannot be performed.

Treatment

mMtienls with acute anrtic dissection without evidence of ear
diosrenic: shock should be treated with medical thetupy Lo
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Diseases of the Aorta

FIGURE 41. Intramural hematamia dernonstrated as a low-atenuation band of hemato ma (arrows] in the aertic wall an CT images, Al images at the level of the aortic
arch i tap feft), through the mid therax (fog mndalel and at the level of the superior mesenteric arfery with namwing of the sortic lumen (fop right). Obligue sagital
reformatiod image through thi tharax {nate band arilact evident without the use of alecrecardiographic gating) (Soltom feft). Coronal reformatted image through the
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ol heart rate and reduce blood pressure. Current goidelines
mmenid redhicing systolic blood pressame o 120 mm He or
in the first hour in patients with aortic disseetion,
ous i blockers are first line teearment: for hyperten
Bn that does not completely respond 1o ) blockers, infrave
vasodilators. (nitroprosside, nicardiping) shoald be
Istered. Pain control & often necessary aid is best
mmplished with imtravenous oploids.

An algorithm for the munsgenwnd ol aoule esoonding
itic dissections is shown in Figure 43, Referrmal for emer
pey surpery should be considered in all paticnts with acuie
etic disscution and cardiogenic shock. patients with tvpe A
r_'-- thssection, and patients with type A intramurs hema
. jiiven the very high moriality mite associated with these
gnditions, Decisions regarding concomilant aortic arch
ponstructlon, soertic valve replacement, branch vessel repair.
palior coronary artery bypass graft surgery or coromary artery
mplantation depend on the anatomy of the aortic dissec
g Inmolvement of the aonic valve or branch vessels, and
plous other patient characteristivs.

Patlents who present wilh uncomplicated ivpe B aortic
fndromes may be treated with medical therapy initially,
JEVAR, when compared with medical therpy, is associared
ith similar clinical outcomes and improved survival and
'_ IRE Propression measures al 2 vears: Patients with tpe B
dissection and refractory chest/hack pain or hyperten
Man, rapid aorlic cxpansion, or ongan malpedusion should
BOerRo aortic repair.
In patients with an intramural aortic hematoma or
rating aortic nlcer, treatment cholces depend on the

W

Ration of the hematoma or uleer, progression o anntic dis
flon. and evidence of sortie enlargement. Immediate
partic repalr is indicated in patients with an ascending aor
ple Intramural hematoma or penctriting aortic uleer and in
those wit h enlargement or progression of disease afler
detection.
RNy = Tt aan o P TR T TR
= Acute aortic dissection classically presents with the
sudden onset of ripping or tearing pain in the chest,
back, or abdomen.
= Clinical examination findings that increase the index of
~ suspicion for an acute aortic syndrome include pulsus
paradoxus, asymmetric blood pressures in the upper
extremities, and asymmelric pulses,
= CT anglography is the primary diagnostic test in patients
in whom acute thoracic aortic disease is suspected.
‘= Intravenous B blockers are first line treatment to
reduce heart rate and control blood pressure in patients
with acute aortic dissection without cardiogenic shock.
= Emergency surgery should be considered in all patients
with acute sortic disseetion and cardiogenic shock, type
A portie dissection, and type A intromural hematoma.

Peripheral Artery Disease

Role of Genetic Testing
and Family Screening

Genetic conditions that predispose patients to thomcic sortic
ancurysimsyidromes inclode Marfan, Fhlers Danlos, and |oeys
Pietz. syndromes (see Table 33}, Clinical lindings and o tamily
history of comnective tissue disease often lead 10 genetic testing,
For cliher disgnostic confirmation or screening of family mem
beri. Nondmasive imaging of the aorta should be performed iFa
pathugenic pmetic mimation is found. and mutine surveillance
(indtially at & months and then anmually, i findines are stable)
shionbd follesy to ensare that the aorta is not mpidly enfanzing.

In first degree relatives of patlents with TAA and/or dissce
Lion, nonimasive imaging of the aort should be performed to
identity those with asympiomatic disense. In first-degree relatives
ol patlents with a mutant gene (FENI, TGRSR, TORRR2, COL3AL
MYHIT and aoric ancunsm and/or dissection, genetic coun
seding and testing should be performed. Relatives with the genetic
muiation should then underpgo nonfmasive imaging of the aona.

Peripheral Artery Disease
Epidemiology and Screening

Peripheral artery disease (PAD is most commonly character
feed by narmowing of the aortic bifurcatlon and arteries of the
lower extremities. including the iliac, femoral. popliteal, and
tibial arteries. Stenosis in the upper extremity arterics. typically
at the origin of the subdavian arteries or at branch points of
other major vessels. can also otcur. Atherosclerosis is the most
common cause. Risk Bctors for PAD inchade smoking (curment
o prist), diabetes mellitns, and increasing age. PAD occurs at a
later age in women than in men, snd because women have a
longer lifespan, the overall prevalence of PAD [s higher in
woamen. The incidence of PAL beging o fncrease around age
A0 vears and rises to approximately 10'% at age 70 vears,

PALD is considered a coronary heart discase risk equiva
lent, and both asympiomatic and symplomatic patients with
PAD are at increased risk for ischemic events. including myo
cardial infarction, stroke, amd cardiovascular death. Paticnts
with atherosclerotic risk factors (smoking, diabetes, hyperten
sion. dyslipidemia. advanced ogel who have atypical Bmb
symplonms (eg weakness, paresthesiash, exertional Teg discom
fort, and/or nonhealing oleers should underpo initial testing
with ankle brachial index (ABI) measurement. According to
guidelines Mrom the American Heart Assoclation and American
College of Cardiology, a screening AR s reasonable in asymp-
fomatic persons with one of the following characteristics that
signify increased risk: (1) age 65 vears and older, {2) age 50 1o
64 vears with risk faciors for atherosclerosis or family history
of PAD, {3) age younger than 50 vears with diabetes and one
addithonal risk factor for atherosclerisis, or (4) known athen-
sclerotic disease in another vascular bed (coronary, carotid,
subclavian, renal, or mesenteric artery stenosis, or abdominal
aortie ancurysm). The LS. Preventive Services Task Force
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by imaging study
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FIGURE 43, Acule surgical managerment pathway loe ApD, Aol = aortic dissection; CABG = coronary artery bypass grall surgeny;
CAD = covanary urbesy disease; TEL = iransesophaged echocardiography.
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concluded that there is insufTicient evidence to support screen
ing for lower extremity PAD with an ABL in all patients, espe
clally those without risk factors for alherosclerotic vascular
disease. Measurcmient of hilateral arm pressures is indicated in
asvrnplomatic and symptomatic patients with atherosclerotic
risk faclors lo assess for upper extremity PAD.

KEY POINTS

= The primary risk factors for peripheral artery disease
inchude cigarette smoking, diabetes mellitus, and
advanced age.

= Paticnis with atypical leg symploms, exertional leg
symptoms, and nonhealing ulcers should undergo
ankle-brachial index testing.

» Sereening for peripheral artery discase (PAD) with ankle
brachial index testing may be considered in patients al
increased risk for PAD: evidence does not support
sCreening asymplomatic paticnts without risk Bctors,

Clinical Presentation

Because lower extremity PAL is defined by an abnormal ABI

value rather than by symploms, there is a wide spectrum of

clinical manifestalions, Patienls may present with exertional leg
pain relieved by rest {intermittent claudication). atypical exer
tional leg pain, Test pain, nonhealing wounds, ischemic uleers,
o gangrene, Approximestely 25% Lo 305 of patients with lower
extremily PAD present with intermittent claudication, and less
than 5% of patients present with critical limb ischemia, Most
patients with upper extremity PAD have nosymptoms, although

patients may present with arm claudication, arm ischomia, or

dizsiness with arm activity (subclavian steal syndrome).
Patients with intermittent clandication olten have reduced
exercise capacily and Manctional stalus compared with age and
sex-matched controls, Their annual risk Tor myocardial infare-
tiom, stroke, or cardiovascular death is approsimately 5% 075,
Most patients with intermittent claudication have stable symp

torns: however, symploms worsen in approximately 25% of

patients, and 1008 10 20% of patients will undergo lower extrem
ity revascularization procedures over a period of 5 years,

Critical limb ischemia, the most severe form of PATL,
manilests as ischemic rest pain, tissue uleeration. and gan
grene, Patients with eritical limb ischemia often have reduced
exercise capacity and funclional status, and rhese patienis
have a 0% mate of major amputation and 20% mortality rate
within 1 year of diagnosis.

'KEY POINTS
= Paticnts with peripheral artery disease may be asvmp
tomatic or presenl with intermittent clandication, atyp
ical exertional leg pain, or, rarely, eritical limb ischermia.
= Patientls with peripheral artery disease have reduced
exercise capacily and an elevated risk for cardiovascular
morbidity and mortality,

Peripheral Artery Disease

Evaluation
History and Physical Examination
& detailed history, review of symptoms, and physical examina
tion are critical in the evaluation of patients suspected of hav-
ing vascular disease. Patients should be asked aboul walking
impairment; atypical limb syinptoms, intermittent claudica
tiom, and ischemic resl pain. In patients with exertional leg
symptoms, intermittent clavdication should be differentiated
from pseudoclandication (symptoms that arise from spinal
stenosis) (Table 36). Patients should he gquestioned ahout skin
brealdown and [ool weers, and clinicians should educate
paticnts on the importance of foot protection and wearing
shoes (specifically, hard soled shoes) when walking outside
the home.

Elements of U plysical examination of patients suspected
of having PAL are listed in Table 37, Vascular examination ol
patients suspected of having lower extremity PALY should
include comprehensive pulse examination, auscultation for
bruils, and ingspection of the feet for skin and toenail changes,
Patients wilh PAD mayv exhibit diminished, absent, or asym-
metric pulses, and bruits may be heard at or near sites of arterial
stennsis. Patients with critical [imb ischemia may have decreased
temperature or lack of hair growlh in the affected exlromity, as
wiell a5 evidenoe of poor wound healing or active wiceration
(typically imvolving the digils, plantar aspect of the foot, or heel).
Clinigians should distinguish between signs of chronic venous
discase (log edema; pigmented, brawny induration of the gaiter
zome; ulceration of the shin or ankle) and eritical limb ischemia
when evaluating patients with leg uleers becanse venous leg
wleers are treated differently than aleerations in patients with
eritical limb ischemia (see MESAP 18 Dermatology).

In patients with upper extremity PAD. a characleristic
finding on physical examimation is a dilTerence in systolic

TABLE 36. Discriminating Claudication fram

Pseudoclaudication

| Characteristic Claudication Pseudoclaudication |

|

! Mature of Cramping, Sarme as for [
discomfort tightness, claudication plus

| aching, fatigue tingling, burming,
| rumbness, weakness

| Location of Buntock, hip, Same as for
| discomfart thigh, zalf, foot claudication; most
often bilateral
| Exercisednduced  Yes Variable
Walking distance  Consistent Variakle
| at onset of
| symptams
Discarmfart fa Yes

ooours with
standing still

I Action for ralief Stand or sit Sit, flexion at the
wWalst
Tirne to refief <5 min <30 e [
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Peripheral Artery Disease

TABLE 37. Physical Examination of Patients for Peripheral

Artery Disease

Maasure blood pressurein both arns {systolic blood pressure
difference >15 mm He suggests subclavian stenosis)

Auscultate for presence of arterial bruits {e.g., fermoral artery)
Falpate for presence of abdominal acrlic aneurysm

Palpate and record pulses {radial, brachial, carotid, fémoral,
popliteal, posterior tibial, dorsalis pedis)

Evaluate for elevation pallor and dependent rubor |

Inspect feet for ulcars, fissures, calluses, tinea, and tendinous
xanthoma; evaluate overall skin care

blood pressores between Lhe arms, typically more than
15 mm He.

Diagnostic Testing

The most frequently used diagnostic modality to identify
Lemwer extremity PALY is measurement of the ABL which is the
ratice of lower extremity to upper extremity systolic blooad
prossures. ABD measurement is simple, inexpensive. dand
noninvasive, with a sensitivily and specificity approaching
S0%,. When undergoing ABI lesling, paticnls should rest for
10 minules in asupine position belore the clinician measurcs
the ankle pressures and beachial pressures with a Doppler
machine. Blood pressures shiould be measured in hoth
arms and in bath legs al the dorsalis pedis and posterior
tibial ankle locations. To caleulate the ARI for each leg, the
higher ankle pressure in each leg is divided by the higher
brachial artery pressure. In healthy persons. the ankle pres
sure should be the same as or slightly higher than the bra
chial pressure; therefore, o normal resting ABL is hetween
1.00 and 1240 (Table 38} In the presence of atherosclerotic
narrowing of the limb arteries, the downstream Dlood pres-
sure and cencomitant ABT value is lower. A resting AR of
(.90 or less is diagnostic for PAD and correlales wilh abnor
malities seen on imaging of the arterial tree. A resting AR
greater than L40 indicates Lhe presence of noncompressible,
caleified arteries in the lower extremities and is consiclered
uninterpretahle. In paticnts with an ABT ereater than 140, a
towe-brachial index is used for diagnosis. A toe-brachial index
fess than 0,70 is diagnostic for PAD.

TABLE 38.

Interpretation of the Ankle-Brachial Index

Ankle-Brachial Index  Interpretation
=1.40 Maoncompressibile (calcified) vassal ‘
[uninterpretable result)
1.00-1.40 Marrmal
| 0.91-0.9% Bordearline i
0.41-0.90 Mild to moderate PAD
0.00-0.40 Severs PAD

An exercise ABRT test is useful when resting ABT values are
between 0.91 and 1.40 and the pretest probahility of PAD i
higgh. It reqquires AR measuremenits al rest and after treadmifl
wilking or plantar flexion exercises. The American |eart
Association has proposed o postexercise ankle pressure
decrease of more than 30 mm Hg or a postexercise AR decrease
of more than 200 as a disgnostic criterion for PALL Other
organizations have proposed g postexercise AR of less than
0,90 and/or a 30-mm | lg drop in ankle pressure after exercise,

Segmental pressure measirements mav be performed in
avascular laboratory o localize discased vessels, This proce
dure involves pulse volume recordings (measurement of the
miagnilude and contour of blood pulse solume in the lower
extremities) and blood pressure measurements at several loca
tioms 0 the lower extrémitics (high thigh, low thigh, calf,
posterior tibial artery, and dorsalis pedis artery) (Figore 44).

Hemodynamic measurements (AR toe-brachial index.
excreise ABL and segmiental pressure measuremients) remain
the miest commenly used diagnostic tests or patients suspected
of having lower extremity PALL The ABI does not correlate with
the patient’s perception of symptom severity or functional lim
itations: however, lower AR values are associated with higher
rates of myocardial infarction. stroke, and deatly,

Other imaging tests used Lo delineate the anatoimic location
and severity of lower extremity PAD include arterial duplex ulte
sonography, CT angiography, and magnetic resonance angiogm
phy {Table 39). These imaging modalilies are most often used 1o
plan for endovascular o surgical revascularization procedures.,
Inwasive angiography is often preferred becanse endovascular
revascnlarization procedures can be performed concurrently:

TABLE 39. Comparison of Imaging Modalities for the

Diagnosis of Paripheral Artery Disease

| Imaging Advantages
Medality

Limitations

Arteral duplex Widely available:  Limited abilty o

ultrascnograph bl tg o
[ graphy Doas niot require dF;‘TE_ﬂ tzr'!{:«sr_‘ it
administrationof Do and in patients
with severs

, contrast dye calcifications

Insransiia Poar utility far

i infrapopliteal stenosis

Fisk for contrast-
inciuced nephiropathy

CT angicgraphy Widely available

[ Usetul in defining
I the severity of PAD

Very expensive

Usetulindefining  Contraindicated in
the severity afFAD  patients with
implanted
pacemakers and
defibrill ators

Risk for nephragenic
systemic fibrosis in
patiants with sevarne
kidney disease

| Magnetic
| resonance

| angiﬂgfﬂph}' Vec:.rex].'.;ﬂﬁﬁi\"ﬂ

Fal = periphenal smery diseasse
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145
1.20

129
1.07

R} Posterior Tibial
L]
0.7
a5 (PT)
Gain: 100% 0.70
] R} Dorsalis Pedis &0 [DP)
.68

LA

Gain: 100%

dizease. BF = blood pressure; DF = dorsalis pedis; PT = poslarior libial.

Duplex ultrasonography, CT angioeraphy, and magnetic
resonance angiography are also appropriate in patients wilh
upper extremity PAD 1o conlirm the diagnosis and plan lor
Intervention, such as revascularization.

BN s L i L T I ST L i

= Anankle-brachial index of 0,90 ar less indicates
peripheral artery disease.

= An ankle-brachial index greater than 140 indicates the
presence of noncompressible arteries in the lower
extremities and is considered uninterpretable; a toe
brachial index is nsed for diagnosis of peripheral artery
disease in these palicnls,

o [maging with CT angiography or magnetic resonance
angiography is useful toidentify the location of stenosis
and severity of peripheral artery disease in planning for
endovascular or surzical revascularization procedures,

Peripheral Artery Disease

I Segmented BP—I
Sagment-Brachial lndex

119 Brachial

121

175
1.45

170
1.40

133
1.2&

165 (FT)
1.34 | Gain: 5

131 {DF)

1.25

Q70 Ankle-Brachial lndes 1.36

FIGURE 44. Apulse volume recarding demonstrating decreased perfusion in the patient’s right side. &n ankle bracheal index valee of 070 on
Lhe right side is consislant with the diagnosis of mild to moderate peripheral artery disease (2nkle brachial index <0.90]. The ngrmal pulse volerme
recarding on the patient’s left side has a sharp systolic upstroke and downstroke {the widih of the waveform is much narrower compared with the

waveform on the right side). Whan e amplilede of the wassdorm is significantly bluntad and the width is hraader, it suggests moderate to severe

Medical Therapy

Treatment of PAD [ocuses on reducing cardiovascular risk;
improving functional status, quality of lile, and claodication
symploms; and preventing lissue loss and amputation.

Cardiovascular Risk Reduction

Cigarette smoking is the most important modiliable risk faclor
for Lhe development of PAD. Smoking cessation is associated
wilh decreased risk for major smpuatation, improved patency
rates [ollowing revascularization, and less disease progression,
Smoking cessation is imperative fo lower the risk for myacar
dial infarction and stroke and improve overall smevival in
paticnts with PAL.

[iabetes is also a strong risk factor for PALD; however,
ntensive glucose control has not been demonstrated to reduce
macrovascilar complications, including nvocardial infare-
liom, stroke, or ampatation. Regardless, patients with PAD and
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diabetes should adhere 1o American Diabetes Association mec
aommendations on diabetes management, with particular
attention Lo fol care,

Dyslipidemia has a mild effect on the development of
PAL. Patients with ssmptomatic PAL should be treated with
high intensily statin therapy, and palfents with PAD who are
older than 75 years or intolerant of high indensity statins
should be treated with modernte intensity stalin therapy (see
MESAP 18 General Internal Medicine).

Hyperiension also has a milkd effect on the development of
PALL, and contmol of blood pressure has been associaled wilh
reduction of cardiovascular events In patients with PAD. The
217 high bload pressure guideline from the American College
of Cardiology, the American Heart Association, and nine other
organizations recommends a Blood pressure target of less than
130780 mm Hg in patients with PALL There is no consensus on
the antihypertensive therapy of cholee in patients with PAL;
therefore, thiazide diuretics. ACE inhibilors or angiotensin
receplor blockers, and calcium channel blockers remasin first
line agents in paticnis with PAD and hypertension. In patients
at high risk for candiovascular events or with comorbid condi
tioms (such as diabeies), ACE inhibitors are ellfective in reduc
ing cardicvascular morbidity and mortality.

Antithrombotic Therapy

Current guidelines reeommend antipkitelet monothemmpy in
patients with PAD to reduce risk for myocardial infarction,
stroke, and peripheral arterial evenis. Despite little supporting
evidenoe, aspirin has been recommended by experts as the pri
mary anliplatelet agent in patients with PAD, In patients whoane
aspirin intolerant. dopidogned is recommended as an acooplable
alternative. There is no compelling evidence for the use of dual
antiplateler therapy with aspirin plus copidogre] in patienis
with PAD alone In the CHARISMA trial, patients with PAD who
were Treated with aspirin plus clopidoprel had a redueed rate of
hespaitalization for myocandial infirction and ischemic events,
which was mitigated by a higher mre of bleeding,

Evidence Irom the TRA 2P-TIMI 50 trial demonstrated
that vorapaxar, a thrombin receplor anlagonisi. was associ
ated with improved limb endpoints (specifically. hospitaliza
tion for acute limb ischemia) when compared with placehao in
patients with PALL However, most patienis in the TRA
20" TIMI 50 trial were treated with aspirin, and 30% of patients
were treated with aspirin plus clopidogrel. Vorapaxar was also
associaled with an increased risk for moderale or severe
bleeding, including intracranial hemorrhage.

In a large secondary prevention study of patients with
prior myocardial infarction receiving aspirin therapy, ticagre-
lor was superior o placebo in reducing the composite end
point of cardiovascutar death, myocandial infaretion. or stroke
and major adverse limb evenis in the subset of patients with
PALL Major hleeding was increased in paticnts randomly
assigned to ticagrelor. However, the absolute risk for major
bleeding in patients with PAIY was lowwer than in patients
without PAL,
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There is no evidenoe Lhal onl anticoagukation with vitamin K
antagonists (such as warfarin is more effective than antiplateler
monotherapy in patients with PAD. and anticoagulant therapy 1s
assoclated with an increased risk for major bleeding. There s
also o evidence that non-vitimin K anlagonist oral anticoagu
lunls wre superior to antiplatelet agents in patients with PAL,

Symptom Relief
Impriwving fonctional status and improving quality of life are
critical goals for patients with PALL In patients who can exer
cise, supervised exercise training has been associated with
improved functional performance and s recommended for
patients with intermittent claudication. Systemalic reviews
comparing supervised exercise with home exervise have
reporied improvements In maximal walking distance and ini
tinl claudication distance that fwor supervised exercise; how
ever, no statistically significant differences in quality ol lite
wiere observed. Despite its effectiveness and safety, supervised
exercise inining is imited by lack of insurance coverage and
unavailability of these programs for palients with claudication.
Mudical therapy for patients with intermittent clawdica
tion consists of cilostarol, a phosphodiesterase inhibitor with
antiplatelet and vasodilator activity. Cllostazol has demon
strated increases In pain-free walking distance and overall
willking distance in patients wilh claudication, and clinical
guticlelines recommend thatl patients with claudication be con
sidered for a therapeutic trind of cllostazol, As with other oral
phosphodicsterase inhibitors Uor example, inotropes such as
milrinone), the FDA has placed a black box warning on the use
of cilistazol in patients with heart Bilure. There is no approved
pharmacotherapy for patienis with critical limb ischemia,

KEY POINTS

* Smoking cessation is essential to reduce cardiovascular
risk in patients with peripheral arlery disease.

+ Antiplatelet monotherapy with aspirin is recommendecd
fior patients with peripheral artery disease to reduce the
risk for myocardial infarction, stroke, and peripheral
arterial events.

= Supervised exercise training is the most effective treat
menl for improvement of functional stalus in paticnis
with peripheral artery disease,

e Cilostazn! s recommended for pattents with imtermit
tent clandication.

Interventional Therapy

Endovascuiar or surgical imvasculartzation procedures ane eflec
thae in impooving sympioms, increasing functional capactiy, and
improving wound heating in patients with intermittent olmadics
Hon or critical fmb schemia. Refernil for rvasculariztion is
indicated in patients with lifestvle limiting daodication. rest
pabn. ulceration, or gangrene, especlally if there hasheen an inad
equate response toexercise kg, cllostiveol, and/or wiimd




treatment. Patlents with critical imb ischemia (ABT <040, a Mat
waveformy on putlse volume recording, and low or absent Pkl
‘M’m‘l duplex ultrasonography) should be considered for urgent
mevasculurization. Endowscular or stirgical revascularization
ﬂmuld also be comsidered in patienis with a Ervormble risk beneb
matio, which s determined by patient factors (age, frailty, comor
Bid conditions), anatomic factors {severity and burden of athen
sclerotic disease. location of disease In lower extremiities),
operator expertise, and tvpe of procedure, Revsculariation is
ol recommiencerd in asympiomatic patienis, [

Endovascular revascularization has dramatically increased
in recent years because the procedun: is minimally invasive and
“eonfers a lower risk for perioperative adverse events comprred
~with surgical rovasewlarization. Endovaseular revasenlarization
procedures include ballnon angioplasty (standard, cuotting,
trug coated), stenting (nitinol [nickel-tianium] bare metal
~and drug elutingl, and atherectomy (laser, orbital, rotational,
directional). In patients with isolated iliac disease, endovascu
lar revascularization is favored over surgical revascularization
owing to lower morbidity and mortality, high procedural suc
- cess. and high patency rates over time. Most paticnts underzo
balloon angioplasty and stenting of the iliac arteries, given the
significantly higher long-term success rale with stenting
“compred with angioplasty alone.

In patients with femoral, popliteal, or tibial artery
(infrainguinal) disease, the patency rates of endovascular
revasculurization are not as high as in the illac arieries.
Although infrainguinal disease was truditionally treated with
angioplasty alone, the advent of atherectomy devices and
nitinol stents has changed management. Recently, FDA-
approved drug coated angioplasty balloons and drug elating
stents have demonsirated superior elficacy compared with
standard angioplasty balloons in these patients.

The use of surgical revascularization has dechined in the
United States; however, patients with complex anatomy that
may limit percutancous procedural success and long term
patency (for example. Jong chronic otal occlusions, multisen
ment disease) should still be referred for sungical revasculard
zation. The two most common techniques of surgical
revasculartzation are endarterectomy and surgical bvpass.

Hybrid revascularizition is the concomblant performance
of surgical revascularization and endivascular revascularization
in a single setting or finite time frame. Hybrid rovascularization
has Incveased In conjunction with the rise in endovascular
revascularization; however, there are currently no elinical
guideline recommendations for hybrd revaseularization,

Mevieommns: - 0 NS T
* In patients with life miting claudicalion who have had
an inadequate response to exercise or pharmacologic
therapy, endovaseular or surgical revascularization is
indicared,

= Patlents with critical imb ischemia should be consid
ered for urgent revascularization.

Cardiovascular Disease in Cancer Survivors

Acute Limb Ischemia m

Acule Wmb ischemia is an infrequent but. life- threatening
marlestation of PAL. Classically, patients present with at legst
e of the “6 Ps™: paresthesli, pain, pallor, pulselessness,
poikilothermia (coolness), and paralysts. Acute limb ischemia
is mosl commonly cassed by acute thrombaosis of 2 lower
extremity artery, stent, or bypass grall. Other canses include
thromboembolism, vessel  dissection [usually  ovecurring
periproceduralivi. or trasms. The presentation of acote limb
ischentia represents a true medical emengency: 10% o 15% of
patienis underpo amputation during inital hospitalization,
and 200 of patients die within | vear.

Anticoagulation, typileally with unfractionated heparin,
should be initiated as soon as the diagnosis is suspected,
Spechalists with expertise in revascularization should he con
sulted, and diagnostic angiography should be performed
Immediately 1o define the anatomie level of occlusion. In addi-
tion to sungical and endovascular revascularization options,
catheter-directed thrmbolysis improves outonmes in patients
with acute limb ischemia

Lareful monitoring Is required after llmb reperfusion
hecanse of frequent rocolusion, Himb edema. and the prossi
bility of compartment syndmome, Signs and sympioms of com
partment syndmme include severe pain, hypoesthesia, and leg
weakness, | compartment syndome oceurs, surgical fasciot
oy I8 Indicated 1o provent irreversible neurologic and sofl
tissue damage. [

KEY POINTS =1 " T -,

= Acute limb ischemia is charmcterized by at least one of
the “6 I's”: paresthesia. pain. pallor, pulselessness,
poikilothermia (coolness), and paralysis.

*» Fatients with acute Fimb ischemia should receive imme-
diate anticoagulation therapy and diagnostic angiogra
phy I preparation for emergent endovascular or surgi
val revascularization.

* Careful monitoring after limb reperfusion is reguired
because of frequent reocclusion, limb edema. and the
possibility of compartment syndrome.

Cardiovascular Disease
in Cancer Survivors

Cardiotoxicity of Radiation
Therapy to the Thorax

Radiation therapy improves survival in patients with Hodgkin
lymphoma, carly stage breast cancer, and other thoracic
malignancies. With higher survival mtes, candiovascular dis
case has emerged as the most common nonmalignant cause of
death in patients treated with ¢ hest radiation therapy, account
ing for 25% of deaths in survivors of Hodgkin lymphorma.
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Fadiation therapy causes a wide spectrum of cardiac dis
eases (Table 40). Thoracke irradiation damages all cells, includ
ing those of the pericardium, mvocardium, valves, coronary
vasculature, and conduction system, with clinical disease usu
ally presenting two lo three decades afler treatment. The risk
for radiation induced cardiac injury is further increased in
patients who are concomitantly taking anthracyelines or tras
tuzumab. Recognition of the cardiovascular complications
associated with radiation therapy has led o technigques Lhat
limit toral dosage and fiekd size.

Acute pericarditis is the most common early manifesta
tion of adiotoxicity; however, it is now less common {ine
dence of 2.5%) beciuse of changes in shielding, divided dosing,
and lower cumulative doses. The presenlation. disenosis, and
treatment are similar o those of idiopathic acute pericardilis.
Chronic or constrictive pericarditis develops in up to 10% (o
0% of patients at 5 o 10 wears aller radiation therapy
Pericardial caleification is not abways present radiographically
(Figure 45). Late constriction can oceur in those who have not
experienced acute pericanditis,

Radiation therapy also damages the microvasculaure,
causing endothelial dyslunclion and ischemia that result in
myocardial fibrosis, diastolic dysfunction. and restriclive
phyvsiolomye Radiation induced cardiomyopathy presenls simi
larly to primary restrictive cardiomyopathy. Dillerentiating
cardiomyopathy due to myocardial Tibrosis rom pericardial
comstriclion is essential becanse the conditions have dilferent
freatments and onlocomes,

Although all cardiac valves may he allfected by radiation
therapy, lef sided involvement predominates. Valvalar insuf
liciency due to tissue retraction is the most common valvular
lesion in the first two decades alfter therapy, with later fibrosis
and caleification leading to mixed regurgitation and stenosis.

Radiation therapy results in fbrosis of the conduclion
systermeand may lead tosinus node dysfonetion, tascicolar and
bundle branch bocks, and complete heart block. The need for
a permanent pacemaler is more common after valve replace
ment surgery-in patients who have received radiation themapy.

Coronary artery disease (CADY ocours carlier and with
increased incidence in paltients treatcd with radiation ther
apy: Coronary artery lesions are ypically ostial. long, smooth,

TABLE 40. Cardiovascular Diseases Related to
Radiation Therapy

| Cardiomyopathy i
i Conduction defects [atrioventricular block, bundle branch
block) i
Coronary artery disease |

Ceronany microvascular injury

percarditis, pericardial effusion)
| Peripheral artery disease
1

Faricardial disease (acute pancarditis, chronic constrictive ‘
| Wahular discase |
- - L 1
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FIGURE 45. Chest radiagraph {fyp peeel) and chest CT (bottam panel)
demanstrating pericardial calcification in & patient who received chest radiatian
therzpy for esophageal cancer, Pericardial calification most often occersas a
circumferential iim but may be incomplete o helersgeneous [araws).

and concentric and have a higher fibrofic content than tvpi
cal atheroscleratic lesions, The incidence ol CAL is increased
by tradilional risk facltors (such as smoking, dyvslipidemia
and hypertension}, and Lherapy 1o address these risk factors
is indicated. In stent restenosis rates with bare melal stents
are significantly higher in patients with radiation induced
CAIY There are no data on the outcomes with drag ¢luting
stents. o patients with radiation-induced CAD, native ves
sels, including the left intermal mammary artery, mav be
rendered unusable for bypass. The postoperative course ma
be complicated by radiation induced Tung injury (pleurs
effusion, prolonged venlitation) and a higher incidence
atrial fibrillation. Limited data are available on oulcomes i
patients undergoing cardiac surgery for radiation relared
valvular or coronary disease,




There is no consensus on cardiac testing in asympiomatic
patients afrer chest radiation. Baseline cardiac evaluation thal
includes echocardiography is reasonable, and several organi
gations have recommended starting siress echocardiography
at 5 to 10 vears after completion of therapy or al age 30 years,
whichever comes first. The role of serum biomarlers in sur
veillance is unclear, and their use is nol recommended.
Routine sereening with nuaclear medicine testing or coronary
CTshould be avoided.

Although etfective Tor risk [actor redoction, statins, ACH
inhibitors, and aldosterone inhibilors have nol been proved o

Cardiovascular Disease in Cancer Survivors

cardiac injury have been defined based on severity: type I
which is marked Dy dose-dependent candiae dysfunction with
irreversible ultrastructural necrosis, and type-11, which is not
dose dependent and is often reversible.

Type Linjury is associated with the use of anthracyelines,
such as doxorubicin, daunorubicin, and epirubicin, Acute
anthracycline toxicity, which can present as heart block,
arrhivthmias, heart failure, myvocerditis, and pericarditis,
ocours in less than 1% of patients and may be reversible,
Chronic progressive anthracyeline toxicity usually presents as
diltated cardiomyopathy and is most closely linked with the use

prevent radiation induced cardicvaseular discase. of doxorubicin, Chronic progressive toxicity has an early onset
{within | year of treatment) in Le% to 2% of patients and a late
omsel {afier 1 year) in up o 5% of paticnts. Late-onsel chronic
progressive toxicity is related to total cumulative dose. In
parients with a cumulative anthracycline dose of 550 mg/m?,
the incidence of heart Tilure is ap (o 26%,; and toxicity may not
become clinically evident until 10 toe 20 years after treatment.
Factors associated with increased risk for anthracyeline toxic
ity include concomitant use of cyelophosphamide, trastu-
zumab, or paclitaxel; previous chest irradiation; and female
sex. Lower risk for cardiotoxicity is associated with epirubicin
and idarabicin compared with doxorubicin. Comcomitant
dexrazoxane reduces the risk for doxorubicin toxicily, Limited
chata from small studies have shown the angiotensin receplor
blocker valsartan may protect against some of the cardiotoxic
ity of anthracyclines,

KEY POINTS

* Thoracic irradialion damages all cells, including those
of the pericardium, myocardium, valwes, coronary vas-
culature, and conduction system, with clinical disense
usually presenting two Lo three decades affer treatment.

« Traditional cardigamscular risk factors, such as smoking,
dyslipidemia, and hypertension, should be apgressively
mranaged hecause of the increased risk for coronary artery
dlisease in patients with a history of chesl radistion therapm:

Cardiotoxicity of Chemotherapy

Chemotherapy may result in many types of cardiovascular
toxicity (Table 41). Two broad categories of chemotherapoulic

TABLE 41. Cardiovascular Toxicitias Associated with Chematherapy
| Toxicity Class Drug

Left ventricular dysfunction Anthracyclines Drosorulxicin, epirubicin idamnbicin

Alkylating agents Cyclophosphamide, fosfamide

Antimicrotubular agents Paclitaxel, docetaxal

Maonoclonal antibody Trastuzumaks
Tyrosine kinase inhibitar Sunitinib
Proteasorme inhibitar Borteromib

lschermia Antimetaholites 5 Fluorourscl, capecitabine
Antimicrotubular agents Paclitaxel, docetaxal
tonoclonal antilbady Bevacizumab
Tyrasine kinase inhibitors Erlotinits, soralerib [
;Zx:Hyp-&rtension Moneclonal antibody Bevacizumab I

Tyrasine kinase inhibitars Sorafemb, sunitinik

Wenous thromboembolism Alkylating agent Cisplatin

Angiogenesis inhibitor Ihalidomide

Tyrosine kinase inhibitor Erletinits
adycardia Angieganesis inhibitor Thalidomide
Antimicrotubular agant Paclitaxal
aT prelongation Tyrosina kinase inhibitor Dasatinib
Histone deacetylase inhibitar Vorinastat [
Miscellaneous Arsenic |
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Type Il injury is more commonly associated with molecu
larly targeted therapy, such us trastuzumab, Trastuewmaly Lox-
fcity results in left ventricular systolic dysfunction, with
symyploms of heart Bailure in %% to 7% of patients. It is more
common in parients older than 50 years or with concomitant
anthracycline use. Patients who demonstrate normalization of
left ventricular function afler discontinuation of trasturumab
may receive additional therapy,

Multitangeted tyrosine Kinase inhibitors and anti-vascular
endothelial growth facior antibodies are increasingly being
wsed as-targeted molecular therapy. OF the vosine Kinase
inhibitors, sunitinib has been most frequently associated with
cardiotoxicity, with up lo a 50°% Incidence of new or worsened
hypertension and up (o a 15% incidence of decreased left ven
tricular efection fraction (EVEF). These effects may be reversible
with early recognition. Surveillance with baseline N terminal
Pl type natrivretic peplice measurement and IVEF assess:
ment al baseline. | month, and every 3 months thereafter has
been wdvocated for patients taking sunitinib, Not all tvrosine
Kinase inhibitors carry the same risk for cardiotoxicity. The
anti vascular endothelial growth factor antibody bevacizumab
is assoctated with significant bur reversibile byvpertension.

In patients preparing w receive chemotherapy associited
with known cardiotoxicily, an electrocardivigram should be
obtained at baseline. Baseline evaluation of IVEF twith echo
cardiography or multigated acquisition scanning) s importan
il the associated cardiotoxieity Includes el ventricular dys-
funetion and heart fallure, I is reasonabile 1o repeat echocardi
ography at a total cumulative anthracyeline dose o 300 mg/m?
and before cach dose in patients with pre-existent left ven
tricular dysfunetion or those recetving higher cumulative
doses. Buropean guidelines sugges! (hat patients receiving
trastuzamaly should andergo repeat echocardiography every
3 months. In general. cardiovascular consultation should be
obtained in asympromatic patients who demonstrate a decline
in INVEF of 10°% or more or in patients with symploms of heart
[ailure assncinted with a decline in IVEF of 5% or more 1o a
level below 55%, Three dimensional cchocardiographic evalu
ation of lelt ventricular volumes may be more accurate in
detecting small changes.

In patients with clinical signs or symptoms of candiac
dvsfunction. cardiac biomarkers (such as troponin and
N-terminul proB type natrivretic peplide) along with imaging
techniques (such as echocardiographically derived global lon
gitudinal strain) may be helplul in identifving early toxicity

and guiding individual therapy. At present, Ircalment of

patients with chemotherapy induced heart faflure follows
stamdard paradigms.
KEY POINTS

= Chronic anthracyeline toxicity usually presents as irme-
versibile dilated cardiomyopathy.

= Cardiotoxicity from trastuzumab manifiests as reversible
left ventricular systolic dysfunction,
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Pregnancy and
Cardiovascular Disease

Cardiovascular Changes During

Pregnancy

Knowledge of the cardiovaseular changes of pregnancy is nec
essary to distinguish between normal and pathologic signs and
sympioms in the pregnant patient (Table 42). During a normal
pregnancy. patients develop a relative anemia due (o inercases
in plasma volume and, (o a lesser degree, ervthrocyte mass.,
Mean arterial pressure slightly decreases in the sciting of
reduced systemic vascular resistance and increased heart mte
and candiac output. By the 32nd week of pregnancy, maternal
candiac output peiks al approximately 10'% abwove the prepreg
nancy level. During delivery, the cardiae output may increase
to as much as 80°% above the prepregnuncy level owing 1o
increased heart rate and blood pressure,

Prepregnancy Evaluation

Al women with cardiovascular disease whe are antivipating
pregnancy shouldundergo specialized prepregnancy cardiovas

cular evaluation. high risk obstetrics consultation. obstetric
ancsthesia consultation, and, iCappropriate, penetic counseling

Normal Versus Pathologic Signs and Symptoms

in Pregnancy

Typeof Signor  Normal Pathologic

| Symptom

Pulmonary Mild dyspnea, Orthopnea,
dyspnea with parcxysmal
exertion necturnal dyspoea,

cough, pulmonary
edema

Cardiac Mo symiptoms Chest pressurs,

heaviness, or pain
| Edema Mild peripheral  Mare than mild
| edema edema

Heart rhythm Atrial and Aurial fibrillation o
veniricular flutier, ventrcular
premature beats tachycardia

Heart rate Heart rate Heart rate =100/min
increased by
20%-30%

Blood pressure Blood pressure Low blood pressure
typically is associated with
mrodesthy symptomd, high
decreasad blood pressurs
(=19 mm Hg) (2140 mm Hy

systobc or 290 mm
Ha cliastalic)

Auscultatory Basal systolic Syatolic murmur
murmur grace grade =3/6, any
16 ar 2/6 diastalic murmur, 5,
present in 80% of
pregnant
Wormeh, 5




o evaluate the risks of pregnancy and develop a management
“plan for labor and the postpartum period. Prepregnancy 1isk
assessment tools include the CARPREG index (Tabhle 43),
ZAHARA risk score (Table 44). and the modified World Health
'-ﬂvzp,:m]zmion pregnancy risk classification (Table 45), All of
these tools are used to estimate risk for complications during
pregoancy in women wilh cardiovascular disease.

Pregnancy is contraindicated in patients with ventricular
cputflow tract obstruction {for example. aortic stenosis or
seoarctation of aorta) and those with leflt sentricular systolic
Adystunction (gjection fraction <4%) accompanied by New
Sjork Heart Association functional class LT or 1V heart failure
symploms because these condilions confer a high tisk for
maternal and fetal complications. Women with severe pulmo
mary hvpertension are at high risk for maternal death, with a
morlalily rate of up Lo 30%,

KEY POINTS
= Wiornen with cardionvascular disease who are anticipat-
ing pregnancy should undergn prepregnancy evaluation
wilh o cardiologist, obstetrician, and anesthesiologist as
well as genetic counseling, if appropriate.

» Pregnancy is contraindicated in patients with venlricu
far outflow tract obstruction and those with left ven
tricular svstolic dvsfunction (ejeclion frction <40%)
accompanied by New York Heart Association functional
elass U or 1Y heart Failure symploms.

» Women with severe pulmonary hypertension are at
high risk [or maternal mortality:

Pregnancy and Cardicvascular Disease

Management of Cardiovascular
Disease During Pregnancy

Women with obstructive cardiac lesions may experience
symploms during pregmancy as @ result of the increases in
blood volume and cardiae oulpul. These patients should be
evaluated to determine whether cardiae intervention should
be considercd belore prognancy. Women with regurgitant
plve lesions lend 1o tolerate pregnancy well.

Vaginal delivery is penerally preferred for patients with
cardicvascular disease becanse it results in less blood loss,
quicker recovery, and fower risk [or thrombosis than does
cesarean delivery. Cesarean delivery s recommended for
ohstetrie reasons in women with severe decompensated car
diovaseular disease or g markedly dilated aorta. In women
receiving warfarin Lherapy, cesarean deliviery is indicated 1o
reduce the risk for fetal infracranial hemorhage because the
fetus is fully anlicoazulated.

Peripartum Cardiomyopathy
Peripartum cardiomyopathy is el venlricular systolic dys-
funclion recognized oward the end of pregmnancy or in the
months [ellowing delivery in Lhe absence of another identifi
able vause. Risk lactors for peripartum cardiomyopathy
inchade multiparity, age older than 30 vears, Altican descent.
mudliletal pregnancy: gestational hypertension, preeclampsia,
a previous episode of peripartum candiomyopathy, and ther
apy with a locolytic agend.

Death in women with periparium cardiomyopathy is caused
by heart Baiture, thromBboembolic events, and arrhythmias. Most

BLE 43, Predictors of Maternal Cardiac Events in Women with Congenital or Acquired Cardiac Disease (CARPREG Index)

Risk Factor (Predictor)

Operational Definition

Previous cardiac event or arrhythmia

Basaline NYHA tunctional class Il or IV ar cyanosis
Left-sided heart ohstruction

Reduced systemic ventricular systolic function

Heart failure, transient ischemic attack, stroke, arrhythmia

Mild symptoms (mild shortness of breath andfor angina) and slight limitation
durning ordinary activity

Mitral valve area <2 cm?; aotic valve area <1.5 cm® or resting peak left
ventricular outflow tract gradient =30 mm Hg

Ejection fraction <40%

Estimated Risk for Cardiac Events®

Mo. of Predictors Estimated Risk (%) Recommendation
'El 4 Consider preconception cardiac intervention for speafic lesions; incraase
I frequency of follow-up; deliveny at community hospital |
1 3| Consider preconception cardiac inte rvertion for specific lesions; refer te
regional center for ongoing care |
=l &9 Consider preconception cardiac intervention for specific lesians; refar to

regional center for ongoing care

B HA, = Maw York Heart Sssociation,

sCardiac events include palerdmary edema, techyarrhythenia, cmbobi stiroke, and cardiose death,

Data and recammendations from Siu 5C, Sermer M, Codman M, Mlvares AN, Mercier L&, Morton BC, e al; Cardiae Dissase in Mregnmmcy (CARPREG) Investigratirs. Prospeective
muticenter sty of pregnancy autcomes in women with bean disease, Cicolotion: 2000; 100575 27, (PMID; 11479804 |
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Pregnancy and Cardiovascular Disease

‘ Mechanical haart valve 475
Sovara |oft heart obstruction {mean 25
gradient =50 mm Hg eraoricvalve
‘ area <1.0em’)
History of arrhythmias 15
History of cardiac medication use 1:5
| befare pragnaney
Histary of cyanatic heart disease 1.0
! {uncarrected or comected)
Maderate to severs pulmonary or 0.75
gystemic atrioventricular vakve
ragurgitation
I i heart failure before 0.75
| pregnancy (NYHA functional class =i} |
Estimated Risk for Maternal Cardiac Complications* |
Points Estimated Risk (%)
005 29
| 051150 75
1.51-2.50 175
251-3.50 431
2351 70.0 _
POFHA, = M Yook Hean Assoeanon ZAHARA = Searmgerschop bij Aol !

SRl g,

“Candaw domplicstions include chinically signifcant speodss of ardhytiemia oe

heart fadumm [apitoades reduiring [rratment with ac 'u:.'m'adr-_lg p g b sG], |
cardumasculss campla atom [nsmboembelic complcations, nvr-n'-nh,cl

inlan ton, arclior corrheovasoulae acldenisl and endocasditis [inchuclmg i (he

gt b maFihe pael et umg

Diata dowl s niernorsinlaen o Doorthen W Bosysene T Balcl A Moons I®, oo |
Hapwuled SN Meider B, et ak; JAMHARA isveshoaionm p‘ﬂ‘lﬂrlcﬂuf.q-_r"

Camr s sl = W wilS Comgenital heart dicease Tar Meart J 0001721

32, [PMA YSBAT T ihod 10,V 0F e anijieha D0

wormen who develop peripartum cardiomyopathy recover fully,
as mewnsured by Improvement in ejection fraction: however, 135
e muajor cardiovascular events or persistent sevete cardionye
pathy, Studies sugeest that the time frame for recovery Is
& months, Progiostic Gelors Dl portend aoworse ouleome inehade
severe el ventricular dysimetion/dilatation or black race,
Women with peripartum - cardiomyopathy  should  be
promptly treated with medical therapy, which may include
B-blockers, digoxin, hydralkerdine, nitrates. or diuretics. ACE
inhibitors, angiolensin receplor blockers, and aldosterone antug
onists are eratogenic and should be avoided ontil aller delivery
Chwing 1o the risk fow thromboembolism associaled with perd
partum cardiommopathy, anticoagulation s rcommended o
women with keft ventricular diection fraction bolow 355, The
choice of anticoagulant (heparin or warfarin) depends on
whether the paticnt is still pregnant and the time since delivery:
the decision should be made in consultation with a cardiologist,
Pruaration of antieoagulation is ar leasr & weeks., although therapy
can be diseontinued sooner if the ejection fraction normiallacs,
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Women with severe refractory heart failure doe to peri
partum cardionvopathy should be referred for further evaluo
ation and treatment. incdluding ventricular assist device
placement or heart transplantation. Limited evidence from
small studics suggests that bromocriptine, which blocks prol
actin secretion, improves lefl ventricular ejection fraction and
clinical ouwleomes when added (o peripartum refaled heart
fallure therapy: however, its use is considered investigational.

Recause subsequent pregnancy Is offen associated with
recurrent or forther reduction of Jell ventricalar Munclion,
potentially resulling in clinical detericration or death, women
with a previous episode of peripartum cardiomyopathy with
persistent left ventricular dysfuncion should be advised o
i future pregnancy:

Other Cardiovascular Disorders

Women with Marfan syndrome hive an increased risk for
pregnancy-related acrtic dissection. Aortic. repair is recom-
mended before pregnancy in women with Marfin syndrome
and an aortic diameter of 4.5 cm or greater. Risk fuctors for
dissection during pregnancy in patients with Marfan syn-
drame wilh an aoric diameter of less than 4.5 em include
rapid dilatation of the aoria or a personal or family history of
avrlic dissection. These patients should be counseled (o have
aorlic replacement before pregoangy.

Spontandous coronary arlery dissections may oceur dur
ing pregnancy or in the postpartum period. Conservative,
noninterventional therapy is preferred for most patients. A
high index of suspicion is required, as patients presenting with
sponianeous coromary artery dissection are generally consid
cred at low risk for acule coronary symdromes.

Cardiovascular Medication Use
During Pregnancy
Guidelines for the use of select cardiovascular drugs during
pregnancy are outlined in Table 46, The FUA formerly used a
letler svstem Lo categorize drogs by thelr letal elfects during
pregmancy; however, with the implementation of 4 new preg
nancy and lactation labeling ruld in 2005, more information is
now priwided on drog effects In pregonant women, lactating
wormen, und women and men of reproductive polential (see
MKSAP 18 General Internal Medicine). Most cardiovascular
ahrugs are not FDA approved for use during prepnancy because
of lmited safety data. Cardiovaseular medications should be
used only when needed and it the lowest possible dosage, and
this desined therapentic effect should oulweigh the risk.
B-Blocker wse during pregnancy or lactation requines peri
odic fetal and newborn heart rate monforing becanse fi-blockers
cross the placenta and are present In human breast milk.
Labetalol is the prefommed B blocker in this setting. Alenolol has
been linked to premature delivery and small-for gestational -age
babies; therefore, i is usaally avolded durlng pregnancy:
Adenosing is the drog of choice for treatiment of acule symp-
fermatic supraventricalar taclwveardia during pregrnancy: Recurrent
episodes of lachyeardia are often trealed with [§ bloclers and




Pregnancy and Cardiovascular Disease

fHO Classification of Pregnancy Risk in Women with Heart Dizease

Conditions

I Mo cetectable increased risk for
miatarnal martality and no/mild increase
in markidity

Uneomplicated small patent ductus arteriosus, mild pulmenary valve stenosis, or
mitral valve prolapse

Suceessiully repaired simple lesians {atnal or ventricular septal defect, patant

ductus arteriosus, or anomalous pulmonary venous drainage)

(] Small increased risk for matemal
monality

Isolated atrial or ventricular ectopic beats
Unrepaired atmal ar vontricular septal defect
Repaired tetralogy of Fallot

Most arrhythmias

1118 Muaoderate increase in morbidity

| Significantly moreased risk lor maternal
morality or severe morhiclny

Mild left ventricular impairmen:

Hypertrophic cardiomyapathy

Mative or bioprosthatic valwlar heart disease not congidaensd WHO class | ar IV
Repaired coarctation |
Marfan syndrome with aoric chmension <40 mm without acric dissection

Bicuspid aortic valve with ascending aoric dhameter <45 mim |
Mechamcal valve

Systemic night ventrcle

Fontan circulation®

Cyanotic heart disease (unrepared)

Crther complex congenital hean disease |

Bicuspid aortic valve with ascending acric diameter of 45-50 mim

Martan syndrome with aortic diameter of 40-45 mm |

v Extremely high risk for maternal

Severe mitral stenosis
mortality or severe morbidity; : !
| pregnancy s contraindicated Symplomalic severe aorlic stenosis

Bicuspid aotic valve with ascending aoriic diameter >50 mm
Marfan syndrome with aortic diameter =45 mm

Severe systemic ventricular systolic dysfunction (left ventricular ejection fraction
«30%, NYHA functional class I-1v)

Mative sevens coarctation

Significant pulmanary arteria] hypertension of any cause (e, pulmonary arery
systolic pressure >25 mm Hg at rest or 230 mm Hg with exércise)

HYHA = New Yook Hoart Associationg WO = Wl Hisalth Crganizatiss

Fongan Cpulaissn iy m pradliative wsrgical procedure pedormed for pobssds with oserpler Coageital lussn dissosc wath one funclions! ventroule chambsse. T prncodins
redieecls werous Llood dirmcy 1o the langs witlsal .Jlnn“pll\_:-l_l el an e Ceadlaton

Induamastion frow | b S bacrGnoone A Mot Fenoy O Bk o Cundre it sl grasgnancy m hosa dooese_ Heart 2006 F2 15305 [P 14972009

digring sotalol and Decaingde bave also been safcly used. Because
of toxicily concerns, amiodarone is rarely wsel,

ACE inhibitors, angiotensin receptor ockers, and aldos
terone antagonists should be avolded during pregnancy
because of their associated teratogenicity, although some ACE
inhibitors are safe to use while breastfeeding. There is incon
dusive evidence on the safely of angiotensin receptor blockers
while brestfeading: thus, these drogs are generally avoided
during Lwtation. Spironolactone is considerod compatible
with breastfeeding.

The LactMed database (toxnet.nlm.nih.gov/newloxnet/
lactmed htm)  provides information on drugs o which

breastfeeding mothers may be exposed, including potential
adverse elfects and suggested therapeutic alternatives.

Anticoagulation Therapy During Pregnancy
Pregnancy is associated with hypercoagulability, and antico
agulation is often indicated in pregnant patients. Table 47
lists the indications. recommended regimens, and monitor
ing parameters for therapy. Prepregnancy counseling is rec
ommended for all women requiring long-lerm anticoagula
tion o ¢mable them to make inlformed decisions regarding
antlicoagulant preference and (o understand the maternal
and fetal risks.
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Drugs for Cardiac Disorders in Pregnancy
Drug Use in Compatibility with  Comments
Pregnancy Breastfeeding
ACE inhibitors i
Captoprd, enalapril N Yo Termtogenic in first tnmester; cause fetalneonatal kidney failure
with second- orthird-trimester exposure; scleroderma renal
i crisis is only indication |
Lisinagpnil Mo T Same as aboue i
ARBs Mo T Teratogenic in first trimaster; cause fetalineonatal kidney foilure
with second- or third trimester exposare
Adenosine Yas T Mo change in fetal heart rate when used for supraventricular
tachycardia
Amiodarone Mo Mo Fetal hypothyroidism, promaturity
| Antiplatelet and
anticoagulant agents
| Dipyridamaole, Yes T Second-line agent; no evidence of harm inanimal dopidogrel |
clopidagrel stuglies; no human data
I Aspirin (281 myg) Yes Y
MNOACs (apixaban, ? T Pregnancy and lactation should be avoided in NOAC treated
dabigatran, rivaroxaban, patients; available data do not suggest a high risk for NOAC
edoxaban) embryopathy or neanatal complications
P-Blockars
Arenolaol Yes Mo Second-fine agent; low birth weight, intrauterine growth
restrichion
Esrmalal Yos T Second line agent; more pronaunced bradycardia
Labetalol Yos Y Praterrac] drog in class
| Metopralol Yes Yeos Shonened half-life
Propranolol Yes Yos Second-ing agent; intrautenne growth restricion
Satalol Yes T Second-line agent; insufficient data; reserve use for archythmia
not responding to altermative agent
Calciurn channel blockers
| Diltiazem, varapamil Yes Yes Second line agent; maternal hypotensian with rapid intravenous |
infusion; used for fetal supraventricular tachycarchia
| Crgoxin Yas Yers Second line agent; shorenad half life
Disopyrarmide Yes Yes Second-line agent; case reports of preterm labor
Dyuretics Yen You Second-ine agent; use when needed for matemal volumae
overload only
| Flecainide Yes T Second-line agent; inadequate dita but used for fetal
arthythmia; case report of fetal hyperbilirubinemia
Hydratazina Y Yas Yasodilator of cholos
Lidocaine Yas Yes Treatment of choice for veniricular arrhythmias
Sodium nitroprussice No No Potential fetal thiooyanate toxicity
| Organic nitrates Yes T No apparent increased risk [
Phenyton Mo Yers Known teratogenicity and bleeding risk; last resort for
| arrhythmia
| Procainamida Yos Yeu Used tor tetal arthythmia F
| Propafencne Yes 7 Second-lineagent; used for fetal ardhythmia
Quinidine Yas Yo Preferred drug in cass; increases digasin levels J

T = e ARE - angpiilenni b syl Bk, MOWE = noe wilamin K angones oral ante oo pulanl

Aslspited mﬁmlwrr Bocene-Montefla € Lovly B, Lse W0, farbour LA Medical Cate of te Mepnant Fasient. Josld Fadam. Plalesdeiptes, P Srerican Colledge ol
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Warfarin, unfractionated heparin, and low- molecular
wright heparin can all be used during pregnancy, Careful
monitoring and dosage adjustment are indicated for all anti
7 coagulation regimens. It is important (o note thal warfarin
Weoks 6.12 Warfarin (if dose 1o attain INR 2-3 4s use during the first timester can cause warfarin embryvopa

s5mg) , thy when the daily dose is greater than 5 mg. Warfarin is
UFH IV or SQ; aPTT 2 2 control) : stopped before delivery owing to the risk for fetal intrucranial
Weight based LMWH hemarrhage if spontancous labor and vaginal delivery occur
Weeks 1337 UFH{SQ; oPTT 2 % contral) whl::: l.hl.: mither {and thus the fetus) is anticongulated with
warfarin.
Weight-hased LitWH P'regnant women with a mechanical valve prosthesis rep-
Warfann {(INR 2-3) resent o high risk subset of patienis: concerns include vabve
Weels 37 o wrm UFH [IV: aPTT 2 contral) thrombosis with its associated maternal risks, bleeding. and
Atrial Fibrillati fetul morbidity and mortality, Warfarin appears (o be the safest
= 1 agent o prevert maternal prosthetic valve thrombosis; how
Weeks 612 Warfann (f dose toattain INR 23 | ever, warfurin poses an increased fetal risk, with possible tera
5 mg) | topenicity, miscarriage. and fetal loss due 10 intracranial
UFH{IV or 50 aPTT 2 < contrel) hemorrhage. Data suggest that fow-molecular-weight heparin
Weight-based LMWH and unfractionated hoparin are safer for the fetus than warfa-
Weeks 13.37 LIFH (S0 aPTT 2 s control) { rin is. but these rherapics appear to increase the risk for mater-
Weight based LMWH nal prosthetic valve thrombosis,

Guidelines from the American College of Cardiology

Woarfarin (INR 2-
tns 4 American Heart Association on the management of anticoagu

Weeks 37 to term UFH {V; aPTT 2 x control) lation during pregnancy in the setting of mechanical valve
~ Mechanical Valve Prosthesis prosthesis recommend wartarin durdng the first trimester i
T ] ) the dally dose is 5 mg or less al the thme of conception,
| e s-12 m&ﬂam R s Introvenous unfractionated hepurin or dose adjusted  low
| . molecular weight heparin is preferred i the warfarin dise is
] m&tdm " f more than 5 mg daily. During the second and early thind tri
I' UFH: IV aPTT 2% idaseib | mesters, warfarin therapy s preferred, Introvenous unlrac-
recommendation) lionated heparin is preferred for anticoagulation around the
S Xa adjusted LMWH | time of delivery in patients with s mochanical valee prosthesis.
{class lib recommendation) Weekly monitoring of the anticoagulation level is recom
Warlatin dose 55 me for harapeitic | mended during pregnancy immespective of the regimen used,
MR with dosape adjustment as indicared.
UFH: IV: aPTT 2 % control (class 2 Limited data do not sugeesd a high risk for embrvopathy or
recommendation) { neonalul complications with exposure to non. vilumin K antago
Antifactor Xa adjusted LMWH ! nist orul antivoagulants. | Towever, owing lo small case numbers,
/ {class lla recommerndaticn) s recommended that pregnancy and luctation be avoided in
Wasks 12:37 Warfarin (therapeutic INR) | palients recelving non- vilamin K antagonist oralanticoagolants,
- Waaks 37 10 1erm UFH IV aPTT 2 3 control) | KEY POINTS
#FTT = activated parial thrombogilasiin time;, IV = intrasanos] LOGH = low | * ‘Women with peripartum fﬂfﬂiﬂﬂl}'ﬂm“h‘\" should be inl-
rwsdacular warigght heparin, S0 = sbeutareous; UFH = unfractionated bapann t[altv treated with medical therapy, which may include
e e e 1 f-blockers, digoxin, hydralazine, nitrates, or diuretics.
reakgoren o pakants i bt heoe st macsive amereey areson | ® ACE inhibitors. angiotensin receplor blockers, and
o L S I sdosterone antagonists should be avoided during preg
choi 10307 &) jaee 20 14,02 517 anc? s SW Geeew A, Biclebed don 5, Woemarss nancy because of their associated leraogeniciny
mrm‘ﬁ;ﬁ:r and m":“:'*'mg: o | = In pregnant paticnis with a mechanical valve prosthesis,
?I.'f:”}"ué“a"ﬁ%: ET'?;:E‘TJ.';:“ 333':“5??;?5’? m::::T: g;:_‘;;:"..: warlarin anticoagulation is preferred during the first
Rt Ao e Sl ok o el s Cosah on trimester if the daily dose is S mg or less at the time of
iy L sy E By ot iSRG ! comeeprion: iniravenous unfractionated heparin or

ar transient ischomic anack: 4 guicekne for healthcars prodesionaks fromm tha d[m-‘ldjumf_ﬂ I{m’-mmlar--m‘ight hepuﬂn i:, 'p_['{_l
Aneticon Hewn Aanciation/dmaricar Sroke Associstion. Stroke. 20074232774

[PRAICE Z096A21 | it 14601 16145TR, 0RO a1 817043 | ferred il the warfarin dose is more than 5 mg daily;
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Cardiovascular Medicine
Self-Assessment Test

This sell-assessment lest contains one best -answer multiple-choice guestions. Please read these directions carefully
before answering the questions. Answers, critigues, and bibliographies immediately follow these multiple-cholee
questions. The American College of Physicians (ACP) is aceredited by the Acereditation Council for Continuing Med
ical Education (ACCME) to provide continuing medical education for physicians.

The American College of Physicians designates MKSAP 18 Cardiovascular Medicine for a maximum of 30 AMA PRA
Category I Credits™. Physicians should claim only the credit commensurate with the extent of their participation
in the activity.

Successiul completion of the CME aclivity, which includes participation in the evaluation component, enables the
participant to earn up to 30 medical knowledge MOC points in the American Board of Infernal Medicine’s Mainte
nance of Certitication (MOC) program. It is the CME activity provider's responsibility to submil participant comple
tion information to ACCME for the purpose of granting MOC credii.

Earn Instantaneous CME Credits or MOC Points Online

Print subscribers can enter thelr answers online to earn instantancous CME credits or MOC points. You can submit
yvour answers using online answer sheets that are provided at mksap.acponline.org, where a record of vour MESAP
18 credits will be available, To earn CME eredits or to apply for MO points, vou need toanswer all of the questions in
a test and earn a seore of at least 50'% correct (number of correct answers divided by the total number of questions),
Please note that ifyou are applying for MOC points. you must also enter your birth date and ABIM candidate number.

Take either of the following approaches:

o Llse the printed answer sheet al the back of this book to record vour answers, Go to mksap.acponline.org,
aceess the appropriate online answer sheel, transeribe your answers, and submit your test [or instantangous
CME credits or MOC polnts. There is no additional fee for this service,

» Go o mksap.acponline.org, access the appropriate online answer sheet, directly enter your answers. and
submit your test for instantaneous CME credils or MOC points. There is no additional fee for this service.

Earn CME Credits or MOC Points by Mail or Fax

Pay a $20 processing lee per answer sheet and submit the printed answer sheet at the back of this book by mail or
Fax. as instructed on the answer sheet. Make sure you ealeulate vour score and enter your birth date and ABIM can
didate number. and fex the answer sheet 1o 215-351-2799 or mail the answer sheel 1o Member and Customer Service,
American College of Physiclans, 190 N. Independence Mall West. Philadelphia. PA 19106 1572, using the courlesy
envelope provided in your MKSAP 18 slipcase. You will need yvour 10 digit order number and 8 digit ACP 1D number,
which are printed on vour packing slip. Please allow 4 to 6 weeks for your score report 1o be emalled back to vou. Be
sure (o include your email address for a response,

IF you do not have a 10-digit ovder number and 8 dight ACP D number, or if you need help ereating a username and
password (o access the MKSAP 18 online answer sheets, go to mksap.ac ponline.org or email cusiserv@acponline.org,

CME credits and MOC points are available from the publication date of July 31, 2018, until July 31, 2021 You may
submit vour answer sheet or enter your answers online al any time during this period.
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Directions

Each of the numberad items is followed by lettered answers, Select the ONE lettered answerthat js BEST in each case,

Item 1 , Gl ! cicns are normal, The
A19 year oldman isevaluatedin the emergeney department remainder of the examination is unremarkable.

for a 2 week history of abdominal pain and exertional dys (D G @ 1 obic for normal serum
prea. He underwent cardiage transplantation 10 months ago
for viral myocarditis. Medications are tacrolimus, predni

sone, mycophenolate mofetil, valganciclovir, trimethoprim

sulfamethoxazole, valsartan, calcium- vilamin D supple

ment, and low dose aspirin.

_— vilal signs are normal.
Neck examinalion reveals occasional jugular cannon a

waves with no venous distention. Cardiae examination is
sipnificant for an 5. The remainder of the examination is ':"1"_] Adenosine nuclear stress tesling
normal. (B} Coronary (T angicgraphy

An electrocardiogram s shawn. () Exercise stress clectrocardiography
SR ) | o neosrhy
(diagnosis?

Al Abdominal Cl Item 3
(B} Coronary angiography

troponin leveds.
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d-mm 5T-segment
depressions in leads V| through V.
Metoprolol, nitrates, clopidogrel, and heparin are
inifinted.

o k A 65 yoar old woman is evaluated during a routine exam
{C) Fchocardiography A A ERE R T et R TR e T AR
inatiom. She was diagnosed with a cardiac munmur in early
{13 Endomyocardial hiopsy adulthood. She is active, healthy, and without symptoms.
She Lakes no medications.
vital signs are normal. A

Item 2 orade 36 holosystolic murmur preceded by multiple clicks
A 69-vear-old man is evaluated in the hospital for four epi is present at the apex. Physical findings are otherwise unre
sodes of chest pain at rest in the past 24 hnurﬁ.d markable,

lwperligidernia, hypertension, tbaccn eSS« |1 ventricular ejec-
use, and previous transient ischemic attack. (D tion fraction of 50%. The lefl venlricle is moderately dilated
@ :pirin, hyvdrochlorothiaxide, atorvastating and ramipril. wilth an end-systolic dimension of 42 mim. Myxomalous

¥

T—E_ .I III . | I L ey R = i I B Tees
""'\-.-L.,-A_.J\-I,...-\__.n_,\_..l,)—.__...M.lr--.ﬂx_ __,,_._._m_.lilr ol - "”"'_I' f___—|i S __-.!,- e l. - 1/‘-'-- e r .
n VL i W1 I ' ¥

i 1 i

\ ! i I
. f i I | I ; | § |
ISR | SrRRHORRTRT | I ESScaEy | SERTAGRIC RS | TR SRS T S -ML.!-— g, _\.—.If—--'\ e e e B e P L i N
£ AVF Vi ! Ve

g 3 ] ] 4 h ]
rL\, e e S
W1

HEM 1

117


mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight

mahora76
Highlight


L
o4
-
o
w
e
w
.
=
o
=1
=
e
&
-

Self-Assessment Test

degeneration of the mitral valve is present with seviere regur
gitution doue 1o posterior leaflet prolapse.

F

(4} Serial clinical and echocardingraphic evalualions
(B} Surgical mitral valve repair

{C) Surgical mitral valve replacement

{19 Transcatheter mitral valve repair

Item 4

A pl-year-old woman is evaloated for new onset hyper
tension. Medical history is significant for metastatic corvical

sncer for which she began chemotherapy 2 months ago.
She has no history of ]‘J}qﬁcriunm‘un.hhﬂma

cizumah, cisplaling paclitaxel. dexamethasone, prometha-
zine, and ranitidine.

lemperalure is normal,
bload pressure is 172106 mm He, pulse rale is 2/min, and
respiration rate is 18/min. The remainder ol Lhe examinalion
iz unremarkable.

(A)  Bevacizumab
(B) Cisplatin

(1 Dexvamethasone
(D Paclitaxel

item 5

As2 year old woman is evaluated in the emergency depart-
ment for progressive dyspnea. Medical history is notahle
for aorlic stenosis and long standing hypertension. Family
histary is unremarkable, Medications are metoprolol and
chlorthalidone.

@ e R - perature is normal.
blood pressure is 190/90 mom g in both upper extremities,
pulse rate is A0/min and resular, and respiration rate is
Fmin, The jugular venous pressure is normal. The apical
impulse is displaced and sustained. The 5, is normal, and
the 5, is soft; an 5, is noted at the apex. An gjection click is
heard at the apex and left sternal border. A systolic ejec-
tion murmur and
a-separale svslolic murmur is noted under the leit clavicle
and over the lefl posterior chesl.
diminished. and the radial artery - lo- [emoral artery pulse
is defayved. No bruits are appreciated in the epigastrium or
over the femoral vessels.

shown {see top of next column).

(Al Ascending aortic dissection
(B} Coarctation of the aorta

(C)  Essential hypertension

(13 Renovascular hypertension
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ITEM 5

ltem 6
Abbvear old man is evabuated in the emergency depart
ment foracule righl lower leg pain that began 2 days ago
The pain is now severe at rest, and e reports conlness of the
right fool. He has a8 vear history of intermittent cladi
cation. He underwent right femoral popliteal hypass orafl
surgery [or Hle-limiting clandication 1 year ago. Medical
history is: otherwise significant for hypertension, hyper
fipidemia. and type 2 diabetes mellitus. He gquit smoking
Vovears apo. Medications are low dose aspirin, ramipril,
hyidrochiorathiazide, msuvastatin, aud metformin.
vital signs are noemal, The

right lont is cook and pale. sensation is mtact, and muscle
sirength is normal.. The pedal pulzes are not palpable in
the right leg. not
detectable over fhe right dorsalis pedis and righl posterior
Libialarterics.

Intravenous anticoagulation with héparin s initiated.

(A Arterial duplex ultrasonography

(B} CTangiography

() Emergent right leg amputation

(D] Intravenous recombinant lssue plasminogen
activator

{E} Urgent invasive angiography

Item 7

A 75 year-old woman is evaluated during a routine visir,
Medical history is significant for hypertension and corondry
artery disease with placement of a stent in the mid right
coronany artery 5 years ago. She is symplom free. Medi
cations are metoprolol suceinate, lisinopeil. aspirin, and
atorvastatin.
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On physical examination, temperature Is normal,
blood pressure is 130/80 mm [g. pulse rate Is 72/min, and
respiralion rate is 16/ min. BMI is 23. The precordial cadence
is irregularly irregular. The remainder of the examination is
unremarkable,

An clectrocardiogram shows atrial tibrillation.

(D) Exercise stress electrocirdiography
(E)  Pharmacologic nuclear stress Lesting

Item 9

Self-Assessment Test

A Ag vear old man is hospitalized for a 6 week history of
progressive fatigue, dyspnea on exertion, and vague chest
“fullness.” He has also had pedal edema for the past 2 weeks.
He has no history of incarceration or reeent travel and is not

Which of the following is the most appropriate treatment?
(A} Add clopidogrel
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(B} Add oral anticoagulation

{3 Discontinue aspirin and begin clopidogrel and oral
anticoagulation

(1M Discontinue aspirin and begin oral anticoagulation
(E) Nochange in therapy

Item B
A 55 year-old man is evaluated for chest discomfort of sev

immunocompromised.

On physical examination. lemperature is 375 °C
{29.5 “F). blood pressure is 132/76 mm g with pulsus par-
adoxus of 16 mm T, pulse rate is 100/min, and respiration
rate is 16/min, The jugular veing are distended (o the angle

of the mandible. The lungs are clear to auscultation. No

diastolic sound or pericardial friction rub is noted. Hep
atomeguly is present. Pilling edema ts noted bilaterally at
the ankles.

eral months” duration. He deseribes the pain as sporadic Laboratory studies:
lelt sided chest heaviness that lasts for several minutes. His Erythrocyle sedimentation rate . 86 mm‘h
chest discomfort i generally but not consistently induced Letkocyte count 11,000/pl. (11 1071}

by exercise and s often but notalways relieved with rest. He

with normal differential

has some associated shormness of breath bul no other symp Fourth-generation 11V test Negative
toms. e remains active despite the pain and is able to walk Antinuclear antibodies Negative
without Timitations, Medical history is signilicant for hyper Interferon yrelease assay Nigalive

tension treated with amlodipine and hvdrochlorolhiazide.
Om physieal examination, vitd signs and the remainder
of the physical examination are normal,
An electrocardiogram is shown,

Which of the following is the most appropriate manage-

(A} Coronary angiography
(B) Coronary ariery calcium scoring
() Exercise stress echocardiography

An elecirocardiogram shows sinus lachycandia with
a nonspecilie ST T-wave abnormality, A chest radiograph
reveals an enlarged cardiac silhouette without pericardial
caletlication, An echocardiogram shows a moderately sized
pericardial etfusion. There are diastolic right atrial inversion
and a 30°% Inspiratory reduction in mitral inflow velocity.

Pericardiooentests reveals an intrapericardial pressure
of 16 mm | Ig before drainage and 0 1o 1 mm g after drain
age. The right atrial mean pressure and left ventricular end
dinstolic pressures before drainage were cach 16 mm Hg.
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After pericardiccentesis, there is no change in the inira
cardize pressure readings. Pericardial thuid is negative for
adenosine deaminase.

Which of the following is the most appropriate manage
meni?

(Al Ibuprofen and colchicine

(B lsoniazid, rifampin, pyrazinamide. and ethambutol
I} Pericardiectomy

(D) Surgical pericardial window

Item 10

An BO-year old woman is evaluated for 0 6 month
history of worsening exertional dvspnea. Two nights
apgo. she awoke with sudden onset dyspnea thal was
relicved with ambulalion. She has not had chest pain.
Medical history is significant {for myocardial infarction
8 years ago. She also has a history of lelt venlricular
dysfunction but has been previoushy well compensated.
Her medicalions are lisinepril, aspirin, metoprolol, and
rosuvastatin.

On phyvsical examinalion, lemperalure is normal,
blood pressure is 95/60 mm Hg, pulse rate is 56/min, and
respivation rate is 18/min. The lungs are clear. The carotid
upstroke is low in volume, The apical impulse is Talerally
displaced and enlarged. 5, is sofl; the aortic component of 5,
is diminished. There isno 5, or 5. A grade 2/6 mid peaking
systolic murmur is heard throughout the precordivm. The
remainder of the examination is normal.

An echocardiooram demonstrates o left veniricular
ejection fraction of 32%. The aorlic valve is slightly calcified,
The stroke volume is markedly decreased (23 mL/m®). The
mcan aortic gradient is 20 mm Hyg (consistent with mild to
maderate slenosis), and the aortic valve area is calcwlaled to
be (0.7 cm® {consistent wilh severe stenosis),

Which of the following is the most appropriate next step in
management?

{A)  Acrtic valve replacement

(B} Coronary angiography

() Dobulamine echocardiography

(N Switch lisinopril to valsartan-sacubitril

Item 11

A Feeyear-old woman i hospitalized for a 5-oweek history
af progressive exertional dyspnea, Increasing peripiieral
eddema, and mental status changes. For the past 4 nights,
shet has been sleeping ina ceeliner instead of her bed. She
reporis no chest pain. She has a 6-veor history of ischemie
cardiomyopathy, for which she takes low dose aspivin,
furosenmide, carvedilol, lisinopril. digoxin, spironolactone,
and as needed metolazone,

O phvsical examination, e paticnt is alebrile, blood
pressure is 84/52 mm L, pulse rate is LS/ min, and resp
ratioe mle s 28 min, Oxyveen saluration is 95'% breathing
ambientt alrs Shie is confused. Jugular venous distention is
present. Cardiac examination reveals an 5,- There is ascites
ont abdomingl exwmination. The extremilies are cool, aod
there is wer extremity edemia to the kinees.
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Laboratory studies:

Alanine 172 0L
mminolransorase

Aspartate 163 UL

aminotransferase
Creatining 2.8 g/ dl (2564 nmoel/L}
(haseline, 1.2 mz/dlL

(16061 ol /L]

Polassium 4.7 mEg/ L7 mmaolfL)

Soddinm 152 mEg/L 32 mmol /1) (baseline,
10 mEg L L4 mmol/L])

Drigoxin O3 ngdml 003 E nmae k1) normal

range. 0.5-2.0 ngiml.
[tued 256 nmol/ LA

An electrocardiogram shows no acule changes: An
echocardiogram shows a Teft ventricalar ejection fracton
of 2.

Which of the following is the most appropriate initial
treatment T

{A) Increase carvedilol
(B} Increase digoxin
W) Iacredse listnopril
{1y Start dobutamine

Item 12

AT year old man is evalualed for palpitations, worsen
ing latigue, and exercise Intolerance. Two months ago, he
wis diggnosed with atrial flutter and subsequenty under
went cardioversion Lo normal sinus rhylhm. Ambulatory
clectrocardiographic monitoring following cardioversion
demonstraled recurrent atrial flutter with an average ven
tricular rate of 69/min, Medical hislory is significant for
hypertension and coronary artery discase. Medications
are warfarin, metoprolol, lisinopril, low - dose aspirin, and
atorvastatin.

On physical ¢xamination. pulse rate is 73/min and
irregular. Other vital signs and findings on physical exam
ination are normal.

Laboratory studies are significant for normal serum
thyroid stimulating hormone and serum N- terminal B type
nalriurelic peptide levels.

Anelectrocardiogriom isshown (see top ol next pagel. A
siress echovardiomram demonstrates normal wall motion at
rest and during stress. The lefl venlricnlar ejection fraction
is gpreater than 55%.

Which of the following is the most appropriate treatment?

(A Amiodarone

(B Cardiac catheterization
() Cardioversion

tD) Catheter ablation

Item 13

An 18 oyear old man = evaluoated for o murmur detected
churing a college sports physical examination. He reporls no
symptoms and has no history of cardiac discase. He lakes
no medications.




ITEM 12

Om physical examination, vital signs are normal. 1e
has a normal cenlral venons pressure, wavelorm, precordial
palpation, and 5. A continuous murmur is heard beneath
the left clavicle thar envelops the 5. The remainder of the
examination is unremarkable,

Which of the following is the most likely couse of this
patient’s murmur?

{4} Blcuspld aortic valve with aortic regurgitation
(B} Patent ductus arteriosus

(C) Pulmonary regurgitation

i Ventricular seplal defeel

Item 14

A AR year old woman is evalualed for exerlional sulslernal
chest pain ol several weeks' duration. The chest pain
consistently subsides with rest. Medical history is significant
for episodic migraine. She has no history of hyperlension,
hyperlipidemia, or other medical problems. She is a
nonsmoker. She takes no medications other than naproxen
as necded.

One physical examination, vilal signs are normal,
Chxvgen saturation is 98% breathing ambient air. The
remainder of the examination is unremarkable.

An electrocardiogram demonstrates baseline 1.5-mm
lateral ST-segment depressions, Nuclear stress testing reveals
a mild anterior wall perfusion defect, and a subsequent cor
onary anglogram demensiates normal coronary arteries,

Which of the following is the most likely diagnosis?

(A) Acute coronary syndrome with spontancous
recanalization

(B Cardiac syndrome X

() Somatic symptom disorder

10y Takowsube cardinmyvopathy

Se If_—_ﬁss_e ssment Test

e b e e “
WWJWJWAMT.%%JFMJWJﬂM
RO A e o T
S i e A e Vet e IV OV B Y

i

Item 15

A 56 year old woman s evaluated for a o month history
of progressive lelt call discomfort, Her symploms begin as
calf tightness after vigorous walking for two blocks, and
discomfort causes her to stop walking after four blocks.
The symploms subside alter 5 minutes of rest. She reports
no rest pain. Medical history is significant for hyperten-
sion and hyperlipidemia. She has o 50 pack year smoking
history, bul she gquit smoking & months ago. Medications
are lowe-cdose aspirin, amlodipine, cilostazol, high-intensity
rosuvastatin, and losartan.

On physical examination, vital signs are normal. Fem
oral and popliteal pulses are diminished bilaterally. Pedal
pulses are not palpable in the left leg. No skin ulceration is
noted. The remainder of the examination is unremarkable.

The ankle-brachial index is 068 on the left and 086 on
the right.

Which of the following is the most appropriate manage
ment?

{A) Add clopidogrel

(B Initiate a supervised exercise program
{C) Oblain a magnetic resonance angiogram
() Refer for vascular surgery

Item 16

A 69-year-old man is evaluated during a routine examina
tion. He is asymptomatic. Medical history is significant for
by perlension. He has a 50 pack vear smoking history but
quil smioking 7 vears ago. Medications areaspiring lisinopril,
ancd amlodipine.

On physical examination, vital signs are normal. A
bruil is heard over the abdomen, and a pulsatile mass is
present in the eplgastriom. The remainder of the examina
tion is unremarkahle.
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Self-Assessment Test

A Duplex ultrasound of the abdomen shows an
abdominal aortic aneurysm with (ransverse dismeter of
6.2 cm.

Which of the following is the most appropriate next step in
management?

(A) CT angiography ol the ahdominal aorta and iliac
vessels

(B) Endovascular repair

(C) Open surgical repair

(13 Swirch amlodipine 1o metoprolol

Item 17

A 52 year-old man s evaluated during a visit o establish
care, He is asymptomatic. bul he |s seeking advice on how
Lo modify his risk for cardiovasculor disease. He drinks one
glass of wine with dinner most nights, and he quit smoking
12 yeears ago. Family history is signilicant for a myocardial
Infarction in bis father at age 61 years. He takes no medica-
tions. The patient is Hispanic.

On physical examination, temperature is normal,
blood pressure is 12876 mm Hg. and pulse rate is 74/min.
BMI s 28. The remainder of the physical examinalion is
unremarkable,

Laboratory studies:

Totul cholesteral 200 mg/dl. (5.18 mmal/L)
HIL cholesterol 30 myg/dL {(0.78 mmol/1)
Lk cholesteral 130 mg/dlL (.37 mmaol/L)
Triglycerides 200 mgdddl, (2,26 mmaol/L)

Which of the following risk [actors most increases this
patient’s risk for cardiovascular discase?

(A} Alcohol use

{B) Ethnicity

(€] Family history
(1) Hyperlipidemia
[E} Smoking history

Item 18

A 67 year old man is evaluated during a follow up visir.
Madical history s significant for a 7-yvear history ol heart
fujlure with placement of an Implantable cardioverier

defibrillator 6 years ago. He has New York Hearl Associa

tion Tunciional class 11 symploms and is comrently stable,
Since his last wisit 6 months ago, he has had no changes in
medications, symptoms, or other medical issues, Medica

Lo are valsartan-sacubilril, carvedilol, furosemide, and
spironolactone.

On physical examination, the patient is alebrile, blood
pressure is 108774 mm Hg, and polse rate is 64 min. He has
no jugular venous distention or 5, No edema is noted.

An echocardiogram obiained | vear ago demonstrated
a left ventricular ejection [raction of 25%. and left ventric-
ulur end-diastolic diameler of 6.7 ¢m; these findings are
unchanged from 2 years ago.

Heart failure education and e necd for diet and med
icution adherence are reinfloreed,
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Which of the following is the most appropriate testing to

perform at this visit?

(A} Echocardiography

(1% 24-llour ambulatory electrocardiographic
maonitoering

() Serum B type natrioretic peptide level measurement

(13 Serum electrolyte measurement und kidney function
studies

Item 19

A 25-year-old woman is evaluated for intermittent palpi
tations associated wilh oceasional episodes of shortness of
breath and lightheadedness. These episodes last from 30 (o
o0 minutes. Medical history is notable for a similar episode
ol symploms during college Lhal required an emergency
department visit: supraventricular Lachycardia was diag
nosed. She takes mo medications,

On physical examination, vital signs are normal. Car
diac examination is normal. The remainder of the physical
examination is unremarkable,

A 12 bead electrocardiogram is shown (see lop of next
pagel. A resting echocardiogram demonstrates normal Jefi
ventricular ejection fraction and a structurally normal heart.

Which of the following is the mosi appropriate next step in
management?

(A} Atenolol
{15 Elecirophysiology study
() Flecainide
(1)) Verapamil

Item 20

A 26 year old woman is evaluated for a preconception
assessment. She has Marfan syndrome. She reports no car
diovascular symptoms. Her only medicalion is long acting
metoprofol

On physical examination, blood prissare is 100/60 mm
Hig, and polse rate is 60/min and regular. The patient has
facial and skeletal features of Marfan syndrome. The esti
mated central venous prossure is normal. Cardiac examing
tion reveals a normal apical impulse, normal S, and S, and
a grade 276 late-peaking systolic murmur and midsystolie
click over the apex. The lungs are clear (o auscullation. No
edemia is noted,

Transthoracic echocardiogram demonsirates a dilated
proximal ascending aorta with a dimension of 4.6 ¢cm. Ne
aortic regurgitation is appreciated. Bileaflel mitral valve
prolapse s moted with mild miteal régurgitation, The lef
ventricular size and function are normal. There is no recend
echocardiczram for comparison,

Which of the following is the most appropriate manage
ment?

(A} Advise against pregnancy

{B) Procced with mitral valve interventicn

{) Repeat echocardiography in 12 months

(D) Switch metopralol 1o losartan
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Item 21
A 62 wear old man is evaluated in the emersency depart
ment for a 3-howr history of transienl rightl arm and right
les wealkness, Hissvimploms resolve whibe i the emer
department. N
ard he takes no medications.

O physical examination, vital signs are nocmal, and
rtion is unremarkable.

Laboratory studics are nolable for an eryvthrooyte sed
imentation rate of 16 mmdh and LD cholesterol evel o
0 mged L8 mmeod Lk

A2 beadbeleciron
mitrasound shows o evidence of hemodynamically signifi
cant plague, ©T of the head without contrast demonsiraics
no evidenoe of hemo Il
lefl internal capsulae infarction. A transesophapeal echo

fical history is utherwise anremar

the pemaineder of Lhe exanis

ioeram is normal, Carotid duplex

au, MED of the brain reveals a sma

cardioeram is obtained. Bepresentlative mid esophageal
four-chamber images al end systole (top panell and cnd

diastale Chisttomm panel) are shown.

Which of the fallowing is the most likely diagnosis?

{A) Bacterial endocarditis
(B} Lot atrial mayxom:

{€)  Monbacterial thrombotic endocarditis

([ Papiliry fibroetasion

Item 22

A A7-vear-old woman is evaluated for recent fatigue and
dyspnea. She underwent an abdominal hyslerectomy for

Self-Assessment Test
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Self-Assessment Tast

recurrent severe menormhagia 3 weeks ago and has had per
sistent fatigue and exertional dyspnea since the procedure.
She has no other sympioms. Medical history is significam
for Elsenmenger syndrome related to a ventricular seplal
defect. Medications are sildenafil and bosentan,

Cn physical examination. tfemperature is normal, hlood
pressure is 98/60 mm He, pulse rate is 80/min and regular,
and respiration rate is 20/min. The estimated cenlral venous
pressure is elevated with a prominent o wave, The apical
impulse is normal, and a prominent parasternal impulse is
noted at the left sternal border. The 8 is normal, and the 8,
is loud. Digital clubbing and central cyanosis are noted. The
abcdominal wound is healing wefl.

Laboratory testing reveals a hemoglobin level of
102 g/dL (102 g/1). The hemoglobin level was 15 gidl
(150 g/L) before hysterectomy. One year ago, the hemoglo
bin level was 18.5 g/dl. (185 g/L).

Which of the following is the most appropriate manage-
ment?

(A} Erythropoictin

(B} Heart-lung transplantation
() Intravenous epoprostenol
(1M Short-course iron therapy

Item 23

A a8 year-old mun is evaluated In the cmergency depart
ment Tor eplgastric discomiort and nausen that Dhegan
15 minutes ago. Medical history is significant o hyperten
shon, tobueeo use, wnd hyperlipidemia. His only medicition
B utorvasiatin,

O physical examination, lemperature s normal,
Edod pressure is 110060 mm He, pulse rate is 90 min. and
respiration rate is 18 min. Oxyveen saturation i 9875 breath
gz ambbent alr. The remainder of the physical examination
B unremarkable

Laboratory studies are nolable for an elevated Initial
serum troponin 1 level

An electrmocardiogram shows 3-mm 51 segment eleva
Liceres im Jeads 00, 1L and aVF, A chest radiograph s normal.

The patient Is administered aspirin, clopidogeel, and 4
bodus o heparin, Tronsport 1o the nearest hosplital capabile
of perentanecns coronary infervention would take 4 houes,

Which of the following is the most appropriate managy

ment?

tA) Fondhparinus and ticagrelor

(B} Full dose reteplase

(€3 Hall dose reteplase with abeiximab

(L} Immediate transfer for primany percalancous
Coromary intervention

(B} Nitroprosside

Item 24

A 72 year old man is evaluated for exertional lefl call and
foot pain, Three weeks ago, the patient developed an uleer
on the medial aspect of the left great toe, | Hs medical history
is slgnificant for coronary artery disease, type 2 diabetes
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mellimus, hypertension. and hyperlipidemia. Medications
are low- dose aspirin. lisinopril. metoprolol, metformin. and
alorvastatin.

Om physical examination. blood pressure is 155784 mm:
other vital signs are normal. There are no palpable pulses in
the left Teg. Right femoral, popliteal. and pedal pulses are
[aint.

Ankle-brachial index testing:

Right systolic hrachial pressure 155 mm Hg
Left systolic brachial pressure 145 mm g
Lett poaterior tibialis pressure 255 mm Hg
Lett dorsalis pedis prossure 255 mm lig

Which of the following is the most appropriate diagnostic
test to perform next?

(A} Exercise ankle-brachial index
(B) Lowerextremily CT angiography
() Toe-brachial index

(1 Venous duplex alirasonography

Item 25

A5 vear obd worman was hospitilized 8 doys ago lor fever
and severe dyspnes. Her cireenl symptoms began | month
apo with chills, malaise, and low grade fever. She was diag

nosed 5 yvears ago with a bleoaspld aortie valve with regur

fitation but had been healthy otherwise, On achnission, an
echocardingram demonstrated o 12 mm vegeition invily

ing the aortic valve with severe regurgitation and preserved
left ventricubar funciion. Blood caltures grew Staphilocoe

cus ourers that was sensitive o oxacilling After 8 days of
intravenous antimicrobsEal therapy, she has continoed o be
febrile, and her dvspnen has progressed such that she has
symploms at rest.

On physical examimation, tempeniture 5 380 %
(HHL6 “F). blood pressure is HOO60 mm g, pulse mate &
S/ min, and respization rate i 23/ min. Lung examina
tion demonstrates bilatecal crackles, The estimated oentral
vienous pressure is 10 cm T, There is a grade 376 diastolic
decrescends murnmur adong the left sternal border. An S
is present.

Repeat Dlood ctiltures performed vesterday, continue
T S, cire s senstiive o oxaciiling, An echocardivgram
abtained today shows Hndivgs sbnilar (o Cose an Hae indtial
stody dome al admission, A mansesophagenl echoeardio
gram confirms the vakve fin lii s wlthaut evidence of addi
tlomal complicadinmns

Which of the following Is the most appropriate next step in
management?

(A) Cardiac catheterization

(B Cardiae valve surgery

() Inira aortic balloon pump placement

(1) Switch oxacillin to vancomyein

item 26

A 44 year-old manisevaluated in the offlee during a routine -
visil. Medical history is significant for HIV diagnosed at age
25 years, hvpertension, and hyperlipidemia, He is a curren?




smoker, Medications are chlorthalidone, tenofovir emtric
itabine, and raltegravir.

On physical examination. the patient Is afebrile, and
blood pregsure is 126074 mm Hg, Cardiae examination
reveals a regular rate and riythm, 5, and 5, are normal;
there lsan S,

Laboratory lests are significant for a fasting plasima
glucose level of 98 mg/dL (543 mmaol/1), o total cholesteral
level of 210 me/dL. {(5.43 mmol/L), and an NI, cholesterol
leviel of 50 mg/dL (1.29 mmol/L).

An electrocandiogram shows normal sinus rhythm and
left ventricular hypertrophy with repolarization abnormal
ities, A chest radiograph is normal.

To determine his need for statin therapy, his estimated
10-year risk or athernsclerotic cardiovaseular disease using
the Pooled Cobiort Equations will be caleukated,

Which of the following risk factors will result in underesti-
mation of the risk for atherosclerotic cardiovascular discase
in this patient?

(A) Age

(B Amibypeniensive medication nse
() Blood pressure

(D) 1. cholesterol level

(E] LIV stalus

Item 27

A 52 vear-old woman is evaloated (or a 6 week history of
chest pressure. The symplom occurs when she walks up
an incline on her daily 2 mile walk and s relieved with
resl, She also had ches! pressure during a stressful meeting
at work last week. She reports no associated symplors.
Medical history is significant for hypertension and hyper
lipidemia. Medications are hydrochlorolhiazide, lisinopril,
and atorvastatin.

ITEM 28

On physical examinarion, vital signs and the remainder
of the examination are normal.
Ao electrovardiogram is normal,

Which of the following is the most appropriate diagnostic
test to perform nexi?

(A Adenosine single photon emission CT
(B Coronary artery calcium scoring

i} Exercise clectrocardiography

(D} Stress echocardiography

item 28 m

A T2 year okl man s evaluated in the hospital [or heart
foilure. In the past month, he has developed progressive
dyspnei, such that he cannot wall 50 meters withoul stop
ping 1o eateh his breath. He has O history of by pertension
and istchemic cardiomyopathy, During the hospitalization, a
perfusion imuging study demonstraled no ischemia, and an
echocardiogram revealed a left ventricular ejection (raction
of 2005, Medications are aspirin, ramipril. isosorbide mono
nitrate, and rosemmide.

CUn physical examination, the patient is alebrile, hlood
pressure s 120068 mm He, pulse rale I8 73 min, and respiea
thom rate 18 22 min. The estimatod central venous pressure is
Sem H O A paradoxical sphie s, ard an S5, are present. bungs
ure elenr [o auscultation.

A2 lead electrocardiogram s shown.

In addition to diuresis, which of the following is the most
appropriate treatment before discharge?

(A)  Add carvedilol
(B Add ivabradine

() Cardiae resynchrontzition thempy
(1 Implantable cardioverter detibrillator placement
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item 29

At vear old worman s hospitalised for progressive Ritgoe,
dvspnea. orthopnea, and peripheral edema that have been
present for the dast 18 months. During this time, she has
been hospitalized several times for heart Gilure with pre

served Geetion fraction. Her medical history s otherwise
notable for hypertension. Her current medications are spl

ronolactone, lurosemide, and amlodipine.

Cin physical examination, emperature 5 normal,
Bltsod pressure 5 136/840 mm Hg, pulse rate is 90/ min, and
respiration rate is 1o/ min. fugular venous distentlon ks pres
ent, Crackles are noted at the bases ofboth lungs. A loud 5, s
heard at the apex. A grade 2/6 holosystolic murmur 18 heard
at the left lower sternal border and increnses in intensity
during inspiration. Abdominal ascites and bilateral pltting
cdema to the knees are present.

FLaboratory studies reveal a serum ferritin level of
180 ng/ml. (180 pg/1) and a R tvpe natriuretic peptide level
of 560 pi'mlL (560 ng/ L), Seram protein electrophoresisaml
urine profein clectrophoresis are unremarkable.

Right heart catheterization demonstrates diastalic
equslization of pressures at 18 mm Heg. Simultaneous right
and et ventricukir hemodynamics demonstrate concor
chant rise and fall of svstolic pressures with respiration. Car
diie magnetic resomanee nvaging with Infrovenous gadolin
I gonitrast shows a pericardial thickness of 2 mm withow
enhancetment and marked Bte gadalinium enhancement of
the paglary muscle. Eehoeardiogrom shows symmieieie 1eh
ventricular wall thickness of 1T mm, normal left ventricular
cavity sfae o left ventricular ejection (raction of 55'%, and
severe biatrial dilatation. Right ventricalar slze and func
thon are normal. Tricuspld regurgitation is noted, and the
right ventricular systolic pressure is estimated al 72 mim Hg
There is no pericardial clfusion.

Which of the following is the most likely diagnosis?
(Al Constrictive pericandilis
(BY  Fabry disease

(€} Hemochromatosis
(13 Primary restrictive cardiomyopathy

Item 30

A b year old woman s evaluated in the emergency depuar
ment 4 hours afteér the abrapt onset oF sharp, teaving chest
andl back pain. Medical history is significant for hyperlipid
el Her only medication is atorvastaling

On physical exaomination, temperatore s 6.8 “C
(98.2 “F), blood pressure is 173/99 mm Hg, and pulse rate s
e miln, Sood pressure measurements in both anms are equal,
The remainder of the physical examination is unremarkable.

CT angigraphy shows a descending thoracie aortic
aneurvsm with a maximal dizmeter of 6.8 cm and aortic
dissection originating just distal to the left subclavian anery
and extending to jost below Lhe diaphogm; there is no
involvement of the renal arteries.

Which of the following is the most appropriate initial
management?

(A Immedinte endovascular stenting
(B Immediate open surgical repair
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() Medical therapy
(10 Repeatl CT angiography in 12 hours

Item 31

A 58 year old man is hospitalized for a 1 day history of
worsening dysprea and o -month history of increasing
weight and peripheral edema, He has o long standing his
tory of peorly contmolled hypertension and stage [V chronic
Kidney disease, Minoxicdiband bvdeabivsine were added to his
medical régimen 2 months ago. LHs other medications are
Libetalol, a clonidine patch, oond furosemide,

On. physical examination, he I8 in distress, with
increased work of bresthing and diaphoresis. Temperature
is nurmal. blood pressure is 9000 mm Hg with pulsus par
adoxuos of 16 mm He. pulse rate 15 118/min, and respinulion
rale i 25 min: Crxygen saluwration is 905 breathing ambient
air. Jugular venous distention is present. Heard sounds ane
distant, and no pericandial friction rub or murmur is noted.
Crackhes are noted at the lower quarter of both lung fields.
Pitting edema s present (o The kpees,

Laboratory studies reveal a blood urea nitrogen bevel of
86 mg/dL (30.7 mmol/ L), o serum creatinine level ol 5.0 mg
dL (451 pmol/L), and a4 serum polassium level of 5.0 mEgL
(5.0 mmol/L).

A chest radiograph shows an enlarged cordiag sithou
clle, prominent pulmonary vasculatoare, and evidence of
prlmonary edema. Eehoeardiographic lindings are compat
itsle with cardiac tamponde,

Which of the following is the most appropriate manage
ment?

(A} Hemodialysis

(B) Intravenous nitroglveerin
() Pericardincentiesis

{0 Right heart catheterisation

Item 32

A 52-year-old woman is cvalvated during a [ollow-up
visit. She was discharged [rom the hospital 3 weeks ago
following a small non 8T clevation myocardial infarction
treated with drog-eluting stenl placement in the right
caronary artery. An cchocardiogram obtained during
hospilalization showed normal left ventricular function
and normal valvalar function, Her hospllal course was
uncomplicated. Since discharge, she hus had shortness of
breath. Medical history is signiflcant for hyperlipidemia
Medications are aspirin, ticagrelor, lisinopril, metoprolal.
and atorvasiating

On physical examination, vital signs are normal. Oxy-
gen saluration is 99% breathing ambient air. The estimated
central venous pressure is normal. Candiac examination
reveals no 5_or murmurs. 'The lungs are clear to auscaliation.

A chest radiograph is normal. An clecirocardiogram s
unchanged from those oblained in the hospital.

Which of the following is the most likely cause of this
patient’s dyspnea?

tA) Heart failure

(1) In-stent restenosts




(C} Stent thrombosis
(D Ticagrelor-mediated side etfeel
(E]l Ventricnlar septal ruphare

ltem 33

A bR vear old woman is evaluated in the emergency depart
ment foracule onset dvspnea. palpitations. and chest pain,
the symptoms began shortly after her dog was attacked
by another dog. She is otherwise healthy and takes no
medications.

Onephysical examinalion, he patient is afebrile, blood
pressure is 150078 mim He, and pulse rale is 88/ min. Car
diac examination reveals nocevidence of increased central
venous: pressare. There is no hearl murmur, but an 5, i
present. The hangs are clear to auscultation. '

Laboratory studies are significant for aserum troponin
Flevet of 5.2 npdmil (5.2 pefT).

An efectrocardiogram demonstrates=imes rhvihm and
anlerior hyvperacute T wave elevations sugeestive of an
5T elevation myocardial infarction. Cardiac catheterization
shows normal coronary arteries. Svstolic (efT paned) and
chiastolic (right panel) images from left ventriculography
are shiwn.,

Which of the following is the most likely diagnosis?
(A} Acute myvocarditis

(B Criant cell myocarditis

(T} Tachyeardia mediated cardiomyopathy

(I Takotsuba cardiomyopathy

Item 34

A 52-vear-old woman is evaluated for recent-onset exer-
tiomal dysproea. Medical history is noncontribatory, and she
takes no medications.,

ITEM 33

Self-ﬁ_l.ss_eg_smq_nt Test

On physical examination. vital signs are normal.
The central venous pressure is clevated with a prominent
a wave, Apical impulse is normal, and a prominent para
sternal impulse is noted at the left sternal border, The §,
is normal; the 5, is sofl. A grade 446 lale-peaking systalic
rurmur is heard at the left sternal border and second lett
interchostal space. Anejection click is not audible,

Echocardiogram: demonstrates doming of the pul
momary valve with stenosis, a peak instantaneons systolic
gradient of 65 mm Hg. and a mean systolic gradient of
S0 nm T, Trivial pulmenary regurgitation is present. The
right ventricular stze and fonclion are normal, but right
ventricular hyvpertrophy is present. The left hearl sieze and
function are normal.

Which of the following is the most appropriate manage
ment of this patient?

{A) Endocarditis prophyvlaxis

{B) Exercise stress lesting

() Pulmonary balloon vabwmiloplasiy
i) Pulmonary valve replacement

Item 35

A 60-vear old man is evaluated in the hospital for a 2 day
history of intermitlent chest pain and dyspnes on exertion.
Medical history is signiticant for tvpe 2 diahetes mellitus,
hypertension, hyperlipidemia, COPLD, and peripheral nen
ropativy. His ability to exercise is imiled by his COPL. Med-
icalions are metformin, simvastaling low dose aspirin, lis-
inopril, amlodipine, and an albuterol-ipralropinom inhaler.

Omn physical examination, temperature is normal,
blood pressure is 128/78 mm Ha, pulse rate is 80/ min;, and
respiration rate is 16/ min. Oxyeen saturation is #4% breath
ing ambient air. Pulmonary examination reveals expiratory
wheering bilaterally. eart sounds are distant. No edema is
present.
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Serial serum troponin | measurements are negative,
An electrocardiogram demonstrates lell ventricular
hypertrophy with repolarization abnormalities,

Which of the following is the most appropriate diagnostic
test to perform next?

(A} Adenosine single-pholon emission CT
(B} Coronary angiography

(2} Coronary CT angiography

{13 Exercise electrocardiography

Item 36

A 35-vear-old woman is evaluated for chest discomfort
that sometimes occurs at the bepinning ol exercise but
abates completely even though she continues to exercise.
She describes the discomfort as sharp in character and
notes that it worsens when she breathes in. The pain docs
not radiate and is nol accompanied by other symptoms.
She also reports occasionally feeling lightheaded at the
end of exercise or as she is “cooling down.”™ She notes
that her typical resting heart rate is 4%/min. She takes no
medications.

On physical examination, pulse rate is 43/ min: other
vilal signs are normal. Oxygen saturation is 99'% breathing
ambienl air. Cardiac examination reveals regular bradycar
dia. Heart rate varics with respiration. The remainder of the
physical cxamination is normal.

Laboratory studies are significant for normal hemoglo
bin and serum thyroid stimulating hormone levels.

A 12-lead electrocardingram is shown. An echo
cardiogram demonstrates normal cardia¢ structure and
funetion.

Which of the following is the most appropriate next step in
management?

(A} ChestCT

(B} Coronary angiography

{0} Exercise treadmill stress testing

{0} Pacemaker implantalion

Item 37

A gr=vear-old woman is evaluated [or hypertension. She is
at 12 weeks” gestation of ber [rst pregnancy. She reports no
sympioms and has no history of hypertension or cardiovas
cular disease, She has not roatinely had her blood pressure
checked. Family history is significant for hypertension. Her
cnly medication isa prenatal vitamin,

On physical examination, blood pressure is 166/94
mm 1lg in both arms, and pulse rate is 80/min. An 5,
is noted at the apex. There are no murmurs. Pualses are
normal throughout. The remainder of the examination is
wnremarkable.

Serum crentinine level, plasma glucose level, and uri
mealysis are normal. An ambulatory blood pressure monitor
clemaonstrates an average blood pressure of 162090 m |,

Which of the following is the most appropriate treatment?

(A Dhiet and weishit Joss alone
(B} Labetalol

1) Lisinopril

() Spironolactone

Item 38

M 55 year old woman is evaluated during a routine exam-
imation. Her medical history is signilicant for mitral regargi-
Latiom. She has no history of cardiovascular symploms. She
is maderately active, plays doubles tennis, and occasionally
participates in road cycling. She has no other medical prob
lems and takes no medicalions.

Om physical examination, vital signs are normal. Car
diae auseulialion reveals a high - pitched midsysiolic olick
and 2 grade 36 lae sysiolic mommar that is londest at
the apex. Standing results In the click murmur complex
imereasing in intensity and moving closer 1o 5.,

An echocardiogram shows severe milral reguargitation
amd yxomalous degeneration of the miteal vilve, The left
ventricular ejection faclion is 65% with normal chamber size.

After discussion regarding early surgical répair versus
surveillance, she chooses to defer surgery.
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In the absence of clinical symptoms, which of the following
is the most appropriate timing for the next clinical evalua-
tion in this patient?

(A} 3 months

(B} & o 12 months

(€] 1o 2 vears

(13} 3o 5 years

Item 39

A 64 vear old man is evaluated in the office 7 days after
discharge from the hospital Tor non-5T-elevation myocar-
dial infarction. e was treated with percutaneous coronary
intervention using a radial artery approach. Right femo

ral arlery access was initially atlempted. but the catheter
guidewire could not be passed. Duaring Lhe procedure, an
~abdominal aoriogram was obtained {shown). He has not
had any svimptoms of claudication, Medical history is sig

nificant for hyperlipidemia. Heis a corrent smoker with a
Al-pack-vear history. Medications are low-dose aspirin,
ticagrelor, metoprolol, and atorvastatin,

On physical examination. vital signs are stable, The

| femoral pulse is faint, and a bruit is heard over the

| femoral artery. Mo foot or foe ulceration is noted,

In addition to aggressive risk factor modification, which of
e following is the most appropriate management?

Cilostazol

Cardiae rehabilitation

- Endovascular iliac stenting

D) Vorapaxar

tem 40

S-vear-old man is evalualed as parl ol a preparticipation
examination. He is attending college on a haskethall

Self-Assessment Test

scholarship. He reports no symploms. Medical history is
unremarkable, and he takes no medications.

O physical examination, vital signs are normal. Car
diac examination reveals a brisk carotid upstroke. A grade
A6 systolic crescendo-decrescendo murmur is heard best
along the left sternal border: it decreases with squatting and
is mure pronounced in the upright position. Lungs are ¢lear
oy auscultation.

An electrocardiogram shows voltage eriteria for left
ventricular hypertrophy with abnormal repolarization. An
cihocardiogram demonstrates asymimetric septal hyper-
trophy with septal thickness of 18 mun. Systolic anterior
motion of the mitral valve is present, and the peak Instan-
Lancous felt ventricular outflow tract gradient at rest is
A0 mm g,

Which of the following is the most appropriale manage-
ment regarding this patient’s participation on the basket-
ball team?

{A) Advise the patient that he should not play baskethall
{8 Bepin p-blocker therapy
{C)  Refler for aleohol septal ablation

{13} Refer for implantable cardioverter: defibrillator
placement

Item 41

An BO-year old woman was hospitalized for chest pain
and findings of a lateral 3T elevation ryocardial infarction.
She underwenl percitancous coronany idervention: of a
marginal branch-ol the lefl cirommbes artery 16 hours after
symplom onsel, On hospital dane 30 her cardiac examination
is normwal, bul 3 hours aler, she develops sudden-onset
chest pain and loses consciousness, She s found o have
pubseless cleclical activity, Hearl sounds are significantly
chirninished,

Which of the follwing is the most likely diagnosis?

A} Aortic dissection

(B} hn-stent resienasis

() Ventricular free wall vaplore
(3} Ventricukar seplal defect

Item 42

A el vearold man s hospitadized for persistent v grade
fever, chest discomfort, and lower extremity ddema. He
umdenvent (riple coromary artery bypass graft surgery
6 oweeks apo. His medical history 5 otherwise notable for
hypertension, hyperlipidemia, and previous smeking. 1lis
current medications are aspirin. metoprolol succinate, ator
vastating lisinopril, and Turosemide,

(e physical examination, temperature is 37.7 °C
(mo.g “F), blood pressure i@ 136/817 mm He pulse rate is
96 min. and respiration rate is 14 mine Jugolar venous dis
teption is noded to the angle of the mandible, Drecreased
bréathy sounds and dullness 1o percassion are noted at the
left base. Nocrackles are noted. A pericardial rub s present.
There is noogallop: The Tiver s enlarged, There is hilateral
patting edenia torthe mid shin:
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Self-Assessment Test

Labomatory studies:

Erythrocyie sedimentation rale
Leukooeyte count

Serum ereatinine

Troponin (two samples)

E-type natriuretic peptide

76 mm/ih

12000 121071 )
L4 mg/dl (1238 pmiolds1.)
Mormal

105 pgfmbL 105 nedy

A& 12 lead  electrocardiogram demonstrates. mormal
sinus rhythm with nonspecific 5T T wave abnorsalitios. A
chest radiograph demonstrates bilateral small plearal elfu
sions. An echocardiogram shows no pericavdial effusion
A Doppler echocardiceram shows enhanced ventricular
imterdependence and dilation of the inferior vena Gava,
Rizhi hear! cathelerization demonsirates equalization of
digstolic pressures in all heart chambers. Gadolinium
enhanced cardiadc magnetic resonance maging demon
sirates increased pericardial thickness and evidence of
active pericardial inflammation and edema

Which of the following is the most likely disgnosis?

(AY Heart failure with preserved ejection fraction
[B) Perioperative prall Gilure with infarction

T Restrictive cardiomyopathy

(3} Fransient consrrictive pericarditis

Item 43

A2 vear old woman s evaluated during a routine office
visil. She hasa 3 year history of heart failuore with preserved
ejection fraction and a long history ol hypertension. She
has exertional dyspnea with walking around the house.
almost nightly paroxysmal noctumal dyspnea, and periph
eral edema. Cardiac catheterizatiom perlormed 2 years ago
revealed normal coronary arteries. Medicalions are hydro
chlorothiazide and diltiaxzem.

On physical examinalion. Lhe patient is afebrile, blood
pressure is 136782 mm Hg, pulse rate is 48/min, and res
piration rate is 18 /min. There is jugular venous distenlion.
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A, is present, Pulmonary examinalion reveals no wheerses
or crackles. Peripheral ederma is noted,

Laboralory studics ave significant for a serum creald
nine level of 1.2 me AL (106, 1 pmol/L) and a serum scdium
lewet ol 139 miig /L. (139 mmol 1)

Which of the following is the most appropriale manage-

menl?

(A} add ivabradine

(B} Addvalsartan

(Ch Discontinue hyvdrochlorothiazide and diltiazem and
sturt furosemide

() Refer for pacemaker placement

Item 44

A A7-wear-old man-is evaluated for gradually progressive
exertional dyvspnea and bwo episodes of self Timited acrial
fibrillation during the past & monihs. The atrial fbrilkation
was attributed to aleohol consumplion, and no additional
lesting was performed. Medical history is otherwise nom
contribadory. He talies no medications.

O phvsical examination, vital signs are normal. The
estimated contral venous pressure is elevated. A paraster
nal impulse is noted at the lett sternal border. Persistent
splitting of the 5, Is presenl. A grade 2/6 systolic muarnmr
is heard al the second left intercostal space, with a separate
grade 356 holosystolic murmur al Lhe apex: The remainder
of the examination is normal.

An electrocardingram is shomamn.

Which of the following is the most likely diagnosis?

(&) Coronary sinus atrial seplaldefect (ASD)
(B Ostium primum ASD

() Ostium secundum ASD

(1Y Sinus venosus ASD
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Item 45

A 59 vear old man is evalunated during a routine examina
tiom. He fecls well and has no symptoms, Medical history
is signilicant for hvpertension. e does not smaoke, and he
does not have diabetes mellitus. He is active, performing
acrohic exercise or 20 to 30 minutes lour limes per weel,
Mecications are lisinopril and chlorthalidone.

On physical examination. the patient is afebrile, blood
pressure is 12274 mm Hg, and pulse rate is 76/min. Cardiac
examination is unremarkable.

Laboratory studics:
Total cholesterol 169 ma/dl {4.38 mmol/|)
HDL cholesteral 36 mg/dL (0,93 mmol/L)

LD cholesteral 106 mg/dL (2,75 mmaol /L)
Trighvcerides 135 mgfdl (153 mmol/Ly

Which of the following is the most appropriate next step in
management?

[A) Begin low -infensity statin therapy

B} Begin moderate- intensily stalin therapy

1) Begin high intensity statin therapy

(I3} Caleulate the 10-year atheroscleratic cardiovascular
disease risk

(E} Repeat Hpid level measurement in 5 years

ltem 46

A o-yvear-old man has just received an aortic valve replace
ment with a mechanical prosthesis. He is otherwise healthy
and takes no medications,

Omn physical examination, vital signs are normal. There
i= a regular rhythm with a normal 5,, a mechanical 5, and
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Self-Assessment Test

no murmurs. The remainder of the physical examination is
normal.

Which of the following is the most appropriate antithrom-
botic therapy?

{A) Apizaban

(B} Dabigatran

() Warfarin

{0 Warlarin and aspirin

{F} Mo anticoagulation required

Item 47

A 79-vear-old woman is evaluated in the emersency depart
ment for palpitations that have occurred inlermittently over
the past 48 hours. Medical history is significant for hyper
tension and hyperlipidemia. Medications are low  dose aspi
rin, atorvastaling and Bsinopril.

On physical examination, temperature is 368 °C
(5.2 7F), and hlood pressure is ILE74 mm Hg. The resting
pulse male is NOGmin with intermittent irregularity. The est
mated central venous pressure isnormal. Cardiae examination
reveals tachyeardia with a splil 5,. The lung fickdsare clear. The
extremities are warm and well perfused without edema,

An electrocardiogram is shown.

Which of the following is the most appropriate next step in
management?

(A) B Blocker therapy and anticoagulation

(B} Intravenous adenosine

() Intravenous procainamide

(1 Urgent cardioversion
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item 48

A 60-year old man is evaloated for a 5 month history of
exertional chest discomfor thal improves with rest. His
symptoms have progressively worsened such thal he has
reduced his activity 1o a minimum. Medical history is sig
nificant for hypertension and hyperlipidenia. Medications
are low dose aspirin, losartan, hydrochlorothiaeide, and
atorvastatin,

Om physical examination, the patient is afebrile, blood
pressure 15 122071 mm Heg, and pulse rate is 74/min. Car
diac examination shows a normal 8, and 8, A grade 276
ereseendo-decrescendo systolic murmur is heard best af the
upper sternal border with no radistion. Lung examination
is normal,

A stress echocardiogram shows 2-mm ST scegmoent
depression at peak stress, normal lefi veniricular function
at rest, normal valvolar function, and anterior hypokinesis
al peak stress (normal at rest). A 5.4-em ascending tho-
racic aortic ancurysm is noted at the level of the sinuses of
Valsalva. Coronary angiogram reveals 807 stenosis of the
left main coronary artery bifurcation with no significant
dHsease of the left anterior descending, lel circamilex, or
right coranary arteries.

Which of the following is the most appropriate next step in
the patient’s management?

1A} Coronary artery bypass graft surgery

(B Metoprolol and isosorbide mononitrate

() Perculaneous coronary intervention

(D) Simultaneous coronary artery bypass graft surgery
and portic repair

item 49

A 17 year old man is evalualed in the emergency
department for right sided weakness, Medical history
is significant for beart failure with placement ol a
el ventricular assist device 2 vears ago. Family his
tory Is sipnificant for familial cardiomyopathy. Medi
cations are warfarin, aspirin, lisinopril, carvedilol, and
furosemide,

On physical examination, temperature s normal,
mean arterial pressure measured by Doppler ulivasonog,
raphy Is 1 mm Hg, polse rale iS5 98/ min, and resple
thon eate Js To/min. Oxvgen saturation s 990% breathing
ambient atr. ‘There is no jugalar venous distention. Nearo
logbe examination demonstrates global aphask, righl srm
paralysis, antigravily movement in the right leg, lell g
preference, and decrensed blink: response (o Lhreat from
the righit sicde,

CT of the head shows sulcal cifacement and boss of
gray white dilferentiation in the territory of the kel mibdedic
corcheal artery

Which of the following is the most likely cause of this
patient’s stroke?

(A)  Carotid artery stenosis

(B Cryplogenic stroke

(€} Lacunar Infarcilon

(1 Lef ventrioular assist deviee- related thrombaosis

132

Item 50

A A8-vear-old woman is evalualed during a new- patient
visit. She reports no symptems, She is firly sedentary bl
is trying to bevome more active by joining the local health
cluh. She has noticed thal she s “out of shape™ but can cycle
on a statiomary bike with moderste intensity 1o the end of
her 30-minute workoul. Medical history is otherwise unre
markable. She takes no medicatinns,

{n physical examination, vital signs are normal. The
estimated central venous pressure 18 6 em 11,0, The api
cal impulse is nol palpable, Cardiae examinulion reveals a
grade 2/6 midsystolic murmur lecalbzed to the left sternal
horder withoot radiation. The murmur does not change
with respination or handirip but does diminish in intensity
wilh standing. The 5, is physiologically split. There are no
clicks. The lungs are clear to auscultation. Peripheral pulses
are normal in volume and contour, No ¢dema is present.

Which of the following is (he mosi appropriate manase
ment?

(A) Carndiac magnetic resonanoe imaging

(Bl ‘Transesophageal cchocardiography

(€2} Transthoracic echocardiography

(D} Routine clinical follow up without imaging

Item 51

An Bl year old woman is evaluated [olowing drog-cluling
stent placement for stable but disabling angina 1 month ago.
After srent placement, she was started on aspirin and clopi
cogrel. She is currently asymptomatic, and she is interested
in minimizing the daration of dual antiplatelet therapy
hecause of her age and comorbid llnesses. Medieal his
tury is significant for hyperlipidemia, hypertension, stage
3 chronic kidney discase. and previous peptic ulcer disease.
Cxiher medications are Hsinopril, metoprodol. alorvastatin,
and pantoprasole.

On physical examination, vital signs are normal. Oxy
pen saturation is 8% breathing ambient air. The remainder
af the examination is unremarkable,

Which of the following is the most appropriale manage
ment of this patient’s antiplatelet therapy?

(A) Discontinue clopidogrel now

(R Discontinue clopidogrel in 5 months

(G} Biscontinue clopidogrel in 11 months

() Discontinue clopidogrel and aspirin in 11 months
(F) Discontinue clopidogrel in 29 months

Item 52

A 52 -vear old woman is evalumed in the hospital for kefi
arm and Jeft leg weakness of 12 bours” duration. She has
a 4 mionth history of progressive dyspnea on exermion,
fatigue, low-grade fever., and arthralgla. She lakes no
medications.

On physical exarmimation, femperature 381 0005 F:
Onher vital signs are normal. On neurologic examination,
muscle strength is 45 inthe Jelt arm and left leg; strength in
all ether muscle groups is 55, Cardiad examination reveals




m a loud 5. a soft diastolic rumble heard ar the apex, and an

carly diastolic sound, The remainder of the examination is
GONT. el

Laboratory studies are significant for an ervthrooyte

sdimentation rate of 87 mm/ h; normocytic, normochrmmic

amenmia; and a normal leukocyte connt.

An electrocardiogram  demonstrates normal sinus

vhythm. MEI of the brain réveals multipbe small infargts.

An echocardiooram is shown, Lefl ventricular function is
POTmaL.,

Which of the following is the most appropriate treatment?

(A Anticoagniation

(B} Chemotherapy and radiotherapy

() Empiric broad-spectrum antibiotic therapy

(B Percutaenous Uansesophageal echocardiographic
gickedd biopsy

(B} Surgical excision

ftem 53

A 19-year-old man s evaluated for a hearl murmur noted
on physical examination, He reports no symproms, Medical
- hBistory is nonconLrbulory, He lakes no medications.
COn physical examination, vilal signs are normal. The
L patient is of short stature wilh hyperlelorism, neck web-
bing, and a low hairline. The central venous pressure is ele
wated with a prominent o wave, Apical impulse is normal,
and 4 prominent impulse is noted at the left upper sternal
border. The 5, is normal; the 5, is soft. A grade 476 Lite-peak-
systolic murmur is heard best al the lelt sternal border
second left intercostal space. An gjectiom click is nol
ible. The remainder of the examination is unremarkable.
Echocardiceram demensirates a dysplastic pulmanary
with a peak instanlaneons systolic gradienl of 65 mm
Pulmonary regurgitation is maoderate, The vight ventricu-
size and Munelion are normal, but right ventricular hvper
sphy is present.The left heart size and Tfunetion are normal.

of the following is the most likely genetic disorder
sible for this patient’s findings?

Diown syndrome

Marfan syndrome

Self-Assessment Test

() Noonan syndrome
(13} Twrmer syndvome

Item 54
A ST-year-ofd man is eviloated in the emergency depard
ment tfor an abpt loss o
restaurant, The ovent was wilnessed, and the patient was
noded toshake for several seconds before he repained con
seiouEness, No prodromal syimploms ceenmred helore the
episade. After the event, he had reconfusion oraltéred sen
sorium, Medical history is significant for nonischemic car
diomyopathy, He is stightly Hmited by shortness of breath
during exercise. He has been taking metoprolol succinate
and lismopril for 9 months.

On physical examination

citnisness while sitting in o

lI.'ITTl'J('I.]:I”A' 2 :.il!-I'I‘.I.I.I_
hlood pressure is 1534078 mm He, pulse rate s 720min;, and
respiration rate is 15 min. Cardiae exaninalion reveals a
regular rhvthm with intermittent ectopyv. The chest is ¢leas
to ausculiation, The estimated central venous pressure 1s
narmal. No edema s prresent. Carotid massage produces no
hradyeardia

Labdratory [nclings are nolable for a negative resall on
ameram troponin lest.

Telemelry e the emergency department demon
strates shortl runs of nonswstamed ventricular tachyeardia,
A 12 lead electrocardivgram shows premahire ventricular
coniractions. An echocardiowram demonstotes a left ven
tricular ejection fraction of 255,

1

Which of the following is the most appropriate manage
ment?

(A} Electrovncephalography

(B Exercise treadmill stress testing

(2] Implantable-cardioverter defibrilator placement
() IPET of e mediastinum

(E} Tl tabile testing

ltem 55

A A5-year-old woman is evaluated for a 12-month his-
tory of exertional dyspnea. She experiences shortness of
breath during mild exertion, such as house chores and
walking on tlat surfaces, She describes her symptoms as
dehilitating, as they have interfered with her activities of
daily Tiving. She has not had symptoms at rest, and she
has had no palpitations. She takes hyvdrochlorothiaxide
for hypertension.

O physical examination, temperature is normal,
blood pressure is 11872 mm Hg, pulse rate is 7a/min, and
respiration rate @ normal, The apical impulse is slightly
sustained but not displaced. 5, is increased. There is an early
diastolic soumd fallowed by a soft rumble heard best at the
apex. 5. is normal.

An echocardiogram shows fndings consistent with
moderate rheumatic mitral stennsis and minimal mitral
regurgitation. The mean gradient aoross the mitral valve is
2 mm g, and the mitral walve area is calculated 1o be
1.8 cm?: The mitral valve is pliable. Moderate pulmonary
hypertension is present, with an estimated pulmonary
artery systolic pressure of 45 mm Hg.
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Self-Asse ssment '_I'e_st

Which of the following is the most appropriate next step in
management?

(A Exercise echocardiography

{B)  Medical therapy

() Percutameous balloon miteal valvuloplasty
(13 Surgical miteal valve replacement

Item 56

A S6-vear-old mwan is evaluated in the emergency depart
ment for progressive chest pain and dyspnea that began
4 hours ago. Medical history is significant for hypertension
treated with Hsinopril.

On physical examination, lie is confused. Temperature
is: normal, blood pressure is 86/530 mm Hg, polse rate is
118/ mir, and respiration rare is 20/ min. Chovgen saturation
breathing ambient air-is 90%. Cardiac examination reveals
an 5, gallop. Crackles are noted on pulmonary examination.
The extremilics are cool to the fouch.

An electrocardiogram is shown. A chest radiograph
reveals pulmonary edemia.

Aspirin is initisted in the cmergency department.
Which of the following is the most appropriate immediate
management?
1A} Admission to the ICU for medical stabilization
(B Intravenous meloprolol
() Percutaneous coronary intervention
(1) Sublingual nitroglyeerin
() Themmbaolylic therapy

T

ITEM 56

124

Item 57

A 54 yearold man is evaluated during a routine exam:
ination. He is asymptomatic, and he exercises regularly
without any limitations. Medical history is significant for
hypertension and 4 bicuspid aortic valve with an enlarged
aortic roof (measuring 5.1 om 6 months ago). Family history
iz unremarkable, His only medication is losartan,

On physical exaimination, blood pressure is 12270 mm Hg,
Cardiac examination reveals a midsystolic ejection click and
4 grade 26 crescendo-decrescendo systolic murmur at the
second right inlercostal space. The remainder of the exam
ination is unremark able,

Transthoracic cechocardiogran shows normal left ven
tricular function and a bicuspid aortic valve., The mean
gradient across the aortic valve is 20 mm Hg, and the aortic
valve area is L6 e’ The ascending aorta is 5.1 cm: the
descending thoracic aorta is incompletely visualized.

Which of the following is the most appropriate manage-
ment?

(A} Aortic valve replacement and ascending aortic repair
{B) Ascending aortic repair

() Dobutamine stress cchocardiography

{13 Repeal cchocardiography in & months

Item 58

A de-year-old woman is evaluated in the emergency depart
ment for progressive dyspnea. She gave birth 3 weeks apo.
The pregnancy and delivery were uncomplicated. She has
no history of cardiovascular diseasze,




Umn physical examination. lemperature is normal,
blood pressure is 100/72 mm Hg in both anms, pulse mate
15 102/min and regular, and respiration rate is 26/min. The
estimated central venous pressure is elevaled, Cordiac pal
pation reveals a diffuse apical impulse, The 5, and 8, are solt.
AnS, and 5, are present. A grade 2/6 holosystolic marmar is
heard at the apex, Crackles are auscultated bilaterally.

An electrocardiogram demonstrates sinus tachycardia
without ST T wave changes. Transthorucic echocardio
gram reveals ventricular dilatation with global reduction
in contractility; the left ventricular ejection fraction is 307

Which of the following is the most likely diagnosis?

{A) Acute aortic dissection

iB:l Acute pulmonary cmbolism
{C) Peripartum cardicmycpathy
{1 Takolsubo cardiomyopathy

Item 59

A 48 year okd man is evaluated for a 6 month history of
ptermittent palpilations with accompanying lighthead-
edness and near syncope. The episodes list approximately
5 minutes and occur once or twice per week, He cannot
Identify any precipilating Lriggers for his symptoms, Medi
cal history Is notable for hypertension, His only medication
Is chlorthalidone,
O physical examination. vitul signs and the remainder
of the examination are normal.
An electrocardiogram shows normal sinus rhythm
no evidenee of preexcitation.

ich of the following is the most appropriate diagnostic
2 option?

Electrophysiology study

External event recorder

Kl 24 Hour ambulatory electrocardiographic monitor
D) Emplantable loop recorder

60

L 70 vear old woman is evaluated in the emergency
fepartment for dvspnea. For the past 5 days, she has had
pueressive shoriness of breath associated with a nonpro
cough. Symptoms are greatest with exertion and
gsibly when lying down. She has had no fever, chest
i, or Increase in her chronic lower extremity edema. Her
gher medical problems are chronic venous insufficiency,
O, and hypertension. Medications are chlorthalidone.
dodipine, lisinopril, and a tloteoptum inhaler,
~ On physical examination, she is afebrile, blood pres
gre Is 144/88 mm Hg. pulse rate is 90/min, and respiration
pe k= 22 /min. Oxygen saturation is 949'% breathing ambicnt
L BMI is 36, Because her neck is large, it is not possible to
ate central venous pressure. Breath sounds are distant,
h occastonal end-expiralory wheezing, Heart sounds
edistant, and extra sounds or murmurs are nol detected.
e 15 2+ ankle edema with hyperpigmentation localized
the medial aspect of the ankles.,
- B type nairivretic peptide level is 128 pg/mL {128 ng/L).

Self-Assessment Test

A ¢hest radiograph shows increassed rudiohicency of
the lung, tlat diaphragms. and a narrow heart shadow con-
sistent with COPL.

An clectrocardiogram shows evidence of lell ventricu
lar hyperirophy,

This patient’s B type natriuretic peptide level is most con-
sistent ‘with which of the following causes of dyspnea?

(A) Acute heart failure
(B) Chronic hean failore
IC)} Noncardiae discase
(D} Cannot be determined

item 61 m

A& 77 year-old man s evaluated for 8 4 week history
of progressive left foot pain that occurs al rest. He also
hias call muscle pain that worsens when he ambulates
Medical histery s significant for type 2 diabetes melli
tus, hy pertension, and hyperlipidemia. Medications are
Iow - dowse aspirin. metformin, amiodipine. lisinopril. and
rosuvastatin.

On phyvsical examinetion, emperatun is 36.8 "C (9827,
bl pressure is 13979 mim Hg, and pulse rate i 92/min.
The left fool is cool. There is a shallow 3.0.om x 2.5-¢cm
ulceration on the medial aspect of the lell lirst metatarsal.
Peclal prealses are diminished on the right and absent on the
lefl, Lelt foot sensation and muscle strenglh are intact.

The ankle hrochial index is 0.6 on the right and unob
tainable v the left.

Which of the following is the most appropriate nexi step in
management

(A) Add vorapaxar

() Invasive angiography ol the left eg

() Muagnetic resonance amsiography

(13} Primary below- knee amputation

Item 62 m

A 68 year oldwoman isevaluated in The ¢mergency depart
micnl for o1 howr history of chest pain. Medical history is
significamt for hypertension and a 200 vear history of 1vpe
2 diabetes mellitos, Medications are metformin, quinapril,
andl aspirin

O physical examination, blood pressire is 95760 mm
Hy, pulse rate is 50 min, and sespiration rate s 1o/min: The
patient s alert and conversant. The precordial codence is
ok regualar. There is no evidence ol palmonary or peripheral
compestion, and the cxtrermities are warm,

Labaratory studies reveal a serum eoponin T level of
L1 ng/ml, (1.1 pg/ LY.

An clevirocendiogrom is shown (see lop of next pagel.

Which of the following is the most appropriate next step in
managemenlt of this patient’s arrhythmia?

(A) Cardiac catheterization

(1) Echocardiography

() Permanent pacemaker implantation

{1 Termporary pacing
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ltem &3

A Ta-year-old man is evaluated during a routine examina
tion. He is physically active and participates regularly in
charitable running events. He has no cardiac symploms,
and his medical history is unremarkable.

O physical examination, vital signs are normal. The
lungs are clear. Jugular venous pulse is normal. Carolid
upstrokes are normal. The apical impualse is palpable and not
displaced or sustained, There is o grade 3/6 diastolic decre
seendo murmur best heard al the lell lower sternal horder,
The remainder of the examination is normal.

A transthoracic echocardiogram shows severe aortic
regurgitation. The lefl ventricular ejection fraction is 65%.
The lefi veniricle is minimally dilated with an end-systolic
dimension of 40 mm.

Which of the following is the most appropriate next siep in
management?

A) Carvedilol

(B)  Lisinopril

IC) Surgical aorlic valve replacement

(D) Clinical and echocardiographic follow up in & to
12 months

Item &4

A 65-year old woman is evaluated in the hospital follow
ing primary perculaneous coronary inlervention wilh stent
placement in the mid lelt anterior descending artery. She
presented 4 hours ago with findings of an anterior myocar
dial infarction complicated by heart failure, Medical his
tary is significant for hyperlipidemia, hypertension, Lype
2 diabetes metlitus, and previous ACE inhibitor-induced
cough, Medications are atorvastating aspirin, clopidogrel,
metlormin, and Mirosemide,

136

On physical exgmination, vital sipgns are ndrmal.
Cxveen satiration is98% on 3 Loxvgen by nasal cannula.
The estimated central venous pressure is elevated. An
Sy 05 present. Pulmonary examination reveals bibasilar
crackles.

Laboratory studics are notabde for normal seram creat
e and serum pofassiom evels.

A chest radiograph shows pulmonary cdema. An echo
cardiogram demonstrates a leff ventricular ejection fraction
of A,

Which of the following is the most appropriate
treatment?

(A Curvedilol

{B}  DiflEuesem

{C) Hvdralaringe - isosorbide dinireate
{I¥} Valsarian

Item &5

A Zo-year-old man is evaluated for a 3 day history of pro-
gressive exertional dyspnea and palpitations. Medical his
tory is notable for hypertrophic cardiomyopathy and mild
milral regurgiltation. His only medication is metoprolol
succinate.

Om physical examination, pulse rate is LI6/min ind
irregularly irregular, Oxyvgen saturalion is 98% breathing
ambient air. There is jugular venous distention. A grade
376 systolic creseende decreseendo murmur is heard along
the left sternal border. The remainder of the examination is
nurral,

An - electrocardiogram demonstiates atrial fibrillation
wilh rapid ventricular response. Transesophageal echo
cardiogram shows asymmetric seplal hypertrophy and
dynamic left ventricular outflow tract obsiruction, with




2 gradient of 36 mm Tg. There is no evidence of kel atrial
~appendage thrombus.
' His CLEA DS, VASe seore is O poinls.

In addition to acute anticoagulation with heparin, which of
the following is most appropriate for thromboembolic risk
- reduction in this patient?

A Dabigatran

B Dose adjusted warfarin
C} High dose aspirin

D) No further therapy

E 1 m 66
A 78 year-old man is evaluated for exertional dyspnea.
e was previously asymptomatic, but 4 menths ago he
Beran having shortness of breath during moderate levels of

ctivity. The dyspnea dissipates with rest. He is otherwise
Bealthy and takes no medicalions.

On physical cxamination, temperature is normal,
e Blood pressure is 132580 mm Hg, pulse rate is 80/
L and respiration rale is 22/min. The lungs are clear to
ation. The carotid upstroke is delayved. There isa grade
6 late peaking systolic murmur best heard al the base of
heart with radiation w both carotid arteries, 5 s normal;
e gortic component of 5, is diminished. The remainder of
'_'::éxamjnatinn is unremarkable.
~ An echocardiogram demonstrates a left ventricular
section fraction of 65%. There is moderale sortic slenosis,
12 mean gradient of 28 mm g and an aortic valve area
LSieme.

‘hich of the following is the most appropriate next step in
gement?

i Cardiac catheterization

8 Surgical aortic valve replacement

¢ Transcatheler aortic valve replacement
) Continued clinical observation

em 67

year-old woman undergoes routine evalualion. She
seen a physician recently bul reports no symproms.
dizgnosed with a ventricular septal defect al age 7
T Resular evaluation was performed during child

wl. Medical history is otherwise noncontributory, and
‘takes no medications.

On physical examination, vilal signs are normal. ‘The
wiar venous pressure and apical impulse are normal, No
ernal impulse is noted. The 5 and 5, are masked by
d holosystolic murmur noled al the lefl ower sternal
der. The remainder of the examination is unremarkabsle,
An electrocardiogram and chest radiograph are nor

A transthoracic echocardingram demonsirales a meim-
5 ventricular seplal defect with a small left to right
The bell ventricular size and function are normal,
b an ejeclion fraction of 60%,. The right heart chambers
walve funclion are normal, The estimated pulmonary
¥ pressure is normal.

Self-Assessment Test

Which of the following is the most appropriate management?

{a) Cardiae catheterization

{B) Cardisc magnetic resonance imaging
IC) Endocarditis prophylaxis

() Follow-upin 3 to 5 years

Item 68 m

A 35-venr old woman i evaluated in the emiergency depart
ment fara 3 week history of progressive dysprica, fatigue,
chest “Follness, ™ and bilateral periphenl odema. Her nied
ical history 8 notable for systemic lupus ervibematosis
manifested by malar mash, polvarcticular arthritis, and pre
viows plearad etfusion, Her medications are hivdroxychlorn
gpuing,; ibuprofen, and prednisone.

On phsical examination, temperature iz 381 °C
LG TR, Blood pressaee is 108 68 mm He with pulsas par
adoxsg of 18 mm He, pulse rale @5 1605min, and respination
rades IS TRAmin. Oixvgen saturation is 47% breathing amibiem
ait, ugular venous distenlion 0O the angle of the mandible
is present. Heart sounds ave soft. No rubs, murmurs, o dia
stalic sonmds are presend. Vitling edems is nobed hilaterally
to above the ankle,

A chest radicgraph 2nd efectrocardiogram are shown
s top of next pagel.

Which of the following is the most likely diagnosis?

{a) Cardiac tamponade

(R} Constrictive pericarditis
(2 Pulmonury emmbalism
{13 Pulmonary hypertension

item 69

A 56 year old man is evaluated for cardiovascular risk
assvssmment. ALa recent emploves health sereening, he was
informed that he has efevated cholesterol levels. He feels
well and exercises three w four Limes per week withoul any
symptons, He does not use tobacon. Medical history is unre
markabile. Family hislory is notable for e myocardial infare-
tion in his father al aee 549 vears, He takes no medications.

O phivsical examination, the patient is afebrile, blood
pressure is 124/82 mm He, and pulse rale 38 76/ min, BMI is
28, Cardiovastular examination is normal.

Laboratory studies:

Total cholesterol 194 mgfdl (5.02 mmol/L)
HDL cholesterol 28 mg/dl (0,98 mmol /L)

LDl echotesterol 122 me/dL (306 mmol L)
Triglyeerides 170 mgddL (.92 mimal/L)

His L0 year tisk for atherosclerotic cardiovascular
disease using the Pooled Cohort Eguations is 75,
Which of the following is the most reasonable next step in
management?
() Adienosine cardiac magnetic resonance imaging
{B) Coronary artery calcium scoring
() Exercise stress echocardiography
(13} Lipoprotein{a) measurement
(K} Pharmacolopic noclear stress testing
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Self-Assessment Test

iTEM &8

Item 70

A 69-year-old man s evalwiled afler a recent hospital
tzation for heart failure, On hospital admission, he was
appropriately (reated, and an echocardiogram showed a
left ventricular cjection (raction of 30°% and el ventricular
hypertrophy. He is currently asymptomatic. Medical his-
tory is otherwise stgnilicant for hypertension and hyper
lipidemia. Medications are enalapril, furoscmide, how-dose
aspirin, and atorvasiatin,

On physical examination, vital signs are normal, There
is no jugular venous distention. Candiae examination is
normal, No edema s noted,

Which of the following is the most appropriate treatment?

(A) Add Bisoprodo
(B} Add diltineem
() Add spironolactone

138
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(1)) Discontinue enalapril and add losartan
(E} Noadditional therapy

Item 71

A 6d4-yvear-old man s evaluated following coronary ungi

ography. He initially presented several weeks ago for pro

gressive exertional chest pain and shortness of breath
Nuchear stress testing demonstrated a large anterior stres
defect and an ejection fraction of 33'%, Coronary angio

graphy was significant for 90% stenosis of the proximal lefl
anterior descending artery, a chronically occluded righs
voronary -artery, and 80% stenosis of the left clrcumifles
artery. He currently has stable dyspnea and chest pressure
with moderate activity. Medical history s significant fos
hyperlipidemia, hypertension. and Lype 2 diabetes mellitos
He s taking optimal doses of aspirin, listnopril, carvedilol
amlodipine, atorvastating and metformin




On physical cxamination. temperature is normal,
Blood pressure is 125/70 mm Hyg, pulse rale is 60/min, and
respiration rate is 18/min. The remainder of the physical

- examination is unremarkahle.
Which of the following is the most appropriate next step in
management?
(A Add ticagrelor
(B} Coromary artery bypass graft surgery
() Multivessel percutanenus coronary intervention
{13 Percutancous coronary intervention of the left anle
rior descending artery
(E} Continue current medical therapy

Item 72

A 42-vear-old woman is evaluated Tor o 3-year history of

palpitations and fatigoe. She reports no chest pain, diviness,
REaT SYNeope, or syneope. An exercise slress lesl and echo-
cardiogram were normal when she was evaluated for palpi
tations | year ago. There is no Bamily history ol sudden cardiae
death or heart failure, Her only medication is metoprolol.

£n physical examination, vital signs and the remainder
of the examinalion are unremarkable,

An electrocardiogram is shown., Ambulatory 24 hour
electrocardingraphic monitoring shows frequent mono
morphic premature ventricwlar conleactions (22% of all
beats) and frequent venlricular bigeminy. An echocardio
gram oblained I week ago showed mild 1o moderate global
decreased left ventricular function with a left ventricular
ejection fraction ol 45%.

Which of the following is the most appropriate management?
(A} Amicdarone
(B} Cardiac catheterizalion

i1
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ITEM 72

() Cardiopulmonary exercise testing
{13} Catheter ablation of premature ventricular contractions

Item 73

An B year- old wornan is hospitalized for acute decompen

sated heart failure. Her medical history s significant fora
stroke 4 véars ago. Bvpertension, severe COPL, and stage 3
chronie kidnéy diseasce, She underwent diuresis with far

semide overnight and is pow resting comloriahly. Heeout

patient mechcations are Hsinopril, #orvastabing low dose
aspirin, tiotropium, and as needed albuterol.

Cm phvsical examination, lemperature is nonmal, Biood
pressure is 95005 mim Vg, pudse rate is 800 min, and respira
tom rateis normal. Oxvpensaturation i 90% on 2 L ofoxyoen
by masal annula. Biksteral erackles are noted in the bottom
gprarter of the hong fie lds. The estimated central venons pres
sure is elevated. 5 is diminished, A grade 3/6 holosystolic
rariaranc soft diastalic rumble are present at the apex,

An echovardiogram shows o Dail sepment involving the
posteriorleatletof the imitral valve and severe regurgitation.
The left ventricular ejection fraction is 60,

Cardizand pubrmomary sureical risks arcestimated 1o
be high lestimated operative mortalily, 1041

Which of the following is the most appropriate next stepin
management?

(A)  Mitral yabve replacement

(B} Surgical mitral valve repair

1) Transcatheter miftral valve repai

(D) Continue curren L medical Lherapy

item 74

A 62 year old woman is evaluated for a2 month history of
crertional right leg pain. She has no associated chest pain,

21
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shortness of breath. or other symptoms. Medical history is
significant for hypertension, Modications are lisinopril and
chlorthalidone.

Om phyvsical examination, vital signs are normal. The
right dorsalis pedis and posterior tibialis pulses are faint.
and the left dorsalis pedis and posterior Libialis pulses are
slightly diminished.

Laboratory studies:

Total cholesterol 180 mg/dL (4.66 mmol/L)
HDL cholesterol 54 mg/dl, (140 mmol/L)
LDL cholesterol 101 mg/dl 262 mmol/1)
Triglycerides 125 mg/dl. (1.41 mmol/L}

The rightankle brachial index is 0.75, and the left is 0,92,

The patient’s 10 vear risk for atherosclerotic cardiovas
cular disease is 5.4% hased on the American College of Cardi
ology ! American Hearl Assoclation Pooled Cohort Equations,

In addition to aspirin and dictary and exercise counseling,
which of the following is the most appropriate treatment?

A} Evolocumab

(B} Ezetimibe

(2} High- intensity alorvasiatin
D} Moderate -intensity pravastatin
(F) Noadditional therapy

Item 75

A 72 year-old man is evaluated for u 4-month history, of
progressive exertional dyspnca. He has a 3-vear history of
ischemic cardiomyopathy, and in the past 6 months, he has
haie twir hospitalizations for heant fallure exacerbations. e
currently has shoriness of breath at rest. Medical hislory is
otherwise significant for renal cell corcinoma treated with
surgical resection 4 years ago. Medications are enalapril,
bisuprolol, furosemide, alorvastatin, and aspirin.

On physical examination, temperatare is normal,
blood pressure is 104/80 mm Hg, pulse rale is 98/min, and
respiration rate is 18/min, His neck veins are flat. Cardiag
examination reveals an 5, There s no peripheral edema.
Extremities are conl,

Laboratory studies show a blood urea nitrogen level
of 10 mg/dL (14.3 mmol/L) and a serum sodium level of
134 mEqg/L {134 mmol/L). The serum creatinine level is
L7 mg/dL (1503 pmaod/ L), which is increased from 1.4 mg/dl.
(123.8 pmol/L) 3 months ago.

An glectrocardiogram shows a QRS duration of 90 ms.
An echocardiogram shows a left ventricular cjection lrac
ton of 15%, left ventricular diastolic diameter of 8.2 cm
(normal 3,9-5.3 cm), and moderate mitral regurgitation.

Which of the following is the most appropriale management!

tA) Cardiac resynehronization therapy

(B) Cardiac mansplantation

(C)  Lef ventricular assist device placement
(D) Mitral valve repair

item 76

A -year old woman undergoes preconception cardiac eval
uation. Medical history is signilicant for tetralogy of Fallot
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with a palliative right subclavian ariery to-pulmonary artery
(lalock Taussigl shunt in infancy and subsequent closure of
the shunt and enlargement of the rghit ventricalkar outflow
et ol 3 years of age. She is asymplomatic.

On physical examination, vital signs are normal. The
estimated fugular venous pressure Is elevated with a visible
chwave, The apical impulse is nermal; a parasternal impulse
is noted at the keft sternal border. 5, is normal, and S, Is
simggle, with a solt early systolic murmuor at the second left
imtercostal space. A grade 2/6 dlastolic decrescendo mur
mur is noted af the lefl sternal border that increases with
inspiration. The remainder of the examination is normal.

A chesi radiograph s shown,

Which of the following is the most likely diagnosis?

(A} Aortic regurgitation

(B} Mitral stenosis

() Pulmonary valve regurgitation

() Recurrent ventricular septal defect

Item 77

A 68 year-old man is evaluated during a routine ¢xamina
tion, He is asymptomatic. Medical history issignificant fos
hypertension and hyperlipidemia. He hasa 50 pack: vear
smoking history but guit smoking at age 45 years. Medica
tions are low  dose aspirin, atorvastating and amlodipine

Cn physical examinalion, vilal signs are normal.

An abdoeminal aortic duplex ultrasound shows an
ahdominal sortic anearysm with a maximum diameter of
3.5 cm.

Which of the following is the most appropriate management”

(A} Aorlic aneurysm repalr

(3 CT angiography

(€) Repeataortic ulirasonography in 24 4o 36 months
1D Nofurther testing




m Item 78

A6 vear old man is evaluated in the hospital for a6-week
history of Fatizue and worsening dyspnea. Medical history is
sigmiticant for a bicuspid aortic valve. He takes no medications,

On physical examination, fempensure is 381 °C
{1006 7F), blood pressure’is 118/58 mim Hg, pulse rage is 92/
min, and respiration rate is Imin. Oxygen saturation is 98%
breathing 2 1. of oxyeen by nasal cannula, Cardiac examing
tion reveals a grade 2/6 dinstolic murmur heard best at the
lefl lower sternal border. There are erackles at the lung bases
bilaterally. Compumetival hemorrhage is present inthe lefi eve.

Laboratory studies are notable fora leukooytocount of
15,000/ {15 = 10" LL Three sets of blood cultures ave posi
tive for gram- positive couet.

An electrocardiogram shows sinus rhythm, a PR inde
val of 220 ms, and QRS duration of 1060 ms.

Which of the following is the most appropriate diagnostic
test to perform next?

(A} Cardiae magnetic resonance imaging
(B Corenary CT angiography

1) Transesophageal echovardiography
D) Transthoracie echocardiography

Item 79

A &9-year-old man is evalualed during a {ollow ap visit
He initially presented with a 3-month history ol chest pres-
sure and dyspnea that occurred primarily with exertion.
Despite maximal medical therapy, his svmptoms have not
abated and adversely atfect his quality of life, Medical his
tory is significant for type 2 diabetes mellitus, hyperten
siom, and hyperlipidemia. Medications are low dose aspiring
metformin: long-acting nitroglycering and oplimal doses of
metoprolol, lisinopril, ranolazine, and simvastagin.

On physical examination, blocd pressure is 12893 mm
Hg, and pulse rate is 60/min. Cardiac examination reveals
a normal 5 and 5, witheul an 5, or 5. There is ng lower
extremily edema,

Cornonary angiogram is significant for a normal left
main coronary artery and a 90% stenosis in 1he proximal left
anterior descending artery resulting from uleerated plague.

Which of the following is the most appropriate manage
ment?

(4] p-Carotens
B}  Cardiac rehabilitation

ax,r
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Self-Assessment Te_;_t

(C) Percutanecus coronary inlervention
(I Ticagrelor

item 80

A 26 year old woman seeks preconception counseling.
She has a history of mitral stenosis and underwent mitral
valve replacement with a tilting disc mechanical prosthesis
5 years ago, She is asymptomatic, Medications are warfarin,
Amgid, and low-dose aspirin,

Om physical examination, a normal mechanical 5, and
normal 8, are appreciated. The remainder of the examina
tion is unremarkable.

Laboratory studies reveal an INR ol 3.0 {therapeutic
targel, 3.0).,

An electrocardiogram demonsirales normal sinus
rhythm.

In addition to continuing low dose aspirin, which of the

following is the most appropriate anticoagulation regimen
for this patient during the first trimester?

iA) Conlinue INR -adjusted warfarin

(B} Stop warfarin and starl apixaban

{C) Stop warfarin and start unfractionated heparin, 5000
units subomtancously bwice daily

(1} Stopwarfarin and start weight-based low-molecular
weight heparin

item 81

A Sl-vear-old woman 15 evahuated in the ICL after Being
admitted 2 days ago for severe comrmunity-acguired pneu
momia, A chest radiograph demonstrated vight lower lobe
consolidation, and she was started on moxilloxacin. Today,
she developed an archythmia that terminated alter 20 sec
onds: An electmeandiogram (BECG)H obtained at the time of
admission was normal. Medical history iz significant for
hipertension, hyvperlipidemia, and depression. Other med
it ions are venlafaxine, carvedilol, dnd sivisiatin,

On - physical examinatlon, femperature is 384 70
{1011 "F). blood pressure is 140/90 mm Heg, pulse rale is
G1imin, and respiration rate is 18/ min. Diminished breath
sounds are located in the right lower posterior thorax. The
remainder of the examination is unrenirkahle,

An FCG at the time of the arrhythmic event is shown.
An BCG after the episode reveals a corrected QT interval of
bl ms.
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Seli-Assessment Test

Which of the following medications should be discontinued
on the basis of this patient’s ECG findings?

(A) Carvedilol

(B} Moxifoxadin

{C) Simvastatin

1M Venlafaxine

Item 82

A A0 year old man is evalualed during a routine examing
tion, He has a history of cardiac murmur, 1e is asymptom
atic and active, cycling 12 miles Lhree or four times per week.

On physical examination, vital signs are normal. There
is no jugular venous distention. Cardiovascular examinalion
revedls a pointofmaximal impulse thal is displaced laterally
and is diffuse. A grade 5/6 early diastolic decreseendo mur
mur is heard at the lefl parasternal third intercostal space,
Lungs are clear, There are brisk, prominent distal extremity
pulses,

A iransthoracic echocardiogram demonstrates a bicus-
pid aortic valve and scvere aortic regurgitation. Lell ven
tricular end-systolic dimension is enlarged at 58 mm. Lell
ventricular ejection [maction is 505, The proximal ascending
aorlic diameter is 50 mm {normal, <35 mmb.

Which of the following is the most appropriate manige-
ment?

(A) Aortic valve and root replacement

() Clinical and echocardivgraphic surveillance
(¢} Initiation of nifedipine therapy

(D) Treadmill stress echocardiography

Item 83

AS2 vear old man is cvaluated hefore discharge. Medical his
lory is signiticant for atdal tbrillation and a 7 vear history of
heart fallire with reduced ejection fraction. He was initally
hospitnhized foroa 2 week Distory of increasing exertional
dysprea, peripheral edenya, and o welght gain of-1.1 ke (9 1b),
He had not been taking his medications for the past month
He undervwent diuresis with o loss of 6.8 ke (15 1b). and he
vurrently feels well, Medications are furosemide. digoxin,
warfarin, and kow doses of carvedilnl and lsinopril.

Om physical examination, vital signs are normal. Othes
than an imegulady irmegalar rhyvthm, cardiopulmonary
examination is normal. There s no peripheral edema.

Which of the following is the most appropriale manage
ment?

A} Add ivabradine

1B Addd spironolactone

() Perform cardioversion

(1) Schedule follow op within | week

item B4

A 50 year old man was disgnosed with hypertrophic car

diomyopathy following an episode of syncope. An implant

able curdioverter defibrillator was placed. and meloprofol

142

was initioted. Genelic lesting revealed a mutation of the
B myosin heavy chain gene associated with hyperirophic
cardiomyopathy. Medical history 18 othensdise unremark
able, The patient hasu 16 vear old daughter who is asymp
tomatic,

Which of the following is the most appropriate manage-
menti of this patient's daughter?

(A)  Electrocardiography and echocardiography screening
at age 21 years

(B) Electrocardivgraphy and echocardiography screening
al age 40 vears

(C)  Electrocardiography and echovardiography scereening
irsymptoms develop

() Genetic counseling and testing

Item 85

A 29-year-old woman s evaluated during a routine office
visit. She was recently dingnosed with rheumatoid arthriris,
for which she is taking naproxen and methomrexate, She is
otherwise well. She docs not smoke, drinks one alcoholic
beverage daily. and engages in sirenuons physical activity
» days per week for 30 minutes cach session. Her mother
and father are first-generation lapanese immigrants, both
in excellent health,

On physical examination, vital signs are normal, Car
diovascular examination is normal. 'There is evidence of
synovitis invelving the secaond, third, and fourth metacar-
pophatangeal joints bilaterally.

Her most recent lipid profile showed a total cholesterod
level of 128 me/di. (3.32 mmaol/1)} and a caleulated LDL cho
lesterol level of 72 mg/dL (1.86 mmaol/L).

Which of the following is the most significant risk factor for
Tuture cardiovascuolar disease?

(A} Activily level

(B} Aleohol consumption
1) Erhnicity

(1) Rheamatoid arthritis

Item 86

A 26 year-old woman is evaluated for palpitations and
fatigue of several months’ duration. Her symploms are pres
ent ar rest and ageravated during light activily, includisg
climbing stairs and walking guickly. She reports no ds
pmen, chest pain, orthopnen, lower extremity edema, o8
syneope. Medical hislory 1s otherwise unremarkable, a
she takes no medications.

On physical examinaton, temperature is no
hlood pressure fs 110/65 mm He, and pulse rate is 115
Orthostatic vital signs do ot demonstirate any signi
changes with posture. Precordial examination reveals
tachyeardia but regular rhythm with no gallops. No thy
fullness or tremors dre noted. ‘The remainder of the
ination is normal.

Laboratory studies are significant for a normal ©
plete blood count, serum thyroid-stimulating ho
level, and 24-hour excrelion ol urine catecholamines.



A 12-1ead electrocardiogram is notalble for sinus tachy
cardia with a normal I wave axis. A 24 hour ambulatory
electrocardiographic monitor shows sinus tachycardia
throughout the waking hours, witha decline in heart rale to
Tess than 90/min during the night, The average heart rate is
10/ min. An echocardiogram reveals a structurally normal
heart with normal ventricolar function.

Which of the following is the most likely diagnosis?

(&) Generalized anxicly disorder
{B) Inappropriate sinus tachycardia
(C) Somatic symptom disorder

D) Subclinical hvperthyroidism

Item 87

A 68-year old man is evalualed for a 2-month history of
exertional dyspnea. Medical history is signilicant for dia
betes mellitus, hypertension, and hyperlipidemia, Medica
tions are lismopril, hydrochinrothiazide, metformin, and
atorvastatin.

On physical examination, vital signs are normal, Oxygen
saturation is 99% hreathing ambient air, Cardiopulmonary
examination shows a rezular rhythm and a paradoxically
split .. There is no peripheral edema.

An electrocardiogram is shown.

Which of the following is the most appropriate diagnostic
test to perform next?

(A) Adenosine single-photon emission CT

(B} Coronary arlery caloiom scoring

() Exercise single photon emission CT

(1M Exercise clectooardiography

Seli-ﬂ;ses;mnt Test

item BB

A 27 vear old woman i hospilaiized with a 2 month his

tory of progressive excrtional dyspnes and edema. She has
ni history of recent flu like symptoms, weight change,
arthritis, or chest pain.

Om physical examination, the patient is afebrile, blood
pressure is 11866 mm e, pulse rate Is 112/min. and respl
ration rate is 18/min. Oxoveen saturation B8 98% breathing
ambicnt oir. There I8 Jugalar venous distention (o the angle
of the jaw. Crackles are present at the lhong bases Candig
examination reveals an S, Peripheral edema is noted,

Complete blood count, serum electrobvies, kidney
function tests, liver chemistry tests, glucose level, and lipid
levels are normal,

An electrocandiosram shows sinus tachycardia with
nocmal intervals wnd no conduction delay. An echocardio
aram demonstriles o lefl ventricalar ejection fraction nf25%.
and normal lefi ventricolar dinstolic diameter.

Which of the following is the most appropriate diagnostic
test to perform next?

(A) Aciite amd convalescem viral titers
(#  Cardiac catheterization

(€} Serum iron and lerritin studies
(I Thyroid function studics

Item 89

A 66-yeur old man is cvaluated in the emergency depart
meent for chest pain and dyspoep. Three days ago, he experd
enced the sudden onsel of substernal chest pain. His symp
toms waxed and waned over @ period of 3 hours and then
spontancously subsided. Today, be began experiencing pro
gressive shortmess of breath with symploms occurring at
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CONT.

Self-Assessment Test

rest, His medical history is significant for hypertension and
hyperlipidemia: His medications are hydrochlorothiazide,
atenolol, and alorvastatin.

Oin physical examination, he appears distressoed,
Temperature is normal, blood pressnre is 95/50 mm Hg,
pulse rate is 115 min, and respiration rate is 24/min.
Oxygen saturation is 90% hreathing 4 L ol oxyaen by
nasal cannula. fTogular venous pulse is elevated and visi
ble, with exaggerated x and y descents, and the estimated
central venous pressure is 12 em HL0: Bilateral crackles
are noted, A salt, earty systolic murmur with an 5, is
audibie in the apical area. An early diastolic rumbie is
Present.,

An  electrocardiogram  demonstrales  sipnificant
waves in the inferolateral leads and elevated ST segments.
A chest radiograph confirms the presence of heart failure
with cardiomegaly and hilateral pulmonary edemia.

Which of the following is the most likely diagnosis?

(A) Aortic stenosis

(B Cardiac tamponade

)y Mitral regurgitation
(D) Tricuspid regurgitation

Item 90

A Tooyear-old woman is evaloated before discharge. She
was diagnosed with a non-ST-elevation myocardial infure
lon 3 days ago. She declined angiography, and nuclear
stress Lesting revealed a small Bateral perfusion defect amd
normial left ventricular ejection fraction. She has had no
further diseomlon since admission, Medical history is sig
nificant for hvperlipidemia, hypertension, and transient
ischemic attack. Medications are low - dose aspirin: ramipril.
metoprolol, and atorvastatin,

Om physical exarminetion, vilal signs and the remainder
of the examinalion are unremarkable.

In addition to low-dose aspirin, which of the following is
the optimal antithrombotic regimen for this patient?

tA) Prasugrel
(B} Ticagretor
() Warfarin
(0 Mo additional antithrombatic therapy

Item 91

AT} vear old man is evaluated tor a | year history of bilat
eral lower extremity edema and abdominal distention.
Eight vears ago he had esophageal carcinoma treated with
radintherapy. Medical history is otherwise significant for
hypertension. lype 2 diabeles mellitus, and hypercholes
terolemia. Medications are bumetanide, atorvastatin, met
formin, and lisinopril.

On physical examination, the pafient is afebrile,
blood pressure is 170/90 mm Hg, pulse rate is 90/min.
and respiration rate is normal, Jugalar venous disten
tiom is present to the angle of the mandible while seated,
with prominent pulsations, Cardiac examination reveals
ancarly diastolic sound at the apex, The liver is palpable
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5em below the costal margin. The abdonicen is distended
with ascites, There is bilateral pitting edema Lo the
level of the thighs. Pulmonary examination reveals no
crackles.

Laboratory studies are significant for a B type natei
uretic peptide level of 96 pe/mL (96 ngfl).

Chest radiopraphs are shown. A 12-lead electiroear
dingram demonstrates normal sinus thythm with normal
QRS voltage. Fchocardiogram demonsirales normal right
and lefl ventricular size and function. Lett ventricular wall
thickness is normal. Mild tricuspid regurgitation is present.
There are Tespiratory variation in the filling of the right
and left ventricles, veniricular septal shifl during respira-
tion, and dilation of the inferior vena cava, The cstimated
right ventricular systolic pressure is 46 mm Hg. There Isno
pericardial effusion.




Which of the following is the mast likely diagnosis?
{A) Cardiac amyloidosis

(B} Constrictive pericarditis

() Meart failure with preserved ejection fraction
(13 Restrictive cardiomyopathy

Item 92

A 35 year old woman is evaluated for exertional dyspnea of
6 months’ duration. She reports no other symptoms. Medi-
cal history s unremarkable. and she takes no medications.

{n physical examination, vital signs are normual, Oxygen
saturation is 96'% breathing ambieni air. The estimated cen
tral venous pressure is elevated. Apical impulse is normal: a
parasternal impulse is noted at the left steenal border, A sofl
systolic murmur is heard at the second lefl intereostal space,
andl a diastolic tlow rumble is heard af the left sternal border.
Fixed splitling of the 5, is noted throughout the cardiac ovele.
The remainder of the physical examination ks normal.

An clectrocardiogram demonstrales right axis devia
tion and incomplete right bundle branch block.

Which of the following is the most likely diagnosis?

(A} Atrial sepral defect

{B)  Bicuspid aortic valve with aortic stenosis
{Ch Congenital pulmonary stenosis

() Mitenl stenosis

Iltem 93

A 55 year old woman is evaluated after 4 recent hospital
admission for ischemic stroke. She presented with mild
right-sided hemiparesis, bur it completely resolved afier
the second hospital day. An electrocardiogram, transtho
racle echocardiogram, and carotid artery ultrasound were
normal. A subsequent transesophageal echocardiogram
was also normal, She has a 10 vear history of hyperiension
treated with hydrochlorothiazide,

On physical examination, vital signs are normal. Car
diac examination reveals a regular rate and rhyvthm. Neu
rologic examination is nonfocal. Hand grip strength, arm
flescion. and arm extension are 5/5 on the right and left sides.
There is no edema.

A 12-lcad electrocardiogram  demonstrates normal
sinus rhwthm.

Which of the following is the most appropriate diagnostic
testing oplion?

(A Antiphospholipid antibody testing

AR Cardiac catheterization

() 20 Duy event triggered loop récording

() 48 Hour ambulatory electrocardiographic monitoring

Item 94

A 72 veur old woman is evaluated in the hospital for a
2-week history of increasing exertional dyspes and weight
gain of 3.3 kg (73 Ibl. Medical history b5 significant for
Adiopathic cordiomyopatly with o lefl venlricular ejection
Praction of 25% and hy pertension. Medieations are Hsinopril,

Self-Assessment Test

maetiprodiil succinate. Turosemide, spiropolacione, and
digoxing

O plhiysical exsomination, the patient is alebrile, blood
pressure is 15868 mme | g pulse rate §s 96/ min. and respi
rabion rale is 18 min. Oxyeen satoration |s 98% breathing
ambdenl ait. Togular venous disteniion Is present. Cardiae
examinationreveals an S and o grade 26 apiosl holosysioli
murminr. The luimges bave occasionl bibasilar crackles. The
extremities are warm. Peripheral edema is moted

| aboratory studics are signiticant lor a serum creal
irime vl of L9 mgidl o8 pmol 1, a seram potassium
level of 4.5 mEBEqg L 4.5 mmod 1), and 3 serum sodiom kevel
oo 150 i/ L (9 mamol /1)

Which of the following is the most appropriate intravenous
treatment?

(A Programing
(B Furosemide
(Y Milrinone
1 MNesirilide

Item 95

A 26 vear old man is hospitalized for suspected bacterial
endocarditis. He has a long history of injection drug use and
has used heroin within the past month, Two weeks ago, he
began feeling feverish, and over the past 3 days, he has been
increasingly short of breath. He tales no medications,

Cm physical examination, temperalure is 38.7 °C
(10L& "F). blood pressure is 90/50 mm Hg, pulse rate is
95/ min, and respiration rate is 16/ min. Bilateral lang crack
les are present. Jugukar venous distention is noted. A grade
2/6 holosystolic murmur is heard at the apex with an 5.,
Skin lindings are shown,

The electrocardiogram is normal, A chest radiograph
shonws hilateral pulmonary edema and cardiomegaly.
Riood cultures are abtained.
Which of the following is the most appropriate next step in
management?
(A) CardiacCT
(B} Chest MRI
{€) Transesophageal cchocardiography
(D) Transthoravic echocardiography
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Item 96

AS5 vear-old woman s evaluated in the hospital for 2 sin
gle 1 minte episode of chest pain af rest, which eccnrmed
I hour hefore presentation, Medica) history i significant
for hypertension and hyperlipidemia, Medications are
hvdrochlorothiazide, ramipril, and pravastatin,

Un physical examination, vitl sipns e normal. The
remadnder of the examination ts unremar kabie

Laboratory studies are notable for normal SETUm friy
poain levels

Anelectrocindiogram demonstrates | mm ST SEPITIeTIL
depressions in keads V| through v,

Aspirin and metoprodol are inltiated.

Which of the following is the most appropriate manage
ment?

1A} Amlodipine

(R Enoxaparin and eptitibatide
1) Exercise siress testing

(1) Urgent anglography

ltem @7

A 68 year-old man is evaluated for a 4 month history of
intermittent lefl calf paln, He has a history of cigaretie
smoking bul quit 6 months age. Medical history is otherwise
significant for hyperlipidemia. Medications are low dose
aspirin and high -intensity alorvastatin,

On physical examination, vital slgns are normal.
BMI is 29. Femoral pulses are diminished bilaterally,
Popliteal, right dorsalis pedis, and right posterior tibia
lis pulses are faint. The lefl dorsalis pedis and posterior
tibialis pulses are nol palpable. Cardiae examination is
normal.
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ITEM 98
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The ankle- brachial index is 0.67 on the lefl and 0.91 on
the right,

He is enrolied in a supervised eXercise program,
Three months later, the patient calls to report thal despine
adherence o the exercise program, his symptoms have
progressed_

Which of the following is the most appropriate next slep to
reduce this patient’s leg pain?

(A Add dopidogre!

(B Discontinue atorvastatin and initiale rosuvastatin

(C) Initiate cilostazal

{11 Refer lor invasive angiography

Item 98

A9 year ofd man & evaluated in the emergency dipart
ment for palpitasions and shortness of bresth thit devel
oped abruptly 45 minmes azo. He has no stgnificant medical
history and takes no medications

On physical examination, bood pressure iy 11048 mm
Hg. and pulse rate is 2te /' min other vilal stens ure normal,
Cardiac examination reveals a rapid and regular heart rote
The 5 does not exhibit varialie intensity, The rhvtlim does
not ehamge with a Valsalva maneaver,

A2 Tead electi seardiogrim olitained in he emergency
department is shown,

Which of the following is the most appropriate next step In
treatment?

W) Adenosine

B Amiodarone

() Tharilide

(B} Synchronized cardiovession




Item 99

A b vear old man is evaloated for a 1 year history of pro
gressive fatigue, dvspnea on exerlion. and lower extreminy
eulenma, He has been hospitalized twice in the past year for
heart Gadlure, Medical history is olherwise unremarkahie,
His current medications are furosemide, amlodipine, and
spironolactone. e is black.

On physical examination, wemperature & normal,
biood pressure is 106/68 mm Hg. pulse rate is 68/min,
and respiration rate is 14/min. Oxygen suturation breathing
ambient air & normal. Jugular venous distention is noted.
No crackles are present. A grade 2/6 holosysiolic murmur
is heard ot the left lower sternal border and Increases with
inspiration. There is no 5,01 5. The liver Is enlarged. Pitting
edema Is present to the mid shin bilaterally,

An elecrrocardiogram reveals sinus rhythm, hiatrial
enlargement, and low vaoltage of the QRS complexes.
Qwaves are present in leads V, through V., Echocardiogram
reveals severs concentric left ventricular hypertrophy with
wall thickness of 16 mm. moderate bigtrial dilatation. nor-
mal left veniricular cavity size, a left ventricular ejection
fraction of 55'%, and no regional wall motion abnormalitics.
Diastolic dysfunction is noted. Right veniricular size and
systalic function are normal, and the right ventricular wall
thickness is slightly increased. The estimated right ventric
ular systolic pressure is 68 mm g, Tricuspid regurgitation
is present. There is no pericardial efTusion.

Which ol the following is the most likely diagnosis?

(A} Cardiac amyloidosis

(Bl Constrictive pericarditis

{C) Hyvpertensive heart discase

(D) Hypertrophic cardiomyopathy

Item 100

A 45 year old man undergoes a pre-employment physical
examination, Medical history is notable for aortic coarcta
ton with an end-to-cnd anastomesis performed at 4 years
of age, lle reports no symptoms, works ull tme, and per-
forms regular exercise without limitation. He takes no med-
ications.

On physical examination, vital signs are normal. An
ejection click is noted at the lefi Jower sternal border. A
grade 2/6 mid-peaking systolic murmur is noted at the sec
ond right intércostal space. The femoral pulses ane normal,
and no radial artery to-femoral artery pulse delay is pres
ent. The remainder of the physical examination is normal.

Which of the following is the most likely cause of this
patient’s systolic murmur?

(A} Aorile sienosis

B Hypertrophic cardiomyopathy

() Mitral regurgitation

I} Recurrent coarciation

Item 101

A 45 year old man is evaluated during a second follow up
wislt aller hospitalization for new-onset heart Tallure with

ol -Ansantnisnt Sask

reduced gection fraction. His cection Fraction at the time off
diagnosis 2 months ago was 12%. He reports feeling better,
with improving exercise tolerance and no exertional dys
poca, Medicutions are Tisinopril, Jow dose carvedilol, and
Trosemide. He is black.

On physical examination, the patiend is afebrile, blood
pressure is 120/76 mm Hg, pulse rate is 84/min, and respi
ration rale is 16/min. The estimaled contral venous pressure
Is normal. There is no 5, Lungs are clear, and there s no
peripheral edema.

Which of the following is the most appropriate
treatmeni?

(A Add digoxin

(B} Add hydralzgine and isosorbdde dinfirate
1) Inervease carvedilal

(D) Increase lurosemide

Item 102

A 05 year old man was hospitalized 24 hours ago with
findings of a larpe anierior myocardial infarction. He
underwent primary percutaneous coronary interven
tion with stent placement in the proximal left anterior
descending artery. He is currently asymptomatic. Medical
history is signiticant for hyperlipidemia and hiyvpertension,
Medications are atorvasiating aspirin, prasugrel, captopril,
and metopralol.

O physical examination, temperature s normal,
blood pressure is 110/65 mm Hg, pulse rale is 65/min, and
respiration rate is 18/min. Oxveen saturation ks 98% beeath
ing amhicnt air. The remainder of the examination is onre
markable.

An clectrocardiogram obialned In the coronary care
unit is shown (see top of next page).

Which of the following is the most appropriate
treatment?

{A) Ateopine

(R} Biscontinue metopeodol and observe
() Emergent coronary angiography

(D} Emerpent pacing

item 103

A4S year old man is cvaluated for hypertension. FHe isother
wise healthy and has not had anv symptoms. His father died
of an acute myocardial infarction al age 49 vears. He takes
nie medications,

tin physical examination, lemperalure is nomomal,
blood pressure 5 172/80 mm Hg. palse rate s 80/min,
and respiration rate is normal. The lungs are clear. Jug
ular venous pulse is normal S, and S, are normal. There
is a sofl ¢jection click that precedes a grade 276 diastolic
decrescendo murmur, which is best heard at the right
lower sternal border.

A transthoracic echocardiogram shows a bicospid
aortic valve with mild aortic regurgitation. The lelt venirica
lar ejection fraction is 50%., The ascending aorta is enfarged,
with a dimension of 42 mm in the mid portion.
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ITEM 102

Which of the following is the most appropriate next step in
management”

(A} Annual transthoracie echocardiography

(B} CTangiography of the aorta

(C) Infective endocarditis prophylaxis

(D) Surgical aortic valve replacement

Item 104

A 62-vear-old woman is evaluated during a routine exam
ination. She feels well and has no exercise limitalions.
Medical history is significant Tfor hypertension freated
with enalapril. She does not smoke. At her last examinag-
tion 4 yvears ago. her blood pressure was 122/76 mim Hg.
Laboratory studies at that Ame revealed a serum total

cholesteral level of 184 mg/dl (.77 mmel/L), serum HDL

cholesterol level of 42 ma/dl. (1.09 mmol/L}, and hemo
globin A, wvalue of 5.4%. Al thal time, according Lo Lhe
Pooled Cohort Equations, her 10 vear risk for athernscle
rotic cardiovascular disease was caleulated to be 3.8%. She
s gained 5 kg (11 1) since Lhen.

On physical examination today, blood pressure is
14090 mm Hez, BMI is 29, The remainder of the phyvsical
examination is unremarkable.

Laboratory studies are significant for a serum Lolal cho-
lesterol levelof 250 mpg/dl (6.47 mmol/1), a serum HIDE cho-
lesterol level of 30 ma/dl. {0.78 mmol/L), and a hemoglobin
A value of 6.6%. A subscquent fasting plasma glucose level
is 130 mgddl (7.2 mmol/ L)

Which of the following confers the highest risk for athero
sclerotic cardiovascular disease in this patient?

(A) Diabetes mellitus
(B Diastolic blood pressure of 90 mm Hyg
IC) HDL cholesterol level of 30 meg/dL (0078 mmol /L)
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{194 Swstalic blood pressure aof 140 mim Hg
{E} Total cholesterol level of 250 mgfdl (6,47 mmiol?])

Item 105

A F1-year-nld man is evaluated for a 10 day history of malaise
and fatigue. Two vears ago, he underwent dual-chamber
pacemaker implantation for third degree atrioventricular
block. Lle reports discombort al Lthe site of his pacemaker.
e has had no fever, chills, or weight Toss, Medical history is
oltherwise stgnificant Tor well-controlled hypertension and
hyperlipidemia rreated with chlorthalidone and atorvastatin

On physical examination, vital signs are normal, The
skin overlying the patient’s pacemaker pocket s slightly
erylhematous and s warm and tender to palpation. The
remainder of the physical examination is noncontributony

A complete blood count and ervihroevie sedimentation
rate are ordered.

Which of the following is the most appropriate management?

(A} Blood cultures

(B} Empiric therapy with cephalexin
() Pacemaker pocket aspiration

Uy PET/CT scanning

Item 106

A 69 vear-old man Is evaluated in the emergency depart
ment for 4 1-week history of progressive exertional dys
pnea followed by the development of rest dvspnea, He
reports an unchanged nonproductive cough without chest
pain. Symploms were not preceded by a respiralory trao
infection. He has been sleeping ina reclining chairat nighs
Medical history is significant for COPD and ischemic car
diomyopathy with a lell ventricular ejection fraction of




20%%,. He has a 30 vear history ol cigaretie smoling but quit
7 years ago, Current medications are a tiotropium inhaler,
lisinopril, carvedilol, furosemide, and low-dose aspirin.
On physical examination, the patient is afebrile, binod
pressure is 152/88 mm g, pulse rate is 98/min, and respi
ration rate is 23 min. Oxyvoen saluralion is 95% breathing

ambient air. The neck veins cannot be assessed becanse of

large neclk size. The heart sounds are distant. Pulmonary
examination reveals distant breath sounds and a prolonged
expiratory phase but nowheeses. Peripheral edema is noted.

A chest radiograph shows an enlarged cardiac silhou
ette and no infiltrates. An echocardiogram reveals a left
ventricular ejection Traction of 20% and a right ventricalar
systolic pressure of 40 mm g,

Which of the following is the most likely cause of this
patient’s symptoms?

[A)  COPD exacerbation

(B)  Heart failure exacerbation
(C} Pneumoniz

13 Palmonary embolism

Item 107

A G4-year old man is evaluated in the emergency depart
ment for a 1 week history of cxertional chest pain and onsat
of rest pain 3 hours ago, Doring the evaluation, he develops
ventricular fibrillation: The patient undergoes rapid defibril
lation. He iscurrently awakewith ongoing chest pain. Med
ical history is significant for hyperlipidemia, hyvpertension.
type 2 diabetes mellitus, tobaeco use, and previous stroke.
Medications are aspirin, lisinopril, metoprodol, metformin,
and simvvastatin.

On physical examination, the patient is alert and ori
ented. Temperature is normal, blood pressure is 100/60 mm
Hg, pulse rate is 110/min, and respiration rate is 24/min.
Caoygen saturation is 985 breathing 4 Loof oxvpen by nasal
cannuba. Pulmonary examination reveals bibasilar crackles.

An electrocardiopram demonstrates eft bundle branch
Block. a new linding since electrocardiography 8 momths ago.

Which of the following is the most appropriate next step in
management?

(A} Intravenous amindarone

(B) Primary pereulancous coronary intervention
(0} Therapeutic hypothenmia

(D) Urgent coronary artery bypass graft surgery

Item 108

A 68-vear-old man is evaluated for a 4 menth history of
right arm fatigue and dizziness. Last week, he became dizey
while standing on a 10 [oot ladder and cleaning his gutrers
with his right hand, His symptoms improved after 3 min
utes of rest. He reports that right arm activity reprodoces his
arm faligue and discomfort, mainly in the forearm. Medical
history is significant for hypertension and hyperlipidemia.
He has a a0-pack-vear smoking history. Medications are
Esinopril, amlodipine, and atorvastalin.

On physical examination, lemperature is normal, blood
pressure is110/65 mm Hg in the right armand 145/85 mm Hg

Self-Assessment Test

in the left arm, and pulse rate is 72 min.. A broit is heard
aver the right supraclavicular fossa, Lefl carotid upstroke
is normal, The righl radial pulse and right carotid pulbse are
faint, and the left radial pulse is slightly diminished. Cardiac
examination is normal.

Which of the following is the most appropriate diagnostic
test to perform next?

(A) Adson maneuver (thoracic outlet maneuver)
(B] Ankle-brachial index

() Carotid duplex altrasonography

() CTrangiography of the chest and neck

ltem 109
A a2-year-old man 1% evaluated in the emergency depart
ment for a 3 hour history of severe chest pain that radiates
tothe back. The pain is sharp and tearing in character. Med
ical history is signiticant for hypertension. Medications are
amlodipine and lisinopril,

Cm physical examination. blood pressure is 12878 mim
Hiz in the right arm and 162799 mm He in the feft anm, and
pulse rate is 110 min. Lungs are clear to anscultation. Other
than tachyeardia, examination of the heart is normal. Right
radial and brachial pulses are diminished,

A chest CT scan is shown,

Which of the following is the most appropriate manage
ment?

(A) Coronary angiography

(B Medical therapy-alone

IC) Open surgical aortic repair

(£} Thoracic endevascular aortic repai

item 110

A 48 year-old woman is evaluated during a new-patient
vigil, She reports no symptoms. She runs 5 miles a day 5 days
per week. Medical history is otherwise unremarkable, She
takes no medications,
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Self-Assessment Test

Cn physical examination. vital signs are normal. The
estimated central venous pressure is 6 cm L0, Cardiac
examination reveals a grade 206 holosystolic murmur thal
is best heard at the apex and radiates toward the axilla. An
ejection click is not audible. The lungs are elear to ausculta
fion. No edema is present.

Which of the following is the most appropriate manage-
ment?

{A) Cardiae magnetic resonance imaging

{B} Transesophageal echocardiography

() Transthoracic echocardiography

() Rouotine clinical follow -op wilhoul imaging

Item 111

A b2-year-old man is evaluated for o 6 month history of
hilateral lonver extremity edema. Hewas started on larose
mide 2 months ago, with minimal change in the edema. He
hias no history of lung disease or recent surgery. His medical
history is notable for permanent pacemaker implantalion
2 years ago for symplomalic sinus node dysfunction. 1le
takes no medications other than furosemide.

Om physical examination, vital signs are normal. The
lungs are clear. The estimated central venouss pressure is
elevated at 10 cm 110 with a prominent v wave, A mild
right ventricular heave is palpable. A grade 3/6 holosyslolic
murrour is neted at the left lower sternal horder. The mur
mur varies slightly wilh respiration and is associated with
an early diastolic [illing sound. 5, and 5, are normal. There
is no hepatosplenomegaly. Bilaleral lower cxtremily pitling
cdema is present up o the level of the knees. The remainder
of the physical examination is normal.

Which of the following is the most appropriate next step in
management?

(Al Cardiac magnetic resonance imaging

iR} Coronary angiosraphy

{C) Right heart catheterization

{0 Transthoracic echocardiography

item 112

A bd-vear-old man is evaluated during a follow-up visit
[or stable angina. He is currently taking metoprolol and
wishes fo discontinue this medication owing to side
effects. He has normal left ventricular function and no
symptoms ol heart Tailure. Medical history is significant
for hyperlipidemia, hypertension, and coronary artery
disease reated with coromary artery bypass gralt surgery.
Medications are low dose aspirin and maximum doses of
Iisinopril, metoprolol, isosorhide mononitrale. ranola
zine, and atorvastalin.

On physical examination, \emperature is normal,
blood pressure is 120/60 mm Hg, pulse vate Is 70/min.
and respiration rate {5 18/min. Oxveen saturation is 985
breathing ambient air. The remainder of the examination
is unremarkable,

The patient is switched to diltiazem,

Which of the following is the most appropriate manage-
ment of this patient’s medication regimen?

(Al Decrease ranolazinge

(B} Tmcrease atonvastatin

(G Switch lisinopril to ramipril

1 Mo medication adjustment

Item 113

An 81-year-old man is evaluated before elective hip arthro-
plasty, Medical history is signilicant for hypertension and
astecarthiitis. [le reports nio chest pain, palpilations, exer
ticnal dyspnea, or other symptoms of cardiovascolar dis-
ease. His medications are lisinopril and celecoxib.

O physical examination, vital signs are normal. The
cardiopulmonary cxamination is normal. Range of motion
of the right hip Is limited by pain without overlyving ery
thema or warmth.

Laboratory studies reveal normal Kidney function and
electrolyie lovels.

A 12-leqd electrocardiogram is shown. Findings are
unchanged from 7 vears ago.
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Which of the following is the most appropriate manage-
ment?

() Dobutamine echocardiography

(B Echoeardiography

() Prophylactie pacemaker inserlion

(D) No further testing or inlervention

Item 114

A T2-year-old woman is evaluated during a follow-up visit.
She has a 3 year history of heart failure with a left venirico
lar ejection [raction of 257% and New York Heart Association
functional class 1 symptoms. She has an implantable car
dioverter-detibrillator, She reports manageable lighthead-
edness with stunding. Medications are lisinopril. carvedilol,
and spironolactone at maximally tolerated doses,

On physical examination, the patient s afebrile. blood
pressure is 98/64 mm Hg and pulse rate is 68/min. The
estimated central venous pressure is 6. cm 1,0, An 5, is pres
ent. The lungs are clear 1o auscullation. There s no lower
extremily edema.

Which of the following is the most appropriate manage-
ment?

(A)  Add ivabradine

(B} Add valsartan-sacubirril

W) Msecontinue carvedilol and starl vabradine

(D) Discontinue lisinopril and start valsurtan sacubitril
(E} Continue current medications

item 115

A 38-year-old woman is evaluated for intermittent palpi
tations, She reports no other symptoms. Medical history is
unremarkable, and she takes no medications.

On physical examination, vital signs are normal.
The estimaled central venous pressure is clevated. Apical
impulse §s normal, a parasternal impulse is presenl al the
lell sternal border, and a soft systolic murmur 1s heard at the
second lefl infercostal space. Fixed splilting of the 5, is noted
throughout the cardiac cycle. The remainder of the physical
examination is normal.

Anelectrocandiogram demonstrales right - axisdeviation
and incomplete right bundle hranch block. A chest radio-
graph shows right heart enlargerment. A transthoracic echo
cardiogram demonstraies a 1.5 ocm ostium secundum atrial
‘septal defect. The righl heart chambers are enlarged and the
estimated pulmonary artery systolle pressure is normal.

‘Which of the following is the best management?

f.-‘\.!' Cardiac magnetic résonance imaging

{B) Device closure of the airial seplal defect

{0 Endocarditis prophylaxis

} Measuremeni ol lunctional aerobic capacity

tem 116

88-year old man is evaloated for chest tighlness and
pred. His sympltoms began 8 months ago and now occur

_S-tlf-Aﬂtullent Test

with ambulation. Medical history Is signilicant for type 2
diabetes mellitus, hypertension, chronie kidney disease,
and a transient ischemnic attack that occurred 1 years ago.
Current medications are metformin, atorvastating lisinopril,
and low dose aspirin.

On physical examination, wmperalure is nocmal,
Blowied pressure is 145782 mm Hg, pulse rale is 64/min, and
respiration nmile is normal. The lungs are clear. A grade 306
late peaking systolic murmur is auscultated at the cardiac
base with radiation to the carotid arteries. There isno S,

Echocardiogram demonstrates severe aortic stenosis
with a mean gradient of 62 mm Hg and an aortic valve area
ol 0.65 ¢cm?,

Cardiac surgery assessment ostimales Lhe surgical risk
to be high {estimated risk for mortality, 10%; estimated risk
for major morbidity plus mertality, 38%).

Which of the following is the most appropriate treatment?

{A) Balloon aortic valvaloplasty

{B) Medical therapy

€] Surgical aoriic valve replacement

D} Transcatheter aorfic valve replacement

Item 117

A b6 year old man is evaloated in the hospital following
ST elevation myocardial infarction ireated with primary
percutaneous coronary inteérvention of the left anterior
descending ariery 4 days ago. His inftial presentation
wus complicated by the presence of heart failure and
pulmonary edema. He is asymptomatic and ambulating.
and he is nearly ready for discharge. Medical history is
significant for hyperlipidemia, type 2 diabetes mellitus,
and hypertension. Medications are aspirin, prasogrel,
lisinopril, carvedilol. atorvastatin, and basal and prandial
imsulin.

O physical examination, vital signs are normal.
Oxygen suluration s 99'% breathing ambient air. The
remainder of the examination is unremarkable.

Labeoratory studies are significant for a serum creati
nine level of 1.0 myg/di. (884 pmol/ L) and a serum potassium
level of 1.7 mEg/L (3.7 mmuol/L).

An ethocardiopram shows a left ventricular ejection
Iracthon of 35'%.

Which of the following is the most appropriate treatment?

{A) Eplerenome

(B} Isosorbide mononitrate
{C1 Valsurtan

(1% Warfarin

Item 118

A 63 year old man is evalusted In the emergency depart
ment for progressive dysprea. The palienl reports increas
ing ditficulty breathing while lving flat. He has a history of
atrial fibrillation and anderwent catheter ablion 1 week
ago. Medical history & otherwise significant for hyperten
siop. He has no history of heart fallure or lell ventricalar
dystunction. Medications are warfurin, dronedarone, and
lisinoprl.
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Self-Assessment Test

On physical examination, temperature s normal,
blood pressure s 8872 mm He, pulse mie is 112'min, and
respiration rale is 16/min. Polsus paradoxus of 12 mm Hg
is present. Oxygen saturation breathing ambient air is 967..
Cardiac examination reveals elevaled cstimated central
venous pressure, Hearl sounds are ditficult to auscultate,
Lung examinarion reveals no crackles,

An electrocardiogram demonstrates sinus tachyeardio,

Which of the following is most likely responsible Tor the
patient’s symptoms?

(A Atrioesophageal fistula
(B Cardiae tamponade

() Pulmonary veln sienosis
(1 Retroperitoneal bleeding

Item 119

A 43-year -old woman is evaluated during a follow up visit.
Six months ago, she was diagnosed with heart failure and
pulmonary sarcoidosis. Candiac magnetic resonance imag
ing suggested possible cardisc sarcoidosis. She is feeling
better after initiation of therapy, but she still has exertional
dyspnea when walking up one flight of stairs. An echo
cardiogram oblained | week ago showed a lell venlricu
lor ejection [raclion of 30%. Medications are candesartan,
carvedilol, and spironolactone. She has also been taking
prednisene for cardiac sarcoidasis for the past & months,

tin physical examination, temperature is normal, blood
pressure Is 98/60 mm |z, and pulse rate is 58/min. There is
no jugular venous distention. Longs are clear to ausculta
tion. Cardiac examination is normal. No edema is noted.

An electrocardiogram shows a QRS duration of 158 ms,
lelt bundle branch block, and first degree atrioventricular
hlock.
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Which of the following is the most appropriate manase-
ment?

(A} Add furosemide

{B) Increase carvedilol

(€} Perform endomyocardial biopsy

(I Reler for placement of an implantable cardioverter
detibrillator with cardiac resynchronlzation therapy

Item 120

A 42 wear old man is evalusted In the emergency depart-
ment for an 8 hour history of acute-onsel chest pain. The
patient characterizes the pain as sharp and persistent. Med-
ical history is significant for hypertension and hyperlipid-
emia. Medications are lisinopril and atorvastatin,

On physical examination. temperature Is 37.2 °C
{99.0 “F). blood pressure is 136/81 mun Hg. and respiration
rate is normal. There is no jugular venous distention. The hmgs
are Cclear to auscultation: Cardiac examination reveals no rubs,
murmurs., or galiops. Peripheral pulses are full and equal.

Laboratory studies reveal an elevated C-reactive pro-
tein Jevel and leukocyte count of 9000/ul. (9.0 = 10°/1).
Serum troponin T level is normal on arrival and 1 hour later,

An elevirocardiogram is shown, Transthoracic echo-
cardiogrum demonstrates normal left ventricular size and
funclion without segmental wall motion abnormalities.
There is a small pericardial effusion measuring 4 mm.

Which of the lollowing is the most appropriate manage-
ment?

(&) Echocardiographic guided pericardiocentesis
{B)  Emergent candise catheterization

{C) Exercise treadmill stress resting

(D) High-dose aspirin and colchicine
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Answers and Critiques

Item 1 Answer: D

Educational Objective: Diagnose acute rejection ina
cardiac transplant patient.

Endomyocardial biopsy will mast likely establish the
dingnosis. For cardiac transplant recipients. the risk for
rejection is highest within the flrst & months after frans
plantation and then within the first vear. After that time
period. the ineidence of rejection is quite low. This post
transplant patient is presenting with signs and symptoms
of acute heart failure. including abdominal discombort,
exertional dyspnea, and an S, Additionally, the pres
ence of cannon @ waves suggests complete heart hlock,
and the electrocardiogram is confivmatory, with P owaves
that march independent of the narrow QRS complex
{arrows). All of these findings are consistent with acule
rejection In a patlent within the first yvear after cardiae
transplantation; and the most appropriate test for diag
nosis 15 endomyocardial biopsy. It is important o note
that most patients with clinical rejection will not have
any symproms of heart failure; therefore, routine endo
myocardial biopsies are performed within the first vear
after transplantation:

Abdominal CT swould not establish the diapnosis. This
patlent’s symptoms are most likely secondary o acule
congestion: the patient’s complete heart block and other

cardiac findings should focus thechinician's attention on the
heart. Ahdominal CT should be performed ondy when: the
abdamen is thought tocbe the primary cause of the patient’s
Symptoms.

Coronary artery disease is a common long-term
complication of cardiac transplantation; and by 5 years
after transplantation, vasculopathy is present in almost
S0 of patients. Coronary artery disease would he more
likely in a patienl further removed from iransplantation;
therelfore, coromary angiography would not establish the
diagniosis.

Fehocardiography will confimm a decreased ejection
tfraction in this paticnt butl cannol establish the diagnosis of
rejection:

KEY POINT

= The risk for cardiac transplant rejection is highest
within the first & months aller transplantation and
then within the first year; endomyocardial biopsy
should be routinely performed within the first
year after cardiac transplantation to diagnose
rejection,
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Answers and Critiques

Item 2 Answer: D
Educational Objective: Treat a patient with a non

ST-clevation acute coronary syndrome with an carly imva
sive stralegy.

This patient should underse ungent angiography. Patients with
a non- ST elevation acute coronary syndrome (NSTE ACS)
should undengo risk stratification before imvasive freatment
bBecause the link hetween revascalarization and clinical o
comes 18 less clear in these patients than in pathents with
ST elevation myocardial infarction (STEMD. Risk stratification
toods, such ag the TIMI risk seore; can be used o determine
which patients with NSTE-ACS should be treated with an
bvasive sindegy versus am ischemia guided approach. An
carly imvasive strategy benefits patients with high TIMI risk
scores (5-7) and intermediate TIMI risk scores (3-4). This
pathent has a TIMI risk store of 5. as indicated by the presence
of three maditional risk fadors or coronary artery disease,
asplirin use within the List weell age older than 65 years, two
or more angina episodes in the past 24 hours, amd signifi
canl ST segment deviation on clectrocandiognum. His seone
places him at high risk for death and cardiac ischemic cvenis,
and despite the absence of elevated cardiac biomarker levels,
urgent coronary angiography is warmnnted.

Stress testing with adenosine nuclear stress lesting on
exercise stress electmeardiography could be considered lor
purposes of risk stratification if this patient declines an carly
bvirsive strtepny: Flowever, an imasive strategy has been shown
iy Improve the composite clinkeal endpeint of death, recurrent
myocardinl infarction, and repeat hospitalization compared
with an ischemiba guided apprimch in paltients with NSTE -ACS.

In patients with suspected NSTE-ACS with a normal
initial troponin level and inconclusive dectmeandiographic
lindings. further diagnostic stodics may be indicated. Coro
mary CT angiography is appropriate. and rest singhe phaton
emission CT may be appropriste. However, in this patient
with & high pretest probability of CAD. coronary CT anglog
raply would only delay critical therapy.

& Patients with a non 5T elevation acute coronary syn
dromie who have a high or intermediate TIMI rish
seore shoukd be treated with an early invasive strategy,
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Item 3 Answer: B

Educational Objective: Treat degencrative mitral regur-
gitation with surgical mitral valve repair,

‘The most appropriate next step in management is surgical
mifral valve repair. Myxomatous degeneration of the mitral

154

valve is commion, affecting 1'% to 2% of the general popu

lation. In WS of patients. the valvalar lesion can progress,
become life threatening. and require surgery. The only
definitive therapy for severe mitral regungitation is mitral
valve suraery. Oplions are mitral valve repair, mitral vale
replacement with preservation of part or all of the mitral
apparatus, and mitml valve replacement with removal
of the mitral apparatus. Mitral valve repair @5 generally
preferred to valve replacement because il s associated
with improved survival in retrospective studies, Mitral
valve repair is strongly recommended for chronic severe
primary mitral regurgitation in (1) symplomatic patients
with left ventricular ejection fraction greater than 30%.,
{2} asymptomatic patients with left ventriculur dysfunc-
tion (left ventricular ejection fraction of 30% 0% and

or left ventricular end - systolic diameter 2400 mm), and (3}
patients undergoing another cardiac surgical procedure.
Additionally. mitral vale repair is reasonable in asymp-
lomatic patienis with chromic severe primary milral regur-
gitation who have new onset atrial fibrillation or pulmo

nary hyvpertension (pulmonary artery systolic prossure
>50 mm Hgl. Notably. u lell ventricular efection fraction
of 6% or less 1s used in delining left ventricular systolic
dyslunction in mitral regurgitation because aortic emply-
ing into the left atriom contributes 10 the relatively Tower
alterload conditions and higher ejection faction despite
impaired lell ventricular performance,

Serial cvaluations every 6 to 12 months are recom
mended for patients with severe mitral regurgitation who
do not have indications lor surgery, This patient meets the
criterin for surgery: therefore, serial evaluations would not
be appropriate at this time.

Many patients who cotild benefit from mitralvalve repair
are denied surgery because of high surgical risk, adhvanced
age. or comorbid conditions. A catheter based devioe Gan
improve mitral valve function by delivering a dip percuta
neously to approximate the vabe leallet edges and improve
leaflet coaptation at the origin of the mitral regurgitation jet
The deviee is approved for patlenis with stgnificant smp
lomatic depenerative mitral regurgilation for whom mitral
villve surgery poses a prohibitive risk, This patfent is healthy
and does not have comorbid conditens that would signifi-
cuntly inerease surgical rislk: therelore, transcatheter repair
is not indicated

KEY POINT et

» Mitral valve repair is strongly recommended lor
chronic severe primary mitral regurgitation in
symplomatic patients with lelt ventricular ejec

tion fraction greater than 30°%, asymplomatic

patienis with lefl ventricular dysfunction, and

patienis undergoing another cardiac surgical
procedure.
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Item 4 Answer: A

Educational Objective: Diagnose hypertension related
to bevaciznmab therapy.

Bevacizumab is the most likely cause of this patient’s hyper
tension. Bevacizumaly is a monecional antibody thar blocks
angiogenesis by inhibiting vascular endothelial growth
factor (VEGE) A It is effective in combination with stan
dard chematherapy for the treatment of metastatic colon
and gynecologic cancers. Inhibition of VEGE appears to
cause hvpertension through several mechanisms, includ
ing altered nitric oxide production, increased endothelin |
production, and alterations in the pressure natrivresis rela
tionship. As such. bevacizumab related hypertension is a
mechanism dependent, on target toxicity, which results
directly from inhibition of the VEGE signaling pathway rather
than as a nonspecitic drg side effect. Bevacizumab related
hypertension affects a high proportion of treated patients.
and incidence is dose dependent. Hyperlension is most
commaonly detected at approximadely 60 days after Lher
apy initialion and is reversible upon discontinuation of the
medicalion. Broause large increases inboth disstolic and
swstolic blood pressures can occur as early as the first week
of therapy: all patients taking an angiogenesis inhibitor (such
as bevacizumab) should have their blood pressure carelally
monitored durng therapy, particudarly eoarly on, There is no
preferred antibypertensive agent for treatment. Interestingly,
the developmoent of hypertension may be s marker of a Lher
apeutic response or improved cancer outcome for patients
treated with this class of drugs,

Cisplatin has been associated with increased risk for
venous Lhromboembolism, supraventricular Lachycardia,
myncardial ischemia, and cardiomyopathy, but it has not
been associated with hypertension.

Glueocorticoids, such as dexamethasone, may contrib
ute to hypertension through an unelear mechanism. How
ever, the liming and degree ol hyperlension obscrved in this
- patient are typical ol a bevaciznmab induced reaelion.

The maost common cardiotoxicities associated wilth
- paclitaxel are bradycardia and heart block: Most of these
evenls are asymptomatic, and routine cardiac monitoring is
- not advocated. Paclitaxel can uncommonly cause hyperten
sion (1% incidence) but is more likely to cause hypotension
fup to 12% incidence). When used in combination with
doxorubicin, paclitaxel is associated with cardiomyopathy.
which oocurs at a higher incidence than with doxerubicin
alone.
 KEY POINT
-~ # The monoclonal antibody bevacizamab is associated
wilh the development of significant but reversible
hypertension.
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ftem 5 Answer: B

Educational Objective: Diagnose aortic coarctation.

The most likely diagnosis is aortic coarctation. This paticnt has
dyspnea in the setting of aortic stenosis and hypertension. and
she has clinical features of upper extremity hypertension and
a radial artery to femoral artery pulse delay that sugeest a
mechanical ohstruction between the radial and femoral arler
ies. A systolic murmur heard over the left chest is common
in patients with severe aortic coarctation: these murmurs
can arise from the obstruction or the collateral blood How
The patient’s chest radiograph demonstrates rib notching
teerores) atfecting several of the posterior ribs; rdb notching
restlts from exagperated collateral blood flow diverting blond
arcund the area of obstruction. The patient additionally has
aortic stenosis associated with a bicuspid aortic valve, which
is present in more than 50% of patients with aortic coarcta
tion. Cerebral artery aneurvsm also occurs with increased
[requency in patienls wilth aorlic coarctation.

The syndrome of aortic dissection wsually presents with
sharp or tearing chest andfor back pain. TCmay be acceompe -
nied by syncope, heart Bilure, or stroke and is rarcly asymp-
tomatic. Chest pain with concamitant acule ischemia in a
distanl arterial bed (stroke, limb ischiemia) shoold prompt
comsideration of dissection, The chest radiograph does not
demonstrate fealures of aortic dilatation or mediastinal wicl
ening characleristic al disseclion.

Although the physical examination fndings ina patient
wilh severe essential hypertension oflen include an 5, Blood
pressure and pulse differentials between the upper and
Tower extremitics ane not expected.

Renovascular hypertension s @ ocommon cagse ol

hy pertension, occurring primarily in patients wilh il
fuse atherosclerosis. The physical examination ina patien
with renovascular hypertension is usoally normal, with the
exeeption of hypertension and possible epigastric bruils
blood pressure and pulse differéntials between upper and
lower extremilies are not expected.
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Answers and Critiques

KEY POINT

* Aortic coarctation is characterized by clinical feanures
of upper extremity hypertension and a radial artery
o femoral artery pulse delay as well as radiographic
lindings of “figure 3 sign” and rib narching,
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tem & Answer: E

Educational Objective: Munage a patient with acule
limb ischemia.

The mdst appropriale next step in the management of this
patient with-acute limb schemia (AL 15 urgent invasive angi
ography o determine Lhe extent of dissase and o plan treat
micnt. ALL s defired by a sudkden or rapid decresse in linb per
fusion, often manifetod as a now pokse deficin, rest pain. palior.
andor paralysis. The most comnon causes of ALL indude in
situ thmmbaosis of a lower extremily bypass graft orendovascu
lar stemt and thromboembolism. Patients with ALLand a viable
extremity:ane moast commonly treated with surgical embokec
tomy orcatheter dirccted thrombolysis. This patient is demon
strating several classiv shens of ALL including pulscelessness,
prtblesr, and pain. and he sl helghtened risk foe ALD owing to
his history of femoral: popliteal ypeass gratt surgery: The nost
appropriate next step B o perfom invasive anglography (o
define the beved of cocusion amd 1o determine whether surgical
embolectomy or catheter directed thrombolysis s an option.
Delaw in treatment many lead o worsening Emb perfusion. limb
necrusis, oF the need Ror lower extremity ampatation.

Nonimvesive imaging studles, such as arierial duplex
ultrasonography and CT angiography, may be asedal to detect
the level of stenosis-and extent of disease, but these wests will
substantiatly defay the treatment of ALL in this patical,

Emergent lower extremily amputation is necessary in
praticnts with ALwhio have a nonviable extremity (gangrene,
paralysish: however, this patient exhibits signs of viabil
ity {infact sensagion and muscle strenpth) and should noe
undergo immediate ampuatation.

Im contrast to the treatment of acale schemic stroloe or
acute ST-clevation mvocandial infarction., svstemic thiromlbao
[viic therapy (such as with recombinant tissue plasminopen

activator) has nol been proved benefickal in the eatment of

ALFand should not be used inthis patient

= In patients with acute limb ischemia, imasive angiogra
phy should be performed immediately o define the ana-
tornic bevel of ooclusion and plan fr mvascabarization.
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item 7 Answer: D
Educational Objective: Munage antithrombotic therapy
im a patient with atrial fibrilltion and coronary artery

discase.

This patient with coronary artery disease (CAD) and atrial
librillation shoald be treated with oral anticoagulation alone,
Thromboembaolism (stroke or systemic embaolism) is the most
feared and devastating complication of atrial fibrillation

Patienis with airial librillation and a moderate 1o high risk
for stroke (CHA,DS, VASce score 22) should be treated with
oral anticoagulation for stroke prevention. This patient has a
CHALDS, VASe score of 5 (1 peint each for female sex, hyper

lension, and vascular discase; 2 points for age =75 years) and
should receive ol anticoagulation therapy. Dosc-adjusted
warlarin i an etfective low cost option for stroke preven

tion in patients with atrial libreillation, The chiel limitations
ol warfarin are the necd for frequent INR monitoring and
adjustment as well as the numerous food and drug nteric

tions associated with its use. The FDA has approved several
non-vilamin K antagonist oril anticoagulants for the preven

Lion of stroke in patients with nomvabealar atrial librillation,
including dabigatran, rivaroxaban, edoxaban, amd apixaban.
These agents are superior, or at least neninferion, W warfarin
in the prevention of stroke i patients with nonvalvalar atrial
librillation and do not necessilate routine coxgulation monl

toring, Warlarin remains the agenl of choice in patients with
valvular atrial fibrillation.

Antiplatelet therapy with aspirin is typically indicaned
in patients with CALx: however, aspirin alone or dual anti-
platelet therapy (aspirin plus clopidogrel) is insufficient for
stroke prevention in patients ol high risk, such as this one.

Combination therapy with oral anticoasgulation and
antiplatelet therapy, such as aspirin or clopidogrel, is asso
ciated with significantly increased risk for bleeding and
no apparcnl incremental benefil. This patient already has
severad risk factors for Bleeding, including a tow BMI, hyper-
tension, and female sex, ancd It s important to minimize the
risk for bleeding when oral anticoagulation is prescribed. In
patients with atrial fibrillation and CAD, it is recommended
that antiplatelet therapy be discontinued unless the patient
has recent active CAD, defined as acute coronary syndrome
or revascularization in the past 12 months: Because this
patient has a history of percutanéous Coronary intervention
performed 5 years ago, there s no indication for concomi
tant antiplatelet therapy with oral anteoagulation.

KEY POINT D U5 Y | - |
* For most patients with high- risk atrial Bbrillation anc
stable coronary artery disease, oml anticoagulation
therapy without an antiplatelet agent is sufficient for
prevention of both acute coronary syndromes and
thromboembolism.

Steinberg BA, Kim 5, Piocind J0 Fonarow G, Taopes BL, Thortas 1, ot al;
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item 8 Answer: C
Educational Objective: Evaluate for coronary arlery
disease in a patient with lefl ventricular hypertroplhy.

This patlent should undergo exercise stress echocardiography
1o evaluate for coronary artery disease (CAD). This patient’s
symptoms, age, and sex place him at intermediate risk for
CAD. IHs resting elecirocardiogram (KOG demonstrates
left ventricular hyperiophy with significant repolarization
abnormalities (ST segment depressions =0.5 mm), findings
that limit the ability to interpret the ECG during exercise.
Hecanse this patient requires further testing 1o diagnose
obstructive CAD and is able o exercise, he should undergo
exervise stress testing with adjunctive imaging, either echo-
cardiography or @ nuelear perfusion studhye Other uninter-
pretable FOG findings that should prompt stress testing with
imaging include Jeft bundie branch block, ventricular paced
complexis, digitalis effect, and presxcitation.

Coronary angiography s an invasive test that carries
significant risks. It should be considered in patients who
have 4 high pretest probability for ohstructive CAD, includ-
ing symplomatic patients with abnormal findings on non
imesive testing for CAL or patienis with an acute coronary
syndrome.

Coronary arlery caleium scoring is predominantly used
in asymplomatic patients with intermediate risk for CAD
to provide additional risk strtification for the purpose of
suiding primary prevention,

[ixercise stress FOG is inappropriate in this patient with
abnormalities on a haseline ECG. Such findings preciude
the use of ECG stress testing because they interfere with the
ability 1o accurately interpret changes thal may ocour with
shress,

Exercise stress testing is preferred to pharmacologic
stress lesting in most clinical scenarios because valuable
prognostic intormation is gained from the patient’s exercise
capacity. Pharmacologic nuclear stress testing is generally
reserved for patients who are unable to exercise.

» Stress testing with adjunctive imaging should be per
formed in patients with suspected coronary artery
disease who have baseline electrocardiographic (ECG)
abnormalities that preclude the use of ECG stress
{esting, such as ST-segment depressions greater than
0.5 mm. left bundle branch block, ventricular paced
complexes, digitalis effect, and preexcitation.
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tem 9 Answer: A

Educational Objective: Treat effusive constrictive
pericarditis.

The minst appropriate management is fbuprofen and colchi
cine. This patient has subacule signs of elevated right heant
pressure. Pulsus paradoxus is present, and the echocardio
gram demonstrates a moderately sized pericardial effusion
with evidence of tamponade. The intrapericardial pressure
i reduced to normal following drainage. whereas the int
racardinc pressures remain elevated and equalized despite
drainage, consistent with a diagnosis of effusive constric
tive pericantitis. Fifusive constrictive pericarditis may occur
following idiopathic or infectious pericardilis or radiation
therapy. (1 or cardiac magnetic resonance fmaging miy
demonsirate thickening of the pericardium. but calcifica
fion is usually absent. Fever, leukocytosis. elevated eryth
rocyte sedimentation rate, and a pericardial friction rub
may he present but are not universally so. Similar w acute
pericarditis, NSAIDs and colchicine are first line therapy
Close follow-up is Tecommended. Pericardiectomy may be
required in patients with pericarditis that does not respond
to medical therapy.

Isoniazid, rifampin. pyrazinamide, and ethambutol are
initial therapy for tuberculous pericarditis; however, this
patient does nat have risk factors for luberculosis, and his
interferon yrelease assay result s negative. An elevated con
centration of adenosine deaminase (=50 UL) in the pericar
dial Muid is 100 sensitive for fuberculosis; a negative resull
rules out toberculous imvolvement.

Pericardiectomy is recommended for patients wilth
elfusive constrictive pericarditis that does not respond 1o
first line therapy with NSAIDs and colchicine,

A pericardial subxiphoid window is indicated for
patients with recurrent hemndynamically significant perd
cardial effusion despite medical therapy, as may occur with
malignant effusions. This intervention would not provide
adequate hemodynamic relief from constriction.

KEY POINT
s Effusive constrictive pericarditis s characterized by
findings compatible with constrictive pericarditis and
A coneomitant effusion; NSAIDs and colchicine ore
first-line therapy, and close follow up is recom
mended.
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Answers and Critigue

tem 10

Educational Objective: Dilfcrentiate between pseu-
dostenosis and true aortic stenosis.

Answer: C

The most appropriate next stop in management is dobutanine
echocardiopraphy. This patient has Tow-flow, Tow gradient
aortic stenosis. The primary abnormality rogy be cither severe
ventricular dyslunction with pscudostenosis or crifical aor
tic stennsis. Severe ventricular dysfunction with diminished
cardiac output leads o decreased opening forces on the aortic
valve, and the vabee area may be caleulated o be low even
though the valve is not anatomically severe (psendostenosis).
Idobwtamine, an inotropic agenl, can be used to increase
cardiac oulpul and differentiate between these two entities.
Pobutamine will cavse an increase in the aortic valve area in
pseudostenosis, whereas in anatomically severe anrtic steno
gis, the aorlic vahwe arca will nol sienificantly increase.

Aortic valve replacement should be considered for
patients with anatomically severe aortic stenosis. This pro
cedure is currently imappropriate for a patient in whom Lhe
diagnosis of severe aortic stencsis has not been established,

Coronary angiography is recommended before valve
surgery in patients with severe vabvular heart disease and
a history of coronary arfery disease, suspeclted ngocardial
ischeria, or left ventricular systolic dyslunction. These
palicnls may require concomitant revascularization ar the
time of surgery. However, coronary angiography is indicated
only in patients for whom valve surgery has been deter
mined to be appropriate.

The 20016 American College of Cardiology/American
1leart Association/Hearl Failure Socicty of America heart fail
ure focused update recommends thal valsartan sacubitril be
substituted for an ACE inhibitor or an angiolensin recepior
Blocker in patients with chronic symptomatic heart taihare
with reduced ejection [raction (New York IHeart Association
functional class 1T or OI) who have tolerated ACE inhibilor or
angiotensin receplor blocker therapy well. In this patienl. dil-
lerentialion of pseudostenosis from troe aoThc Sslenosis Is most
appropriate before initiating an increase in medical therapy:

KEY POINT

= In paticnts with findings of low flos: low gradient
aortic stenosis, the primary abnormalily may be cither
severe veniricular dyslunction with psendostencsis or
critical aortic stenosis; dobutamine echocardiography

ia needed o distinguish bebween the teo entities.
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item 11 Answer: D

Educational Objective: Treat cardiogenic shock.
The: most appropriate initial weatment of this patient with

carcliopenic shock is to start dobutamine. Cardiogenic shock

158

is defined by persistent symptomatic hypotension and end

organ dysfunction. Patiends present with acute Kidney xilure,
evidence of liver dvsfunction with elevated aminotransfer

ase levels, poor periphensl perfusion with cool extremities,
and Impaired mental statos, Canliogenic shock secondary 1o
progressive heart failure is generally treated wilth an inoteg

pic agent, such as dobutamine or milrinone, Patients with
peripheral sasoconstriction (ncreased systemic vascular
resistance) often benedit from the addition of a pure vasodi

[ator, such as sodivm nittoprusside. In this case, dobutamine
wintthd be a better option than milrinone, evern in the sening
of relative tachycardis, because milrinone is excreted through
the kidoews and coubd build foa moxic level given her current
kidney function,

B Blockers such g5 carvedilol should he continoed
during a hedart Silure hospitalization whenever possible. In
a patient with volume overfosd withowt sians of ow cardinge
outpul. §-blockers can offen be continued ar the mainte
mance dose while the patient s undergoing divresis. How
ever, i a patient with fow eardiac outpal such as this one,
- blockers should be discontinued, owing to their negative
inotropic effects; even in the setting of tachyveardia,

Digoxin s & weak inotrope that reduces hospitalizations
in patierits with heart filure. Although this patient’s digoxin
bewe] is low, the dose shoubd not be increased in the setting of
acite kidney failore. Additionally, increasing digoxin wounld
not be expected to adequately improve cardiac outpul i
this patient.

Although afterioad reduction @5 reasonable (o decreise
myicardial oxyeen demand amd improve Brward ow in
patients with acute decompensation, a shorl-acting infrave
neiis agent, such as nitroprusside or nitroglcerin, would be
administered instemd of increasing the dosape ol an oral ACE
inhibitor, such as lismopril.

KEY POINT

= [n patients with cardiogenic shock, inotropes such as
dobutamine or milrinone may be consideved to
irmprove cardiae function.
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ftem 12 Answer: D

Educational Objective: Treat atrial flutter refractory to
medical therapy:

Catheter ablation is the most appropriate treatmend for this
patienl with ¢lectiocardiographic evidence of atrial flutter
Atrial flutter is an organized macro reentrant tachycardia
with diserete regular alrial activity on electrocardiogram.
ustally with 4 rate of 250/min to 300/min. Typical atrial
fhtter is characterizaod electrocardingraphically by a sawtooth




pattern with inverted fhutter waves in leads 11, 11T, and aVF and
positive flutter waves in lead V. Management of atrial flutter
is similar to that for atrial fibrillation and includes catheter
ablation, antiarhythmic dog therapy, and cardioversion.
Catheter ablation is the definitive treatment for typical atrial
flutter, oawing to a very high success rate (>95%) and low com

Plication tate. This patient with typical atrial flutter has symp

toms (palpitations, fatigue, and exercise intoleranee) despile
adequate rate condmol with metoprolol. and treatment with
catheter ablation offers the best balance of benelils and risks.

Antiarrhythmic diug therapy carries a high risk lor
recurrent alrial [hatter amd is therelore nol the best oplion
for this patient. Additionally, amiodarone is associated with
substantial risk [or end-ongan oxicity, including thyroicd
dyslunction, neurologic side cffects (such as tremor). liver
dysfunction, and pulmonary Loxicity,

Cardiac catheterization would be appropriale il there
wore i high protest probability ol obstruclive coronary artery
disease; however, this patient has normal findings on echo-
cardiogram without evidence of stress-induced wall motion
abmormalities.

Cardioversion to restore sinus rhythm could be consid-
ered, but this patient is hemodynamically stable and already
has experienced a recurrence of atrial tlutter after previous
cardicwersion, Cardioversion may therefore be ineffective for
Iong-term control of the patient’s sympioms.

KEY POINT
» Patients with symptomatic atrial flutter despite ade

guate medical therapy and rate control should
undergo catheter ablation.
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Item 13 Answer: B

Educational Objective: Diagnose patent ductus

This patient has a patent duclus arteriosus (PDA). A continu
cous murmur heard Deneath the Tefl clavicle that envelops the
>52 is typical of a PDA: it is often described as a “machinersy™
Cmurmur. A finy PIA is gencerally asymptomalic with an inau
dible murmur. Palicnts wilth a small PDA may have an audible
it but no other cardiovaseular features, Palienls with a
Smoderate-sived POA may have bounding pulses, a wide pulse
pressure, left heart enlargement and dyslunction, and clin
jeal heart failure. A large PDA may present with pulmonary
erlension and shunt reversal (Eisenmenger syndrome) in
Its.

Aortic regurgitation doe o a bicuspid aortic valve
ases a diastolic murmur, mest commonky heard along the
ft sternal horder, A briel systolic murmmr is also commanky

Answers and Critiques

heard at the second right inlercostal space, from increased
Howe across the bicuspid aortic valve, A systolic gjection click
is often heard in patients with bicuspid aortic valve, but a
continuous murmur that envelops Lhe 5, is not expected.

Pulmonary regurgitation occurs most commaonky after
balleon or surgical intervention for congenital pulmonary
slenosis, I is chameterised by a diastolic murmur heard
along the el sternal border thal inercases with inspiration;
a systolic ejection murmur is also commonly heard from
inereased How across the pulmonary valve, Although the
pulmonary component of 5, may be reduced or absent in
palicnts with pulmonary regurgilation. sepamtion between
systole and diastole is distinet, and the aortic component
should be audible,

A small ventricular septal defect (VSD) presents with a
loud holosystolic murmur located at the lell sternal border
that may obliterate the S, a palpable Lhrill &5 often present.
The pressure gradient between the ventricles determines the
raurmue quality and duration, A diastolic component of the
murmur is not expected. Small V518 do not cause left heart
enlargement or pulmonary hypertension. . Progressive pul-
maonary hypertension results in shortening of the murmur.

KEY POINT
+ [atients with a small patent ductus arteriosus may
present with o continuous murmur beneath the feft

clavicle that envelops the 5, but no other cardiovascu
tar features.
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Hem 14 Answer: B

Educational Objective: Diagnose cardiac syndrome X,

The most kely diagnosis is candiae syndrome X This mela-
tively young paticnt with no traditional risk factors for coro-
nary arlery disease has lypical angina, abnormal siress lesting
results, and angiographically normal coronany arteries. Car-
diac syndrome X is a Treguent cause of chest pain syndromes
in women, and paticnts often present without traditional risk
factors for comonary artery disease, The chest pain is ollen
indistinguishable from classic exertional angina, and stress
testing results are frequently abnormal. Many hypotheses
have been proposed o explain the pathopenesis of cardiac
syndrome X, wilh one of the most accepted centering on
microvascular dysfunction as the cause. Although vasodila
tors should be tried, symptoms can be difficult to treat.

An acute coronary syndrome is unlikely given the lacl
of risk factors, duration of symptoms, and normal coronary
AT,

Diagnostic criteria or somatic symplom disorder are
as Tollows: at least one somatic symplom causing distress or
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Answers and Critiques

interlerence with daily life; excessive thoughis, behaviors,
and [eelings related to the somalic svmploms; and persistent
somalic sympioms for at least 6 months {does not have to
b the same symprom for 6 months), This palient does not
fulfill the diagnostic criteria for somatic symplom disorder.

Talketsubo cardiomyoparhy, also known as stress cardio
myapathy or apical ballooning syndrome, is 4 cause of non
exertional chest pain associated with electrocardiographic
changes {oflen 5T segment elevations) and elevated cardiac
crgymes. There is often, but not abways, an anteeedent psy
chological or physical stressor. The timing and exeriional
nature of this palient’s symptoms are not consistent wilh the
diagnosis of lakolsubo cardiomyopathy:

KEY POINT

+ Cardiac syndrome X is characterized by angina and
stress testing abnormalities in the absence of angio-
graphically significant coronary artery disease.
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Item 15 Answer: B

Educational Objective: Treat a patient with intermit
Llent clandication with supervised exercise Lraining.

Ihe most appropriate next step in the management of this
patient with established periphoral artery disease {PAD) and
symptoms of intermittent clandication is to initiate a super
vised exercise program. In addition to medical therapy with
cilostazol, supervised exercise training is recommended o
improve symptoms and walking distance in patients with
intermittent clavdication. The recommended program con
sists of supervised exercise therapy for at leass 30 to 45 min
utes ccurring al least 3 lmes per week for at least 12 weeks.
A meta-analysis of 27 studies demonstrated that supervised
exercise lmining was more effective than home based exer
cise training for improvement in walking distance and clau
dication distance. However, there was no difference in general
gquality of life or community based walking al 3 months,
Unsupervised exercise programs are defined as walking
achvice or a structured home based exercise program,

Antiplatelel therapy with aspirin or clopidogrel is rec
ommended in patients with symptomatic PAL and can be
considered in patients with asymptomatic PAL to reduce the
risk for myocardial infarction, stroke, or vascular death. Dual
anliplatelet therapy is not recommend in patients with PAD
in the absence of other indications (drug eluting stent place
ment or prosthetic distal lower extremity bypass) because of
the inereased risk for bleeding and the absence of evidence
demonsimting improved clinical outcomes.

Approximalely 2% 1o 4% of patients with stable claudi
cation progress fo erilical limb ischemia or require sungical
revascularization and/or amputation annaally: In this patient
with stable but progressive intermittent claudication, medical
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therapy and cxercise lraining are indicated at this Hme:
hoswever, If conservative therapy fails or symptoms become
life limiting, anatomic imaging with magnetic resonancy
angiography or CT angiography and sobsequent revascu
larization (endovascular or surgical) would be appropriate,

KEY POINT

= In patients with intermittent claudication. supervised
exercise training is recommmended to Improve symp-
toms and walking distamce,
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Htem 16 Answer: A

Educational Objective: Fvaluate an abdominal aortic
aneurysm with CT angiography before endovascular aneu-
CVSIT TEGNT,

The most appropriate next step in management of this patient
with an abdominal aortic ancurysm (AAA) is CT angingraphy
of the abdominal aorta and iliae vessels 1o plan for aortic
repair. ‘The strongest risk factor for ruplure of an AAA is
maximal aortic diameter; this measurement is the dominant
indication for repair. Aortic repair should be performed in
suilable patients with an AAA diameter of 5.5 cm or larger,
in palients with rapid expansion in AAA size (=005 cmvear],
and in patients presenting with symploms resulling from
AAN (abdominal or back pain/tenderness). In patients with
an indication for aortic repair, the choice is between open
surgical repair and endovascular ancurysm repair (EVAR),
Open surgical repair involves abdominal Nank ineision and
opening the aneurvsm sac with inferposition of a synthetic
grafl. EVAR is a less invasive method involving intraluminal
introduction of a covered stent through the aneurysm sac,
wilh the stent acting as a sleeve, The choice of procedure
is driven by several considerations, including the patient’s
operative risk, expected lifespan, and ability 1o adhere to the
monitoring requirements of EVAR: the location of the AAA:
and involvement of the renal and mesenteric arteries. Supra

renil and juxtarenal aneurysms most often necessitale open
surgical repair. whereas infrarenal aneurysms may be treated
with open surgery or EVAR. Tnthis patient, CT angiography
or mugnelic resonance angiography should be perforimed
o determine the location and extent of the AAA, Abdomi-
nal duplex ultrasonography is insufficient to delermine AAA
location. In addition, CT measurements exceed ultrasound
measurements in 957, of cases.

Althougzh controlling risk factors for cardiovascular
disease is cssential in patients with AAA, there is littde com-
pelling evidence for treating hypertension in these patients
with a specific agent, including §-blockers, to prevent ancu-
rysm expansion. Because this patient’s blood pressure is
wiell controlled, no change in antihypertensive therapy is




indicated. Importantly, an AAA with a diametler of 6.2 cm
has a 10°%, to 20% annual risk for ruplure, and definitive sur
gical therapy is indicated.
KEY POINT
+ [n patients with an indicalion lor abdominal aortic
aneurysm repeirn, the chojee between open surgical
repair and endovascular aneurysm repair is driven in
part by the location of the aneurysm and involvement
of the renal and mesenieric arteries.
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tem 17 Answer: D

Educational Objective: Recognize hyperlipidemiaasa
risk factor for cardiovascular disease,

This patient’s hyperlipidemia most increases his risk for
cardiovascular disease (CVD). Most cardiovascalar risk can
he attributed to moditiable risk factors, and among them,
elevated cholesterol levels impart the highest risk for CVID.
Reductions in lipid levels can decrease overall risk, and
current cholestersl treatment guidelines focas on risk for
future cardiovascular evenls rather than absolute lipid lev-
els, For primary prevention of cardiovascular events, the
treatment goal is a reduction in the LI, cholesterol Tewel
of ai least 50'% in high -risk patienrs and a reduction of 30%
1o 50°% in moderate risk patients. This patient’s 10-vear
cardionvascular risk based on the American College of Car-
diology/ American lHeart Association Pooled Cohort Egua-
Hons risk calculator is 7.9%. and statin therapy should be
initiated.

Muoderte alcohal inlake {ong o two drinks daily for
men, one drink daily for women) has heen linked with
decreased incidence of CVD: however, heavy alcohol con-
samption has been shown to inerease cardiovascular risk.
The deleterions effects of aleohol consumption must be
weighed against the potential benelils when patienis are
counscled aboult risk modification.

The risk for CVD varies considerably among differ

enl ethnie groups. The prevalence of heart disease is lower
among persons of Hispanic cthnicity than in most other
ethnic groups, and Hispanics tend 1o have lower mtes of
waditional modifiable risk factors.

Family hislory of premature CV1 is an independent
gardiovascular risk factor but typically adds Hitle precision
ghen included in multivariate risk models, In most studies,
gemature CVD is defined as CVD in o first-degrec male
‘. tive vounger than 55 vears or a first degree female rel

e younger than 65 vears. A family history of premature:
__II doubles the risk for myocardial infarction in men and
greases the risk by 70% in women. This patient’s lather
B at age 61 years; therefore, Tamily history is not the most
portant risk factor for this patient.

Answers and Cﬂhqu:::

Although active smoking remains a strong risk factor
for CVD, smoking cessation substantially reduces candio
vaseular risk within 2 years, with risk returning to the fevel
of a nonsmoker at approximately 10 years, Smoking status
should be addressed at every visit, and cessation counseling
should be offered to patients whe are actively smoking,

KEY POINT

* Most cardiovascular risk can be anributed o modifia
ble risk factors; among them, elevated lipid levels
impart the highest risk for cardiovascular disease,
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item 18 Answer: D

Educational Objective: Fvaluate a patient with stable
chronic heart Bailure.

Serum electrolyte measurement and Kidney function stodies
should be performed at this visit. In patienis with heart Gil-
ure, each follow up visit should inchade evaluation of current
symploms and functional capacity: assessment of volume
slatus, electrolytes, and kidney function: and review of the
patient’s medication regimen for adequacy: It is also impor

ant 1o reinforce heart failure education and the need for diet
and medication adherence. This patient with stable chronic
heart faflure is laking appropriate medications, has had no
changes in his s mploms or exercise tolerance. and has no
evidenee of volume overdoad. Because he s tking a diuretic,
an angiolensin receptor blocker, and spironolactone, assess

ing his clevtrolyte levels and kidney function is appropriate.

Routine repeat echocardiography is not recommended
in a stable patient with heart failore. According o current
puidelines, repeat cchocardiography should be performed
il the patient has had a change in clinical slalus, reccived a
new medication that might significantly improve cjection
fraction (such as a B blocker), or is being considered for
device therapy after medical oprimization.

Twenty four hour ambalatory  electrocardiographic
monitoring is not indicated o routinely screen for arthyvith-
mias in patients with heart failure in the absence of ssmp
toms or signs worrisome for an aarhythmia

‘IThe B type natriuretic peplide (BNP) level has prog
nostic value in patients with hear! filure and can be used
o determine whether heart faihure s progressing: However,
determining a prognosis according 10 an absolute value is
dillicult, and models that have used BN levels have different
BNI® cutpoints and lengths of follow op, At this time, a2 BNP
level Is noll roulinely obtained in an olherwise stable patient.
Other blomarkers of myvocardial fibrosis, such as soluble 5T2
receptor amnd galectin-3. have been shown 1o be predictive
of death and hospitalization in small trials, but their role
in the management of patients with heart failure is not yet
established.
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Answers and Critiques

KEY POINT

* In patients with heart failure, cach follow-up visit
should include evaluation of corrent symptoms and
functional capacity: assessment of volume status,
electrolvies. and kidney function; and review of the
patient’s medication regimen for adeqguacy.

Bibliography

Yoy W, Jessap M, Baskurt B, Butler 1, Caser DE Ie Doeeners WH, el aly
Aaseriean Codbee of Candiology Foundation, American [lean Associatlon
Task Foree on Practioe Gaidelines. 20080 MOCFAHNM puldeling. for the
marageriend of heart Bilure: 3 repornt of the American College of
Candichosty Foundation  American [lean Association Task Foroe an
Pty Casidelines. | Am Coll Canliol. 2003 Oct 15620160117 209,
TeMID: 23 T2l

Item 19 Answer: B

Educational Objective: Manage WollT-Parkinson-White
syndrome,

The mos! appropriale next step in management is an electro
physiology study: This young woman with a history of palpi
tations and paroxysms of dyspnea and lightheadedness Hiely
has atrioventricular reciprocating tachycandia associated with
an acoessory pathnay between the atria and ventricles. Acces
sory pathway conduction isoften observed as preexcitation on
electrocardiogram (FCG). Beeause of carly sventricular activa
rion over the aceessory pathway, the PR interval is shortened,
and the initial part of the ORS complex is slumed (delta
wave) because of veniricular depolarization adjacent 1o the
pathvwary, Wolll' Parkinson-White syndrome is characterized
by preexcitation on ECG accompanied by symproms consis
tend with lachveandia. Symptoms concerning for archythmia
in a patient with Wolll- Parkinson White syndrome should
prompt referral ooa cardiologist or an electrophysiologist.
In these patients, il 15 also important © cbiain an echocar
diogram 10 exchude structural heart discase associated with
accessory pathways, including Fhstein anomaly,

In this case, the patient’s symplomalic episodes could
be caused by supriventricular tachyeardia (orthodromic or
antidromic reciprocating tachyeardia) or preexcited atrial
fibrillation. A diagnostic electrophysiolosy study is indicated
o uncover the cause of hoer palpiliations and (o determine her
risk for sudden carndiae death. ‘The electrophysiology pro
cedure also affords the opportunity 1o ablate the accessory
pativway and potentially cure the archyvithmiu, The cure mile
of catheter ablation is as hizh as 95'5 (o 99% In patients with
an uneomplicated sceessory pathway.

Atenolel and verapamil are atrioventricufar nodal
blockers and may be unsal if the paticnl has anterograde
conduction down the accessory pathway during arrial libril
lation. These drugs promote mpid 1:1 conduction from the
alria to the ventricles over the accessory palhway during
atrial fibrillation, which can lead to very raphl ventricular
rates and ventricular Abrilkation,

Flecainide is an antiarrhythmic drug thal is frequently
used to treal paroxysmal atrial librillation and other arrhyth
mias. Flecainide is nol indicated in this paticnt because the
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tvpe and mechanism of the arrhythmia are unknown, This
patlent requires risk strutification, which can be aceom-
plished with an electrophvsiology study. Furthermore, the
age of the paticnt should be considered before antiarrhyth-
mic therapy is initiated. Catheter ablation is preferred in
young persons i avoid Blelong use of potentiafly toxic med
icathons. This young woman may dlso wish o avoid these
rypes of medications if she will be considering pregnancy
in the future.

KEY POINT

* Patients suspected of having WollT- Parkinson White
syndrome should undergo electrophysiology testing
for risk stratification for sudden cardiac death.
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Item 20 Answer: A

Educational Objective: Manage a patient with Marfan
syndrome who Is considering pregnancy.

The most appropriale mamgement is 1o advise against preg
mancy in this patlent with Marfan syndrome and o dilated
aorta, Al women with Marfan syndeome have an increased
risk for pregnancy-related aortic dissection and ruphare.
In women with Marfan syndrome and an ascending aonic
diameter of 4.5 cm or greater, aortic repair surgery IS reeom
mended before pregnancy (o reduce this risk. Some women
wilth Marfan syndrome and an aortic diameter less than
4.5 em. including those with rupid dilatation of the ascending
anrta or a family history of aortic dissection, are at high risk
fior disseetion during pregnancy and are counseled (o have
surpery before pregrancy: Generally, progmancy is considered
sale if the sortic dismeter is smaller than 4.0 cm.

This palient is asymplomatic wilh normal lell ventric
ular size and lunction and mild miloal regureitation; there
fore, s he docs not meet the criteria for mitral valve interven
tion. Althongh the mitral valve may warrant intervention at
some point, this patient’s dilated aoria Is the major delermi
nanl of pregnancy risk.

Patients with Marfan syndrome who are considering
progrency should have an aortic dimension smaller than
1.0 Lo 4.5 cm, with demonstrated stability for 6 months or
longer. This patient does nol meet these eriteria, and repeat
imuging demonstrting aortic stability will mot provide reas:
surance aboul future pregnancy: Owing Lo the siee of the
aoria, this paticnl should be advised to avoid pregnancy and
consider elective surgical repair 1Fshe elects not 1o proceed
with pregrancy or surgical repair at this lime, repeal aortic
rool imasing should be performed in 6 months to confinm
stability of the aortic dimensions.

Angiotensin receptor blockers, such as losartan, are
considered second line agents to § blocker therapy for the
control of hypertension and slowing aorlic ool expan
sion in patients with Marfan syndrome, Furthermore, ACE




Answers and Critiques

nhi
cated during pregnancy because of fetal toxicity Fetal expo WANC COHTIIT
vies or Other endocardial surfaces. Palients may pros

tors and angiotensin receplor blockers are contrindi oibile, and attached to t candinm by a st

sure o these agents during the first timestoer can ciuse cen siched va
b withsyimptoms ofembolism (including

rral nervous system and cardiovascalar malformations, and rike or transien!

expostre during the second trimester can canse developmen TN A myocardial infarcton, and periph
tal matformations of the kidnevs and penitourinary svsiem. ral em 1l Ll ' meted incident
KEY POINT :

ilderits witl E with accepl = operative

= Women with Marfan syndrome have an increased risk vrditients with left Hig

lor pregnaney related aortie dissection and ruptune. e
Bibliography Bacteria arditis s likely in this patient gis
e i rak V, Hlcamstream Lot O Ronghi O Ciflans B, ira B l Frssemy LN tional symptoms. evidence of svs
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temic inflammation, a predisposing valvalar leston, and @

fior hacteremia {such as dental cleaning or injectable

wy ol the
33T 07 |

TR i T st i 1T

Esociated with obstructiv

symnplome and, in 100 to 158 of patients, an ausculty

m Item 21 Answer: D than fibroelast

Educational Objective: Diagnose a papillary L e ik
tumor plop.™ In 75% of W, TYXOMAS Arise witin e
fibroclasioma ]
left #trinm atipched (o th wazt onealis, not vaky T
i 1t's histony, plysical exami { VT 5 fever, anorexia
Mk ¢ WA T MOET hic Featires are most consistent with a wilphl loss, relaled o tumo nicricukin prodection may
pupitlary fibrockstoma (PFE) The echocardiographic images ilso be pressent
(shown) restnl o PFE (errows) arlsing from the mitmal Nonhacterial thrombotle endocarditls (NBTE), also
Most PREs are small foveraging 12 mum = 9mm), independenth knowwn as verrpoous, nmarantic, or Libman-Sacks endocar

v M " 1 . .
- | 1S § s 1 ovi 1|
predisposing condition for NBTE. and the lesion does nol

have aoward [ike or broad  based appearance

KEY POINT

= Papillary fibme lependentiy

mobile candiac tumors that are typically attached to
the lefi sided vabvalar endocardium by a stalk: they
may be associated with stroke, ransient Ischemic
attack, angina, myocandial infarction, and peripheral

embolization,
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Item 22 Answer: D

Educational Objective: Treal iron deficiency anemia in
a patient with cvanotic congenital heart disease.

'he most appropriate management is initiation of a short
comrse of iron therapy [or this patient wilh Elsenmenger
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Answers and Critiques

syndrome and symptomatic postoperative anemia. Most
patients with cyanosis have compensated ervthroeyto

sis wilh stable hemoglobin levels. lron deficiency and
resullant microcytosis in these patients is oflen caused
by inappropriate phlebotomy or blood loss. Correction
af iron deficiency is associated with increased exercise
capacity and improved quality of lite. This patient’s
baseline hemoglobin level was greater than 18 gidL
(180 2/L). She developed preoperative anemia and subse

quent pericperative anemia that has persisted and caused
dyspnea and faltigue. Oral iron therapy oflen canses a
rapid increase in erythrocyle mass and requires care

ful monitoring, Administration of ferrous sulfale or fer

rous gluconale is recommended with repeat hemoglobin
assessment in 7 w10 days. Onee the serum ferritin level
or transferrin saturation is within the normal range,
iron supplementation may be discontinued, It is import

anl nol o exceed the acceptable serum ferritin level. In
the absence of dehwdration, a hemoglobin level greater
than 20 g/dL (200 g/L) and a hematocrit level preater
than 65'% are associated with hyperviscosity symptoms,
such as headache. difficully concentrating, weakness,
and fatigue:

Erythropoietin is used primarily in patients with ane
mia related w kidney discase. Iron therapy, not ervtheopod
etin, is recomumended for patients with cyanotic cardiac dis
ease with iron deficiency anemia. ‘This patient with cyanotic
congenital heart discase and relative anemia is likely to have
an elevated ervthropoictin level; erythropoietin therapy for
this patient will be expensive, likely inelfective, and poten-
tiallvy dangerous,

Heart lung transplantation is an option for end stage
cardiopulmonary discase in patients with Lisenmenger syn
drome; however, it is nol indicated without o trial of stan
dard medical therapy with iron.

Limited data are available regarding the efficacy of
epoprostenal in patients with EFisenmenger syndrome
and pulmonary hyperlension. Intravenons epoprostencl
is typically avoided because of the risk for paradoxi
cal embolism with continnous intravenous therapy in
patients with an intracardiac right-to-leftl shunl. Oral.
subcutaneous, and inhaled therapies are preferred. How
ever, this patienl’s symptoms are likely the resull of iron
deficieney, and a trial of fron replacement is firsl-line
therapy.

KEY POINT

* In patients with cyanotic conditions, such as
Eisenmenger syndrome, iron deficiency is common,
amd short-term irom therapy will improve exercise
capacily and guality of life.

Bibliography

Tay EL, Pesed A, Papaphylactou M, Inuzuka B, Alonso-Gonzalezr R,
Giannmakoulas G, el al. Replacement checapy for iron deficiency
Impaancs exercise capacity and gqualily of life in paticnts with evanatic
congenilal heart disesse andsor the Fisenmenger syndeame, Tat )
Cardicl.  2001151:307 12, [PMIT: - 20580108]  dob: W Wa /g jrd
201005066

164

Hem 23 Answer: B

Educational Objective: Treal ST-elevation myocardial
infarction with thrombolytic therapy.

The maost appropriste management of this patiend with an
acute ndferior ST-elevation myocardial infarction (STEMD
is to administer full-dose releplase: All patienls who pres
ent with STEMI within 12 hours of symptom omset require
prompa restoration of low with primary percutineous cor
omary intervention (PCI or thrombolytic therapy, When a
hospital s capalle of performing primary PCHor the patient
van be transferred from an index hospital 1o g PCLcapable
center quickly (to achieve an expected frst medical contart
lo device time of 120 minutes or less), primary PET s the
preferred treatment option, Primary PCL s associated with
higher rates of vessel patency and improved overall survival
compared with thrombolytic therapy. In this case, transfer
time 1s prohibritively forg, and the patient i best treated with
immediate thrombelvsis with reteplase. After adminisiralion
of thrombobytic therapy: the patient should be transferred to
a PCE-capable center for reseue POE in case of thrombaobytic
failure or for nonemergent anglopraphy belore discharge.
Evidence supports the efficacy of fondaparinux and tica
grelor asantithrombaotic therapies in the setting of STEMI; how
ever. neither agent will likely result in vsis of a clor, These drugs
remain adjovant freatment o o primary thrommbalvtic stmlegy,
Hali' dose thrambobetic therapy in combination with
glveoprotein Ib/Hla blockade does not offer any additional
benefit compared with full dose thrombolysis in patients
with STEML
Nitroprusside is 2 powerful vasodilator and has no rale
in the management of STEMI Venodilators, such as nitrates
and nitroprussice. must be used with cantion i the setting
of inferior myocardial infarction becanse they may result
in sigmificant drops in systolic blood pressure; particularly
when associated with right vestricular infaretion.
KEY POINT
* Thrombolytic therapy is recommended for patients
wiith ST-elevation myvocardial infarction when svmp-
tom onset is within 12 hours and primary percutane-
ous coronary intervention is not available within 120
rrdnutes of first medical contact.
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Item 24 Answer: C

Educational Objective: Diagnose peripheral artery dis-
ease in a patient with noncompressible arterics,

The most appropriate diagnostic test 1o perform next in this
patient is a toe- brachial index. The diagnostic tonl that is most

C




frequently used o identify peripheral artery disease (PAD)
is the ankle hrachial index (ABRI). To calculate the ABL the
higher ankle pressure in each leg is divided by the higher
brachial pressare. An ARl of 0.90 or lower establishes a diag

nosis of PAL, whereas an ABI greater than LA0 indicates the
presence of calcified, noncompressible arteries in the lower
extremnities and is considered uninterpretable. In patients
with an ABI greater than 1400 an appropriate next step is to
measure toe pressure or caleulate a toe brachial index (systolic
great toe pressure divided by systolic brachial pressure). A
great toe systolic pressure below 40 mm Hg or a toe brachial
index below 0,70 35 consistent with PAD. Becouse this paticnl
has a left ABI of 1.65, a toe brachial index is indicated,

Exercise ABI testing is useful when patients have a
borderline ABI (0.91-1,00) or normal ABI (1,00-1.40) and a
high likelihood of PAD. The American Heart Association has
proposed a postexercise ankle pressure decrease of more
than 30 mm Hg or a postexercise ABL decrease of more than
20% as a diagnostic eriterion for PAD. Other organizations
have proposed a postexercise ABL of less than 0,90 and/or a
30 -mm Hg drop in ankle pressure after excrcise, This
patient’s resting ABl value is greater than 1.40; therefore,
exercise ABRLis not indicated to dingnose PALD.

CT angiography and magnelic resonance angiography
are often reserved [or planning endovascular or surgical
revascularization rather than for diagnosis of PAD,

In palients with venous leg uleers, venous duplex ulln-
sonography is indicated o evaluate or chronic venows insul-
ficieney and deep vein thrombosis (acute or chronic), The
location of the ulceration and the lack of other findings
econsistent with venous discase make that disgnosis unlikely,
and venous duplex ullrsonography is Lherefore unneces
sary.

KEY POINT
* In paticnts with an ankle-brachial index greater than
140, a toe-brachial index may be used to diagnose
peripheral artery disease.
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] ltem 25

Educational Objective: Treat a patient with infective
‘endocarditis and refractory bacteremia with cardiac valve

surgery.

Answer: B

The mosl appropriate next step in management is cardiac
valve surgery. This patient has infective endocarditis with
refractory bacteremia. For patients such as this one, candiac
surgery is the most appropriate next step when Lhere is evi

dence of persistent infection lasting longer than 5 to 7 days
while the patient is receiving appropriate antimicrobial ther

apy. Cardiac surgery also is recommended for patienis with

 Answers and Critiques

infective endocarditis who bave the fodiowing: symplomeatic
heart failure; left sided imvolvement with Staphylococous
aurens, fungal infections, or highhy resistant meanisms; asso
ciated complications, such as heart block, anoular or aortic
abseess, or destructive penctealing lesions; or prosthetic valve
infective endocarditis and relapsing infection.

Cardiac catheterization s not indicated i this patient
and may inerease the risk for embolization of vegetation or
wiorsen hemodvnamic stagus. Cardine catheterization before
plannud cardine surgery i% indicaled in patients with risk
factors for coronary anlery disease, witich are not present in
(his patient,

The most common indications [or intervention with an
intra-portic Elloon pump are cardiogenic shock unrespon
sive 1o other interventions and acite mitral regargitation.
This patient does nol have any indicalfon for an intra -aortic
balloon pump. Additionally, an intre sortic balloon pump is
contraindicated in the presence of significant aoriic regur
gitation, s seen in this patient, becawse it will inerease (he
volume of regurgitav bBiood o

Surgical intervention should not e delayed for observa
tion of the patient’s response (o another antibioice onoe sur
gical indications have been met. In this patient, switching (o
anather antibiotic without immediate surgical intervention
oy result in further decompensation of the patient’s cfind
cal status and an increased operative risk [or intervention at
alatet time.

KEY POINT

= For patients with infective endocarditis, cardiac sur
gery is indicated for persistent infection lasting longer
than 5 to 7 days while on appropriate antimicrobial
therapy; symplomatic heart failure; lefl-sided involve-
ment with Staphylococcus aureus, fungal nfections,
or highly resistant organisms: complications such as
heart block, annular or aortic abscess, or destructive
penetrating lesions; and prosthelic valve infective
endocarditis and relapsing infection.
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Item 26 Answer: E

Educational Objective: Recognize the potential for
underestimation of cardiovascular risk in patients with
HIV infection.

This paticnt’s HIV status will contribute maost to the under
estimation of his risk for atherosclerctic cardiovascular dis
ease (ASCVD. This young patient has both traditional risk
fectors (hypertension and smoking) and a nontraditional risk
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Answers and Critiques

factor {HIV) for ASCV D, which is defined as coronary death ar
nonfatal myecardial infarction, or fatal or nonfatal stroke. The
Pooled Cohiort Lguations arve a risk assessment instrument
developed from multiple community based cohorts; their
use as a primary risk assessment tool was recommended in
the 2013 American College of Cardiology/American 1eart
Association (ACC/ATIA) Guideline on Assessment of Cardio

vascular Risk. The ACC/AHA ASCVD risk calculator based on
the Pooled Cohort Eguations includes age, sex, race, total and
L. cholesterol levels, systolic hlood pressure, blood pres

sure lomvering medication use, presence of diabetes mellitus,
and smoking status. With use of this method of caleulating
risle, a 10 year risk for ASCVD below 5% is considered low
risle, 3% to below 7.5%. is classified as intermediate risl, and
7.5% or higher is designated as high risk. This patient’s calcu

lated 10-year ASCVTY risk is 6.2%.

Large nhservational studies have demonstrated a 1.5 to
2-fold increase in the risk for ASCVD among patients with
HIV infection. The increased risk for ASCVD in HIV- infected
patients is likely the result of interactions among the viral
infection, host factors, traditional risk factors, and thera
pies for HIV. Traditional risk models, including the ACCY
AHA ASCVD risk calenlator based on the Pooled Cohort
Equations, underestimate the risk for ASCVD in patients
with HIV. Alternative risk models, including one based on
the [2:A:12 (Data Collection on Adverse events of Anti-HIV
Dirugs) study, have been developed, but they lacl validation
and have not been widely adopted.

This patient’s age, blood pressure, use of antihyperten
sive medicalions, and HDL cholesterol level are accounted
for in the ACC/AHA ASCVD risk calculator and are not fac
tors responsible for underestimating his ASCVTY risl.

KEY POINT

= |npatients with HIV infection. there is a 1.5- o 2-fold
increased risk for coronary artery disease.
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Iltem 27

Educational Objective: Evaluale for coronary artery
disease with exercise electrocardiography.

Answer: C

The mos! appropriale st Lo establish a diagnosis of coronary
artery disease (CAD) s exercise clectrocardiographic (ECG)
siress testing. This paticnt wilh cardicvascular risk factors
Ihypertension, hyperlipidemia) is exhibiting typical angina,
which has the fllowing characteristics: (1) substernal chest
main or discombort that {2) is provoked by exerlion or Cmo
tonal stress and (3) s relicved by rest and/or nilroglycerin.
Given her age, sex, and symptoms, she has an inlermediate
pretest probabilily of CAD (73%) and should underpo stress
testing, In patients withea normal baseline BOG and the ability
to exercise, exercise BOG s recommended as the initial test
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of chofce, Exercise ECG can identify flow-limiting lesions
indicative of CADIY and also further risk stratily this patient.
The additional progmostic information available with exer-
cise, including functional capacity and heart rate and Blood
pressure response, can be used in prediction models, such as
the Duke Treadmill Score, which uses several Tactors (devel

opment of symptoms, degree of 8T segment depression, and
exercise duration) to provide incremental prognostic informa-
tion for 5 year mortality risk. Heart rate recovery is another
powerful predictor; patients with a heart rate drop of less than
12/min in the first minute after cessation of exercise have a
higher maortality rate,

There is no indication for stress testing with additional
imaging, such as adenosine single photon emission CT or
stress echocardicgraphy, given this patient’s normal bascling
ECG findings. If the baseline EOG finwdings were uninter-
pretable or the exercise ECG stress tesl was indeterminate,
additional testing with imaging would be warranted.

Coronary artery calcium scoring would identily the
presence of CADL but it would not detect 3 flow limiting
lesion as the cause of this patient’s symiptoms. Additionally.
the absence of calcification during coronary artery calcium
seoring does not exclude the presence of noncalcified plague,

KEY POINT

= |n palicnts with an intermediate probability of
obstructive coronary artery disease. a normal baseline
electrocardiogram, and the ability to-exercise, exercise
electrocardiography is recommended as the indtial test
of choice.
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item 28

Educational Objective: Treat a patient with heart
failure and evidence of conduction delay,

Answer: A

The most appropriate treatment is the addition of carvedilol
This patient with heart Bilure with reduced ejection fradction
hias Mew York Heart Association functional class 111 symp
toms, Guickeline directed medical therapy for heart failure
includes treatment with an ACE inhibitor, B blocker {spe
cilicatly, metoprodol succinate, canvedilol, or hisopralol), and
an aldosterone antagonist. B Blockers improve remodeling,
inerease ejection fraction, and reduce haspitalbzation and
mortakity when added to an ACE inhibdtor and diuretic ther
apnt This patient is vt taking a [§-hiocker; therefore, the most
important Intervention would be initfation of carvedilol 1o
aptimize the patient’s medical therapy

In patients with chromic symptomatic heart failure and
left ventricular ejection fraction less than or equal o 35
who are in sinus rhythm and faking maximally tolerated




doses of o B blocker, dabradine recduces heart fadlure-asso
ciated hospitalizations and the combined endpoine of mor
tality ancd heart Bilure hospitalization. Because this patient
15 not taking a B-blocker; ivabradine 1s not indicated.
Cardioe resvnchronization therapy (CRT)H s indicated for
primary prevention of sudden cardiac death and to reduce
the risk for hospitalization and death in patients with heart
failure whe have dyssynchrony: Criteria for CRT include an
ejection fraction of less than or equal 1o 35%, New York Heart
Association functional class 1 to 1V heart failure symptoms
despite suideline directed medical therapy, sinus rhythm,
and left bundle branch block with a QRS complex of 150 ms
or greater. This patient fultills the echocardiographic and
electrocardiographic eriteria for CRT, and if he comtinues to
have relmaclory heart failure despite guideline. directed med
ical therapy for 90 days, he would be-a candidate for CRT.
An G would protect this patient against sudden car
diac death; however, medical therapy is necessary first to
alleviate his heart failure symptoms and improve his fune
tiomal status. Many patients with new onset heart failore
experience significant improvernents inogjection fraction
wilh medical therapy and may not reguire or benefit from
1CD placement.
KEY POINT
* Patients with left ventricular dyvsiunction due Lo
ischemic cardiomyopathy, left bundle branch block,
and heart Rilure symploms should receive guideline
directed medical therapy belore indliation of deviee
therapy.
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Item 29 Answer: D
Educational Objective: Diagnose primary restrictive
cardiomyopathy:

The most likely diagnesis is primary restrictive cardiomy
opathy, Patients with constrictive pericarditis and restrictive
cardiomyopathy present with similar symptoms and findings
on echocardiography, and differentiation is an essential first
step in diagnosis. In this patient, several features favor restric
tive physiology: the elevated B type natriuretic peptide level
{often <100 pe/ml [100 ng/L] in constrictive pericarditis), the
presence of severe pulmonary hypertension, the absence of
pericardial thickening on cardiac magnetic resonance inwg
ing, and the presence of delayed enhancement of myocar
dium comsistent with myocardial fibiosis on cardiac magnetic
resonance imaging. This patient’s simultanecus right and left
vertricular hemodynamic recordings demonistrate concor
dant rise and fall of systolic pressures with respiration. In

Answers and Critiques

constrictlon, an inverse relationship or discordance is present
bhecause of ventricular interdependenee; right ventricular svs
olic pressure rises during inspiration coupled with a simulta
newns decrease in left ventricular systolic pressure.

Fabry disease isa lysosomal storage disorder. Clinical
manifestations begin in childhood and prosress in an orderhy
fashion, with up to 20% of the obowing manifestations
appearing by age 40 years: neuropathic pain, telangiectasias
angd anglokeratomas. and proteinuria and chronic kidnew
disense; The most commaon cardiae complications are con
cemdric left ventricalar lypertrophy, heart fadlure, coronary
arfery disease. left-sided valvular dysfunction, and condue
tiom abnormalities. This patient’s late onsetof cardiae symp
toms and lack of other findings make Fabry disease unlikely.

Althemgh wall thickness may be normal in patients
with hemuochromatosis, the left ventricle is usually dilared,
and the seraom ferritin level would be greatly clevated ina
patient with visceral involvement.

KEY POINT
= Restrictive cardiomyopathy is distinguished from con
strictive pericarditis by an elevated B-lype natriuretic
peptide level and concordant rise and fall of left and
right systolic pressures with respiration.
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item 30 Answer: C

Educational Objective: Treal acute descending aortic
dissection.

The most appropriate Tnitial stepin the management of this
pativol is indtistion of medical therapy: Patients with type
B acute aortic dissection withoul evidence of cardingenic
shock should be initially treated with medical therapy to
control hearl rate and reduce blood pressure. Infravenous
B-blockers are first. line treatment, and sodium nitroprasside
van be added i hypertension does not completely respond to
B-bloclker therapy. Current guidelines recommend reducing
sysiolic blood pressure to 120 mm He or less in the first hour
in pativnts with aorlic dissection, Pain control is best accom
plishied with intrmenous oploids. In patients with ascending
aortic dissection {type A aortic dissection), intramural aortic
hematomi, or descending aortic dissection (Lype B aortic dis
section) with complications, immediate repair is warmanted.
Complications are defined as refractory pain, rapid aneud
rysmmial expansion. ruplure, or malperfusion syndrome, This
patient hasa vpe B aortic dissection arising just distal to the
origin of the lelt subclavian artery with no evidence of com
plications, Therefore, medical therapy is the most appropriale
[reatmenl,

Endovascular stenting can be used o treal patients
with descending aortic aneurysms; however, there is scant
evicleniee 1o support this as an inilial treatment option for
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Answers and Critiques

aneurvsin with dissection. After medical stabilization, thoraci

endivascular aortic repair (TEVAR) with stent pralting can be

used: 1}']]1L';1| indications include descending aortic ancurysm

diameter greater than &0 cm, rapid growth (=0.5 cm/year),

e, TEVAR has the advantage over surgi

or end-orzan dam:
cal operation of lower marbidity and shorter hospital stay,
although there may be complications, including stroke,
and aortic graft endoleaks. This paticnt
should be treated with stent implantation only afler med
ical stabilization:

Open surgical repair of the descending acrta is not

spiral ischémia

recommended in patients with uncomplicated type B aortic
dissection beeause of high rates of morbidity (such as para
plegia) and mortalite This patient has no signs or symptoms
al

of complications thal would prompt immediate sarg
Fepairn,

Repeat 1
unless the
Serial imaging (usually magnetic resonance angiography) is

angiography at 12 hours s oot indicated

patient does not stabilize with medieal therapy.

typically performed in asymptomatic patients

discharege and then periodically in patients who do not have

an indication for ancurysmal repair to screen for extension
o recurrence of the dissection, aneurvsm formation, and
teakage

KEY POINT

* Patients with uncomplicated tvpe B aortic dissection
rmay be initially treated with medical therapy, includ
ing p-blockers, sodium nitroprusside, and opioids.
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item 31

Educational Objective: Treat cardiac tamponade,

Answer: C

The mest appropriale management is pericardiocentesis. This
palicnt s Laking minoxidil and hwdralazine, both of which
nuy be associated with the development of a pericardial
effusion (PE). Tampenade occurs when Intrapericardial pres

sure exceeds diastolic intracardiac pressures, which leads w
comprission of candiac chambers and limits diastolic fill

ing, stroke volume, and candiae ontpul, with a simultaneous

increase in pulmenary capillary wedge pressare that leads
oy pulmonany edema. Doefiniiive treatment of ¢andiac tam
ponade is pericardiocentesis or surgical pericardial drainage.
In hemodynamically unstable patients, intravenaous normal
saline v used 1o stabilize the patient as a temparizing men
sure or bridge to definitive therapy Despite the evidence of
fluid everload. intravenons veluome loading can help maintain
or-inerease cardiae output. Low systolic: hlood pressore
=100 mm Heg) is the most readily gecessible clinieal finding
that is predictive of o Bvorable response (o vislame loading,
Hemodialysis will decrease right heart filling pres
sure bul not intrapericardial pressure, resnlling in
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i the time of

further compression of the intracardiac chamber: and
reduction in cardiac output. Similarly, intravenous loop

divrelics or agents that actively dilate WACTANCE. VES

sels, such as nitroglveering should be avoided because

|

{hve increase inintrapericard bl

Ll |

Lhey will result ina

pressure o Intracardiac

pressurc and further
cardiac output.

Right heart catheterization is not typically performed

in the diagnosis of cardiae tamponade. FErhocardiography
readily detects perfeardial effusions and is the primary
mexdality for diagnosing cardiae mumpoenade. Echocardio
cardiac tamponade include diastolic col
bapse of the right atrivey and right ventricle; ventricular

sraphic signs ol

| shilting with respiration, and enlarsement of the

Frrai o
ENIRE T IOT

Cerrroeit) of the right atrimme (R AY free wall is shown, With

Boppler echoc on in mitral

inflow van be detected early in the evolution of tam

ardiography, respiratory vaciati

ponade. In the palsed wave Doppler image, there is a

significant and reproducible decrease (225%) in passive
ion, which reflects enhanced
ventricedar inlerdependence. Changes in miteal intlow are
highly sensilive and may precede changes in card

P U i

chigstolic Mow during i

iac o

pul, blood pressure tother echocardiographic evidence

ol tampenade,




* [lefinitive treatment of cardiac tamponade is peri-
cardiocentests or surgical pericardial drainage.
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Item 32 Answer: D

Educational Objective: Diagnose ticagrelor-related dys-
prici.

Ticagrelor i the most likely cause of dyspnea in this patient
with a normal phyvsical examination, no electrocardiographic
changes, and normal lindings on imaging studies. Ticagrelor
isa I"2Y , inhibitor that may be used as a component of dual
antiplatelet thermpy in select patients with coronary artery
disease, including those treated with percutancous coronary
intervention. Dyspaea is a well recognized side effiect of thea-
grelor therapy, In clinical trials, 15% to 200 of patients lak-
ing licagrelor expericnced dyspnea, although only 5% to 7%
required cessation of the drug. In most cases, ticagrelor me-
diated dyspnea bs selll limited, but it often results in additional
testing,

Heart faflure can complicate myocardial infarclion. In
this case, however. the normal findings on physical exam-
ination, chest radiograph, and echocardiogram make heart
[ailore an unlikely cause of the patient’s symptoms.

In patients with shortness of breath after myocardial
infarction, il s important o rale owl complications of recent
percutancous coronary intervention, such as in-stent ste
nosis and stent thrombosis, Patients with In-stent resleno-
sis will exhibil recurrent signs and symproms of ischemia,
inchading chest pain and dyspnea; however, in stent resi-
ennsis develops months to years after stent implantation.
nol weeks, In conlrast (o in-stent restenosis, stent throm
bosis is usually a fulminant event, commonly manifesting
as acute myocandial infarction or death, The timing and
persistent nature of this patient’s symploms, coupled with
the unchanged clectrocandiographic findings, rule out stent
thrombaosis as a cause of this patient’s symptoms.

Ventricular septal defeet (VSD) resulting from rupture
of the Intraventricular septum is o rare complication of
transmural infarction involving the right coronary artery
{in which the V51 tends 1o affieet the basal inferior septum)
or the left anterior descending artery {in which the VSD is
usually locared within the apical septum). VSDs typically
occur within 3 to 5 davs of STEMI presentation. Patients
present with worsening heart Gilure and shock. and a harsh
holosystolic murmur may be heard ar the left lower siernal
border. A small NSTEMI would not result in a VSD. and the
laboratory and physical examination findings rule out this
diagnnsis.

Answers and Critiques

KEY POINT sl o

* Dyspnea is a well-recognized and often self- limited
side effect of ticagrelor therapy,
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item 33 Answer: D
Educational Objective: Diagnose takotsubo cardiomy-
opathy.

Takomsubo cardiomyopathy s the most Hikely diagnosis. This
previously healthy patient has symploms and findings sug-
gestive of an acute cotonary syndrome, Cardiac catheleriza

Lion dermonstrtes normal corenary arlerles and wall motion
abnormealithes that do not follow one vascular erritony, fnd

ings that are consistent with akotsubo candiomyopatin
Takotsubo candiormyopeathy, or s inducal candiamops

thy i a heart Gflure symdreme that typheally occurs in older
wormen and s ussally precipitated by a stressful physical or
emotional event, such as the death ol a loved one, sudden sur

prise, or other acute stressors, 11 is associated with electrocir-
clicgrnpbie changes sugeestive of an acule myocardial infare

tion or o moderate increase in troponin levels, wall motion
changes that extend bevond the trritory of @ single cormnary
artery, and normal or near-normal conaury aneres (50
stenosks). Patitmits wilh 2 drop in chection Isction should be
treated with standarnd beart Gilore medicathons and ypically
have rapld recovery of left wentricular lunction.

Acute myvocanditis osually presents with heart Gailure
symploms that develop over a few duys (o owerks, Ooea
sionally, patlents have symptoms or several months belore
heart fdlure s discovered, The classic presentation of vical
oyocsrditls includes a viral prodrome with fever, myalgia,
andd upper respiralory racl symptoms. Patients present with
dyspnea, chest pain, and archythmias, Electrocardiographic
abourmalities ave often present, along with evidence of novo
cardial damage with persistently clevated troponin levels.
Acute-onset symptoms ollowing an emotional event and
apical ballooning on left ventriculography are nol seen in
scue nvocarditis,

Glant eell myocanditis s an acate, rapldly progressive
form of myoearditis associated with ventricalar arrhyth
migs amdd progressive candiae dysfunctlon despite medical
therapy. This provess usually occurs I persons younger
thamn 40 years. The underlying mechanism is unknown but
i though to be auloimmune in origin, This patient’s age and
presentatlon are nol compatible with giant cell myocarditis.

Tachyoandia-indueed  cardiomyopathy is related o
prolonged achycardia or frequent premature ventricalar
contractions, Patienis esually have findings related to the
tmchyarthythmia (for example, palpitations) and heart fail
are, This ptient’s soute presentation 18 inconsistent with
fachweandia induced cardiormyopithy.
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KEY POINT ==

* Takotsubo curdiomyopathy is a syndrome of reversible
veniricular systolic dysfunction that is usually precip
itated by an acute emotional or physiologic stressor;
the hallmark is wall motion abnormalities that extend
beyond a single coronary territory, identified by echo:
cardiography or other imaging studics.
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ltem 34 Answer: C

Educational Objective: Treat symptomatic severe pul
monary valve stenosis.

Balloon vahuloplasty is the most appropriale management
of this paticnt. The palpable, late peaking systolic murmur
lecated at the second left inlercostal space: absence of an
viection click: and features of right ventricular pressure over
load sugpest sovere pulmonary valve stenosis. The echocar
divgram confirms the presence of severe pulmonary valve
stenosis with a peak systolic gradient of 65 mm Hg and
mean systolic gradient of 30 mm Hg, Balloon vabuloplasty
is recommended lor symptomatic patients with appropr
ate valve morphology who have a peak Doppler gradient of
gresder than 50 mm Hg or a mean gracdient greater than 30
mm Hg and fvorable valve characteristics for percuiameons
intervention,

Patients with pulmonary valve stenosis without a his
tory of endocarditis or pulmonary valve replacement do not
require endocarditis prophylaxis.

Exercise stress testing could help delermine whether
the paticni has exercise limilations refated 10 ber pulmonary
valve stenosis: however, the results would notl change the
recommendation for intervention.

Surgical pulmonary valve replacement should be con
sidered when the valve is dvsplastic or when more than
moderaie coexisting pulmonary valve regurgitation, a small
annulus. severe subvalvar or supravalvar pulmonary vabve
stenosts, or another cardiac lesion that reguires operntive
intervention is present. It is nol the preferred treatment for
this patient who has appropriate valve morphology for bal
leson valvuloplasty,

* Balloon valvulaplasty is recommended for paticnts
with sympiomatic pulmonary valve stenosis who have
appropriate valve morphology. a peak Doppler gradi
ent of greater than 50 mm Hg or a mean gradient
greater than 30 mm He, and vahe characteristics
favorable for percutaneocus inlervention.
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Item 35 Answer: C

Educational Objective: Evaluate for coronary artery
disease with coronary CT angiography in a patient with
COPD.

Coromary CT angiography (CTA) §s the most appropriate diag-
nostic test o perform next. This patient with an intermedi-
ale pretest probability of coronary anery disease (CAD) has
chest pain without evidence of acute comnary syndrome.
anid he should undergo dsk stratification. Becanse his hase-
line clectmcandiogram (ECG) has evidence of lefl veniricalar
hyperirophy with repolarization abnormualitics. which limits
the abilily 1o interpret exercise ECG findings, sinss 1esting
wilh adjunctive Imaging or analismic assessment for CAD is
indicated. Coronary CTA §s a nonimasive anatomic imaging
study to evaluate for obstructive CALL In the PROMISE trial.
which compared coronary CTA with funetional stress test-
ing among patients with an intermecdiate pretest probability
for CAL, the 2 vear composile outeome (death, myocardial
infarction, hospitalization lor unstable anging, or major pro

cedural complication) was similarly low with both tvpes of
diapnostic tesling,

Vasodilators, such as regadenoson or adenosine, pro
duwe hyperemia and a flow disparity between myvocandiom
supplied by unobstrucied vessels and myocardivm supplied
by the stenotic vessel (in which the distal vasculatare is
already maximally dilated). In addition 10 identifying the
presence of disease, perfusion imaging can define the loca
tion and extent of reduced perfusion and provide additional
prugnostic information. Single-pholon emission CT with
the vasodilator adenosine can be performed in patients with
underlying reactive airways disease but should be avoided
in paticnts who are actively wheezing, such as this one. The
newer selective adenosine A, recepdor agondsts ane assoct
ated with less bronchospasie: however, bronchospasm may
sl oeeur as a result of some aclivation of the Ay, and A,
Tece lors.

Coronary angiography s an invasive test thai carries
significant risks. It should be considered in patients who
hiave a high pretest prohability for obstructive CAD, inclod-
ing symptomatic patients with abnormal findings on non-
imasive edling for CAD or patients with an acute coronary
syndromee.

KEY POINT

= Haseline electrocardiogram (ECG) abnormalities that
limit the ability to interpret exercise BCG Mndings are
an indication for stress testing with adjunctive imag
ing or anatomic assessment of coronary artéries,
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tem 36 Answer: C
Educational Objective: Evaluate sinus bradycardia.

Exercise treadmill stress testing is the most appropriate nex
siep in management. Sinus bradyeardia (sinus rhwthm with a
heart rate <60/min) may be appropriate in several sitations,
including In trained athletes or during sleep, when the hear
rate may [ull as low as 30/min. The most commeon intrinsic
cause of inappropriate or pathologic sinus bradycandia (sinus
node dysfunction) is age related myocardial fibrosis in the
vicinity of the: sinus node. The most common extrinsic cause
of sinus bradyeardia s medication use, This voung patient has
asymplomatic bradyeandia and ¢hest pain atypical for car-
diae ischemia. However, because of her history of occasional
lightheadedness with exercise, this patient should undergo
treadmill siress testing 10 cvaluate her heart wale response
lo exercise (chronotropy) and further exchude symptomalic
bradyeandia.

Despite the pleuritic component to this patients chest
pain, she has no respinitory distress, has normal OAVECH
siluration, and can exercise without diticulty. Therefore,
T of the chest to exclude pulmonary embolism is nod
appropriate.

The utility of any diagnostic test should be inter
preted in the context of the pretest likelihood of disease,
Patients with a low probability of coronary artery discase,
such as younger patients with atypical or nonanginal
chest pain, have a higher incidence of false positive (est
results and may undergo unnecessary testing without
changing patient outcomes. Given this patient's extremely
low pretest probability for coronary artery discase, cor
anary angiography s not indicated. Additionally, il this
patient had an intermediate probability of coronary arlery
disease. noninvasive testing would be performed before
angiography.

Pacemakers are indicated in paticnls with svmptomatic
bradyeandia in the absence of a reversible cause. The decision
1o implant a pacemaker in this patient should be delayed
until after the exercise stress test Lo ascertain whether she is
truly asymplonatic,

= In patients with sinus bradyeardia and equivocal
syrploms, exercise stress testing may be used to

assess for chronotropic incompetence and determine
suitability for pacemaker placement.
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Item 37 Answer: B
Educational Objective: Treat hypertension during pres-
nancy.

In this pregnant patient. labetalol is the most appropriate
treatment 1o achieve blood pressure contral. Hypertension
diagnosed before the 20th week of gestation is most con-
sistent with 2 new diagnosis of chronic hypertension rather
than preeclampsin. Pharmacologic treatment of chronic
hypertension in pregnancy s recommended o achiow the
goal of limiting maternal end-organ damage: there is no
evidence that blood pressure control during pregnancy will
prevent preeclampsia. The definitive threshold for treatment
af chronic hypertension in pregnancy remains conlmiver-
sial. A 2012 guideline published by the American Collcpe of
Ohstetricians and Gynecologists made a strong recommen
dation for initiation of pharmacologic therapy for pregnant
women with persistent chronie hypertension at a systolic
blood pressure of 160 mm Hg or higher or a diastolic blood
pressure of 105 mm Hg or higher. However, other guidelines,
including one from the European Society of Cardinlogy, con
tinue to recommend initiation of pharmacologic (herapy
at a systolic blood pressure of 150 mm Hyg or higher or a
diastalic bloml pressure of 95 mm Hg or higher in women
without symptoms or evidence of end-ongin damage due (o
hypertension. Although all antibypertensive agents cross the
placenta. methyldopa and labetalol appear 1o be the safest
antihypertensive agents in pregnant women.

et and welght loss should be used in confumetion with
pharmacologic therapy in this patient: however, nonphar
macologic strategics alone are insufficient in a patient with
hypertension of this magnimde. Foregoing pharmacologic
treatment of chironic hyperiension may result in maternal
end organ damage,

ACE inhibitors (such as lisinopril), angiotensin receplor
blockers {(such as lusartan}, spironolactone, and direet renin
inhibitors (aliskiren) are teratomenic and are therefore con
traindicated during pregnancy. During the first trimester,
these agents can cause central nervous system and cardio
vasculir malformations in the fetus. Second trimester expo
sure can ciuse developmental malformations of the kidneys
and genitenrinary systen,

KEY POINT
= Labetalol and methyldopa are the agents of choice in
treating pregnant patients with hypertension.
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Answers and Critiques

Item 38 Answer: B

Educational Objective: Manage a patient with severe
mitral regurgitation with appropriate surveillance,

In the absence of symptoms, Lhe most appropriate tim-
ing for this paticnt’s next clinical evaluation is in 6 to 12
months. Abnormalities in any of the structures of the
mitral vabee apparatos, including anterior and poslerior
milral leaflels, the annulus, the papillary muscles, and
the chordae tendineae, can resull in mitral regurzitation.
Organic, or primary, mitral régurgitation reférs o pro

cesses involving the leaflets, such as mitral valve prolapse,
myxomatous degeneration (the abnormal accumulation
of proteoglycans), collagen vascular disease, and infec

tive endocarditis. Processes rhat affect the support struc

tures, such as coronary artery disease and lefl ventricular
remodeling in the setting of left ventricular dysfunction,
result in functional, or secondary. mitral regungitation.
This patient has asymplomatic severe mitral regurgitation
resulting from myxomatous degeneration of the mitral
valve with preserved Tell ventricular function. Surgical
treatment with repair of the miteal valve Is Indicated for
chronic severe primary milral regurgitation in (1) symp-
tomatic patients with left ventricular ejection fraction
greater than 30%, (2) asympromartic patients with left ven

tricular dysfunciion (lefl ventricular ¢jection fraction of

A0%-60% and/or left ventricular end-systolle diameter 240
mm), and {3} patients undergoing another cardiac surgical
procedure. Mitral valve repair should also be considered in
asympiomatic patients with chronic severe primary mitral
répurgitation who have new onset atrial fibrillation or
pulmonary hypertension (pulmonary artery systolic pres

sure =50 mm ). Nolably, recent studies have sugpested
a potential mortality benefit of early surgery for paticnis
with asymplomatic severe mitral regurgitation with pre

served left ventricular function when the operative risk
is low. Therefore, consideration of early surgery, even in
the absence of sympltoms or an abnormal left ventricle, is
appropriate in select candidates and should involve shared
decision making with the patient. In this patienl who
has chosen to defer cardy surgery, clinfcal and echocar-
diographic surveillance is recommended, with lollow-up
every 6 to 12 months,

KEY POINT

* [n patients with asymptomatic severe mitral regurgi
tation with preserved left veniricular function who do
nal have an indication for surzery; clinlcal and echo
cardiographic surveillance every 6 10 12 months is ree
ammended.
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item 39 Answer: B

Educational Objective: Treal asymptomalic lower
extremity peripheral artery disease.

In this paticnl with asymptomatic peripheral artery disease
(PAD) and acule coronary syndromee treated with percutane
ous coronary intervention. the maost appropriate next step in
management is cardiae rehabilitation. Canliae rehabilitation
is indicated in all parients after hospitalization for acute cor
onary syndrome and percutaneous coronary inlervention. In
SOMe paticnts, exercise can provoke svonptoms of intermitient
clandication; however, the presence of PAD s not a contrain
dication wcardiac rehabilitation.

Cllostazol, a phosphodiesterase inhibitor with antiplate
let and vasodilatory properties. Is not indicated in patients
without claudication, such as this one, There is no evidence
that ellostazol provents progresslon of discase or Improves
ouleomes in asymplomatic patients with PAL,

This paticnt's ilkac artery stenosis coukd be treated safely
and elfectively with an endovascular approach; however,
endovascolar treatment of PAD is not recommended n
asymptomatic patients. There is no empiric evidence that
endovascular inlervention prevents disease progression (o
intermittent claudication or critical limb ischemia.

Vorapaxar inhibits thrombin-induced and thrombin
reveplior agonist peptide induced platelel aggregation. Voru
paxar reversibly inhibils protease- activated recepior- |, although
its long half life makes @t effectively irmeversible, It does nol
appear o affect cosgulation parmeters, nor does it inhibi
platelel ageregation due 1o adenosine diphosphate, collagen, or
thromboxane mimwlle activities, Vorpasar has been shovn to
reduce hospitalizations for acute limb ischemia in patients with
symplomatic PAL, an effect that was mosthy driven by patienis
who experienced lower extremily bypass graft thrombosis,
When added to standand antiplitelel therapy, vorapaxar was
also assoctated with o signilicant increase in major bleeding,
In thiz patient with asymptomatic PAD, the benefits of sdding
vormipaxar o standand thempy ane uncertain.

KEY POINT

* Asymptomatic losver extremity peripherul artery dis-
case is managed with aggressive risk Bctor modifica
tion; cilostazol and surgical intervention do not affect
progression of disease or prevent acute limb ischemia.
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Item 40 Answer: A

Educational Objective: Evaluate the eligibility of a
patient with hypertrophic cardiomyopathy for participa-
tion in sports.

The most appropriale management is to advise this patient
not to play basketball. This asymplomatic patient has findings



consistent with hypertrophic candiomyopathy (HOM), HCM
is Lhe single most common canse of sudden death in young
athletes, presumably due 1o ventricular arthythmia (riggered
by high-intensity plysical activity. The risk for ventrico

lar arrhythmias in competitive athletes with HCM exists in
the absence of conventional risk factors for sudden candiac
death. Therefore, the degree and distribution of hypertmo

phy, the presence and magnitude of left ventricular outflow
traet dhatruction, and the presence or absence of abstructive
svmptoms should nol infuence recommendations reganding
athletle participation in patienls with phenolypic expression
of HCM. According to curment recommendations from the
American College of Candiology/ American Heart Association,
athletes with a probable or unequivocal diagnosis of HOM
may participate In competitive sports that are considered
static and low intensity (categorized as class Ta sports). Fxam

ples of these sports inchde goll, curling, bowling, and cricket.

In patients with symptoms from HCA (such as dys
pnea or syncope/mear-syneope), medical therapy and life
stvle moddification form the basis of therapy, Nonvasodilat
ing [} blockers titrated (o maximum tolerance are first line
treatment for symplomatic paticnts. However, i blocker
therapy should not be used for the sole purpose of allowing
participation in athletics because the ability to effectively
prevent sudden cardiac death with this strategy is unknown.

Catheter hased alcohol seplal ablation or open surgical
septal nvectomy should be considered only in patients with
HCM who have moderate (o severe svmptoms of obstruction
despite maximal medical therapy or patients with recurrent
syncope not related (o arrhythmia. These invasive proce
dures should not be performed For the sole purpose of allow
ing participation in athletics,

Fatients with HOM should be considered for implant
able cardioverter-detibrillator (herapy if they have any of the
following risk factors for sudden candiac death: (1) massive
myocardial hypermmophy (wall thickness =30 mm), (2) previ
ous candiac armest due to ventricular archythmia, (2) blunted
blood pressure response or hypotension during cxercise, (4)
unexplained syncope, (5) nonsustained ventricular tachyear
dia on ambulatory electrocardiography, and {6) fumily his
tory of sudden death due to HOM. An implantable cardiovert
er defibrillator should not be placed solely for the purpose
of allowing a patient to participate in high-intensity sports.

KEY POINT
= Alhletes with a probable or unequivocal diagnosis of
hypertrophic cardiomyopathy may participate in
competitive sports that are considered static and low
intensity
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item 41 Answer: C

Educational Objective: Diagnose ventricular free wall
rupture as a complication of ST ¢levition myocardial
infarciion.

The most likely diagnosis in this patient with reeent S0
elevation myvocandiyl infarction (STEMI) is veniricular (rec
will raplure, Although the devastating mechanical compli
cations of myocardial infarction have become increasingly
rare wilth he use of reperfusion themples, clinicians must
b abe to recopnize these complications, The classic presen
tatiom of ventricular free wall roplure bs sudden-onsel chiest
ptin o symeape with apdd progresshon to pulseless dlectrical
activity, as seen in this patient. Unlike a veniricalar septal
defect, which resulis in indfracandiae shunting of blood, free
wall rupture ciuses rapid accwmubition of bload within
the perfeardium and consequenl amponade. As g resull,
muorlalily mtes are extremely high, Froe wall rapture is more
common in alder adubts, wonwn, patlents with anterior
mvocardial infarction. those meeelving ant - inflammalory
apents, and patients with a signfficant delay in receiving
reperfusion therapy =12 hours)

Although aortic dissection can manifiest ay sudiden
death as o result of maptare, aorthe dissection s kss likely
thatt ventricubar free wall mapture 1o cowse pulseless. elee
triesil g tivity 3 diays after ananterior myvocardial infarction.
In patients with o Arst oovocardial Tolaretion withoul Teearl
fndlure, palseless electrical sctivily Is highly predictive ol len
ventricular free wall roptane

Patkents with in- sienl mestenosts will exhibit recarment
signs and symploms of Schemia, Inchoding ohest pain. Stenl
restenosis s unlikely in this patient with recent stent place
mienl, as this process ocouars over months o vears, Addl
Liomdly, stent restenosis does nol present with pulseless
electrical getiving

Acquired ventricular seplal defecl from septal wall
ruipiue may complicate inforior o antecior STEMLL Patlenis
ypically present with sudden onset right sided heart il
ure. shock, and o new Toud swtolle marmuor associated
with a palpable thrill. The defect develops in the days
tollowing the infarction as movocardinl necrosts disveldps,
resulfing noan often serpiginous defect connecting (he
left ventricle 1o the right ventricle, This patient’s ¢linical
presentation is Inconsistent with postinfacction ventricular
sepial defiect

KEY POINT
= Venrricular free wall rupture is a rare complication of
myvocardial infarction thar produces sudden-onset

chest pain or syncope with ragdd progression to pulse
less electrical activity:
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Answers and Critiques

item 42 Answer: D
Educational Objective: Dingnose transient constrictive
pericarditis.

The most likely dingnosis s transfent constrictive pericanditis.
Thispatient hos signs of right sided hear f@ilure scoompanied
by fever, leukoeyiosis, an elewaied ervthrocyte sedimenta
tion rate, and g pericardial friction rub. The echocardiogram
demonstrates enhanced ventricular interdependence and
equalization of diastolic pressures in all heart chambers. Car
diac magnetic resonmance imaging demonstrales pericandial
thickening with evidence of active inflammation. These fea
tures are eonsistent with the diagnosis of transient constric
tive pericanditis. Transient constrictive perieasditis most aflen
is idiopathic but may follow cordine surgery. Initial therapy
comsists of an NSALD plus colchicine.

Patients with chronic constrictive pericandifis anc
sometimes misdiagnosed as having heart failure with pre-
served gjectlon fraction, Although this patien! has evidenoe
of right sided heart fallure und has a preserved ejection
fraction. Doppler echocardiographic findings of ventricular
interdependence and the relative low B-type natriuretic pep
ticde devel argue against heart fallure with preserved ejection
fraction.

Patients with perioperative graft failure with infarction
would be more lkely to demonstrate pathologic Nndings of
infarction on electrocardlogram, and serans troponin levels
miay remain elevated.

Although it may be challenging to differentiate resiric
tive candiomyopathy from pericardial constriction, the lack
of features of heart failure until after coronary arfery bypass
erafl surgery makes the dingnosis of restrictive cardiomy
opathy unlikely Additlonally, patients with restrictive car
diomyopathy would not demonstrate evidence of endaneed
ventricular interdependence, and the B type natriuretic
peptide level is typically greater than 400 pg/mi. (400 ng/L).

KEY POINT

= Some patients with constrictive pericanditis can have
reversible or transient pericardial inflammation that
responds to anti inflammatory agents: most cases are
iiopathic, whereas others may be associated with
recent cardiac surpery,
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tem 43 Answer: C
Educational Objective: Treat heart Eailure with
preserved ejection fraction.

The most appropriate management s to discontinue hydro
chlorothiazide and diltiazem and stari furosemide. This
elderly woman with heart fallure with preserved ejection
fraction (HEpEF) has signs and sympioms of violume overload
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in the sctting of bradveandia. The cornerstone of treatment for
patients with HFpEF is diuretic therapy [0 maintain euvole
mia. Antihvpertensive agents should also be used 10 maintain
normial blood pressure in the setting of hypertension. Despite
treatment with hydrochlorothiazide, this patient has evidence
of volume overload. and she should be switched o furose
mide tor more efficactous diuresis, This patient is also taking
diltiazem, which may be causing her bradyeardia, and this
agent should be discontinued. If the paticni’s heart rare falls
to improve. she should be referred for pacemaker placement,

Ivabradine is a sinus node modulator that reduces heart
faflure-associaled hospitalizations in select heart failure
patients; however, it is Indicated as therupw only In patients
with a reduced lelt ventricular ejection fraction and heart
rate higher than 70/min while receiving fi blocker therapy.

Although ACE inhibitors, angiotensin receplor blockers
{such as valsartan). § blockers. and aldosterone antagonists
have been studicd for the treatment of HFpEE, no drogs
have been shown W reduce morbidity or mortality in these
palients. Mast recently, in the TOPCAT trinl, there was no dif
ference in the primary combined endpoint ol death, aborted
cardiac arrest, or heart [uilure hospitalization with spironi
lactone compared with placebo; however, spironolactone
wis associated with o reduction in hean failure hospital
izatioms. Notably, a retrospective analysis showed that spi
ronolactone reduced the incidence of cardiovascular death
unel heart fatlure hospitalization in patients in the Americas
compared with those in Eastern Eorope, likely because of
different patient demographic characteristics across regions.

Pacemaker placement would be indicated only for
symplomatic bradyeardia in the absence of a reversible
canse; the response o diltiazem discontinuation should be
assessed before pacemaker placement is considerced in this
patent.

KEY POINT

* The comerstone of treatment for patients with heart
failure with preserved ejection fmetion [s diuretic
therapy to maiitaln cuvolemia.
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itern 44 Answer: B

Educational Objective: Diagnose ostium primum atrial
sepial defect.

This patient’s examination findings and elecimcandiogram
{FCG) are comsisten! wilh a diagnosis of ostium primmum atrial
seplal defect (ASD), The patient has clinfeal lealures of ASL,
presenting with dyspnes, paroxyvsmal atrlal fibrillation, and
features of right heart volume overload with elevation of
the ceniral venous pressure and a rght ventricular B A
pulmonary midsystolic Mow muomur is cansed by increased
flow from a Targe lefl-1o-right shunl. Fixed splitting of the S,
throughout the cardiac eycle is a characteristic clindeal feature




of ASD. The apical systolic murmur of mitral reguregitation
is related to the mitral valve cleft. This combination of [ixed
splitting of the 5. milral regurgilation mourmur, and leftaxis
devistion on ECG are mosl consistent with an ostium primum
ASD,

Patients wilth a coronary sinus ASD have [eatures off
right heart voluome overload buat do not have o mitral regur-
gilulion murmur becanse no mitral valve disease is present.
The ECG may be normal or demonstrate first-doegree atrio-
venlricular block and incomplete right bundle branch block.

Patienls wilh ostium secundum ASD have right heart
volume overload but do not generally have mitral regurgita-
tion. The ECG may demonstrate first-degree atrioventricular
hlock and incomplete right bundle branch block, or it may
be normal. This patient's ECG finding of left axis deviation is
not seen in patients with ostium secundoum ASIL

Patienls with sinus vienosus ASD have features of right heart
volume overload bul do not hieve @ mitral regureitation murmor
becouse no mitcal valve disegse is present. The FOG may be
normal or demonsteate first-degree atrioventricular block, left
Pima axis or abnormal Powanee axis, and incomplete right bun
dle branch hiock, but left-axis deviation is not expected.

KEY POINT

* Fived splitfing of the 5, a mitral regurgitation mur
mur, and left-axis deviation on électmeardiogram ane
consistent with an ostium primam atrial septal defect.
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Hem 45 Answer: D

Educational Objective: Assess the 10-year risk for ath-
erosclerotic cardiovascular disease with the Pooled Cohort
Equations.

The most appropriale next management step is o calculate
this paticnt's 10-vear atherosclerctic cardiosascular disease
LASCVD) riske Results of lipid measurements and patiend

specilic data (age, mee. blood pressure, hyvpertension fread

ment. diabetes mellitus, and smoking) allow for the caleula

tiom ol 10 vear ASCVD risk using the Pooled Cohort Fouations.
In adnlts aged 40 Lo 75 years who have af least one ASCVD risk
factor (dyslipidemia, diabeles, hypertension, or smoking) and
a caleulaled 10-vear ASCVD risk of 10%, or greater, the LLS.
Provenlive Services Task Force (USPSTEF) recommends statin
thempy lor the primary prevention of ASCVD. The LISPSTE
also recommerndds that clinicians selectively prescribe staling
o adults aged A0 to 75 years without a history of ASCVD
who have one or more ASCVID risk factors and a calenlated

_Answers and Critiques

10-vear ASCVIEY event risk of 7.5% to 100 (grade C recom
mendation). Because this patient has one ASCVD risk [hclor
[hypertensian, it is appropriate that his risk be assessed, and
through use of the Pooled Cohort Equations, his 10-vear risk
for ASCVD is 9.3%. According to the USPSTE recormmenda
tion, he should be considersd as o potential candidate for sta
tin therapy, The most recent American Collepe of Cardiology/
American Heart Association cholesterol treatment guideline
recommends that patients without ASCVIEY or diabetes and
a 10-vear ASCYE risk of 7.5% or higher receie modemte- or
high-intensity statin thermp

The initiation of statin therapy might be reasonable for
this patient but not until his 10-year ASCVID risk is calcu
lated. Such information can be used to determine the need
fior and intensity of stain therapy.

The aptimal infervnl for assessment of ASCVID risk is
undetermined; however, it is reasonzble o measure lipid
levels every 5 vears in adults aged A0 1o 75 years. This patient
should not wait 5 vears to have his ASCVD risk assessed and
delay potentially beneficial therapy.

KEY POINT

= Routine serecning for lipdd disorders and caleunlation
ol 10 vear atherosclerotic cardiovascular disease risk
by using the Pooled Cohort Eguations should be per-
formed in adults aged 40 to 75 vears.
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tem 46

Educational Objective: Manage antithrombotic therapy
in a patient with a prosthetic heart valve,

Answer: D

The most appropriate antithrombotic therapy is the combina
tion of warfarin and aspirin. Lifelong oral anticoagulation with
warlarin is recommended for all patients with 4 mechanical
privsthesis and those with bioprostheses with other indica
tinns for anticoagulation. The target INR is based on prosthesis
location, wilh a largel of 2.5 for patients with a mechanical
aortic prosthetic valve and 3.0 for patients with a mechanical
mifral prosthetic valve and these with a mechanical aortic
prosthetic vabve and additional risk factors for thromboem
bolism tatrial fibrillation. left ventricular dvsfunction, previ
ous Lhromboembolism, hvpercoagulable condition, or older
seneration mechanical aortic valve replacement). The addi
tion ol aspirin (7 100 mgdd) is also recommended to reduce
the risk for ischemic events. Adding aspirin towarfarin ther
apy reduces mortality, particularly. montality from vascolar
causes, and major systemic embolism (L.9% per year versus
B.5% per year). Although there is some inerease in bleeding,
the risk of the combined treatment was more than offset
by the considerable benefit. The need for anticoagulation
among patients with bioprosthetic valves is less clear. Oral
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anlicoagulation with warfarin should be considered for at
lesast 3 months and as long as 6 months after implantation of a
milral or aortic bioprosthesis. An INR of 2.5 should be targeted
in these patients. Long term aspirin use is reasonable for all
patientls with bioprosthetic valves.

Apixaban, a direct factor Xa inhibitor, has not been
studied for the prevention of valve thrombaesis and thrombo
ermbaolic cvenls in patients with a mechanical vahee prosthe
sis: therelore. it would be inappropriate to initiate apixaban
in this puaticnl,

Mireel thrombin inhibitors, such as dabigatran, are
contraindicated in patients with mechanical valves, owing to
the excessive thrombolic complications observed in clinical
trials with these agenis,

Foregoing anticoagulation would be inappropriate for
this patient because lifelong warlarin is indicated in all
patients with a mechanical valve prosthesis to decrease the
incidence of thrembocmbolism and the associated morbid
ity, such as ischemic stroke, cerchrovascular accident, and
peripheral svstemic embolism.

KEY POINT

= [n patients with a mechanical prosthetic vabve, low
diose aspirin is recommended in addition to warfarin
therapy to reduce the risk [or ischemic events.
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ltem 47 Answer: A

Educational Objective: Treal wide-complex tachyeardia
due to atrial fibrillation with aberrant conduction,

The meost appropriate next stepin management is initiation
of B hlocker therapy and anticoagulation, This older patlient
has paroxysmal atrial ibrillation with aberrant conduction,
resulting in wide-complex tachyeardia, The electrocardio-
gram (KCG) demonstrales a normal sinus beal followed by
an irregularly fregular rhythm, and the QRS morphology
(rSR pattern in lead ¥V, deep terminal § waves in leads
| and ¥V, ) on ECG is consistent with typical right bundle
branch block. The physical examinalion is also nolable for a
widely split 5, which is typically heard during right bundic
branch block. Alricventricular nodal blocking agenls, such
a5 f-blockers, should be used 1o control this paticnt’s heart
rale and improve her symptoms, This pationd is also at mod-
erale 1o high risk for stroke given her CHALYS, -VASe score
ol 4 (1 point cach for hypertension and female sex; 2 points
for age =75 years). Therelore, initiation of oral anticoagula
tiom is also appropriale.

Adenosine is used in the acule treatment of arrhyth-
mias o inderrupt atrioventricular conduction and termi-
nate supraventricular achyeardia; however, this patient’s
arrhythmia is not dependent on the atrioventricular node.
Therefore, adenosine would not be of henefil.
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Intravenous procainamide would be an appropriate
aption il the patient had preexcited atrial fibrillation doe o
an accessory pathway, The presence of an accessory pathway
may he indicated om & resting ECG by the presence of two
characteristics: a short PR interval when in sinus rhythm
[see first beat on the ECG) and a della wave (a sloping
upstroke initiating the QRS complex, which may be wide
due to sequential rather than parallel depolarization of the
ventricles). This pattern on ECG is referred 1o as preexci-
tation, and when present with symplomalic tachyecardia, it
is called the Wolll Parkinson-While syndrome. ‘This patient’s
RO is most consistent with aberrant conduclion in the
setting of atrial fibrillation, nol preexcited atrial fbrillation.

Lrgent cardioversion is unnecessary because the patient
is hemodynamically stable and appears w have nonsustained
atrial fibrillation on the basis of the intermitlent nature of
her symptoms, If the patient had a saslained arrhylhmia
accompanied by hemodynamic instability, emersent car
dicversion would be indicated, regandless of the specifie
cause of the arrhythmia (that s, supraventricular versus
ventricular).

KEY POINT

s Atriaf fibrillation with aberrant conduction results in
an irrepgularly irvegular thythm and a wide-complex
tachycardia with a QRS morphology (rSR pattern in
lead V. deep terminal S waves in leads 1 and I'I.':J} o
electrocardiogram typical of tight bundle branch
hlock.
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item 48

Educational Objective: Manage a patient with a tho
racic aortic aneurysm and concomitant coronary artery
disease.

Answer: D

The most appropriale management of this patient is simul
laneous coronary artery hypass graflt (CABG) surgery and
aortic repain. On the basis of his angiographic findings (80
stenosis of the left main coronary arlery bifurcation), he
should undergo revascularization withh CABG surgery. In
patients with an ascending aoria or aortic rool greater than
4.5 cm in diameter who require CABG surgery or surgery o
repair valve pathology, aortic repair should be performed at
the time of cardiac surgery. Anatomic imaging, such as CT
angiography or magnetic resonance angiography, is recom
mended to plan for open aortic repair before the surgical
procedure.

Fatients with left main coronary artery discase have
traditionally been treated with CABG surgery; however,
because this patient has concomitant thoracic aortic aneu
ryvsmal disease, CABG surgery without aortic repair is not the
best management option.



Patients with established coronary arlery disease ben
efit from optimal medical therapy, inclueding B blockers and
lomg-acting nitrates. However, given this palient’s thoracic
aortle aneurysm and severe coromary artery discase, optimal
medical therapy in the absence of revascularization and aor
tie repair [s inappropriate.

Percutaneous cotonary intervention is nol encouraged
for patients with complex disease of the lell main coro
nary arfery, cspecially in the presence ol a thoracic aortic
aneurysm.

KEY POINT )
= In patienis with a thoracic aortic aneurysm greater
than 4.5 cm in diameter who require coronary artery
Inypass grall surgery or surgery to repalr valve pathol-
oy, aortic repair should be performed at the time of
cardiac surgery:
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item 49 Answer: D
Educational Objective: Diagnose left veniricular assist
device related thrombosis as the cause of stroke.

The most likely cause of stroke in this patient wilh a left
venlricular assist deviee (IVATN s 1VALY related thrombosis.
Stroke is one of the most common complications after place
ment of an IVADL Studics have shown that the incidence of
heminrhugic and cmbolic strokes approaches 2008 at [ year
alter IMAD insertion. Other complications of LVAD plocement
inclade gastroiniestinal bleeding. usually secopdary to arte
riovenous nallbrmations: pump mallunclion: and thrombas
formation in the pamp that can lead o emboli, hemolysis. or
T Stoppage.

Stroke due 1o farge artery atherosclerosis, sach as
carotid artery slenosis, commaonly oceurs after local throm
Bus formation in the arvca of plague rupture with sabscoguent
distul embolization. OF the common couses of stroke, extma
cruntal intermal cartid artery atherosclerosls has the high
&5t risk for recurrent stroke in the first 2 weeks, Advanced
athermsclemiic disesse = a much less likely cause of stmolke
In this 37 - year-old man with cardiomyopathy than is throm
boembolism related 10 IVAD placement.

A stecable proportion of patients will have a cercheal
Infarction with no definitive canse identifled on cardiac
or vascular diagnostic lesting, fermed cryplogenic stroke.
Howwever, This diagnosis is not appropriate untdl a complete

Answers and Critiques

eviluation neaveals no cause of the stroke, which iz not the
case for this paticnt,

Small subcortical infarcts (lacunes) commonly have a
diameter ol less than 1.5 em and arise from ceclusion of
small perlorating arterics emariting from he lorge intra
cranial vessels. This stroke subtype typicilly presents with
only motor or sensory [mdings on examinalion: eortical
hemiisphoeric symploms, such as visual feld cuts, aphasia,
or hemidspat il neplect. are lacking. Locunar infarction is nol
compalible with the patient’s dlindeal presentation.

KEY POINT

= The incidence of hemorrhagic and embolic strokes
approaches 20% at | vear after insertion of a left ven-
tricular assist device,
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Item 50 Answer: D

Educational Objective: Diagnose a benign heart
L.

The maost appropriate management s rouline  clindcal
follew up without imaging. Cardine murmurs resull from
increased hlood floaw across a normal orifice such as with
ancmia, thyrotoxicosis, pregnaney. or atrial seplal defeet),
turbulent flow throngh a narrowed orifice (such as with aortic
stenasis or mitral stenosis), or regurgitant flow throosh an
incompetent valve (such as with aortic regurgitation or mitral
regurgitation). Timing in the candiac cycle, chest wall loca-
tion, radiation. inlensity, configuration, duration, and pitch
all assist in the diflerential diagnosis.

Nol all systolic murmurs are pathologic, Asymptom-
alic palients with shart, soll systolle murmurs GErade <3)
well localized to the left sternal border and associated with
normal heart sounds do not nsually require lurther investi-
gation. Henign murmurs typically decrease in intensity with
standing. The presence of any diastolic or continuous mur-
mur, cardiac symploms (chest pain, dyspnea. synoopel. or
abnormalities on examination {clicks. abnormal 5., abnor-
mal pulses) requires evaluation by echocardiography.

Various interventions may alier the intensity of mur-
murs, The murmur of hypertrophic cardiomyopathy may
increase with standing or Valsalva maneuver; both maneu-
vers devrease venous return, which decreases left wentric-
ular chamber slze and inereases the degree of obstruction.
The click and murmur of mitral valve prolapse may move
earlier in systole and increase in intensity as left ventricular
vilume decreases (standing or Valsabha maneuver). Aortic
oulllow murmurs increase in intensity in the beat following
4 premature veniricolar contraction due to increased lell
ventricular volume. Murmurs of milral regurgitation, ven-
tricular sepial defect, and sortic regurgitation increase with
handgrip becanse of Increased cardiac output and peripheral
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Answers and Critiques

resistance. Right-sided heart muormurs may increase during
inspiration due (o increased venons renarm.
Characteristios of the 5, may assist in determining the

diggnosis or the severity of a valvular lesion. A fixed split of

S._. [present during inspiration and expiration instead of only
inspiration) results from a delay in right ventricular emp-
tving and is strongly associated with atrial septal defect. A
paradoxical split of 5, (present during expiration) indicates a
delay in left ventricular cmplying, such as with severe aor
tie stenosis, Presence of a physiologic split {present during
inspiration) is helplul for excluding severe aortic stenosis.
Because this patient Tikely has a benign systolic heart
o and is asymplomatic, imaging wilh echocardiogs
phy or cardiac magnetic resonanee imaging is nol necessary.

KEY POINT

= Short, sofl systolic marmurs (grade <3) that are well
localized o the left sternal border and arve not associ
ated with symptoms often - do not reguire further
investizalion.
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Item 51 Answer: B

Educational Objective: Manage dual antiplatelet ther-
apy in a patient with stable angina treated with drug-elut-
ing stent placement.

This palient should receive dual antiplatelel therapy (DAPT)
for 5 additional months, after which clopidogre]l can be dis
comtinued, In patients who undergo pereulaneons coronary
intervention (PCL), DAPT with aspirin plus a P2Y, inhibitor
is indicated to prevent stent thrombosis and future cardio
vascular events, |owever, recenlly, there has been consid
erable movement regarding the oplimal duration of DAPT
foflowing drug-elating stent placement. It is important Lo
find the correct balance between blocking platelet activity
during the process of reendothelialization of the stent and
caposure Lo the allendant bleeding risk. Current guidelines
suggest that the minimum duration for DAPT following
drug eluting stent placement for patients without an acute
coronary syndrome is at least & months, with the option to
conlinue therapy [or a longer duration in those with a high
risk for thrombosis-related complications and a favorable
blecding profile. Ultimately, the decision may be individu
alized al the patient level, such as with this patient, who is
at refatively high bleeding risk given her age and comorhid
conditions,

In patients who undergo PCI with bare metal stent
placermnent, DAPT may be discontinued after 1 month; how
ever, this paticnl with a drug cluting stent requires longer
theram:

Patients with acute coronary syndrome treated with
PO (bare metal or drug-eluting slenl placement) should be
optimally treatec with DAPT for at least 12 months.
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Aspirin should be continued indefinitely in patients
with coronary artery disease, unless contraindicated. Mo
data supporl disecontinaing both antiplatelet apents follow-
Ing PCL

A study of DAPT comparing 12 months of therapy
with 30 months of therapy suggested a benefit to the
longer duralion in some patients. Extending DAPT for a
longer duration should be individualized on the basis of
predicted risk [or additional cardiovascular events and risk
for bieeding.

KEY POINT

* [Dual antiplatelet therapy is recommended for at least
6 months afler drog-elating stent placement for treal
ment of stable angina.
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Item 52

Educational Objective: Treat an atrial myxoma.

Answer: E

The mwost appropriate treatment is surgical excigsion, This
patient’s history, physical examination findings, and ccho
cartiopraphic features are all most consistentwith a left atrial
myxoma. The parasternal long -axis echocardiopraphic view
(shonen} demaonstiates o large attial myxoma (AM) prolaps
ing aeross the miteal valve from the left atriom (LA} W Lhe
left wentricle (IV) during dias
fissue (wmors with cells encompassed within mucopolysac
charide stromi, Most are - attached 1o the left atrial wall in
proximily to the foss ovalis, Patients with an atrial myxoma

tole. Myxomids are connective

mast often present with symptoms related to obstruction or
embolization, or constitutiomal symploms related to produc
tion of ftumor-based imerleukin 6, such as faigae, fovw arad

lar abstruction, which causes a diastolic mmble resembling
rilral stenosis and an early diastolic sound ("tumor plop”)

H




B

b i 10K 1o 15 of patients. Treatmont for an atrfal myx
ommia s urgent sungical excision,

Systemic anticoagulation would be appropriate in
patients with o thmombus. Right atrial masses n patients
with indwelling cardise catheters are more likely to repre
sent thrombus, PET and contrast enhanced MEECT may be
useful in evaluating metabolic activity and vascularity to dil
ferentiate a tomor from a thrombaus, This patient has no sk
factors for intracardiac thrombus, such as candise catheter,
atrial fibrilkation, or poor left ventricular nction, making il
an unlikely diagnosis,

Chemotherapy and radiotherapy are used 1o freat pri
muary cindiae lymphoma. Suspicion for candise hmphona
wilthid be higher iF this patient were immunocompromised
and had presented with a right atrfal mass ndher than an
Imtea atrial maass,

Empiric: antiblotic therapy would be appropriare for
suspected nfectve endocarditis. Although this patient has
a low -grade fover, embolic phenomena, and constitotional
symijiloms, she has oo risk Getors for infective endocarditis
and no Teukoeylosts, Additionally, arachment of the fomeor
for thee fossa ovalls, not a valvolar surface, makes inlective
endocarditis unbikely:

Percutancous biopsy with echocardiographic guidance
is sometimes useful in establishing the diagnosis of right
siddedd masses, However, percutanesus blopsy woulkd not
eliminate the need e surgical excision in this patient with
embolic events

] g = ST T PSCE s e Ly

= Patients with an atrial myxoma may present with
constitutionul symploms, embolic phenomena [rom
tumor fragmentation. or symptoms referable o intra-
cardiac ohstruction (dyspnea, syncopel; rcalment is
surgical excision.

Bibliography

Hasser ©, Rizzoe 5, Vobente M, Thicne G Cardize muesses and momotrs Heat
06 Aug L0205k 1Z0-15 [PMIL: 2757840

Item 53 Answer: C

Educational Objective: Diagnose Noonan syndrome
associated with cardiovascular disease.

This patient has features of Noonan syndrome, which & an
aulosomal dominant disorder commonly associated with
congenital cardiae lesions, including pulmonary stenosis: the
vithve is nsually dysplastic. Noonan syndrome should be con

siclered in all paticnts with pulmonary stenosis, particulary
these with shorl stature. vagable intellectual fmpairment.
unique facial features, neck webbing, hyvperielorism, and
ather cardine abnormalities. including hypertrophic cardio-
rovopathy, atvlal seplal defect, and ventricular sepial detect,
This patient has severe pulmonary stenosis demonstrated by
the physical examination findings of a palpshle, late peaking
systolic murmur located at the second lefl interoostal space;
ahsence of an ejection click: and features of righi veniricular

Asuswerd and Critiques

pressure overhoad. An ejection elick may be audible in patients
with pulmonary stenosis, but as severity progresses, the click
disappcars owing to loss of valve pliability. The echocandio
gram in Uhis patient conlirms severe pulmonary stennsis wilh
i pealk svslolic gradient ol 65 mm g,

Down syndrome is a genetic disorder caused by the
prosence of a Mol or partial extra copy of chromosome 21.
Characteristic features include small stature, unigue facial
lestures, and Imellectual delays, Congenital cardiovasca
lar disease ooeurs in more than 40% ol alfecled persons,
miost commaonly 25 a form of atrioventricular septal defect,
Ineluding ostium primum atrial septal defect, inlet ventric
ular septal defect, or complete atrioventricular sepial defect.
Pulmonary stenosis is not typically seen unless associated
with tetralogy of Fallor, which is also commuon in persons
with Dewan synclmme.

Marfan syndrome s 4 genetic disorder caused by a
muiation on chromosome 15. Findings typically include
ocular. cardiovascular, skeletal. and svstemic features that
include tall stature with overgrowth of the Jung bones: The
mest comunon cardiovaseilar fealure is aortic sinus dilata
lion with a propensity o dissection.

Turner syndrome is a genetic disorder that allfects girls
and women and is characterized by complete or partial
ahsence of one of the X chromuosomes. Alfected persons
often demonsirale short stalure, webbed neck, low-set
ears, low hailrling, and primary infertility. Cardiac defects
occur in aboul 45°% ol atfected pativnts: the most common
lesions include bicuspid aortic vabve. aortic coanciation.
and aortic ancurysm. Although pulmonary stenosis can
oceur in Turner syndrome, this man could not have Turner
syndrome.

KEY POINT

= Noonan syndrome is commonly associated with con
genital cardiac lesions, including pulmonary stenosis.

- —— =
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item 54 Answer: C

Educational Objective: Prevent sudden candiac death in
a patient with nonischemic cardiomyopathny.

Implamatie cardionverter defibrillator (KCD) placement is the
most appropriate management of this patient with nenisch
emmie cardiomyopathy and syneope that s concerning for an
arrfwthmic cavse, He has several high risk features for ven
tricular archwvthmia (New Sork Heart Association oncticnal
class 1 symploms, veniricubir ectopy, and symeope). 1CD ther
apwy is indicated 1o prevent sudden cardiae death,
Eleelmeneephalography is Indicated i seleure = sus-
pected as the cause of syncope. However, this patient’s pre
senlation was nol consistenl with a dizenosis of sebare.
Exervise tresdmill stress (esting isa valuable test when
exercise-induced arhvibmiss are suspected. This patient’s
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symptoms are not associated with exertion; therefore, exdr
cise treadmill stress festing is unnecessary,

PET can be useful in the evaluation of nonischemic cai
dicmmyopathy when cardiac sarcoidaosis is suspected, How
ever, this information would oot be helpful in guiding the
decision to insert an [CD in this patient at high rvisk for
sudden cardiac death.

Tilt-table testing should be veserved for patients with
recurrent symoope without known heart disease or those
wilh heart disease in whom a cardiac cause of the svneope
has been excluded. Because cardise arrhythmins are the
miost likely cause of this patient’s ssmeope, tilt table testing
is nol appropriale.

KEY POINT

= |mplantable cardioverter defibrillator (0D} therapy is
indicated in patients with nonischemic cardiomyopa
thy whao have a left ventricular ejection [raction less
than or equal to 35% and wha have New York [Heart
Association functional elass ITor [T symptoms; 120
implantation is also reasonable for patients with noni-
schemic cardiormyopathy and unexplained syneope
and significant lefl ventricular dysfunction.
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Item 55 Answer: A

Educational Objective: Evaluaic symplomatic mitral
stenosis with exercise echocardiography.

The most appropriale nexl step in management is exercise
echocardiography. This patient has symploms typical of
severe mitral stenosis (progressive exerlional dyspnea) but
echocardiographic fAndings consistent with omly moderale
mitral stenesis. Symploms of milml slenosis can be indo

lent, with patienls remaining asymptomatic for years and
then presenting with a gradual decrease in activity, Other
symploms include dyspnea, orthopnes, falipue, and, Tess
commonly, hemoptysis or systemic embolization. Symptoms
tvpically are not present until the mitral vaboe area is less than
L3 em?, although lachyeardia may precipilale symploms at
larger valve areas, In patients with a discrepancy bebween the
climical findings (debilitating symptoms) and the echocardico-
araphic findines (moderate stenosis), additional testing is nec-
essary o ensure that the patient’s symptoms can be attributed
e mitral stenosis. In this case, exercise echocardiography,
using cither pharmacolowic or physical stressors, should be
prursued o assess the response of the mitral gradient and pal-
moary pressuncs, For patients with mitral stenosis, the vahe
eradient is heavily Mow dependent and maoy become severely
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elevated only with exeércise, Exercise and the accompanying
increases in heart rate augment cardiae output and transval
vular floww and shorten the dizstolic [lling time in the leftven
tricle. These conditions can unmusk mitral stenosis that does
nof appear to be functionally severe al rest. With an increase
in left atrial pressures during exercise, significant pulmonary
hypertension alse may become evident.

Medical therapy for mitral stenosis consists of diuretics
or long-acting nitrates, which may help alleviate symptoms
such as dyspnea, In addition. §-blockers or nondihydropy
ridine calcium channel blockers can lower heart rate and
improve left ventricular diastolic flling time. Medical ther
apy would be appropriate if the mitral stenosis were not
hemodynamically significant or if she were not a surgical
candidate.

Alter hemodynamically significant mitral slenosis is
confirmed, percutaneonss or surgical therupy can be con
sidered. However, these interventions are not appropriate
belore comfirmation with exercise echocardiography.

KEY POINT

* In patients with mitral stenosis whio have a discrep
ancy between the clinical {indings and the echocardi-
ographic findings, exercise echocardiozraphy should
be pursucd to assess the response of the mitral gradi
enl and pulmonary pressuncs.
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item 56 Answer: C

Educational Objective: Treat ST-elevation myocardial
infarction complicated by cardiogenic shock.

Imnmediate percutaneons coronary intervention (PCI) is indi
cated in this patient with ST-elevation myocardial infare
tion (5TEMD complicated by cardiogenic shock. Camdingenic
shock is detined by persistent symptonuitic ypotension and
end-argan dysfunction. Patients have acute Kidoey Grilure,
evidence of liver dysfunction with elevated aminoiransterse
lewels, poor peripheral perfusion with cool extremitics, and
decreased mental status. Cardiogenic shock typleally occurs
as a consequence of a loge anterior myeeardial Infarction,
resulting in severeby reduced left ventricular systolic function;
it carries a mortality rate between 50% and 80%. Desplte their
instability, patients with cardiogenic shock (partienlarly those
yvounger than 75 years of age) have a higher rate of survival if
they underge emergent revaseularization with primary PCLin
the catheterization laboratory

Medical slabilization with intravenous vasoactve med
ications and, in severe cases; device-based  hemodynamic
suppart withoul prompt revascularization has been shown
to be inferior to revaseularization in the setting of shoclcand
is-not appropriale.




LONT.

In the treatment of STEMI, B-blockers are recom
mended at the time of initia] presentation, except in paticnds

“owith evidence of hypotension, cardiopenic shock, pulmo

nary congestion, advanced atrioventricular block. or other
contraindications o B blocker therapy, Tniravenous metopr
alof is the most widely used B-blocker for STEMI (reatment,
In this case, - blockade should be withheld and introduced
lollowing reperfasion therapy.

Intravenous nitroghyeerin can be used o treal paticnts
with 5TEMI and hypertension or heart failure but should
he avaided in the seiting of svstolic blood pressure less than
90 mm Hg, significant bradycardia or tachyeardia, right ven
tricular infarciion, or use of a phosphodiesterase inhibitor
Istch as sildenafil} in the past 24 to 48 hours,

Becatse the rates of achieving vessel patency are higher
and more reliable with primary PCE than with thrombioly
sis, primary PCLis the preferred method of treating STEMI.
Thrombalvtic therapy would be indicated in this patent
with STEMI if transfer to a PO capable center wontld result
in a first medical contact to- device time of more than
120 minutes.

KEY POINT

« Patients with 5T elevation myocardial infarction com:
plicated by cardingenic shock should undergo emer
gent revascularization with primary percutaneous
COTONAry intervenion.
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ltem 57 Answer: D

Educational Objective: Manage a patient with a bicus-
pid aortic valve and enlarged aortic root with surveillance
echocardiography.

The most appropriate management of this palient with an
ascending thoracic aortic aneuryvsm and @ bicuspid aortic
valve is repeat echocardingraphy in 6 months. Patients with a
bicuspid aortic valve are prone to enlargement of the ascend-
ing aorta, and palients with both a bicuspid aortic vale and
enlarged aortic dimensions are at higher risk for aortic dis-
section. Surveillance echocardiography should be performed
in these patienls (o monitor aortic growlh. Palients with a
bicuspid aortic valve and a thoracic aortic ancurysm should
undergo annual imaging i the aortic diameter has been stable
and smaller than 4.5 em. IF the aoric diameter is 4.5 cm or
larger o the rate of enlargement exceeds L5 emyyvear, immag-
ing should be performed every 6 months,

Operative aortic valve repair or replacement 3 indicated
in asymplomalic paticnts with a bicuspid aortic valve and
a thoracie aortic ancurysm diameter of 5.5 om or larger,

Answers and Critiques

according o American College of Cardiology/American
Hearl Association guidelines, Howewver, surgical interven-
tion can be beneficial in those patients with & hicuspid aortic
valve, thorcic aortic ancuryvsnn diagmeter of 5.0 cmor larger,
and an additional risk factor [or dissection/rupture (such
as family history of aortic dissection or aorlic growth rate
=05 codyear). In this asymplomatic paticnt with an ascend-
ing aortic diameter ol 5.1 cmewithout additional risk factors,
it is premature o repair or repkace the aoria.

Some patients with reduced lell ventricular {1V} func-
tion and calcific aortic stenosis have severe aortic stenosis
hased on valve area but a gradient that is less than 30 mm
Hg. Whether symptoms in this “low flow/low- gradient”
anrtic stenasis are caused primarily by aoriic valve discase
with resultant 1V dysfunction or the effective valve arca is
reduced owing to poor leaflet excursion can be best deter
mined with dobutamine stress echocardiography. In this
patient, there is no indication to perform dobutamine stress
echocardiography, as he has normal 1V functon.

KEY POINT

* Patients with a bicuspid acetic vabve and a thoracic
aortic aneurysm should wndergo echocardiography
every 6 months if the aortic diameter is larger than
4.5 ¢ or the rate of enlargement exceeds 0.5 cm/
Vear.
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ltem 58 Answer: C
Educational Objective: Diagnose peripartum
cardiomyopathy

The most likely diagnosis in this woman whao is 3 weeks post

partum is peripartum cardiomyopathy. Peripartum cardio

myopathy is lell ventricular systolic dysfunclion with onset
Leweard the end of pregnancy or in the months following deliv

ery in the absence of anolher jdentifiable cause. Although
patients may be asymptomatic, they often present with fea-
tures of heart filure, Women with periparium cardiomy-
opathy should he promplly treated with medical therapy,
which may include - Tockers, digoxin, hydralazine, nitrates,
or diuretics. ACE inhibitors, angiotensin receptor blockers,
and aldostérone antagonists. are teratogenic and should be
apided until after delivery,

Acule aortic disseetion classically presents with sudden
pnset of chest or hack pain thal hias a tearing or ripping qual-
iy, Dyspnea is less common, Phvsical examination findings
include a blood pressure or pulse differential between the
upper extremitics. A diastolic murmuor of acgetic repungsi-
tticn may-be heard at the candiac base if the aortic valve
is involved. Echocardiography demonstrales an enlarged
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ascending aorta; the dissection flup may also be visible,
Ventricular function is usually normal unless the aortic dis-
section has involved the coronary arteries, although regional
abmormalities may be detected, This patient’s clinical tind
ings do not support a diagnosis of acute aortic dissection.

Pulmonary embolisin can oveur posipartum, particu
larly when prolonged bed rest is required during or following
pregnancy. Patients with pulmonary embolism (regquently
present with dyspnea: however, Lhis patient’s presentation
sugpests heart failure, given the clevalad venoos pressare,
pulmonary congestion, and global reduction in ejection
fraction.

Takotsubo cardionyvopathy, also known as stness candio
myapathy, #& chamcterized by transien! regional carndiae dys
function, usually involving the apical and mid portion of the
fefl vemiricle, [t is usually precipitated by a stressiul physical
or emational evenl, Postpartum cases of fakotsubo cardio
myopathy have been reported, especially after cesarcan
delivery: Pattents with takotsubo cardiomyopathy preseni
with features that mimic an acute coronarny syndmme: chest
pain, ischemic electrocardiographic changes, and clevated
cardiac biomarker levels, This patient’s clinical picture is
incomsistent with takotsubo cardiomyopathy:

= Peripartum cardiomyopathy s left veniricular sysiolic
dysfunction with onset toward the end of pregnancy

or in the months following delivery in the absence of

another identifiable cause; patients often present with

features of heart failure.
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Item 59 Answer: B

Educational Objective: Evaluale a patient for an
arrhythmia.

An event recorder is the most appropriate diagnostic testing
oplion for this patient. Because he has sympiomaltic palpi
tations associated with lightheadedness and near syncope.
evaluation to identily the tvpe and source of any present
arrhythmias is important 1o his care. The intermittent and
fleeting nature of arrhythmiss can make diagnosis ditthoult,
[Magnostic studics are selected on the basis of the presengee
and frequency of the pattent's symptoms and the duration
and timing of the recording. The diagnosric study best suited
to caplure this patient's symplomatie episodes is an external
event recomder. The basic evenl monitor immives the paticnl
activating or “triggering” the ovent monitor at the fime of
sympioms, capturing the rhvthm. Some models capture the
riwthm onldy at the time the event reconder s activated or held
to the chest, or when electrodes are applied. Other modets
can capture the rhwihm before and aller the patient activates
the recorder. The newest models are teal Hme continuous
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moniloring systems that automatically recond and transmit
heart rhythm data from the ambuolatory patient o a mon
ltoring stafion; data can also be sent at the time of patfent
activation. Patients are encouraged 1o keep o diary o when
symploms occur s that Lhey may be correlated with archyvth
mias shown on the clectrocardiographic (BCG) tracing,

An electrophyvsiology study may be appropriate if this
paticnt’s arrhythmis cannot be diagnosed on the basis of less
invasive techmiques. 11 may also be helpfol therapeuticalhy iF
the rhythm is amenable 1o ablation.

Ambulatory FUG monilors are helpfal in identifving
arrhythmias in patients with daily symptoms. They can also
he used to monitor for arthythmias that may be asymplom
arlc, such as atrial fibrillation, This paticnt’s symptoms occur
once or fwice per week:; (herelore, o 24-hour ambulatory
HCG monitor may not capture the arrhythmia.

In patients with very infrequent or rare episodes (=30
days between episades), an implantable loop recorder may
e appropriate: however, these devices should not be used
for initial evahmlion. given the cost and risks, although
minimal, associated with implantation. Implantable loop
recorders can remain in place for years 1o cvaluate for infre
quent arrhwthmias.

KEY POINT - il

+ In patients with infrequent episodes of palpitations,
PrESYTICOEME, O ﬁ_!,-’r‘ll;".',lpﬂ'. an event I'ECD_I"dE[‘ ' bﬂ
used to correlate symptoms with an archyilhmia.
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Item &0 Answer: D

Educational Objective: Interpret B-type natriaretic
peptide level in an obese patient with dyspnea.

The cause of this patient's dvsprien is indeterminate on the
basis of the B type natriuretic peptide (BNP) level of 128 pg
mi. (128 nz/L). in the Breathing Not Properly study of patients
who presented to the emengency department with dyspnica,
patients with heart failure had a mean BNP level greater than
6010 peml (600 ng/ L), whersas those with noncardiae ciuses
of dyspnica had levels of approximalely 50 pa/mi. (50 ng/Ll.
Patients with a history of left ventricular dysfunction bul
nol an acote cxacerbation had a BNP level of approximsely
200 peedm {200 ng/L). In o pooled anabysis of 10 studies, BNP
values Tess than 100 pe/mil. (100 ng/L) excluded heart failure
190% sensitivity) and greater than 400 pg/ml, (400 ng/L)
supported the diagmosis of heart failure (74% specificity). BNP
levels incriase with age and worsening kidoey function and
are reduced in paticenis with an elevated BML BN values less
than 55 pe/ml. (55 ng/l) are likely 10 rule out heart filure
in patients with BMI greater than 35 (sensilivity 20%). In
these patients, BNP levels greater than or egqual o 170 pg/mL
(170 ng/L} are 70% specilic for the diapnosis of acute heart
fallure, This patient’s BENP level 8 not helpful in ruling in or



ruling out cardiae disease as the cause of her dyspred, and
farther evaluation is reguired.

= Commaon factors other than ventricular wall stress
that influence B type natriuretic peptide (BNP) levels
include Kidney failure, older age, and female sex, all of
which increase BNF levels: obesity reduces BNP levels,
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item 61 Answer: B
Educational Objective: Treat critical limb ischemia.

The most appropriate nest step in The maragement of this
patient with eritical limb ischemia is to perform imasive
angingraphy of the alfecied Himb with the intent (0 revseu
farize, Critical limb kchemba Is a severe form ol peripherl
artery discase (PAD) charactertzed by ischemic rest pain and
ulceration. Clinical {indings in o patient with critical imb
imschemin inclode an ankle-brachial index less than 0,40, a fki
warvedrm on pulse volume recording, and low or absent pedal
flow on doplex ultrisonography. In patients who underzo
successful limb reviscularization, the | year sk for major
amputation is signiticanthy lower than that in patients who do
not undergo revascularization.

Vorapaxar inhibits thrombin-induced and thrombin
receplor agnmist peplide - induced platelet aggregation. In the
TRA 2P TIMESO trial, vorapasar reduced hospitalizations for
acute Hmb ischemia, mainly wmong patients who had previ
ously undemmone revascularization. The role of vorpaxar in
pitients with PAD s yel 1o be established.

Liwing to the high morbidity and mortality associated
with critical fimb ischemia, immediale invasive angioen
phy with endovascular revascularization, without additional
noninvasive imaging, is olten the most effective stratey
o preserve Lissue viability, lmaging studies such as mag
netic resomance angiography would result in treatment time
detays in this patient with eritical imb ischemin and a viable
Hmb, He should be referred divectly for angiography and
reviscubarizarion.

In patients with critical limb ischemia and a viable
limbs, anglography and revascularizarion is abaays preferred
te primary major amputation of the lower extremity, Putients
older than 65 years who underge major amputation bave a
| -year mortality rate of nearly S0°% and a 3 year mortalily
rle higher [han 700,

= In patients with critical limb ischemia, immediate
imvasive angiography with endovaseular revaseular
zalion is often the most eflective stratey Lo presene
tissae viability,

4 _&q;wef!: and Critigun_»
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Item 62 Answer: A

Educational Objective: Manage atrioventricular block
in the setting of an acute coronary syndrome.

This patient has Mobitz tvpe | seennd degree strdoventricy
lar (AV) block and evidence of an acule commary syndrome,
and she should underzo candiae catheterization for emer
genl revascularization. This patient's chest pain, ST segment
elevalion, and ¢levated troponin T level all indicate scute
myocindial infarction. Additionally, the ehectmocardiogram
deminstmtes secontl depree AV block, which iy character
ized by nonconducted P waves. The progressive prolongation
of the 'R interval before loss of AV conduction s conskstent
with Mohitz type | (Wenckebach block). There are many
causes of AV hlook, including fbnosts and selerosis of 1he
conduction svstem. ischemic heart disease, and medica
tion use (B-blockers, calcium channel blockers, digoxin).
Reversible causes of AV block should always be Identified
and treated first, In this patient, cardioe catheterizoation and
revascularization are indicaled not oaly 1o treal the acute
coromary obstruction but also 1o potentially correct the con
duction deficit,

Transthoracie cchocardiography should be performed
in patients with myocardial infarction to evaleate Jeft ven
tricular function and assess for potential structural com
plications; however, pbtaining an echocardiogram is nol
the priority in this patient and does not help nnage the
wrrhvthmia. The most appropriale next siep is cardiac
cutheterization.

Permement or temporary pacemaker placement is nol
required in this case bocause the patient does not have
symptomatic or hemodynamically  unstable bradyear
dize or advanced AV block (Mobite lype 2 second clepree or
thind degiee AV block). If sympiomatic or advanced con
duction block persisis aller revascularization, permanent
pacentiker implantation would be recommended.

b 3r ) R e SN
= Patients with atriovemtricular block and evidence of
actite caronary syndrome should undergo cardine
catheterization for diagnosis and possible revasculari
zation,
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tem 63 Answer: D

Educational Objective: Manage aortic regurgitation that
does not meet criteria for surgical valve replacement.

The most appropriate next step in management is clinical and
echocardiographic follow up in 6 10 12 months. This asvmp
tomatic patient with severe aortic regurgitation does nol
currently meet the criteria for surgical aortic valve replace
ment. For patients with severe aortic regurgitation, surgical
aortic valve replacement s recommended in the presence
of symptoms attributable to regungitation, lefi venricular
gjection fraction less than 50%. or another indication for
cardiac surgery. In addition, surgical aortic valve replacement
can be beneficial In asymplomatic patients with significant
left ventricular dilatation (end-systolic dimension =50 mm or
indexed end systolic dimension >25 mm/m?). In the ahsence
af these findings, clinical evalualion and surveillance echocar
diography every 6 10 12 months s recommended.

The clinical impact of §-blockers, such as carvedilol,
in patients with chronic aortic regurgitation is oneertain.
Carvedilol is useful tn patients with severe sortic regurgita
tion and heart failore when combined with other standard
therapies, such as divreties, ACE inhibltors, and aldoste
rone anlagonists; however, this patient has no indication for
B-blocker therapy.

AL inhibitors or anplotensin receplor blockers may
b used in patienis with chronie severe aortic regurgitation
and concomitant hypertension, although these agents, as
well as dibydropyridine calelnm channel blockers. hive not
been shown o delay the need for surgery in asvmplomatic
patients withoul hypertension. Consequently, they are not
incicated in this patient in the absence of hyperlension.

* For patients with severe aortic regurgitation, indica
tions for surgery are the presence of attributable
symptoms, left ventricular ejection fraction less than

. or significant left ventricular dilatation; in the
absence of these findings, survelllance echocardiogra
phy every 6 to 12 months is recommended.
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Item 64 Answer: D

Educational Objective: Treal a patient with
5T elevation myocardial infarction and heart failure
with renin-angiotensin system inhibition.

The most appropriate leatment of s patient with anterior
STelevation myocardial infarction (STEMI) complicated by
heart fallure is valsartan. This patient is al slgnificant visk for
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shori-term and long term morbidity, and carly institution of
puidetine-direeted medical therapy (within 24 hours of pre

sentation) is cracial to improve survival and keep the patient
free of symploms. Although ACE Inhibitors are indicated in
mest patients with STEMI and particularky in patients with
impssired beft venivicular function and heart failore, angiotensin
recepiior blockers (soch os valsartan) are a suitable aliermative
and olfer simikar morbidity and mortality benefits. Additionally,
angiotensin reoepior blockers are associated with asigniticanmiy
ket incidenoe of cough and angloedenma than ACE inhibilors.,
Becatise this patient has o history of ACE inhibitor indoced
cough, valsartan is the most apprmopriate chodoe.

In paticnts with STEML B blockers (such as carvedilol)
decrease myocandial oxveen demand, redioce the incidence
ol veniricular arrhythmias, and improve long - term survival.
Whenever possible, B blockers should be introduced within
the first 24 hours of STEM] presentation. The QOMMIT
€05 2 trial demonstraled that early [V blocker indtidion was
asspciated with Tower risk for reinfarction and lethal venitric
ular arrwthmias, bul it also increased risk for condiogenic
shock. In this case, the patient has evidence of pulnonary
edema, and carly institution of i blockade may worsen
heart failure and increase the risk for cardiopenic shock. A
B blocker should be initiated once the patient (s stabilized.

Like' B-hlockers, calcium channgl blockers (such as
cliltiageem) are negative inotropic and chionoliople agenis.
Howesver, undike B-blockers, calciom channel blockers are
generalhy avolded in the context of STEMI and are conlmdn
dicated with left ventricubar dysfunction.

Fhymlagine sesorbide dintirate can be used s o vasodi
lator; particularky as an add-on therapy in the setting of chronle
heart Bilure, alihougeh it has been shown to be inferior o ACE
i s v -t head study: | ivdralozine -isosorbicde dind
trake wontkd not e the preferred agent in this setting. unless
the patient had a significantly dlevated serum creatining level
or a history of ACE inhibitor-induced angioedens,

KEY POINT . === x

* In paticnts with ST elevation myocardial infarction,
an ACE inhibitor should be initiated within 24 hours
of presentation: an angiotensin receptor blocker may
be used if the patient 5 intolerant of ACE inhibitors.
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item &5 Answer: B
Educational Objective: Treat atrial fibrillation in a
patient with hypertrophic cardiomyopathy.

The munst appropriate treatment (o reduce the risk for throm
hoembolic events in this patient is dose adjusted warfarin,




In patients with hyvpertrophic cardiomyopathy (HCM), atrial
fibrillation occurs in 20'% 10 25% of cases, and dyspnea often
develops related to reduced left ventricular diastolic filling
and Increased lelt ventricular oattlow tret obstruction, Res
toration and maintenance of sinus rhwithm are important in
reducing symploms. There is also a high incidence of stroke
in patients with HCM who have atrial librillation, regandless
of the tyvpe of atrial fibrifllation (paroxysmal, persistent, or
permanent). and anticoagulation o reduce thromboembaolic
risk must be considered. In this patient, acute anticoagulation
with heparin or low-molecolar welght heparin would be
apprupriile before cardioversion, followed by administration
of dose -adjusted warfarin to achieve an INE of 2 w 3. Two
observational studies of patients wilh atrial fibrillation in
Lthe setting of HOM have shown reduced incidence of stroke
with this strategy compared with antiplatelet theeapy of no
treatmenl,

The use of non-vitamin K antagonist oral anticoagu
tants, such as dabigatran. for thromboembolic risk reduction
in patients with HCM has not been adeguately studied, and
the efficacy of these dmgs in this situation is unknown_ In
patients with HCM who cannot take warlarin, non-vita
min K antagonist oral anticoagulants are reasonable as sec
ond-line therapy; however, use of warlarin in this patient is
not contraindicatec.

Although this patienl’s calculated CHA, DS, VASe score
is low (0 points), initiating aspirin therupy or foregoing
therapy would be inappropriate acoording W current guide
lines, ‘The CHADS, VASc scoring svstem s frequently used
for decision making with regand o stroke risk reduction
therapy in patients with atrial fibrillation; however, the pre
dictive use of this tool for patients with HCM has not been
validated. A low CHA_DS, VASe score may nol adequately
predict true thromboembaolic risk in patients with HCM and
should not be used to guide therapy.

KEY POINT
* Patients with atrial fibrillation in the setting of yper

trophic cardiomyopathy should recefve warlarin anti-
coagulation therapy o reduce thromboembolic risk
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Item 66 Answer: A
Educational Objective: Evaluate the severity of aortic
stenosis with candiac catheterization.

The most appropriate next step in management is cardiac
catheterization. In paticnis with symptomatic severe aoic
stennsis. surgery with aortic valve replacemnent is indicated
as a lile saving therapy. However, accurate measures of the
severity of stenosis are needed o ensure that symptoms are

Answers and Critiques

caused by valve obstruction. rather than concurrent coronary,
pulmonary. or other systemic disease, The severity of aor
tic stenosis is determined by Doppler echocardiography and
sometimes cardiac catheterization, In some patients, the Dop
pler echocardiogram may underestimate severity because of
the angle dependent nature of the study, An Invasive hemody
namic study is indicated in symptomatic patients being con
sidered for surgery when there are discrepancies between the
findings on physical examination and the echocardingraphic
results. This patient’s exertionad dyspnea and physical exam
ination findings (carotid tardus, diminished aortic compo
nent of 5 - late peaking svstolic murmur) are consistent with
severe anrtic stenosis: however, the echocardiogram reveals
findings ol only moderate aortic stenosis. Therefore, further
evaluation with cardiac cathererization is needed.

Surgical or transcatheter aortic valve replacement is
not indicated in Lhis patient unrll there is certainty that the
anrtic valve lesion is severe and can acoomant for the paticnt’s
symptoms,

Identification of symptomatic aortic stenosis is crucal;
in the absence of symptoms, paticnis with aortic stenosis-
even severe aortic stenosis have a low risk for mortality,
with an estimated risk for sudden death of less than 1%,
Although variable, symptoms of heart failure, angina, or
synoope generally begin once the valve area is below 1.0 em®,
Onee symploms develop, prognogis 15 poor withouat vabee
replacement. with an average survival of less than 10% over
the next 2 to 3 vears. Therefore, continued clinical observa-
tiom is not the best option for this patien.

KEY POINT

* [n patients with symploms of aortic stenosis and dis-
crepancies between the physical examination and
echocardiographic findings, the severity of stenosis
should be established with cardiae cathetertzation
betore aortic valve replacernent is performed.
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Item &7 Answer: D

Educational Objective: Manage a patient with a ven-
tricular septal defect.

The most appropriate management for this patient with
a small uncomplicated ventricular septal defect (VSD} is
follow-up in 3 W 5 vears. VEDs are defined by their location
on Lhe ventricular septum. The most common Lype of V5D s
perimembranous, making up 805 of cases: these are usually
isolated abnormalities. She has no assoctated symptoms. vol-
ume overload of the left heart, pulmonary hypertension, or
valve regureitation; therefore, pertodic ¢lindeal evaluation and
fmaging are recommended. IF pulmonary vascular disease
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is present {pulmonary arlery sysiolic pressure >50 mm Hg),
patients should be advised acains! sometric or cmpetitive
exercise. In the absence of pulmonary hyperiension, preg
naney In women with VSDs is penerally well tolerated. It is
unnecessary to sugeest aclivity restriction in this patient with
a small VSD and normeal pulmonary artery pressure, and
pregnancy shoukd not be complicated by the VS,

Cardiac cathelerization is not indicated for this patient
because her clinical presentation and echocandiogram do
nol demonstrate leatures of 1eft hear! enlargement or pul
monary hvpertension. Cardiac catheterization i$ primarily
performed to delincate the shunt ratio and (o determine
pulmonary pressurces if clinical unceriainly exists regarding
the degree or impact ol a shunt, or if the V510 is incompletely
assessed by echocardiographic measures.

Cardiac magnetie resonance imaging  will usnally
demonsirate a membranous VSD and can quantilale the
impact of the shunt on the left heart; however, il is not
indicated in this paticnt because the dlinical and echocandio
graphic assessment are sufficient to sugeest Lhat observalion
Is appropriate.

Endocarditis prophylaxis is recommended tor patienls
with unrepaired cyanotic congenital heart discase, includ
ing palliative shunts and conduits: a congenital heart defect
that has been completely repaired with prosthetic material
or device during the [rst & months after the procedure;
and repaired congeniial heart disease with residual defects.
Patients wilth uncomplicated VSDs without a history of
endocarditis do not require endocarditis prophyiaxis.

TSR PR Bl e i
* Periodic tollow-up with clinical evaluation and Imag

Ing are appropriate in patients with a small uncompli
caled veniricular septal defect.
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Item 68 Answer: A
Educational Objective: Diagnose cardiac tamponade.

The most likely dingnosis s cardioc tamponade. Perfcanditis
i a common candioc mamifestation of systenmic lupus erythe
matosus {SEEL. ocourming inoup to 40% of patients with SLE
Pericanditis may be associated with a neulrophilic pericardial
ellusion that can rmrely lead o tamponade. In this patient,
progressive dyspmea, fatigee, chest fullpess, amnd peripheral
ethema are symploms consistent with significant candiae tarn
porade, and the physical examination findings of jugular
venous distention and pulsus parsdoxus (fall insystolic pres
sure of =10 mm Hig with inspimtlon) are supportive. The
chest rdingrph demonstrates an enlarged cardiac sihoueite
(“water bottle heart™). and the electrocardiogram demon
strates electrical altermans, which may represent swinging of
the Beart within a lange pericardial effuson. This pathent also
has supraventricular lachyeardia.
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The pericardium in constrictive pericardinis §s rigid and
noncompliant. rewlting in a fotal candiae volume that 7=
Fargely fxed. Veniricula Glling occurs rapidly in carly dias
(e sl terminates abruptly near mild -diastole owing 1o the
pericardial restraint., The fupubie vienous pressure s clevated
In mearly all patients, with prominent x and 5 descents.
I"hysical findings that also mew be present include a pericar
dial knock, polsus parndoxus, pleuml effusion. congestive
hepaomegaly, and peripheral edema or ascites. 10 paticats
with long standing constrictive pericarditis, hepatic il
and chrrhosis may be present. Perfeardial constriction would
nil Jead 1o a laree candiae sithowette or eloctncal allernmans,
as soen in this patient.

Patients with SLE have increasaed risk for venous throm
bowembaedic disease. The electrocardiogram in acute pulmo
nary embolism most commionly demonstrates stous machy
cardia bur may ulso show a new complete or incomplete
rizht bundle branch block or an SICATS pattemn (prominenl
S wave in lead 1 Q wave in Jead 10, and imverted T wave in
[eadd 1), A endarged globubar heart on chest radiograph and
elevirical alternans on clectrocardiogrim ane nol features.

Pativnts with SLE may have pulmonary thrombo
embolic disease, pulmonary veno occlugive disease. or
athvanced interstitly hung disease with hypoxemia leading
14y |1'|.1|T'|1|'lﬂl'|r_"|' ]!!.'}k'rlk'“-‘ti“ﬂ: however, severe svmiplonatc
pulmomary hypertension is more commonby assoclated with
seleroderma or mixed connective Ussue disease, An enlarger
plobular heart on chest radiograph woold be unlikely. ami
the clectmocardiopgram is likely 1o demonsirate o right axis
deviation and right ventricular ly pertrophy but oot electt
cal allernans.

* Findings of congestion, hypolension, pulsus para
doxus, enlarged candiac silhouette on chest radio
graph, and electrical alternans on electrocardiogram
support the diagnosis of cardiae lamponade.
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tem &% Answer: B

Educational Objective: FEvaluale a patient with
intermediate cardiovascular risk with coronary artery
calcium scoring,

This asymptomatic patient at inlermediate risk for coronary
artery disease can undergo coronary artery cilcium (CACG)
storing for furlher risk stratification, He has an inlermediate
risk for yocardial infarction and comnary death (5% (o less
than 7.5% as dellned by the Pooledd Cohort Equations), Among
thise patients, lurther risk strutification can be helpful to
identily patients who will benelit from primary provention,
including statin therapy: The evaluation of subclinical dis

case with CAC seoring is not o component of rouline risk




assessnend, and consideration is reserved [or when the resall
is expecled o lead to o change in management based on
paticnt reclassification to o lower- or higher-risk group. A
CAC seore of 300 Agatston units or higher or a score in the
7ath percentile or higher for age, sex. and ethndcity would
reclassify this patient as high risk and prompt initiation of
primary prevention theraps Other factors that can help guide
risk reclassitication are an L)L cholesterol level of 160 mg/dlL
.14 mmol/L) or higher, evidence of other genetic byperlip-
idemias, family history of premature coronary artery disease
fage =55 vears in a first-depree male relative, age <65 years
in a first-degree female relative), high-sensitivity C-reactive
protein level of 2 g/l or more, ankle-brachial index less than
0.9, o elevated lifetime risk for cardiovascular disease.
Physiologic tests of cotonary perfusion are not indicated
hecause this patient is asymptomatic. Furthermore, ade
nosine cardiac magnetic resonance imaging, exercise stress
echocardiography, and pharmacologic nuclear stress testing
are not nsed to reclassily risk among asymplomatic paticmis.
Elevated levels of lipoprotein{a), a sublype ol 1.DL
cholesterol, have been associated with increased risk for
cardiovascular discase, especially coronary artery disvase.
However, this marker has not been evaluated for purposes of
reclassilication of asymplomalic, intermediate risk palionts.
Additionally, the 2002 American College of Cardiology/
American Heart Association cholesterol treatment guideline
toes nol address whether lipoproteinda) is vselul for suiding
tresstment because evidenoe is currently insafficient.

KEY POINT

+ [n paticnts with an intermediate 10-yvear risk or ath-
erosclerotic cardiovascular disease, coronary arlery
calcium scoring may be used o farther risk-stratity
patients to guide primary prevention therapy.
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ltem 70

Educational Objective: Treat heart failure with reduced
ejection fraction with f-blocker therapy,

Answer: A

This patient with heart failure with reduced cjection faction
CHFrEFY should be started on a f-blocker, such as bisoprolol.
In patients with heart fiiluare, cach follow-up visil showld
inchide evaluation for proaression of heart Tilure symploms,
aseessment of volume status, and a review of the paticnts
medications to ensure puideline-direeted treatment. Oplimeal
medical therapy includes an ACE inhibitor, f-blocker (specild
ically, metoprolol succinate, carvedilol, or bisoprofol), and an
aldlosterone antagonist (in symptomatic patients), f-Blockers
improve remodeling, increase cjection fraction, and reduce
hospitalization and mortality when added o ACE inhibitor
and diuretic therapy, B-Blocker and ACE inhibitor therapics
are indicated for all classes of heart faituee, incloding New

Answers and Critiques

York Heart Association functional class T This patient was
ciischarged from the hospital before iniliation of § blocker
therapy. and he should be started on bisoprodol now:

Diltiazem and verapamil are associated with worse out
cotnes in patients with HFrEF, and these agents should not
be used in this population, IF caleium channel blockers
are necessary for hypertension treatment, amlodipine or
felodipine have been shown to be safe in patients with heart
failure,

Aldosterone antagonists (spironolacione, eplerenone)
have heen studied in patients with hearl hilure and New
York Heart Association functional class 11 to IV symploms
and have been shown to reduce maortality and morbidioy
Becanse of the risk for kidney dystunction and hvperka
lemia, these dmgs shonld be used onby in patients with a
serm creatinine level below 2.5 mg/dL (221 pmol/L) in men
or below 2.0 mgidl (1768 pmol/l) in women, and wilh
a serum potassium level helow 5.0 mlgd, (5.0 mmaol/L}.

These dmgs are not as etfective as diuretics at the doses used

in heart Rilare therapy (12.5 25 mg/d tor spironolactone,
25-50 mg/d for eplerenone). The paltient is asymptomatic
nowy, and spitonolactone is not indicated. [t were indicated,
il would nol be added until after uplitration of the -blocker
and ACH inhibitor doses.

Angiotensin receptor hlockers (ARBs), such as losartan,
are a suitable alternative to ACE inhibitors for the treatment
of HFTEF and offer similar morbidity and mortality benefits.
In patients taking an ACE inhibitor, the primary reason
t switch 1o an ARB is ACE inhibitor-induced cough or
angioedema. Caulion should be exercised when switching
patients to an ARE as a result of angioedema hecause this
side elfect has been reported with ARE therapy as well. This
patient does not have side effects that would prompt switch-
ing an ACE inhibifor toan ARR.

KEY POINT

= [n patients with heart failure with reduced ejection
fraction, i hloclers improve remodeling. inerease ejec
tion fraction, and reduce hospitalization and mortality
when added 1o ACE inhibilor and diurelic therapy.
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item 71 Answer: B

Educational Objective: Treat a patient with multivessel
coronary artery disease and left ventricular dysfunction
with coronary artery bypass graft surgery

The mosl appropriate lreatment is coronary artery bypass
graft (CABG) surgery, This patient with three wessel coronary
artery disease (CAD), left ventricular dysfunction, and type 2
diabetes mellitus has symptoms of heart failure and angina
despite optimal medical therapy: In patients with multivessel
coronary artery disease. revascularization with CABG results
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in decreased recurrence of angina, lower rates of myocar

dial inBarction, and fewer repeat revascalarization procedores
comparcd with percutancous cormonany intervention (PCIH.
Unlike PCI, CABG surgery improves survival in paticnis with
beft main or three vessel CAD and is recommended 1o reduce
maortality in these high-risk patients, CABG surgery has also
been shown o improve symptoms-and survival in patients
with Ischemic cardiomyvopathy, Long-term follow-up of the
STICH trial demonstrated a survival advantage with CABG
surgery compared with medical therapy alone among patiends
with multivessel CAD and severe el ventricular dysfunction.
Addditionally, CARG surgery has consistently been shown (o be
the superior revascularization strategy in patients with dia-
betes and multivessel disease who require revascularization,

Ticagrelor is indicated as a component of dual antiplate-
let therapy folloawing acute coronary syndromie, regandless of
whether percutanecus coronary intervention s performeed.
However, there is no clear mole for the addition of Uoagrelor
in this patient.

This patient has two separate indications for CABG sur-
gery: (1) multivessel disease and reduced ejection fraction and
(2) dinbetes with concomitant multivessel disease, Patienis
with these indications who undergo CABG have improved
survival compared with patients who receive only optimal
medical therapy, Therefore, continuing this patient’s medical
therapy without further intervention would be nappropriale,

KEY POINT

» Cornnary artery bypass graft surpery is recommended
to bmiprove survival in patients with multivessel coro
nary artery disease and left ventricular dysfunction
and patients with diabetes mellitus and multivessel
disease,
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Item 72 Answer: D

Educational Objective: Treat symptomatic premalure
ventricular contractions.

Catheter ablation is the most appropriate managenwnt of this
patient with frequent symptomatic premature ventriculir
contractions {(PVCs). PVCs are common and occur in up o
75'% of healthy persons. In the sbsence of high-risk features
isyncope, a family history of premature sudden candiac death,
structural heant disease), reassurance & oflen appropriate
management. For patients with bothersome palpitations,
the initial diagnostic test is electrocandiography (ECG), If the
diagnosis Is not established, 24 to 48 hour ambulstory ECG
monitoring is used fo diagnose and quantify the frequency
of PVCs and determine whether they are monomorplic or
polymorphic, Symptomatic or frequent monomaorphic PVCs
(10,000 PNCs in 24 hours or =10'% of all beats) require further

188

evaluation and treatment. Exercise stress testing can be used
o evaluate the patient for ischemia and assess the responsc
of PYCs to exercise. In addition, patients with frequent
PVCs or polvmorphac PVCs should undergo echocardiography
or other cardiovascular imaging (such as candiac magnetic
resonanee imaging) 1o evaluate for the presence of structural
heart disease. Up to one third of patients with frequent PVCs
an develop PVC-induced curdiomyopathy and progressive
left ventricular dystunction. as documenied in this patient.
First-line therapy tor symptomatic or frequent PVCs includes
[} blockers ar calcium channel blockers. Patients with con-
tinued frequent PVCs despile medical therapy or those whao
develop left ventricular dysfunction should undergo catheter
ablation, which resolves most cases of PVC-induced left ven
tricular dyvsfumction.

Amiodarone is usually elfective In suppressing PVCs:
however, it carries a high risk lor adverse effects and end or
gan toxicities. Therefore, amiodarone is best avoided in
youngser patients. such as this one,

This patient had a structurally normal heart and no
evidence of schemia on studies performed 1 vear ago, and
she has developed no new symptoms, Therefore, cardiac
catheterization is nol indicated.

Canliopulmonary exercise testing includes assessment
ol respiratory gas exchange during treadmill or bicycle exer
cise [ora more detailed assessment of functional capacity
and differentiation between potential causes of exercise lim
itation (cardise, pulmonary, or deconditioning causes versus
vulitional causes). It would not be the most appropriate next
choice in a patient with a known decrease in left ventricular
cjection fraction and frequent PVUS,

KEY POINT

= Patients with premature ventricular contraction-
induced cardiomyopathy should be treated with cath-
cler ablation.
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tem 73 Answer: C

Educational Objective: Treal mitral regurgitation with
transcatheter mitral valve repair

The most appropriate next step in management is tmnscath

eter mitnid b repain. Acuie severe mitml regunzitation =
msociated with papillary. moscle mapure following acate
myvocandial infarction, Hall mitral walve (dissociation of the
valve leaflet fmom the chondiae), amnd infective endocanditis
wilth leallel perfomation. The sudden large volume in the et
atriom and sentricle resulix in mpld: Incregses inlefl ven

tricular end-diastolic prossane and Teiatrial pressure, which
bead 10 elesated pulmiomary anery pressure and - pulmonary
edemma, The diminished Tefit ventriconlar stroke volume leads




1o hypotension and shock. Definitive thergy for severe miiral
regurgitation s mitral valve surgery: Patients wilh acute severe
mitral regurgitation typically require urgent surgery afler
hemodynamic stabllization. Positive inotropes, vasodikators,
and diuretics are oflen used for symptom control and as a
bridee 1o cordiac surgery. Mechanical support (for example,
witham intre-oortie balloon pump) may be required before or
during valve replacement.

Two surglcul options are available: mitral valve repalr
ane mitral valve replocement. Mitral valve repalr is tvpleally
preferved lovalve replacement becanse it is associated with
better clinical ouleomes. A nonoperative procedure, (tan
seatheter mitral valve repair, is indicated for symplomafic
patienis with degengrative mitral regurgiiation who ane
al prohibitive surgical risk, sach as this patient. With this
technigue, the mitral valve is plicated using an approach
from the femoral vein. In experienced centers, success
rates are approximately 90%, with procedisral mortality of
approximately 2%.

Continuing the patient’s corrent medical therapy s
inappropriste. Acuie severe mitral regurgitation is an cmer
geney, and prompt mitml vadve repair or replacement should
be considered for all patients.

KEY POINT
» Transcatheter mitral valve repair is indicated for

symptomatic patients with degenerative mitral regur
gitation who are not surgical candidates.
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Item 74 Answer: C

Educational Objective: Treat a paticnt with peripheral
artery disease with statin therapy.

The most appropriate treatment is high-intensity atorvastatin,
This patient with claudication has an ankle-brachial index of
less than or egual (0,90 on the right side, which is diagnostic
for peripheral artery disease (PAD). PATY Is considered a form
of clinical atherosclerotie cardiovascular disease (ASCVD),
and as such, this patient should be stanied on- seeondary
prevention therapy. Additional [orms of ASCVED include acute
comnary syndrome, history of nyocardial infarction, stable or
unstable angina, coronary or other arterial revascularization,
stmoke, or transient ischemic attack. Patienls aged 75 wears
or younger with ASCVID should be started on high-intensity
stalin therapy, unless a contraindication exisis. Options for
high-intensity statin therapy include arorvastating 40 mg/d or
80 mg/d, and rosuvastatin. 20 mg/d or 40 mg/d.

Proprotein comvertase sublilisin/kexin type 9 {(PCSE9)
inhibitors, such as evolocumab. are a new class of medi
cations that dramatically decrease LDL cholesterol levels.
PCSKY inhibitors are currently approved as adjunctive

Answers and Critiques

therapy to diet and maximally tolerated statin therapy in
patients with familial bypercholesterolemia or cstablished
ASCVD. Treatment with evolocumab has been assodiated
with a reduction in the composite outcome of cardiovas-
cular death, myocardial infarction. stroke, hospitalization
for unstable angina, and coronary revascularization bul nol
curciovascular mortality or all-cause mortality.

Ezetimibe impairs intestinal cholesterol absorption,
resulting in a significant reduction in LD cholesterol lev-
¢ls, Several trials have shown clinical benelll when cre
timibe Is added to statin therapy. However, (his patient is
not vet taking a statin, and ezetimibe is not appropriate as
mionotherapy.

Moderate intensity statin therapy . with  pravastatin
is not the first choice for patiends with clinical ASCVD
because high inlensity statin therapy offers superior bene
fits in patients aged 75 vears or vournger. Patients older than
75 years can be considered for moderate-intensity statin
therapy

Although this patient’s 10-yvar risk for ASCVI), as cal
culated using the American College of Candiology /American
Heart Association Pooled Cohort Eguations, §s lower than
the threshold of 7.5% for initiation of primary prevention
statin therapy, she should be started on high-intensity statin
therapy because of her PAL.

KEY POINT ;
* Putients with peripheral artery disease should be
treated statin therapy,
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item 75 Answer: C

Educational Objective: Manage end stage heart failure
with a left ventricular assist device.

The most appropriate management is lefl ventricular assist
device (IVAD) placement. This patient has several signs and
symploms of advanced refractory heart failure, including New
York Heart Association (NYHAD functional class IV symploms
desplte optimal medical therapy, a low sodium level, wors

ening kidney function, ow pulse pressure, cool extremitics.
and repet hospitalizations in the past 6 months. In palicnts
with end stage heart filore, advanced treatments, inchod

i cardia transplantation or mechanical direalatory support
wilh an IVAL. should be considered. This patient s a good
candidate for an IVAD as destination therapy. Placement of a
continuous - fow IVAD reduess symiptoms and improves survival
cormparcd with medical therapy in patients with end-stage heart
fuilure, Altheugh IVADs increase survival rtes, they are associ:
aled with serious complications, including infection, gastrointes
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tinal hleeding, stroke, and pump thrombus. All patients with
progressive heart Bilure symptoms should be engaged in a
discussion aboul their prognosis, treatment options (including
hosprice), and the risks and benetits of cach themapy:

Candiac  resynchronization  therapy is indicated in
pitkents with an gection fraction less than or equal to 35'%.,
NYHA Tunctional chiss 1 1o IV heart failure symptoms despite
guidcline- directed medical thempy, sinus chythm, and lefi
bundie branch block with a QRS complex of 150 ms or greater,
This patient does not meet the electrocandiographic criteria.,

Candiae transplantation remains the gold standard ther
apy [or patients with end - stage heart failure, Indications for
cardiac transplantation in these patients include age younger
than 65 w 70 vears, no medical contrindications (diabe
tes with end omgan complications, malignancies within
5 years, Kidney dvsfunclion. other chronic ilinesses that will
decrense survival), and good social support und adherence.
Heart transplant is contraineicated in this patient

This patient has significant mitral regurgitalion, most
likely secondary to his dilated lel ventricle: however, mitral
valve repair is unlikely (o subslantially improve his heart
failure symploms.

KEY POINT

* Matients with end stage heart fallure should be con
sidercd for cardiae transplantation or mechanical cir
culatory supporl with left wentricular assist device
placement,
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ltem 76
Educational Objective: Diagnose pulmonary valve
regurgitation as a late consequence of tetralogy of Fallot
repair.

Answer: C

The most likely diagnosis is pulmonary vabe regurgitation,
which is the most common structural disorder resatlting
from tetradogy of Fallot (TOF) repair. Clinical findings include
fearures of right heart volume overdoad with a pamsternal
lift and a soft systolic pulmonary outlflow mourmur. A single
5, is heard because pulmonary valve Tunction s sacrificed
during TOF repair. TOF repair includes closure of the ven

tricular septal defect and reliel of right ventricular outilow
tract obstruction, which in turn resulis in pulmonary regur

gitatiom, causing the diastolic murmur hearnd at the left ster

nal border that Increases in Intensily with inspiration. This
patient’s chest radiograph demonstrales evidence of previous
sternotony: a clip in the mediastinum from dosare of the
Blalock Taussig shunt, a right sided aortic arch (present in 2595
of patients with TOF), and right heart enlargement (indicated
by a rounded cardine border and uplified cardiae apex as
seen on the fronmal view and [ullness in the relrosternal air
space [blue arrows] on lateral view) (see 1 iy ol nexl eolumn).

190

These chest radiograph findings are consistent with
repaired TOF with pulmonary regurgitation resalting in
right heart enlarpement.

Avrlic regurgitation infvequently Gocurs late after TOF
repair owing o progressive aortic enlargement. The diastolic
murur of aorlic regorgitation is generally heard at the lell
sternal border and decreases in intensity with inspiration.
A right ventricular prominence would not be expected In a
patient with aurtic regurgitation,

Mitral stenosis is not expected to occur late alter TOE
repair. Physical examination findings include increased
intensity of 5, and an apical dizstolic mermur that increases
during expiration

Recurrent venitricular sepial defect can occur in patients
following TOF repair. However, the physical examination
findings would inchude a svstolic murmur heard gt the lefl
sternal border, which olien ebliterutes the 5, and 5. Right
ventricular prominence would not be expected in a patient
with a recurrent ventricular septal defect.

KEY POINT

* Pulmonary regurgitation, presenting with a single 5.
a parasternal lift, and & sofl systolic pulmonary out
Moy murmur, is the most common structural disorder
resulting from tetralogy of Fallot repair,
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item 77 Answer: C
Educational Objective: Manage an abdominal aortic
ancurysm with surnveillance,

The most appropriate next step in the management of this
patient with an abdominal aortic ancarysm (AAA) i repeat
abdominal aortic ultrsonoeraphy: The optimal surveillance
Treguency for abdominal aortic aneurysm §s contrnoversial. As
aneurysm sixe increases, risk for rupture also increases. For
AAAs with a diameter smaller than 4.0 ¢cm, the 5-vear risk for
rupture is 2%, and some guidelines recommend a sunveillance
interval of 24 1o 36 months. AAAs with a diameter between
4.0 ¢m and 5.0 cm have a 5-year risk for ruplure of 3% w1295,
and survelllunce imaging is recommended more freguently
{Ior example, every 6 o 12 months). AAAs with a diameter
between 5,0 and 6,0 cm have a 5 year risk o ruplure of 257,
Onee an AAA reaches 5.5 omin maximuom diameter, surgical
or endovascular repair is warranied, owing (o the clevated
risk for death die W aortic rupture. Repair is also indicated in
paticnts with sympioms from AAA (abdominal tendermess or
pain) and those with rapid expansion in AAA size 0.5 om/
year). This patient with an AAA with a maximum diameter of
3.5 cm can be managed with surveillance abdominal uliraso
nography: Because he is asymptomatic, he does not require
surgical repair at this time,

Anatomic Imaging tests, such as CT angiograply o
magnetic resonance angiography, are indicated Lo determine
the exact location of the AAA (suprarenal, juxtarenal, or
infrarenal) In planning for aortic repair. When an AAA does
not meet the maximom diameter threshold for repair. such
as in this patient, anatomic imaging with CI angiography is
not indicated. Abdominal ultrasonography is preferred for
serial monitoring of an AAA.

Pursuing no further testing or intervention would
be ingppropriate in this patient, An AAA predisposes the
patient o an elevated risk for aortic rupture and death, and
survelllance of the aneurysi is reconmended.

= Patients with an abdominal acortic aneurysm smaller
than 5.5 cm should nndergo surveillance ulirasonog
raphy, with frequency determined by aneurysm size.
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Item 78 Answer: C

Educational Objective: Fvaluate for perivahvular abscess
in a patient with infective endocarditis.

Transesophageal echocardiography (TEE) & the most appmo
priate diagnostic test to perform next. According to the modi
fied Puke criteria, this patient has definite endocarditis, with
ane major criterion (persistently positive blond cultures)
and threee miner criteria (predisposing vahular abnormalicy

Answers and Critiques

[bicuspld sabve], fever with femperature 38 *C [100.4 "FL
antl a vascular phenomenon [conjunctival hemorrhage]).
Cm physieal examination. he hasa wide pulse pressure and
evitlenoy of @ marmuer of sortic regurgitation, findings that
further support the diagnesis. Additionally, the eleetrocar

cliogram shows PR interal prolongation, which should maise
suspichan for the presenice of o perfanrtic abscess that is inter-
fering with the conduetion system and causing tirsi-degree
atrhventricular biock. Peribvular absoesses may be present
in 30°% o30S of patients with infective endocinditis, and the
risk may be further increased in those with a bicospid aodic
valve. The prefiormed imaging modality e evirhiating patients
with a high prelest probability of infective endocarditis or
with poteniiul complications of endocanditis is TEE, as it bet-
fer visnalizes vepetations and abstesses, TEE is also importam
foor surgicul planning,

Candlae magnelic resomance (CMR} Imaging is not the
st appropriaie initisl imaging cholee for patients with
tnfective endocarditis. CME imaging is elfective in identify
ing Intramyocardial infection, although It s 8 more complex
lechnodopy with limited avatlability in some arcas. CMR
imaging is oflen used in situations in which a perivabvalar
abseess Is suspected but mansesophageal echocandiographic
timulings are equivocal.

Coronary CT angiography could be used for evaluation
in patients suspected of having perivalyalar infections i
echocardiography cannaol adequadely identilfy the anatomy

Tramsthorucic echocandiogmphy can help identify the
presence ol 3 vepetation: however, there is an increased BRe
Hhood of detecting perivabvibin shsoess with TEE bevause
ol the closer proximity of the ulinsound probe (o the valve
structures. TEE is preferred o transthoracie echocardiogra
ph i this diagnosis is a consideration.

* The preferred imaging modality for evaluating
putients with a high pretest probability of infective
endocarditis or with potential complications of
endocarditis, such as abseess, is transesophageal
echocardiography.
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ltem 79 Answer: C

Educational Objective: Treat stable angina with perca-
taneous coronary inlervention.

This patient with diabetes mellitus and singhe vessel coronary
antery discase should ondersn rovasculariztion with percn:
tanenus comonary intenvention (PC1) or coronary artery bypass
grafting. PC1 has not been shown (o be supetior (o optimal
mechical therapy in paticnts with stable angina for reduction
of cardiovascular endpoints, such as mortality and myocandial
intarction. | owever, FC hasbecnassociated with improvement
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in guality of life by redocing the severity and fregquency of
angina. Current guidelines recommend that diasmostic angi

oaraphy and PGl be reserved for patients with refractory
symploms while receiving optimal medical therapy, those
whe are unable o tolerate optimal medical therapy owing (o
side effects,; or those with hish-risk features on noninvasive
exervise and imaging tests, This palient has 90% stenosis ol
the proximal Teft anterior descending artery and refractory
svrmploms: therelore, PCHis a reasonable therapeutic option,

The use of f-carotene, selenium, chromium, vilamin
C;, vitamin E. and estrogen has nol been associated with
improved cardiovascular oulcomes or reliel of symptoms
and is nol recommended in patients with ischemic heart
disease,

Cardiac rehabililation may be appropriste aller revascu
larization occurs; however, this patient should first undergo
revascularization 1o treal his crescendo angina symptoms,

Aspirin is associated with o decreased risk [or myocar-
dial infarction. stroke, and cardiovascular death in paticnts
with coronary artery disease. Aspirin doses of %1 mg o
162 mg daily are recommencded in all patients with established
coronary artery disease unless contraindicated. In patients
allergic to aspirin, clopidogrel is recommended as an aler
native. The use of newer antiplatelet agents (prasugrel. tica
erelor) as monetherapy has not been tested in patients with
stable angina. Dual antiplatelet therapy for chronic angina in
the absence of stent placement is not recomumended.

KEY POINT

= [n patients with stable angina. diagnoslic angiography
and percutansous coronary intervention are reserved
for patients with refractory angina symptoms while
receiving optimal medical therapy, those who are
unable to tolerate optimal medical therapy owing to
side effects, or those with high: risk features on
nomirvasive exercise and imaging tests.
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Item 80 Answer: A

Educational Objective: Manage anticoagulation therapy
in a patient with a mechanical valve prosthesis who is

contemplating pregnancy.

The most appropriate anticoagulation regimen o preven|
prosthesis thrombosis in this patient is INR adjusted warfarin.

192

Pregnant women with a mechanicalwalve prosthesis represent
a high-risk subset of patients; concerns include valve throm
bosis with its associated maternal risk, bleeding, and fetal
morhidity and morlality. Warfarin anticoagulation appears
o -he the safest agent 10 provenl maternal prosthetic vabe
thrombosis: however, warfarin poses an increased fetal risk,
wilh possible leratogenicily, miscardage, and fetal loss due
toy intracranial hemorrhage. Risk to the fetus is dose related,
and warfarin is the preferred anticoagulation regimen during
the first trimester when the dose is 5 mg daily or less. During
the second and ecarly thind tritnesters, warfarin therapy is the
preferred anticoagulation therapy,

Anticoagulation with apixaban is nol recommended
in patients with a mechanical valve prosthesis because
of the potentially increased risk Tor valve thrombosis. In
addition, its use has not been demonstrated o be safe
during pregnancy:

In patienls who prefer nol o lake warfarin during
the fiest trimester of pregnancy; dose-adjusted intravenous
unfractionated heparin can be used; however, 3000 units of
unfractionated heparin will not provide adegquate anticoag-
ulation coverage for a patient with a mechanical prosthetic
wakve. Dose adjusted, intravenous unfractionated heparin is
an appropriate therapeutic option during the first trimester
of pregnancy if the warfarin dose is more than 5 mg daily.
Intravenous uniractionated heparin is the drog of choice for
patients with a mechanical valve prosthesis around the time
of delivery.

Weight based low molecular weight heparin does
not provide adeguate anticoagulation coverage Tor a preg-
nant patient with a mechanical vabve prosthesis and should
not be used in this patient. Dose-adjusted low-moleco-
lar weight heparin administered subcutaneousty is appro-
priate during the first trimester iU the warfarin dose is more
than 5 mg daily

KEY POINT

= In pregoant patients with a mechanical vabve prosthe
sis, warfarin is the preferred anticoagulation therapy
during the first trimester if the dose 1s 5 mg daily or
less; warfarin is preferred to all other anticoagulants
during the second and early third trimesters.
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Item 81 Answer: B

Educational Objective: Manage acquired QT interval
prolongation.

woxilioxacin shiould be discontinued in this patient who had an
episode of nonsustained polymorphic ventricular tachveandss




m (VT AT 12 subdivided tnto sustained V1 and nensustained VT
VT is sustained when it persists for longer than 30 seconds or
requires termination becase of hermodvnamic collapse. Non
austained VT has three or more beats but lasts for less than
30 secomds. VT 38 also calegorized by the morphology of the
CIRS complexes. VT s monomeorphic iF QRS complexes in the
same leads do not vary in comtour or pobvmorphic it the QRS
complexes in e same leads vany incontour, In this patiend. the
electrocardioeram obtained after the episode of VT also demon
strates OT-interval prolongation, which is consistent with the
diapmiosis of borsadies de pointes. Torsades de pointes is a speial
subsel of polvmorphic VT; e venlricalar mile mnges [om
200k miin o 3000 min and is associated with long OT syncdrome,
which may be congenital or acguired, The paticnt’s clecimear
chivgram wais normal upon sdmission, and hoer corrected OF
interval is areater than 550 ms following the archyvtbomic event,
suEesting an acguined long OT inleral, Cises of sodguined
CITinterval prodongation include medications such as antiar
rhythimic agents, antibiotcs macrolides and Huoroguinolones),
antipsyvehotio drogs, and antidepressants: stracturl heart dis
ease; and electrobvie abnormalitics,

Although carvedilol slows the heart rate and can
increase the risk for bradycardia- dependent arrhythmias in
patients with acquired O interval prolongation, discontin
wing the olfending OF- prolonging agents is the most impor
ant intervention in this patient,

Slimvastatin is o statin used in the treatment of dyslip
idemii It has no effect on the OFT inferval and does not need
for e discontinued.

LONT

Venlafaxine is a serotonin-norepinephrine renpiake
inhibttor that is used to tréal depressiom amnd anxiety dis
orders, There is a possible risk for QT interval prolongation
with venlafaxine. but thers is no évidence that this ooeurs
when the medication is taken as recommended. Thercfore,
discontinuation of venlafxine is unnecessary,

KEY POINT
« (T interval prolongalion has many causes, incloding
medications such as antiarrhythmic agents, antibiot
ics (macrolides and fluoroquinolones), antipsyehatic

drugs, and antidepressants; structural heart disease;
and electrolyte abnormalities.
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ftem 82

Educational Objective: Treat chronic aortic regurgita-
- tion with aortic valve and root replacement.

Answer: A

The mosl appropriate management is aortic vabe and root
- replacerment, This voung, asymptomatic patient with a bicus
pid aortic valve has significant aortic regurgitation. The trans
thoracie echocardiogram demonstrates a dilated left ven
tricle, mildly decreased systolic function. and a moderately

Answers and Critiques

dilated ascending sorta. Asymptomatic patients with severe
aorlic repurgitation who develop lell ventricular dilatation
ot systolic dyslunction are at increased risk for sudden car
diae death. death, and heart failure. Theretore, these patients
shoudd be referned for aortic valve replacement. The prognosis
of asymploruitic patients with severe amtic regurgitation but
with normal left ventrcolar size and function is excellent.
The American Collepe of Cardinlogy/American Heart Associ
ation valvalar heart disease guidelines reconimend surgery in
asymplomalic patients with severe aortic regurgitation when
the lett ventricular end svstolic dimension reaches 50 mm or
the ejection fraction is kess than 50%, In patients undergning
cardiac surgery repair of the ascending aorta is indicated
when the diameter exceeds A5 mm; thus, concomitant aortic
ront replacement, in addition to aortic valve replacement, is
indicated in this patient.

In gsymptomatic patients who do nol méel surgical
criteria, serdal echocardiography is wirranted o assess for
disease progression. Patients with mild regurgitation shounld
receive an annual clinical evaluation and echocardiography
every 3 1o 5 vears, whereas patients with severe regurgitation
should undergo clinical evahmation and echocardiography
every 6 1o 12 months.

For asympiomatic patients with normal svstolic func
tiom and mild regurgitation, vasodilator therapy wilh nifed-
ipine or ACE inhibitors Is not recommended. For asymp
tomatic patients with normal systolic funclion and severe
regurgitation, vasodilator therapy may be considercd, but
medical therapy does not snpplant surgical intervention in
these patients.

In paliends with sipnificant aortic regurgitation and
equivocal symptoms, exercise-indueced increpses in pul-
monary systolic pressure fo more than 60 mm Hg (or a
25-mm Hg increase above baseling) identified during tread
mill stress echocardingraphy suggest hemodynamic signili
cance and may lead to earlier referral for surgical interven
tiom. In this patient, however, ventricular dilatation and
decreased ejection fraction are adeguate criteria for recom:
mending surgery.

KEY POINT

+ Valve replacement surgery is recommended for
asymptomatic paticnts with a bicuspid aortic vahve
and severe aortic regurgitation when the left ventricu
lar end systolic dismeter reaches 50 mm or the left
ventricular ejection fraction is less than 50%.
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Item 83

Educational Objective: Prevent beart failure readmis
sion with early physician follow-uap.

Answer: D

The miost appropriate management is toschedule fillow ap
within L week of discharge: This patient was hospitalized for
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a hicarl falore exacerbation. Betore discharge, it isimportant
[0 initiale several sivategies. fooprevent readmission., First.
the reason for the heart faihare exacerbation should be iden
Lifiedd. Oftem, 1t is impossible to determine A cause; how
ever, in a silmation such as this.one, addressing the reasons
i the paticnts nonadherence might prevent readmission,
Second, patients shaold be receiving optimal doses of evi
denee-hased medications before discharge. When medica
Liesns, cspecially B blockers, are restarted, it is important fo
begin at @ dow dose and slowly aptibeate over time. Third,
paticnts should not be discharged until they have achieved
cuvolemin with divresis, and theirelectrolvle levels and kid
ney function are optimized. Finally, appropriate foliow ap
should be seheduled. Studies have shonwn that patients seen
within 1 week of o heart Eilure discharme have reduced
addmissions cormpared wilh these with aler oatpationt con
lact, The purpose of an early visit is o reinforce heart Bilure
eolucation, ensure proper medication use, evaluate volume
status, and uptitrate or indtiate medications as necded. This
patient is cusolemic and is taking appropriale medications,
and he should be scheduled lor a folloswe-up visil within |
wieek Lo provent readmission.

abradine reduces heart Raifure-associated hospital
izations I patients with chronic symptomatic heart Bilure
with left ventricular gjection (Faction less than or cynal
to 35 who are in sinus rhvthm and aking ouideline
directed medical therapy, This patient has atrial fbrillaion.
and ivabradine is nod indicated.

ACE imhibitor and § blocker therapies should be apti
frated o maximally olerated doses before initiation of spi
risnedactone. It s importan! o add an aldosterne antagonist
later, but the dosage of the other agents should be maxi
e [irst.

There is no evidenee of o survival advantage or redue
liom in stroke with cardioversion and maintenance of
simus rhythim in patients with atrial fbrilation. inchad
ing those with heart failore Therefore, the decision (o
institute aorate or rhythim control stralegy larpcly depends
ol symplonms and patient préfercnce:. Patients who are
asvmiplnmalic can be manasged with ate control only,
with a resting hear! rate goal of Tess than 1OMmin, Patiends
with tachyeandin-induced cardiomyopathy, heart Failure,
or left ventricular ejection fraction of less than A00% iy
reguite more stringent rate condrol {heart rate aof 605min o
gl min at rest),

KEY POINT
= Following beart failure hospilalization, carly follow

up {within 1 week) should be scheduled Lo reinforee

heart failure education, ensure proper medication

use. evaluale volume statas, and uptilmte or indtiate
medications as neccded.
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Item 84 Answer: D

Educational Objective: Evaluate a patient for hypertro-
phic cardiomyopathy with genetic counseling and testing,

The most appropriate management of the patient's 16-year
old daughter is genetic counseling and testing. Hyvpertrophic
cardiomyopathy (HCM) is an autosomal dominant heritable
disorder characterized by the presence of increased left ven-
Lricular wall thickness in the absence of louding conditions or
other underlying canses. In patients with HOCM and a known
pathogenic nuatation, genetic counseling and testing is rec-
ommended for all first degree famiby members, negandiess
of the presence or absence of symptoms. In this case, genetic
testing of the index patient has revealed a mulalion known
o be associated wilh HCM. Mutation - negative family mem
hers do not require further evaluation and have no increased
risk for future development of HOM. Family members who
test positive [or an HCM related genetic mutation should be
further evaluated with physical examination, 12 lead clec
trocardiography. and echocardiogmaphs (or cardiac magnetic
resonance imaging), Genelic counseling is an important facel
of care tor patients with HCM, regardless of whether genetic
tesling is perfirmed. Counseling enalsles informed decision
making about the risks and benctits of testing and facilitates
interpretation of the resulls.

The developmenl of HCM is a dynamic process, and
phenotypic expression may change as a paticnt ages.
Because of this, il the daughler tests positive for the
mutated gene but the electrocardiogram and echocardic
gram are normal, she may stll vegquire repeated screening
because of the possibility of phenotypic disease expression
at any age. In that case, screening with physical examina
tion, echocardiography, and 12 lead electrocardiography
is recommended annually slarling at age 12 vears until
adulthond. For adulls who are genotype - positive and phe
notype-negative, screcning should be performed every
Syears orwith a change in clinical slatus.

Mutatiom carriers with phenotypic exprossion of HCM
shemld undergo further risk stratification for sudden cardiac
death.

KEY POINT

* Genetic counseling and testing are recomimnended for
patients with hypertrophic cardicmyopathy (HEM)
and for all first degree family members of patienls
wilh HCM who have an identified genetic mutation,
regardless of the presence or absence of symplons.
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Item 85 Answer: D

Educational Objective: Identify inflammatory disease
as o risk [ctor for coronary artery discase,

This patlent's most significant sk Ractor for cardiovason
lar discase (CVD) is the presence of rheumatoid arthritis,
Patients with sysiemic inflammatory conditions. such as
systemic lupus crvthematosus and rheumalodd arthritis,
have an Increased risk for OV, Patients with rheama
o] arthritks have 3 1.5 10 2 fold elevated risk [or core
nary artery discase compared with the general popualation.
Most deaths in patients with SLE and nearly 10'% of deaths
in patients with rheumatoid arthritis are cardiovascular
and, In particular, heart failure related. The risk for €V
increases with the duration of the underlving inflamma
tory condition, In patients with rheumatold arthritis, the
risk for VD increases from two times (o hree limes that
of the general population after 10 vears’ duration of rheu
matoid arthritis. The increased athervsclerutic burden is
likely a result of both the inflammatory process of the
systemie disease, including a prothrombotic state, and the
presence of rraditional candiovascular risk fctors. The risk
for future arherosclerotic CVD is typically caleulaied by
using the American College of Cardiology rAmerican Hearl
Association CVI risk calculator based on the Pooled Cohort
Eguations: however, this calculator underestinuites risk in
patients with nontraditional risk Gclors, as in this patient
with rheumatoid arthritis.

Sedentary lifestyle, poor diet, and obesity contribuie i
increased cardiovascualar risk and increased risk for diabetes
mellitus. Moderate intensity excreise for 30 minutes or ion
ger on 5 1o 7 days per week is recommended for nearty all
persons and is being achieved by this patient.

Regular moderate aleoho! consumption (bne o two
drinks daily for men, one drink daily for women) has been
assochated wilh o decreased incidence of CVD, Because of the
knewn deleterious effects of drinking, the American Heart
Assoctation does not recommend that nondrinking patients
consume mukderale amounts of aleohol as 4 measure o
decrease the risk for CVID. This patient has one drink per day,
which is likely beneficial in reducing her CVD sk

The prevalence of CVD amd CVD risk factors in the
Linitexd States varics by cthnicity. Hawaiians and Pacific
Islanders have the highest rate of heart discase (1915,
followed by American Indians and Alaska Natives (13.7°5),
non Hispanie whites (101%), blacks (10.3%), Hispanics and
Latimos (7.8%), and Asians {6.0%). This patient’s ethnicity
places her in Che lowest risk category for CVDL

= Paticnts wirth rhenmatoid arthritis have a 1.5 1o
2 lold elevated risk for coromary arery discase com-
pared with the peneral population.
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Item B& Answer: B

Educational Objective: Diagnose inappropriate sinus
tachycardia.

This patlent with simes tachyeardia and a structurally nor
mal heart has symptoms, electrocardiogrphic fealuns, and
ambulatory electrocandiographic lindings consistent with
the diagnosis of inappropriate sinus tachyeardia (IST). IST
is characterized by elevated resting heart mle, with exap-
perated increases in heart rate with lighl activity. The sinus
rates typically decrease during sleep, as kdentificd on this
patient’s ambulatory clectmcandiographic monitor. 1ST fre

quently presents inowomen in their second to fourth decades
and appears 1o be more common in health care professionals.
symploms vary and can include palpitations, lightheaded

ness, synoope or near-syncope, dvspned, and Gilgue, Emo

tional manifestations. such as anxiely or depression, may
also by present. Diagnosis of 15T is based on the excusion of
other causes of lachycandia, such as hyperthyroddisim, anemia,
pheochromocyioma, and structural heart disease. First line
therapy s removal of apgovating bctors and exercise ther

apy. In patients with bothersome and persistent symptoms,
pharmacokogic therapy with B blockers or calcium channel
hlogekers can be considered. habradine is a relatively new drug
thal Impairs the | o “Hunny” current and may play a role in
the trestment of ST refractory o standard therag.

The disagnostic criteria for gencrallzed anxiety disorder
are as follows: (1) exeessive anxicly or worry aboul a number
ol evenis or activities occurring for 6 months or longer: (2}
the patien! recopnizes it is difficult to control the worry: (3)
the anxiety or worry is associated with three or more of the
following symploms: nestlessness, casy Guligability, dilficuly
concentraling, irritability, muscle tension, and sleep distur
hamee; (49) the anxdcty, wormy, or symploms cause impairment
at schoaol, work, or other settings and cannot be attribulahle
to rnedical or olher psychiatric conditions, medications, or
substanoe use. Diagnostic criteela for somatic symiptom dis
order include al least one somalic symptom causing distress
or interferenee with daily 1ife; excessive thoughts, behaviors,
and feclings related o the somatic symptomis): and per
sisteni sormtic symptoms for gt keast & months. This patient
does not fullill the diagnostic oriteria for generalized anxiety
disnrder or somatic symptom disonder.

Subclinical hyperthyroidism is o laboratory based
dingnosts, defined as the presence of a suppressed thyroid
stimulating hormone level with normal triiodothyronine
aned Thyroxine levels, Symptoms of thyrotoxicosis are typ
ically mild; most patients are asvmplomatic. This patient's
normal {hyroid-stimulating hormone level argues against
this diagnosis,

KRVIMIND = = — s=sa=
= [Magnosis of inappropriate sinus tachycandia is based
on symptoms and fodings on ambulatory electrocar
diographic monitoring after the exclusion of other
causes of tachycardia, such as hyperthyroidism, ane
mia, pheochromocytoma, and struetural heart disease.
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Item 87 Answer: A

Educational Objective: Evaluate for coronary artery
disease in a patient with left bundle branch block on a
baseline electrocardiogram.

Adenosine single photon emission CT is the most appropriate
next diagnistic lest. This patient with several canliovascular
risk factors has exertional dyspnea, which may be an angina
equivalent, and he should undergn stress testing o evaluale for
coronary artery disease (CAD). Because his elecirocardiogram
(FCG) shows left bundle branch block, ST-segmont changes
with exercise cannol be used to evalaate for the prsence of
ohstructive CAD. He must undergo stress testing with addi
tiomal imaging. such as nuclear perfusion imaging or siress
echocardiography. Exercise is typically the preferred muode
of stress because of the additional functional information it
prowvides. However, in the case of left bundle branch block.
mwocardial perfusion imaging with exercise or dobutamine
stress may resull in a false-positive perfusion defeet in the
busilar seprum, and these stressors should be avoided. Instead,
vasesd lator siress Lesting shoutd be used. Vasodilators, such as
dipyridamole, regadencson, and adenosine, prowduee hyper
cmia and a flow disparity between myocardium supplicd lw
unohstructed vessels and myvocardinm suppliced by the stenotic
vessel ldue 1o the inability of the distal vasculature W dilate).

Coronary artery calcium seoring, which quantifics the
amount of calcium in the walls of the coronary arteries,
wintld document the presence of atherosclerotic disease in
this symptomatic patient with risk [ictors, bl it would not
determine whether there is obstructive CATL Although the
ahsence of any coronary artery calcification has been showm
to have a high specilicity for the absence of obstructive
CAD. trials evaluating coronary arlery calcium scoring have
typically focused on primary prevention in asymptomatic
patients,

KEY POINT
= In patients with left bundle branch blocle, the pre
ferred diagnostic test for coronary artery disease 1s a
wasoddilator stress Lest becanse myocardial perfusion
imaging with exercise or dobutamine stress may
vesull in a false positive perfusion defiect in the basilar

seplum.
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Item 88 Answer: D

Educational Objective: Evaluate a patient with new
onset hearl failure.

Thyroid studies should be performed next in 1his palicnl
with mew onsel beart filure. Onee a disgnosts of heart fail
ure s suspected. echocardiography should be performed to
ascertain the lef ventricolar ejection fraction and Lo poten
tially determine the couse and chronicity of the patient’s
hoart Eaffure. A larpe, dilared lefl ventricle suggests o chronie
process with less chanee of reeovery, The izl labora
tory evahmation of patients with new-onset heart failuge
shouled include o B type natrinretic peptide or N-terminsl
pro-B-type natrivretic peptide assay, complete blood count,
serum clectrolyvie measurement, Ridoey function lesis.
liver chemistry. tests, glucose and lipid levels, and serum
thyroid stimulating hormone measurement. Specifically,
thyroid stimulating hormone measurement i= indicated 1o
evnlnnte for occult hypo - or byperthymidism as a reversible
cause of heart failure. In hyperthyroidism in particular, the
predominant manifestation of thyroid dysfunction may e
candize symptoms. which will abate when the hy perthy
roichism is treated.

The classic presentation of virl myocarditis includes a
viral prodrome with fever, myalgla, and wpper respiniony
ract - symptoms; bul o prodrome disess ol alwiys Gocur
Patients present with dyspres, chest pain, and arthythmias.
Llectrocardiographic shnormalities are often observed, This
patient’s presentation is not typical for viral nyvocarditis, and
viral studies are not indicated at this time.

Althonzgh coronary artery disease |s 1he most conamonn
canse of heart Gilure, the investigation for comnpary anery
dhisease by stross wsiing o candiae catheterization is nol
considered part of the routine evaluation of all patients with
newhy diapnosed hean fatlure, owing o expense and cadia
tion exposure: Cardiae catheterization should be performed
in paticnls presenting with angina or significant ischemia.

1lereditary hemochromatosis results from an autosommal
recessivie defoet in the HEFE gene, which leads 1o increased
absorplion of dietary iron. Patients may present wilh heart
fallure or archivihmias. However, women do not develop
avert fron overload until aller menopanse, and serum’ iron
anel ferritin studies ave nod indieated in this young woman.

KEY POINT

= ‘The initial laboratory evaluation of patients with new-
onsel heart faihure should include a B type natrivretic

peptide or N terminal pro - B-type natriuretic pepide
assay, complete blood count, serum electrolyle meas
urerncnt. Kidney function fests, ver chemistry tests,
and serum thyroid-stimulating honmone measurement.

Bibliography

Yancw CW, Assup M. Boekurt 1, Hatler 1 Casey 35 Br. Dingener M1 o al:
American College of Cardiology Foundation, 2000 ACCEATEA guideline
for the marspement of heir Gallone a repon of (e American Colbope of
Candiolopgy Foundation /American [leart Assoclation Task Foree on
Peactice Guidelines, 1 Am Coll Cardial, 2005604729, [MalD:
2774760 o 10 10 6/ o B8 05,019




ltem 89 Answer: C

Educational Objective: Diagnose acutc mitral regurgi
tation due to papillary muscle rupiure.

The muost likely disgmosis s acute mitral regunzitation. This
patiend has evidence of a meeent inferolateral povocandial
indrretion and decompensaied heart faihure: The mitral regar
gitation b kel seeondary o papillany muscle dysfunction (or
ruplure} and/or veniricular dysfinetion. ln acute mitml regur
gitation, heart Gillure symptoms may oceur abruplly Beoause
there has nof been tme foe adaptive chamibser dilatation. 1he
movtrmyar of aeute mitml regurgitation may be present onldy in
carly diasiole, owving to rapid diastolic equalization of ventricn
lar and atrial pressaunes caused by the high volume overload. In
cases of severe mitrul regungitation, a disstolic ramble oocurs
becanse of the lanse repurgitant volume during diastole, (17
present, the systolic murmur of acute mitral egurgitation s
ivpically soft and ends before A It is best beand along the left
stermal horcler and base of the heart. genendly withour a thrill,

I patients with aortic stenosts, the mmummur charsmeler
istically gets louder amd then softer {erescendo- decrescendo)
during systobe: it s londest at the second right intercostal
space, with ruciation to the carotid arteries. These findings
are nof present in this patient.

Left verdrieuwlar free wall ruptore isan often fatal compli
catton ol myocardinl Indfarction that occurs 310 7 days afier the
initial evenl. Patients most commonly present with cardiac
tampanade (due (o hemopericardinm), pulseless elecirical
activily, and death. Patients with cardiac tamponade pypically
dhoy ot have @ heart murmur or a preserved or exageeralod X
descent in ithe jugular venous pulse; as scen in this patieni.

Miost patients with mild to moderate tricuspid regur
gitafion are asymplomalic. Examination reveals a systolic
murmur that s loudest at the lefi lower sternal border and
increases with inspiration. Symptoms and signs of right
sided heart fallure, such as Guigue. elevated jugular venois
pulse, and hwer extremity edema, may be foond; however,
tricuspid regurgitition does not canse volume overload in
the hungs, as was obserasd in Lhis patient.

TREY RO 1 4 T NSRRI T
= Acute severe mitral regurgitation is associated with
papillary muscle rupture following acute myocardial
infarcrion.
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Item 90 Answer: B

Educational Objective: Manage dual antiplatelet
therapy in a patient with non- 5T elevation myocardial
infarction.

This patient with a non-ST- clevation nwvocardial infanction
(NSTEMI) should recefve Tow-dose aspirin indefinitely and

 Answers and Critiqjuts

theagrelor for 1 vear Dl antiplatelet therapy, composed of
aspirin and a P2Y,, inhibitor. is indicated in all patients fol
kwing wiute coronary syndnwne (ACS) for the prevention
of vascular ischemic evenis. Aspirin should be continoed
Imclefinitely. and in patients wilh ACS treaned) with medical
therpy alome, The optimal duration for P2Y, inhibitor ther
apw (elopldoprel or ticagrelor] is ot least 12 months, Alihough
elopidogrel is an option i this patient, inthe PLATO trial, the
combinaticn of lw dose aspirin and Heagrelor was supe
riore W asplrin and clopidogrel i reducing the incidence of
carclionvascnlar death, myocardinl infarction, and stroke ol
lonartngy ACS; 1he effect size was identical in medically treated
patiemts and those who anderwent early imvasive treatment,
The American College of Candiology and American Heort
Association prefer ticagrelor o chopldogred (class o, hevel B
recionmendation) but cantion that additional swdics with
focused objectives are needed.

Prasugrel. another P2Y, mhibitor, s recommendod Tor
use only in patients with ACS who undergn percutane
ous cormnary intervention. Prasugrel 5 no more effcetive
than clopidegrel in comparison smdies of medically treated
patients with ACS. and it carries a higher risk for bleeding
than does clopidosrel

Anticoagulation with warfarin is not rouiinely recom
mended following ACS unfess there s another indication
fior |1s wse, sueh as venous thromboembolle disease oratrial
(ilariilaeion.

Aspirin therapy alone would not offer adeguate pro
feetion against cardiovascular events in this patient with
NSTEMIL.

KEY POINT s Ak 100 WL
= Dl antiplatelel therapy. composed of aspivin and a
P2Y , inhibitor, is indicated in all patients following

actite coromary syndrome for the prevention of vascu
lar ischemic cvenis.
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Item 91 Answer: BE

Educational Objective: Diagnose constrictive pericardi
tis.

The most likely diagnosts in this patient with a history of chest
radiotherapy i constrictive percanditis. Constrictive pericar

ditis s charcterized by pericardial thickening, (ibrosis; and
sometimes calcitication that impair diastolic lling and limit
total candiae volume. Most cases are viml or idiopathic in ori

gin; however, cardiac surgery, chest irmdiation, autoimmume
disease, and tuberculosis or other hacterial Infections may be
catses, Patients with constrictive pericanditls most commonly
present with indolent progression of right sided heart fadlure
symptomis, including periphezal edema, ascites, and fatigue,
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Answers and Critiques

T this paticnl, sians ol venons congestion predominate, peri
cardial caleification s present on the chest radiograph, and
the serum B-natriuretic peptide level is low and does nol
sugprest preatly increased wall tension. The echocardineraphic
Indings of respiratory variation in flling of right and lelt ven
tricles, ventricular septal shift during respiration, and dilation
of the inferior vena cava are characteristic of constriclive
pericarcilis,

Cardiae amyloidosis and restrictive cardiomyopathy are
nol associaled with pericardial calcification, and paticnis
wilh these conditions more commonly present wilh moder
are to severe pulmonary by pertension rather than the mild
pulmonary hvpertension seen in this patient. Respiralory
variation in filling of the right and et ventricles and ven-
tricular septal shifl during respiration are characleristic of
pericardial constraint rather than myocardial discase,

Patients with heart failure with preserved  ejection
fraction will present with edema, excertional dyspnea, and
fatigue, Normal systolic contraction and abnormal diastolic
relaxation are present on echocardiogram and resull in
restricted filling and high Olling pressures. Palients wilh
heart failure typically have an elevaled B lype natriurelic
peptide level, often greater than of 500 pg/mL (600 ng/L},
which is not found in this paticnt.

KEY POINT

= Constrictive pericarditis is commoenly characterized
b symptoms of righl-siced heart Gilure, low o nor
mal B-type natriuretic peptide level, and the lnding
of pericardial thickening or caleification on imaging
studies.
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Item 92

Educational Objective: Diagnose ostium secundum
atrial septal defect.

Answer: A

An ostium secundum alrial septal defect (ASDY) is the most
likely diagnosis in this patient. Adults with an ASD most
oflen presenl with dyspnea or atrial arthythmias: elevated
central venous pressure. fixed splitting of the 5., and a
rizht veniricular hesve are characteristic [indings, The lxed
splitting of the 5, in patients wilh an estium sceundum ASL
resulls fmom prolongation of righl venlricular systole and
lack of respiratory change in Lhe right venlricular strole
volume. With expiralion, the decrease in venous relurn
is counteracled by an inerease in lefllo-righl shunting,
resulting in a fixed right ventricular preload. A large lefi-to
right shunt causes @ pulmonary midsystolic How murmuor
and -a tricuspid diastolic flow rumble owing to increased
flows In astium secundum ASLL the electrocardiogram
(FCG) demonstrates right-axis deviation and incomplete
right bundle branch block,
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Aortic stennsis due o9 bicuspid aortic valve causes a
systolie muamur at the second right inlercostal space; The
central venous pressure is normil in aorlie stenosis, and a
right ventricular impulse would nol be expected. A svstolic
ejection click is often heard in paticnits with bicospid aor
tic valve, but fived splitting of the 5, is not heard. The ECG
lypically demomstrates a normal axis and features of left
ventricular hypertrophy

Pulmionary stenosis is usually congenital, and . severe
ohsimiction ¢an cause exertional dyspnea. Physical exam
imation features depend on the severity ol obstriction and
associated elevation of right heart pressure: Lhese include
cenlral venous pressure elevation with a prominenl a wave
amd @ parasternal impuise. The systolic murmur of pulmo
nary stenosis is generally heard at the second lell inlereostal
space, and Lhe timing of the murmur is elated Lo stenosis
severily. An efection cliclk is often heard; the proximity of
the click to the 5, varies depending on the severity of ste
nosis. 5, becomes fived in severe pulmonary stenosis, The
FCG demonstrates right axis deviation and features of risht
ventricular hypertrophy:

atiens wilh mitral stenosis might present with symp
Lorms of dyspnea. A right vendricular impulse can ocour, and
the central venens pressure might be elevated wilh asso
cialed pulmonary hypertension or tricuspid regurgitation.
The murmur of mitral stennsis is generalby best heand at the
apex. An opening snap might be heard. followed by a dia
stolic murmur. Fixed splitting of the 5, §s not heard. The ECG
typicatly demonstrates left atrial enlargement,

KEY POINT

= Elevated contral venous pressure, fixed splitting of the
3, a right ventricular heavee, and right-axis deviation
anid incomplete right hundle branch block on electro
cardiogram are characteristic findings in patients with
ostinm secundum atrial seplal defect.
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ftem 93

Educational Objective: [Magnose the cause of
cryptogenic stroke,

Answer: C

The most appropriale diagnostic lesting option is 30 day
event riggered loop recording. This patient had a cryptogenic
strole given the absence of an apparent vascolar, structural,
or thromboeniholic cause for her ischemie event. Among
patients aged 55 yvears and older who have a eryptogenic
ischemic neurologic event, such as a stroke or inamnsient isch

emic aitack, occult intermittent atrial Gbrillation is thought
to he present in up to 25% of cases, These patients have a
high risk for recurrent stroke; and efforts should be made to




detect and treat alrial librilkation for stroke prévention. Mon
invasive ambulatory electrocardiographic (ECG) monitoring
for 30 days improves Lhe detection of atrial filwillation Ty
fivetold compared with short lerm ECG mionitoring, Patients
who have premature alrial contractions and other findings
of celopy on short term telemetry may be more likely to
have parcxysmal atrial fibrillation. Patients who underzo
lomger term KOG monitoring and are subsequently diag
nosed with atrial fibrillation are also more likely to receive
appropriate secondary prevention stroke therapy wilh oral
anticoagulants.

Antiphospholipid antibodies are acquired autoantibod
ies against phospholipids and phospholipid binding pro
teins, such as cardiolipin and [i, glveoprotein 1. In vitrg, they
can prolong clotting tests, but in vivo, they increase the risk
for wenous and arterial thrombosis and are associated with
increased fetal loss. Testing for autoimmune and lyperco
agulable disorders, such as antiphospholipid antibody syn
drome, can be considered in young patients with otherwise
unexplained stroke. Aside from stroke, this patient does net
have any features concerning for a prothrombotic state or
autoimmune disease. Therefore, testing for antiphospholipid
antibodies is not appropriate.

Cardiae catheterization is not indicated in this patient.
Because she had a normal transesophageal echocardiogram,
there is no concern for a structural abnormality such as an
intracardiac shunt.

Short term ECG monitoring (24 48 hours) with an
ambuilatory EOG monitor s inferior to extended ECG moni
toring in the detection of paroxsysmal atrial lbrillation.

KEY POINT
* [n the evaluation of cryplogenic stroke, noninvasive
ambulatory electrocardiographic (ECG) monitoring
for 30 davs improves the detection of atrial fibrilla

Liom by fivefold comparcd with short-derm BECG
moniloring,
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Item 94 Answer: B

Educational Objective: Treat acute decompensated
heart failure with intravenons furosemide.

The most appropriate (reatment is administration of intm
venous furosemide, This patient with a history of heart fail
e bas signs and sympltoms of an scute exacerbation, with
vobimie overfosc and possibly reduced Kidney function. The
mginstay of therapy for acute heart failure is intravenous
divretics. The intravenous divretic dose should equal or
exeeed the patient’s oral dose for chronic heart fajlure. 1F the
patient does not respond appropriately to that dose, rapid
uptitration shoukd be performed fo assist in fuid remosval.

Answers and Critiques

A recent study assessing different diuretic strategies (nor
nal versus high dose, bolus versus continuous infusion) in
patients with acute decompensated heact faiflure shoved no
difference in the outcomes of length of stay, readmission, or
kidney function between groups. The patient’s usual oulpa
tient medications should be cautiousty continued unless the
patient is hypotensive or demonstrates sians of poor perfusion
tworsening kidney or liver function, cool extremities), in
which case dose reduction or discontimuation of both the ACE
inhibitorand [ blocker should be considered.

Lovw -dose dopanmiine plus divretic therapy was sthudied
in the ROSE trial to determine whether dopamine improves
diuresis and preserves kidney function in patients with
acute heart fiilure. Compared with placeba, there was no
differcnce in patient symptoms, urine output at 72 hours, or
kidney function. Intravenous dopamine would oot benefit
this patient.

Intravenous inotropes, such as milrinone or dobuta
mine, should be considered in patients with signs of poor
perfusion o improve cardiad fonetion: however, this paticnt
has ne signs of hypoperfusion to suggest that this exacerba
tion is related o low cardiace output, Additionally, the PROM
ISE study showed no benefil of routine Snotropic therapy in
paticnts admitted with a heart failure exacerbation.

The wvasodilator nesivitide has oot heen shown 1o
improve diuresis, reduce length of stay, or prevent readiris
sions when used routinely for patients hospitalized for a
hedrt Rilure exgcerbation. Nitmabacerin or nitroprasside is
opcasionutly used in patients who are hypertensive or who
hanve high systemic vaseular resistanoye, but usually only in
a clostly monitored setting, such ay the coronary care unit.

KEY POINT

= The mainstay of therapy for acote decompensated
heart Bailure is infravenons diuretics,

Bibliography

Chen ML Anstromn KL Clverts MM, Steverson DV, Semigran ML Goldsmith
SH.oet al: KHERD Hear Failuare Clindeal Beseanch Network. Lo cdose
depramine or low dese pesivitide in scute beart Gilare with venal dys
function: the ROSE aeute heart filore cndomized. toial, JaMA
FOE33 0SS S [PMITE: 2247300 cloai 10k IOCR Gamnn 2003, 20210

Item 95 Answer: D

Educational Objective: Evaluate suspected infective
endocardilis with transthoracic echocardiography,

The most appropriale next step in mansgement is rnstho-
racic echovardiography (TTEY This paticnt hassymploms and
sien that are suspicious for infective endocarditis. Accond-
ing 1o the modilicd Duke eriteria for infective endocarditis,
he meets three minor eriteria (infection drug use, fever with
lemperature =38 0 (1004 “F), and vascular phenomena lin
this case, erythematous nonpainful macular lesions known
as Janeway lesions]), which indicates a possible diagnosis of
infective endocarditis. A definitive diagnosis may he made
with positive Dlood cultures and characteristic echocardio-
praphic findings. TTE, a5 a first-line imaging modality, is
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Answers and Cﬂt_i_gues

indicated 1o identify vegetations or abscesses {diagnostic for
infective endocardinis), delermine the severity of vahular
lesions, assess ventricular function, and detect complica
tiogis, The sensitivity of TTE is approximately 75%; therelore,
# negative imaging fest result does not rule oul the pres
enee of infective endocarditis, and other imaging modalities
should be usad.

When the TTE findings are normal or inadeguste in
paticnts with a high pretest probability of infective endo
cardilis, or suspicion remains for undetected complications,
further examination wirth TEE, cardiac CT, or MRl shouald
be considercd. The diagnostic sensitivity of TEE for infective
endocarditis is approximarely 90°%. TEE is also superior o
TTE in the detection of perivalvular abscesses, leaflet por
foration, and other complications. Cardiac CT and chest
MREI can be helpful in assessing for the presence of aorlic
oot abseess when TEE s inconclusive, and CT is helpful
tor identify arcas of peripheral embolization, such as in the
kidney, spine, spleen, and brain. However, because of cost,
accessibility. and Invasiveness, TEE. chest MRI, and cardiac
CT are not the best indiial imaging choboes.

* Transthoracic echocardiography is the first-line imag
ing modality in patients suspecled of having infective
endocarditis (o identify vepetalions, determine the
severity ol valvular lesions, assess ventricular fone
tion, and detect complications.
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tem 96 Answer: C

Educational Objective: Manage non- 5T -elevation acute
coronary syndrome with an ischemia guided approach.

Exercise stress testing s the most appropriate management
of this patienl with a non 5T ¢levition acule coronary svn

drme (NSTE ACS). Many treatment opdions ane available for
patiends with a NSTE ACS, and risk stratification tools, such
as the TIMI or GRACE risk scores, can be used lo-aid i diag

nostic and Therapeatic decision making. An ischemia guided
approach Is appropriste in low risk patients (TIM) scoore <2
or GRACE score <109), whereas intermediate and high risk
patients should be trested with an carly Invisive strategy.
With an ischemin- guided approach, candlin catheteriation
is reserved for pethents at very high clinical risk based on
risk score and patienis with active or Intermillent schemia,
including  those with angina despite medical therapy or
evidenoe of schemia on stress testing, Given this patienit's
ST segment depression on electrocarliogrun, her TIMI fsk
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senre 15 1oor dow risk, Stroess lesting s indicated (o guide fur
Thver mugement.

Amlodipine may be used to treat patients suspected of
having vomonary vasispasim, Although this patient’s symp
s ovarld be caused by comonany vasospasm., i woukd be
prodent o exclude schemic heart disease before Initisting
this treatment.

The benetit of givooprotein 1Thilla inhibitors, such
as eptilibatide, appears (o be isolated o certaln high risk
praitents and those undergoing perentanesus cormry inter
vention, although wuse of these drsgs has been declining in
hoser settings. There is no role forelycopmtein b block
ade in this patient with o low TIMI risk score and normgel
candine enzyme lewels

In patients with NSTIE ACS who have an elevated cling
cal risk score, significant ST segment devistion, or elevated
cardiae bfomarkers, cardiae cathelerization is usually per
leormed within 24 hours ol presentation. lowever, an early
irvasive steatesy’ is nol indicoted in this patient given boer o
FIMI risk seore.

KEY POINT
= In patients wilth non-ST elevation acule coronary
syndrome, an ischemia guided approach is appropri-
are for patients a1 low risk based on clinleal risk score,
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tem 97 Answer: C

Educational Objective: Treat a patient with intermit
tent claodication with cilostazol.

The mosl appropriate next sep in management s lo initiate
cllnstazol. In patients with intermittent claudication and con
firmed lower extremity peripheral arery disegse (PAD) with
an abnormal ankde brachial index (=0:9), Amerloan College
of Cordiology/ American Heant Association puidelines rec
ommend exercise training and medical therapy (cilostazol)
o improve limb symptoms. In a meta-analysis of 15 stod
b, cllostazol. a phosphodicsterase inhibitor with antiplatelet
and] vasodilator activity, was shiswn 1o improse sympioms and
walking distance in patients with dasdication when companed
with placebo. As with other oral phosphodiesterase inhibitors
(such as milnone), the FUA has placed a black box warning
on the use of eilostazol In patients with heart failure, This
peatient with established PAD (left ankle- brachial index of 0.67)
has been enrolled in a supervised exercise prosram but has
progressive symploms, and the next most appropriate stép in
his management i Lo add cilostazol 1o his medicition regimen.
PAIY is considered a coronary artery disease risk
equivalent. and patients with PAD should be treated with




a high-intensity statin to prevent cardiovascular cvents.
However, no evidence supports switching atorvastatin to
rosuvastatin to reduce limb symptoms in these patients.

Cuidelines recommend antiplatelet therapy for patienls
with PAD to reduce risk for myocardial infarction, sitoke, or
vascutlar death. Hoswever, in the absence of a specilic indica-
tion, dual antiplatelet therapy has not been shown i have
areater benetit than antiplalelet monolherapy in patienls
with ALY Adding clopidogrel to aspitin would not relicve
this patient’s limb symptoms.

It this patient does nol have improvement in his symp-
tomswith cilostazol orcannol tolerate cilostazol therapy, he
shomled be referred lor invasive management {endovascular
ar surgical revasenlarization).

KEY POINT

« Smoking cessation. exercise training, and medical
therapy (cilostazol) are recommended to improve limb
symploms in paticnts with peripheral artery discase
and inlermittent claudication.
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tem 98 Answer: A

Educational Objective: Treat supraventricular
tachveandia,

e st approprizie nextstep in treatment is administration
ol adenasine. This patient, whi is symplomatic Tl hemo

dynamicalhy stable, has supraventricular tachyeardia (SVT)L
Secanse supraventricular inipulses below the alrioventricular
{20 nodde are conducted normally, the electrocardiopram in
SVT usaally reveals marmow -comples tehyveardia: however,
the QRS complexes can be wide (2120 mshin the presence
of bundle branch biock, aberraney, pacing. or anterogrde
accessory pathway conduction lantidromic tachyeardia). This
patient’s rhythm is consistent with the prosenoe of an acees

sory pathway  lorthodromic atrioventricular reciprocating
Lachyeardia [AVET]). Orthodrornic AVRT s the miost comumon
e of AVRT, accounting for more than 909 195% of cases.
This type of AVET has 2 narmosw QRS complex owing o con

diction over the AV node and the His-Purkinge system, Vagal
maneivers, such as the Valsalva maneuver (bearing dowin),
are first ling therapy for termination of SV Adenogine can
e used to interrupt AV conduection iF vagal maneoavers: are
ineffective, such as in this patient. Adenosine may also help
ascertain the nature of an arvhythmia, For éxample. when
adenosine is administersd o patients with-atrial Gichyeardia
and rapid 1= conduction; il demonsteates: persistent rapicd

P owaves despite AV block, which indicates the presence of

an atrial achyeardia. Adenosine is metabolized by adenos
Ine deaminase in the Blood and has aovery short hall like

Answers and Critiques

{6 seconcds): It is contraindicated in preexcited atrial fibrifla
tiom with antidrmnmic achyeardia, which presents with A ORS
duration greater than U200 ms-dae to conduction devwn the
sevessory pativaay,

Amiodarone is Mequently used to rreat patients with
recurrent ventricular lachvcandia of maintain sins rhythm
alter vorversion fromm ateial fibrillation. 10 s nol a guide
lire recommended apent for the treatment of 53T

[butiliche is an intravenous antiacrhythmic drog approved
[ pharmacologic cardioversion ol attial fibvillation andatrial
Hutter of recent onset twithin 7 days). Ibutilide is associated
with an Increased tisk for polymorphic and menomarphic
ventricular tachyveardia, and several hours of electrocardio
araphic moniloring is required following administration.

Synchrenized cardioversion should be reserved for
patients who are hemadynamically unstable or those with
continued SV despite vagal maneuvers and adenosine.

KEY POINT

+ Hemodynamically stable patients with supravenlricu-
lar tachyeardia relractory to vagal manewvers should
be given adenosine.
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Hem 99 Answer: A
Educational Objective: Diagnose amyloid
cardiomyopathy.

The most likely diagnosis is cordiac amyloidesis: This paticmt
hias heart Brilure, elevated right heart pressure, and severe
concentric wall thickening with preserved systolic function
and severe pulmonary hypertension. The electrocardiogram
paradoxically demonstrates low QRS voltage and a “pseudo
infarct” pattern: Q waves in the anteroseptal leads without
regional wall motion abnormalities on echocardiogram. The
mckst Tikely dizgnosis is candiac amyloidosis, likely related to
a VallzAle mulation in transthyretin (TTR), which is present
in 3% A% of the black population. Cardiac amyloidosis
should be suspected in black patients older than 50 vears who
b Teft venileicular wall thickening that is not explained by
lesrling comditions (for example, hvpertension or aocrtic ste
niosis) and present with heart failure or features of diastolic
dystunction. Although a monoclonal ganimaopathy is present
in imrmunoglobulin light-chain (L) amyloidosis, this is not
afeature of TTR amyltidosizs Diagnosis is established by his
topathology: endomyocardial biopsy is more sensitive than
abelorminal fat pad biopsy:

Paticnts with constrictive pericarditis usually have nor
mal or only mildly increased left ventricular wall thickness.
Sevire pulmaonary hypertension is usually not present.
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Answers and Critiques

Amyloidosis may be mistaken for hypertensive heart
disease; however, the left ventricular wall thickness in this
patient is greater than expected for a patient without hyper-
tensive heart disease. Additionally, electrocardiographic
features of lefl vendricular hypertrophy (increased voltage)
wionld be expected.

Hypertrophic cardiomyopathy may be symimetric and
nonobstructive and may demenstrale a reslrictive filling
pattern om echocardiogram. However, inmost cases, the (RS
voltage on clectmoeardiogram is congmaent with the degree
of iy pertrophy
KEY POINT

+ Cardiac amyloidosis should be suspected in black
patients older than 30 years who have left ventricular
wall thickening that is notl explained by Toading con
ditions {(for example, hypertension or aortic stenosis)
and present with heart failure or features of diastolic
dysfunction,
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Item 100

Educational Objective: Diagnose aortic stenosis associ-
ated with repaired aortic coarctation.

Answer: A

'This patient most lkely has o bicuspid sortie valve wilh asso
ciated aortic stenasis. A bicuspid aortic vabve is present in
more than 50% of patients with sorlic coarctation. The svstolic
ejection click al the lefl sternal border suggests a bicuspid ame
tic valve, The marmur is mid peaking instead of late peaking,
and the 5, is still audible. suggesling mild 1o moderate aortic
stenosis, A bicuspid aortic valve may ocvur with other cardio
vascular and systemic abnormalities. such as uncurysm of the
sinuses of Valsaba and patent ductus arteriosus, Fatients with
a bicuspid aorlic vabve are predisposed 1o aortic anearysm and
dissection owing to aortic connective tissue abmormalities. In
patients with bicuspid aortic vabve, the ascending aortic diam
cter should be assessed by echocardiography, with the evalua
ton interval determined by degree and rate of aortic dilation.

Hypertrophic cardiomyopathy s nol an expecled
seguels ol dorlic coarctation or previous repain. The mur
murs in hyperirophic cardiomyvopathy  characteristically
include an ejection gualily systolic murmur al the left ster
nal border related to oulllow obstruction and a lale systolic
murmur at the apex related 1o mitral regurgitation from
systolic anterior motion of the mitral valve. An gjection olick
is nol heard in patients with hy pertrophic cardiomyopatly.

Mitral repurgitation is nol an expecled linding ina
paticnl wilth aorlic coarctalion, with or withoul provious
repair Clindeal features in palientls with mitral regurgitation
include o holosystolic murmur, heard best al the apex and
senerally radiating o the axilka,
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Recurrent coarclation occurs in approximately 200 of
paticnls with previous coarctation repair. Clinical [eatures
inclucle hypertension Lhat is difficult to control with medical
therapy and oceasional clandication. Other features of recar
rent coarchion nol demonstrated in this patient include a
radial artery-to- femoral artery pulse delay and a systolic
murmur over the lell sanlerior or posterior chest.

HEY POINT

= A bicuspid aortic valve is present in more than 50% of
paticnts wilh aortic coarctation.
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ftem 101 Answer: C

Educational Objective: Treat new-onsel heart failure
with maximal i blocker therapy

The dosage of carvedilol should be increased in this patient
wilh new onset heart tailure who is syimplomatically improw
ing with standard heart failuee therapy. All patients with
heart failure with reduced ejection fraction should be treated
with an ACE inhibitor amd a f blocker, such as carvedilol, o
control hegrt failure syrmiploins. improve left ventricular gjec
tion fraction, and decrease mortality. Data sugeest improved
outeomes with higher dosoges of [§-blockers. Therefore, in
patients with new onser heart fallure, it is generally reason
able to increase the f-blocker dosage every 2 W 4 weels until
the patient achieves 3 hearl rale of approximately 60/min or
has sympromatic hypotension. Volume status should alwayvs
he assessed betore initiation and aplitration of a i blocker
hecause patients with volume overload will experience dys
pheq if the dosape is increased. Because this patient has a sys
tolic: bleod pressure of 10 mna | g, a hearl rate of 84/min, and
néy evidence ol volume overload, he should be able (o olerate
an increase inthe f-blocker dosage. Repent echocardiography
should be performed to assess for improvemenl or recovery of
ejection fraction ence the ACE inhibitor and B blocker have
heen uptitrated o maxinally olerated dosages,

Digoxin reduces the incidence of hospitalizations in
patients with symptomatic heart fallure, This paticnl is
asymptomatics therefore, there is no reason o start digoxin
at this time.

ydralazine and isosorbide dinitrate Tmprosve survival
in palients who are black and are already receiving maximal
[hervapy Bor Mew York: Heart Association functional class 111
or IV heart Bilore symproms. This patient has New York
Heart Association fumctiomal class | symptoms and is oot
yet taking oplimal dosages of medical therapy: hoth the
ACE inhibilor and f blocker dosages shonld be aptiteated
before other therapies are added to this patient™s medication
reEimen.

Iuretics are the primary (reatment for symptoms of
heart failure associaled wilth volume overload. In general,




the lowest diurctic dosage Lthat achicves cuvolemia should
b used. In this patient without evidenoe of Huid overload,
there is no reason o inerease the furosenide dosage.

KEFERI S S e RN
+ All patients with heunt failure with reduced ejection
fraction should be treated with an ACE inhibitor and a
I blocker: 3 blocker dosage should be uptirrated
every 2 to 4 weeks unlil the patient achicves a heant
rate of approxinmately 60/min or has symplomatic
hypotension.
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Item 102 Answer: D

Educational Objective: Treat Mobitz iype 2 second
degree atrioventricular block following 5T elevation
myocardial infarction.

This patiemt with Mobitz tvpe 2 second doegpee alrioveninc
ular (AY) block follewing a kanse anterior nvocardial infare
Hon reguires wemporary pacing. n the ped-infarct seiting,
archythmins arecommon. and beoign torms of vagally medi
aled bean block muest: be differentiated from mone serioas
conduction abmormelitles. Second - degrec AV block s e
quently seem with aemte myocardial infarction. When pro
pressive PR prolongation s observed befoe a blocked beat,
second -depree Mobite tvpe | (Wenckebach) Dlock is present
When the PR interval s constant before nonconducted P
waves, Lhesecond degrer Diock s wermied Mobite tvpe 2 block.
When 2:1 block is present, Mobits bvpe | vemsus Ivpe & block
muay et b dislinguishable with surfice electrocandiogmghy,
Mobilz type 2 second-degree AV block is an uncosmmon: bul
pokentially life  threatening electrical complication of an anic
rior myoeardial infarction. |t usoally representsa block loswer
i the condugtion system aned suggests significant conduction
discase, likely resulting from schemin amd mecrosis of the
sepium (along which the His Porkinge sysiem is hocated)
Becase of the high risk for progression to complete heard
Block, prompt implantation of 2 tempomry or permanend
pacemaker is indicated,

Atropine improves AV nodal conduction and guickens
the sinus mile, In patients with Mobitz Tvpe 2 block, atropine
tiay ot alter condoction, and the degree of heart block muy
paradexically worsen, Furthermore, this agent bas o rela
tvely shont lived etfect and will ot address the umlerlving
jrathwrbomy.

Cessation of f-blocker therapy alone will not improve
conduction I this patient, as the pathology of Mol tyvpe 2
Iock is bevond the AV node, Tncontrast, Mobit: type | see
ondd degnee AV block is lheguently seen with acute inferion
mwoeardial infarction and may be ssoclated with periods
of camplete heart block, Observation and withholding of AV

Answers and Cr'gﬁ_qun

okl blocking agents is appropriate in thal comtext, as the
peed for permaneil pacing bs extremely ow with Inferior
myecardial infarciion,

In the absenee of chest pain of ST sesgment elevatlons
o clectrocardiogrim. vrgen ! angiography s not indicatad,

KeY POINT e

* Mobilz typee 2 second degree atrioventricular block is
an uncommin but potentally Hfe-threalening electrd
cal complication of anterior myocardial infurction;
lemporary of permancnt pacing is indicated in this
selting,
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Item 103 Answer: B

Educational Objective: Diagnose aoriopathy ina
patient with a hicuspid aortic vahve.

The most appropriate next slep in management is CT angio
graphy of the aorta. Bicuspid aortic valve is o common con-
penital heart abnormalily, occurring in 1% to 2% of the gencral
population. It is also herilable; and screening of first degree
relatives Is recommended. Aortopathy commuonly accompa-
nies bicuspid aorlle vabve discase and may be associated with
aortic aneurysm, dissection, and coarctation. Owing (o (he
life threatening noture of these abnormualities, all patients
with a bicuspid acrtic valvwe should be evaluated for possi
ble aortopathy: This patient's severe hypertension suggesls
the possibilily of aoric coarclation. Without a diagnosis annd
therapeutic intervention. the mean life expectancy of unop
erated patients with coanctation of the aorta Is only 35 years:
majior complications comsist of carly comonary atherosclenosis,
slroke, aortic dissection, systemic hyvpertension, and heart
tallure. The presence ol a radil artery - Lo-feminal artery pulse
delay may be helpfol in diagnosis at the bedside; but the
definitive study is an imaging evaluation (CT or cardiac mag
netic resonance imaging).

Fatients with a bicuspid aortic valve and severe gortic
slenosis or regurgitation reguire echocardbography every 6 to
12 months; those with mild stenosis or regurgitation should
hawe echecardiography every 3 1o 5 yvears. This patient does
not require anmual echecardiography; rather, he should be
promptly evaluaed for abnormalities of the aorta because of
the prescnce ol 4 bicuspid aortic valve,

Bicuspid aortic vahe carries an increased risk for infec
tive endocarditis, and pood dental care is important in these
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patients. However, guidelines no longer recommend anlibi
olic prophylaxis for this patient population,

Surgical sortic valve replacement is not indicated for
mild aortic regurgitation. In general, indications for aor
tic valve inlervention include the presence of symploms.
left ventricular efection fmuction of 505 or less, moderate
or severe aorlic regurgitalion ot the time of other cardiac
suneery, and signiticant lell ventricolar dilatation {end-
systolic dimension =50 mm or indexed end syslolic dimen
sion =25 mm/m’).

KEY POINT
= Bicuspld valve disease is comunonly associated with
abnormalities of the aorta, iIncloding aneurysm, dis-

section, and coarctation: therelore, all patients with a

bicuspid aortic valve should be evaluated for possible

aortopathy with CT or cardiac magnetic resonance
imaging.

Bibliography

Wearnes CA, Willlams RG. Bashore TS, Child )5, Connolly HM, Dearani 14,
ot al ACCAN A B08 maidelines for The nrmagement of adilts with aon
werilnl hean disse: execufive summary: a2 oport o the Amwrican
Colbeges of Candiolops " American Hoart Association Task Fonoe on Practioe
Cuichelines (writing commilies o0 develop gublelines M the munsge-
et ol idubts with congzenital hean disease). Circulation, J00K; 1152195

151, [PMTTY 1899T168] daoi: 10,1 161 CHRCULATIONAHA L0818

Item 104 Answer: A

Educational Objective: Identify the impact of
diabetes mellitus on risk for atherosclerntic cardiovas-
calar disease,

The factar associated with (he hiphest risk for atheroscle

motic cardlovascular disease (ASCVD) is the diagnosis ol
diabetes mellitus. The presence of didbetes is associabed with
increased cardiovascular risk, particularly among women.
Patients with diabetes have a two B four limes increased
risk for curdivvascular disease, with more than two thinds
of patients with diabetes evenlually dying of heart disease,
The risk [or stroke s increased 18- (o & [old In patients
wilh diabetes. Additionally, patients with diabetes are more
likely to have undiagnoscd coronary artery disease and have
worse outcomes when hospitalized for other cardiovascular
diseases, such as heart fallure, In this patient, the devel-
opment of diahetes alone (with all olther risk Gctors held
constant) nearly doubled her 10-year risk for ASCVE. Her
current 10 vear risk, including diabetes, changes in her age,
and blood pressure and lipid levels, is 19.4°%5. Appropriate
treatment of cardiovascular risk Bclors in patients with
diabeles is associated wilh redoced cardiovascular risk
The most recent American College of Cardiology/American
Heart Assoctation cholesterol (rcatment guideline recon-
mends that patients aged 40 (o 75 vears with diabeles and
a 10-year ASCVD risk greater than or equal (o 7.5'% should
receive high intensity statin therapy. In patients in this
age group with diabetes and a 10 year risk less than 7.5%,
madernte- intensity statin therapy is recommended.
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A dinstolie blood pressure of 90 mm g, HDL choles
terol level of 30 mgidl (0.78 mmol/L), systolic blood pres
sure of 140 mm g amnd (ol cholesterol level of 250 mg
di. (6,47 mmal/1) have a refatively small effect on 10-year
ASCVD risk compared with the presence of diabetes,

KEY POINT
® Patients with diabetes mellites have a two to four
times increased risk for cardiovascular disease, with

miore Lhan two thinds of patients with diabetes even
tually dving of heart disease.
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Item 105 Answer: A
Educational Objective: Diagnose infiection of a cardiac
implanted elecironic device.

The most appropriale management of Uhis patient is 1o ablain
a complele blood count, erythrocyle sedimentation rate, and
b sets of blood cullures. Patlents with a candiac implanted
electronic device can develop a localioed tissue infection al
the implant site (pocket Infection) or a systemic infection with
bacteremia {such as endocanditis). These infections can oocur
after initial implantation, ke after impluntation, or after o
battery rephwement or revision. The most common pathogens
are skin colonizers, such as the cougulise negative Staph
ylococcus spp. and 8. aurens. Symploms of candiac device
infection include fever, chills, malaise, assiude, or Rilune (o
thrive. especially in the clderic There may also be local find-
ings suggestive of infection, such as redness or warmith al the
pacemaker pockel, These paticnis should underpo laboratory
evaluation for signs of Infeeton. An elevated erythrocyte sed
fmentation wate, Teukooylosis with a left shill, and anemia all
suggest infection of @ candiac implanted electronic device. All
patients suspected of having infection (with or without fever)
should have a2 minimum of two blood cullures drswn from
separate sites. Once there s suspicion for infeclion of a cardiae
implanted electronic device, refermal o an electrophysiologist
ur un-fnfectious discase specialist s mandatory,

Empiric antibiotic therapy without first identifving the
presence and cause of the infection is not hest medical prac
tive. In addition, antibiotic therapy for a confirmed infection
without removal of the device is nol cumtive and is associ
aled with a high fatality rate.

Pacemaker povkel aspintion should never be per
formed because it can seed o sterile pocket and lead to infec
tion, especially if there is superficial cellulitis without deeper
tissue imvobvement,

In patients with high suspicion of infection despite
equivocal laboratory findings. PET/CT can help determine
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r whether there Is cvidence of local tissue inflammation
vonsistent with o device infection. However, the buasic

KEY POINT e |

evilluation for infection should be completed and analyveed
first.

* [nall patients suspected of having infection ol a car

diac implanted electronic device, a minimum of two
blood caltures should be drawn Irom separale sites,
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Item 106 Answer: B

Educational Objective: Diagnose an acule cxacerbation
ol heart failure in a patient with COPL,

The most likely cavse ol Lhis patienls sy miptoms is an exacer
Lition of heart failure, |e demonstrates the classic heart il
ure symptoms of dyspned. orthopnea, and peripheral edema,
In particolar, the patient’s orthopnea, as evidenoed by his
sleeping in a recliner, correlates with a pulmonary caplilary
wedpe prossure preater than 20 mim Heg, which is supgpestive
ol left-sided heart failure. Other fealures thal increase the
likelihood ol heart fallure inclade the presence of parosysmal
nocturnal dyspoes (greater than rwnfiokd incneased Bikelibood)
and the presence of an 5, (11 times grealer likelihood). Factors
that would decrease the likelihood of heart failure are the
absence of dysprea on exertion (50°) decreased likelihood)
and the absence ol cruckles on pulmomary auscultation, A
recenitly enlarged cardiac sithouette also supports a cancdiae
[IrCess.

An exacerbation of COPD s less lkely 1o be the cause
of this patient’s dvspnea because the puticnl has no pro
ductive cough, Additionally, exacerbations are commaonly
precipitated by a respiratory infection, which s absent in
this patient.

If clindcal lindings suggest preumonda. chest radiogra
phy should be performed. The chest rudiograph must show
an infiltrate for preumonia to be diagnosed. When clinical
symptoms and examination lindings otherwise support the
diagnosis of pneumania, a false negative chest radiograph
is a possibility: volume depletion can cause an initial neg
ative finding on chest radiograph that, uwpon rehsclration
andl repeat imaging. may become positive. The ahsence of
an infiltrate, fover. and lung Gindings make prneomonia an
unlikely cause of the patient’s dvspnca.

Peep venous thrombosis with a resullant pulmonary
embolism is alwavs a concern in patlents with new-onsel
dyspmea. However, he reports no chest pain, and his dyspnen
wiis shosw inonsel (over the course of | week) rather than an
acule process. A pulmonary embolisin should be considered
in the differential diagnosis, but heart failure i the more
likely cause.

» Fatients with heart failure clissically present with
sympioms of dvspoea, paroxysimal nocturnal dyspnes.
orthopnes. and peripheral edema.
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ltem 107 Answer: B

Educational Objective: Treat S1-elevation myocardial
infarction complicated by veniricular fbrillation.

Primary percuiancous comnany intervention (PC1) s the
most appmopriale next step in management. ST-clevstion
nvocardial infarciion (STEMI} s coused by o complete
cectusion of an epicardial compary antery by o thromias
it the site of phigue disruption, It is defined by the presence
ol ischemic chest pain (or an equivalent) and the presence
of greater than | mm 5T segment elevation In two or more
conseeul ve leads or new Jell bund le branch hblock on elec

trocardingram. This paticnl presuimably has an anlerior
mvocandial infirction, which Is complicated by ventricular
librillation arrest., The electrocardioewram demonsiniles lefi
bundle hranch block and is assumed Lo be new In onsel. In
some - cases, ventricular archythmias may signily sponta

meous repurfusion cvents, but the new left bundle branch
block is worrisome for persistent el anterior descending
artery ooclusion, which remains the obwvious culprit for the
patient’s presentation. Promp reperfusion is required, Po

mary PO s the prefermed method of eperfusion n patients
with 5TIEMI

Amiodarone may be nevessary if this patient has recor
rent venirioular fibrillation or wentricalar  techveandia:
however, amindarone alone s unlikely 1o contml his sch
emic related arrhythmias, and reperfusion is the [omemost
privrity. Furthermore, intravenons seniodarone may precip
itade hypotension and shock owing o ils acute |5 blocking
activity, and 10 mest be uscd carefully in patients with STEML

Therapeutic hwpothermia Is an important sdjunct
thempy 1o improve oaleomes of patients  experiencing
ot of hospital cardiae armest, althowgh lyvpothermia proto
cols are not indicated in noncomalose patiends. This patient’s
arrest was o witnessed arrest, und the patient 15 avwake and
comversint.

Coronary artery byvpass grufl (CABG) surgery s not
commonly performed for STEMI, Ulrpent CABG surgery is
Ivpically reservesd for paticnts In whinn thrombolytic ther
apy or PGl has Gifled, or for (hose who develop e (heeal
ening mechanical comiplicutions, such as venlricular free
waall rupture, Compared with 'Ol and thrombolytic ther
apy, urgent CARG surgery s associated with an increased
death ratle in the first 3 10 7 davs after STEMI, and this
potential harm masst be carelully weighed against the
potential benetis.
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Answers and Critiques

KEY POINT

= Primary percutanecus coronary intervention is the
preferred method of reperfusion in p
ST elevation myocardial infarction.

ents with
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Item 108

Educational Objective: Diagnose upper exiremity
peripheral artery disease,

Answer: D

CT anglography s indicated in this patient suspecied of hav
g upper exiremity peripheral artery discase (PAD), Uppes
extremity PAD is characterized by atherosclenlic narmowing of
the arterics in Lhe upper extremities. Most patiemts with upper
extremity PAL hanve no symptoms, although patients may pres
ent with arm clandication. arm ischemia, or dizsines with arm
activity (subclovian steal syndrome). In patients at risk for ath
ereselerotic cardiovascular disease, measurement ol bikaeral
arm pressures s indicated inasymptormatic and symplomatic
patients 1o assess lor upper extremity PADL A charmoteristi
lineding on physical examination is a dillerence in svstobie blood
prossures between the arms. typically more than 15 mm g,
In this patient with cxercise induced arm pain and a systoliy
brlood pressure differential of 35 mm g between arms, Imag
Ing of the innominate and subclavian arteries with CT angjog
raphy is appropriate o condirm the diagnosis of upper extrem
ity PAD and plan for intervenrtion. such as nevascularbzition
The Adson maneuver {or thoracic oullel mancuver) is
used o cvaluate for neurovascular impingemeni at Lhe point
where e subclavian vessels and brachial plexus pass the
first rib and exil the thoracic cavity: Although thoracic outlel
syndrome could acoount for this patient’s arm fatleue, he
does nol have other symptomes or siens suppestive of (hiy
condition {lor example, arm edema, numbness/tingling),
and thoracie outlet syndrome does not explain his dizziness.,
The ankle brachial index is most useful in dingnosing
[ extremity PALL In this patient with upper exlremily
symploms, an ankle brachial index would not be helplal in
conlirming a diagnosis of innominate orsubclavian slonosis
Although bilateral carotid artery stenosis has been
associted with dizziness or syncope in some patienis, the
svstolic blood pressure differential in the upper limbs and
diminished ipsilateral carotid pulsation make this diagnosis
unlikely, Therefore. carotid duplex ullmsonography s nol
the miost appmpriate next step.
KEY POINT
= Svmploms of upper extremity peripheral artery dis
case may inchude arm claudication, arm ischemin. or
dizziness with arm activity; CT angiography is uselul
for comlivm the disgnesis and plan for intervention.
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Item 109
Educational Objective: Treal type A aortic dissection.

Answer: C

[he most appropriate next siep in the management of this
pratient with an acute bvpe A aorile dissection is CTneTEent
apen surgical aortic repaie This putient’s O sean (shown)
revels a dissection plane extending through the aortic
arch (armwl. Acute sortic disseciion classi ally manifests
as sudden onset chest ar back pain that has a tearing or

ripping gualkity. such as in this patient: however, patients

may pi

i FINLANTNARET |'\|_1

TRATE &
L,

Im Ot Smine of 5

ency. Unegual bloosd pressures in the

asymmetric pulses further ratse

Ehe susp SO dissection.: Stanfond tvpe A

wirtic clisse

1 originate within the ascending
I
tioms. The early mortality rte Is approximately 1'% per hour

uorta or arch, confer o hi risk Tor death and complica

after symptom onset: therefore, patients with acute ype A
f

aortic disseetion should be evaluated emersently for CHHTT

surgical repuir
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reconstroction, coronary artery reimplantation: aortic
vialve repair or péplacement, or branch vessel répair may

b regquired depending on the anatomy and pathology of

the lesion. This patient has evidence of compromise of his
right innominate artery with diminished cght arm hload

endovascular stenting.
KEY POINT

* Palients with acute type A aortic dissection should be
treated emergently with open surgical repair
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item 110 Answer: C

Educational Objective: Fvaluate an asymptomatic mur
mur with transthoracic echocardiography.

The most appropriate management of this asymptomatic
patienl with a hearl murmur is transthoracic echocardi

ography (TTEl Diastolic murmurs are always considered
abnormal and reguire further stroctral evaluation. Svstolic
murmdes may be eilther innoecent or indicative of significant
alve disease, Smne murmurs are associaled with normal
valves bul abnormal systemic processes (for example, ane

mia and other high output states, such as hyperthyroidism
or pregnancy) or increased flow (for example, a systolic
murmur in the setting of aortic regurgitation). Innocent
murmurs are characteristically brief, are often midsystalic,
do not radiate, and are associated with normal heart sounds
and no hemodynamic abnormalities. Patients with grade
1 or 2 midsystalic murmurs {grade |, faintest murmur that
can he heard; grade 2. faint murmur but can be identified
immediately) who are asymptomatic with no associated
findings and those with continuons murmiers suggestive of
a venous hum or mammary souffle {a continuous murmur
heard over the breast in lactating women) do not warrant
echocardiographic evaluation. TTE is indicated for patients
with the following findings: (1) a systolic rormuor grade
Steoor higher lgrade 3, moderately loud murmur, grade 4,
lead s associated with a palpable thrill: grade 5, very
lead mrraur but cannot be heard without the stethoscope;
and grade 6. can be heard without a stethoscope): (2) late or
holosystolic murnes: (3) diastolic or continuous murmurs;
or (4} muarmurs with accompanying symptoms. This patient
with a holosystalic murmmur that radiates to the axilla needs
further evaluation with TTE.

Transesophageal echocardiography (TEE) provides
improved image quality over TTE because the probe has
only the thin tissue of the esophagus through which to
image. TEE is indicated for patients with severe disease

Answers and Critiques

who need larther quantification, for better idemtification
of leaflet involvernend (particularly [or palients with mirral
repargilation), or when poor image quality on TTE limits
image interpretation. The dissdvantage compared with TTE
is that It is invasive, requiring sedation and technical exper
tige distingt froan TTE TEE is nol indicated until an initial
additional information.

Cordine magnelic resonanee Imaging or multidetector
CT may provide information on left venlricular function,
anrtic dimensions, chamboer sizes and volumes. and cor
omary anatomy, As with TEE, CMRE imaging should not he
performed yntil after an initial evaluation with TTE.

KEY POINT
* Transthorcic echocardiography is indicated for patients
with systolic murmurs grade 356 o higher, Tate or
holosystolic murmurs, digstolic or conlinuos murnmur s,
and murmurs with accompanying svmiptoms,
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Item 111 Answer: D

Educational Objective: Evaluale tricuspid regargitation
with transthoracic echocardiography,

The most appropriate next stepin managemenl is franstho

racic echocardiography: This paticnt has symptoms and signs
comsisten! with tricuspid  regurgilation. Severe tricuspid
regurgitation may be well wlerated for a lomg period, Clind-

cal signs ol right sided heart Bailare, such aselevated jugular
venous pulse and peripheral edema, are an indication of
severily. The murmur of ticuspid regurgitation is typically
a holosvstolicmurmur heard along the left stermal border
that increases during inspiration due o increased venons
return. Causes of fricuspid recurgilation inclode rhenmatic
disease, mdiation, endocanditis, myvxomatous degeneration
fprolapscl, congenital abnormalities (Ebstein anomaly), car

cinnid discase, amd trauma (for cxample; chest wall impac
or right ventricular biopsy). Placement of internal device
leads for pacemakers and candioverter-deibrillators: 3= also
a-commaon cause of tricuspid regargitation, Tn patients with
suspected tricuspid repurgitation, transthoracie echocandi-
opraphy is indicated to evaluate Tesion severity, determine
(he canse, assess the sise and function af the right-sided
chambiers, and estimate pulmonany artery pressures. Trans

esophageal cchocardiography can also help demonstraie the
relation of the device leads to tricuspid leaflets as a canse of
Ericuspid regurgilation.

Cardiovascular magnetic resonance. (CMRY imaging
ey D helplal in the evaluation of tricospid resuegitation il
echocardiographic evaluation is suboptimal orinconclusive,
Tin this patient, the pacermaker presents a contraindication 1o
CMR imaging,

207

Wi
o
=
=
=
=
et
=
1=
<
v
T
&
2
=
=X




e e e ———— e e e AT

=
=
wn
=
]
=
W
&
-
=
™
q-
=
-]
=
m
W

Answers and Critiques

Coronary angicgraphy and right ventriculography ane
not useful in the diagnosis of tricuspid rogunzitation. Unlike
mitral regurgitation, ischemic coronary artery discase s nol
A common cause of tricuspid regurgilation. Evaluation of
right heart pressures may be indicated Elliwing echocar
diography, particularly if there s discordant information
oblained by clinical and echocardiographic evaluation, hut
right heart catheterization is not necessary at this tlme,

KEY POINT
* [0 patients suspected of having tricuspld regurgit
Hon, transthoracic echocardiography is indicaled to
evitluale lesion severity, determine the cause, assess
the size and function of the right-sided chambers, and
estimate pulmonary arery pressures,
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tem 112 Answer: A

Educational Objective: Manage drug drug interactions
in a patient with stable angina.

The most appropriate management is o decrease the dos-
age ol ranolazine. This patient with stable angina is being
transitioned rom metoprolol, a § blocker, o dillbzem, o
ealcium chunnel blocker. He is also currently taking several
other antianginal therapies. notably mnolazine, Ranokzine
docreases angina and modestly increases excrelse times in
patients with stable angina. Ranolazine inhibits the lale
sodium current. which in turm reduoss sdium-dependend
calcium currents, resulting in reduced wall 1enston anmnd
myocardial oxveen consumption. Ranolazine s primarily
mctabolized by cvtochrome PA30 2A4 ICYPAAA; therelone,
caution should be exercised when prescribing ranoluzine
with CYPIAL inhibitors, which will resull in signilicantly
increascd plasma levels of manoladne, Ranelasine should
i b used with strong CYP3AS inhibitors, such as kelo
conazole, clarithromyein, and ritonavie. With moderle
CYPEA Inhibilors, including verapamil and diftkasem, the
dosage shouled be decreased by 507 and should not exceed
500 mg twice daily. Ranolazine also has a modest QT pro
longing effect, but no proarchythmic eifect has been directly
attributed to ranolazine.

‘Ihe addition of diltiazem o this patient’s medication
regimen will not requine increasing Uhe dosage of atorvasta
tin. Diltiaem may in Bel resull in increased kevels of ator
vastatin, which is a CYP3A4 subslrate.

1here are no significant drug. drug interactions between
lisinopril and diltiazem that would warrant switching 1o
another ACE inhibitor,

Nt adjusting this patient’s medication regimen would
resull in excessive plasma levels of ranolazine and is nol an
acceptable option.
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KEY POINT

+ Ranolasdne decreases symptoms of angina and mod
estly increases exercise times in patients with stable
angina; it should not be used with strong CYP3A
inhibitors, and dosage should be reduced when used
in-comjunction with moderate CYP3A inhibitors, such
as diltiazem and verupamil,
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Item 113 Answer: D

Educational Objective: Manage first degree atrioven-
tricular block accompanicd by bilascicular block.

No Turther testing or intervention is reguired al this time.
This asymplomatic patient has fArst degree atrioveniricalar
(AV) block (PR interval =200 ms), right bundle branch hlock,
and el posterior fascicular block, Right bundle branch
Block is diagnosed by the findings of & widened QRS com

plex (=120 ms): an BSR’ pattern In ead V; and o witde neg,
ative 5 wave in leads [ V., and V. Blocks may alse occur
in the anterior or poslerior divisions {fascicles) of the Teft
bundle; these are termed fascicular blocks lor bemiblocks).
Left anterior Bscicular block is recognized by a positive QRS
complex in lead | and a negative QRS complex in bead aVE
Lell posterior fascicular block is necoginizcd by a negative
QRS complex in lead 1 and a positive QRS complex in lead
aVE Conduction disturbances involving the right bundie
hranch and onc of the two Bscicles (anterior or posterion)
of the left bundle brunch are commonly relerred W as bifas-
cicular blocle The presence of first degree AV block with
bifascicular block is often called “trifascicular Block™: Tuwe-
ever, the erm is misteading because true trifascicular Block
woitld indicale complete AV hlock,

There 15 no need for extensive cardiac evaluation of
patients with asymplomatic bifascicular block other than
a caretul history and physical examination to exclude the
diapnosis of occull candiae discuse. Therelore, echncardiog
raphy and dobutamine cohocandiography are not indicated
because occuli ischemic or structural beart disease is not
suspected in this patient.

Pacemakers arc indicaled in patients with symptom
atic bradveardia in the absemce of a reversible cavse, hence
the importance of establishing symploms when evaluating
patients with hradyeardia, Pacing is nol indicaled in asymp
tomatic patients with first-degree AV block accompanied
by bifascicolar hlock because the risk [or progression to
complete heart block is less than 2% 10 3% per year, As such,
pacemaker insertion is nol needed in Lhis patient.




KEY POINT

= Asymplomatic first-degree atrioventricular block with
bifascicular block does not require pacemaker
implantation.

1o Uit U Brady WL Edhouse L Bradhcandios ard sorovenericular comdioe
tion hlock. BALL 2002330505 8. [PMID: (18725571

Item 114 Answer: E

Educational Objective: Treal heart failure with reduced
ejection fraction.

The most appropriate management of this patient with heart
failure with reduced ejection fraction (HErEF) is 1o continue
the current medication regimen, Guideline directed medi
al therapy for symiplomgatic heart Gilure inchudes treatment
with an ACFE inhibitor, B blocker {specifically, metoprolol suc-
cinate, carvedilol, or hisoprodol), and an aldosterone antag-
omist, Al of these agents reduce mortality in patients with
HEFEE This patient is already taking guideline-directed med
ical therapy o maximally iolerated doses. as evidenced by her
symptomalic orthostalic hypotension; therefore, no changes
need to be made (o her medication regimen.,

habradine inhibits the 1, or *1 funny”™ channel of the
sinoatrial node, resalting in a reduction in heart rate. In
patients with HFrEEF (lefi ventricular ejection fraction <357%.)
and New York Hearl Association functional class 1 o IV
symploms who are in sinus rhythm with o heart mle of 70/
min or higher and taking guideline directed medical ther-
apy. treatmen! with ivabradine has been associated with a
reduction in hean filare hospitalizations. Before the resting
heart rate is assessed for potential initiation of vabradine,
B blockers should be titrated o maximally olerated doses,
Because this patlent hasa heart rite of 68/min and is already
taking a maximally lolerated dose of carvedilol, she is not o
candidate lor ivabradine. It is important to nofe that ivabra-
dine should be given in addition to - blocker therapy: not in
its place.

Valsartan sacubitril is an angiolensin receptor-neprilysin
inhibitor, a new drug class thal combines an angiotensin
receptor blocker with a neprilysin inhibitor. The neprilysin
inhibitor prevenis the breakdown of B-type nalriuretic pop-
tide, leading to enhanced diuresis, natriuresis, and myocar-
dial retaxation, Compared with ACE inhibilor therapy, this
drug combinalion has been shown to reduce the composite
endpoint of cardiovascular death or heart failure hospitaliza-
tion by 20% in symptomatic patients with HFrEF. Howoever,
in a clinical irial assessing response o valsartan-sacubi-
tril, the major couse of withdrmnwal was hypotension. In
(his parient who is taking an ACE inhibitor and [§ blocker
and is experiencing symptomalic orthostatic hypotension,
the addition of valsartan-sacubitril & nol indicated. Add
ing valsartan sacubitril to her current medication regimen.
which includes lisinopril, would greatly increase her risk
for angioedema and hypolension. ACE inhibitors should be

Answers and Critiques

discontinued at least 36 hours before iniliating valsartan
sacubitril. I she did not have symplomatic hypotension,
swilching lisinopril to valsartan sacubitri]l would be an
dappropriate option,

KEY POINT

s Guideline direcied medical therapy for symptomatic
heart filure with reduced efection fraction includes
an ACE inhibitor, B-blocker (specifically, metoprolol
succinate, carvedilol, or bisoprolol}, and aldosterone
antaponisl.
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Item 115 Answer: B
Educational Objective: Treat atrial septal defect.

Percutanenns atrial sepial defect (ASD) device closure
is the hest management cholee for this patient depend-
ing on favorability of anatomic features. Device closure
is performed in the catheterization laboratory and is
an option for patients with an isolated ostium secun-
dum ASD. Indications for ASD device closure include
right heart enlargement and symptoms. ASD closure is
also reasomable for orthodeaxia platvpnea syndrome and
before pacemaker placement because of the increased
risk for systemic thromboembolism. An asymptomaltic
small ASD wilh no right heart enlargement can be mon-
flored withoul closure. Surgical closure is Indicated for
nonsecundum ASDs, large secundum ASDs, anatomy
untavorable for device closure, and a secundum ASD in
pitients with coexistent cardiovascular discase requiring
operative intervention, such as coronary artery disease or
iricuspid regurgitation.

Cardiae mugnetc resonance imaging can be used o
deteet a secundum ASD and can quantitale the effect of
the defect by determining right ventricnlar volume: how
ever, it i nol indicated in this patient because the olinical
assessment and echocandiogrum are sufficient to guide the
decision to close the ASD.

Endocarditls prophvlaxis (s reconmmended for patients
with comgenital heart disease characterized by unrepaired
ovanatic discase, including palliative shunts and conduits:
a congenilal defect during the first 6 months afier com
plete vepair of the defect with prosthetic material or device;
and repaired disease with residual defects, Patlents with an
uncomplicated ASD withoul g history of endocarditis do nol
require endocarditis prophylaxis.

Functional acrobic capacity measured by stress testing
Is not generally used to determine management in patients
with A5,
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KEY POINT

= Right heart enlargement and symplomalic discasc are
indications for device closure of an ostium secundum
atrial septal defect.
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Item 116 Answer: D

Educational Objective: Treat severe aortic stenosis with
transcatheter aortic valve replacement in a patient with
high surgical risk.

The most appropriate next step 10 management is transcath

eter aortic valve replacement (TAVR). TAVE has emcrzod as a
lite saving therapy for patients with severe aortic stenosis. [n
studies of patients with infermediate or high surgical risk, Lhe
cutcomes of TAVR have been comparable or favorable o that
of surgery, with similar rates of mortality and stroke, Tn Lhe
United States, TAVE is currently indicated for symptomatic
patients with acrtic stenosis and intermediate or high surgical
risk, as assessed by a multidisciplinany heart team. Cnline
tonls, which are derved and regularly updated from malional
stirgical databases. are available to assist with eslimating sur-
sical risk (for example, the Socicty of Thoracic Sureeons Adult
Cardiae Surgery Risk Calewlalor |riskcalests.orz ), Although
these calculators contain many data inpud lelds, iU import

ant 1o nete that frailty as well as some other inportant paticnt
and procedural characteristios are not part of the online assess

ment lools: Therelore, a comprehensive, holistic approach is
reguired for determining paticnt surgical risk and candidacy
for the various procedares o treal aortic stenosis, Frailty can

I assessed with an examination of the patient’s activities of

daily living, independence inambualation (forexample, 6-min-
e wilk distance), and various other geriatric ools,

Balloon aortic salvuloplasty may he consicdered as o
Bridge to transcatheter or sungical aortc valve replacement,
Bt it has not Deen shown o improve the long lerm prosno
sis ol paticnts with aorlic slenosis,

Medical therapy has not been found w0 be elfective in
slowing the disease progression in paticnls with aortic ste
nasis, Moedical therapy would be pursaed only il this paticnt
declined aortic valve replacement or il he had morbiditics
that would prechade benclit rome such surgery, such as a
recluced fife expectancy unrelated toovalvolar discase.

Surgical aortic valve replacerment s not appropriate for
this paticnt because his surgical risk was estimated to be
high or prohibitive,
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KEY POINT

* Transcatheter aortic valve replacement has been
found 1o be comparable to surgical intervention and is
indicated for symptomatic patients with acrtic steno-
sig and intermediate or high sursical risk, as assessed
b a mltidisciplinary heart team.
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Item 117 Answer: A

Educational Objective: Treal 5T clevation mvocardial
infarction complicaged by heart failure.

The mest appropriale restment s eplerenone. This patient had
ananterior ST elovation novocamdial intarction (STEMI comph
cated by moderte befiventricular (A dystonetion. and heart
fallure, Optiniang this puitient's medical therapy is fundamen
fab to preventing further mopairment of IV function and pro

inhibitors {or angiotensin receptor: blockers JARES]) firm the
backbone of postinfaretion medical therapy aimedal preserving
IV Tumclion, it is important o recopnize when acditional aeents
gy e indicated. The EPHESUS trinl established the henefits of
aktdosterome antagomsm with eplerenone in parients with acoee
myncardial infarction amd concornitant LV dysfunction, and
current guidetinws recommend adding an aldosterome antagn
nist toeAcE inhibitor e f blocker therapy in STEMI patienis
with Tefl ventricular ejection fraction of 40, or less and cither
heart fathore symploans or diabetes. mellitus: Beeanse of the
potassium sparing offect of eplerenone, seram potassivm levels
shotibd be carefully monitoeed. Eplerenone should be ased with
cartion jo those with anderlying Kidney disease.

Pong acting nitrates, such as sosorbidy mononitrate,
hove no role a0 the: management ol patients immediately
after 51 elevation myoeardial inlarction. Nitrates may be
wsed for future anging or may be coupled with hvdralazine
in those with persistent LV dysfunciion despite- macimally
rolerated doses of a [ blocker and ACE inhibitor: however,
administering isosorbide mononitrate is nol the most appro
priate next step in this patient’s management

Although an ARE such as valsartan may be uselul as
an-alternative to ACE Inhibitor theraps, addinz-an ARB twon
medication regimen that alresddy includes an ACE inhibitor
amdd - Macker has been associnted with an excess of adverse
eventsand stherefore not recommended

Warfarin therapy is recommended 1o reduce the risk
fior svstemic embolization in patients with 1% apical clots
fostlosving large anterior myvocardial infarction, althoueh this
recommendation is not based ona larme random ized dataset
tn this patient, no clots were noted on the echocardiogram,
arl empiric. anticoaglation s a0t indicated according 10
current sidelines.




KEY POINT

= [n patients with ST-elevation myocardial infarction,
left wentricular efection fraction of 40% or less, and
cither heart failure symptoms or diabetes mellitus, an
aldosterone antagonist is recommended in addition o
ACE inhibitor and B-blocker therapy:
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ftem 118 Answer: B

Educational Objective: Diagnose cardiac tamponade
following catheter ablation of atrial fibrillation.

The catheter ablation - related complication that is most Hkely
responsible for the patient’s ssymiptoms is cardiae tamponade.
Although eardiac tamponade oocurs in approximately 1%
of patients whe underzn catheter ablation procedures for
atrial fbrillation, it is the most commen serious complication
amd is likely to result in death 1F net recognized and treated
urgently: Cardine tampenade ocours within a mean of 10 days
after the procedure, although it may occur within houars of
the procedure or be delayed by weeks. Candiac mmponade
shomld be suspected when the patient has o compatible his
oy, hypotensiom, elevated fugniar venons pressure, narrow
pulse pressore, and palsus paradoxms: An enlarped cardiac
silhouete may be seennoon chest radiograph (“water- bottle
heart™). The electrcardiogram typlcally demonstrates sinus
tachyeardia and electrical alternans. Echocardioerphy read
ity detects pericardial effusions and is the primary modality
fon diagmosing cardiac tamponade.

Fatients who develop an atricesophagest fAstula most
common|y present 1 to 4 weeks atter the ablation procedure,
Patients may exhibita sudden onser of neurclogic symploms
frovm esophageal airembalization. Patients mav also presenl
with fesser, chest pain, seizures, transient ischemic atiack
affer food intake, hematemesis, and endocarditis. MR and
CT are prefermed as dingnostic studics.

Patients who develop dyspnea months Lo vears: after
atrial fibrillation-ablation may have pulmonary vein sweno
sis, Other symptoms may include cough, chest pain. and
hemoptysis, Pulmonamy vein Ssienosis ooeurs in approx
mately 17510 3% of patients, but intervention to relleve symp
toamrs 15 required inonly 10'% of these patients. Guidelines
recommend CT or MEDas the preferred diagnostic test in
symplomalic patients.

Vascular evends, including hematomas, pseudoanen
rysms at thearterial puncture site, and retroperitoneal hem
orrhage from bleeding at the groln access site, are-among
the most commoen complications of catheter ablation.
symptoms include wpotension and: ipstlateral fanke pain.
Symptom onset is typically within howrs of the procedore.
Lriagnosis can be established with CT or ulirasonography;

Answers ar!l_:l_ Critiques

Ketroperitoneal bemorrhage cannot explain this patient’s
distant heart sounds, clevaled central venous pressare, or
pisus paradoxas.,

KEY POINT
» Candiac tamponade ocours inapproximately 15 of
paticnts who underzo catheter ablation procedures
for atrial fibrillation; il is the most common serious

complication and is Hkely o resdl in death if not rec
opnized and treated urgently:
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ltem 119

Educational Objective: Treat heart failure with an
implantable cardioverter-defibrillator and cardiac resyn-
chronization therapy

Answer: D

The most appropriafie management is placement of an
implantable cardioverier defibrillator (G123 with ecardiac
resynchronization therapy (CET). This patient has symplom
atic heart failure with reduced ejection fraction that is most
likely secondary o cardiac sarcoidosis. Although sarcoidosis
preciominantly alfeels the langs, cardiac savcoidosis is found
i to Y of patients wilh sarcoidosis at the time of aulopsy,
and the diaghosis should abways be considered in patients
with heart failure and concomitant pulmonary sarcoidosis. In
patients with heart [ailure who have an ejection fraction less
than 35%, continued symptoms despite maximally wolerated
medical therapy, and expected survival of at least 1 year, ICD
placernent is indicated. When these criteria are scoompanicd
Iy lett hundle branch Block wilh a QRS duration greater than
or equal to 150 ms on electrocardiogram. as in this patient,
CRET 5 also recommended. CRT improves left ventricular
ejection fraction, functional capacily. and, most importanthy;
survival in symptomatic patients with an ejection fraction
less than 35% and o wide QRS complex or left bundle branch
block,

Pivretics, such as furosemide, are the prineipal therapy
for volume overioad tn patients with heart failure. Patients
should be treated with diuretics until they achieve a stake
of euvolemia. This patient does pot have any evidenee of
vohome overload and therefore does not require a diuretic,

B Blockers. such as carvedilol, have a mortality benclit
in patients with heart fallure with reduced ejection [mction.
It is generally reasonable to increase the f-blocker dosage
every 2 to 4 weeks until the patient achieves o heart mate-of
approximately 60/min or has symptomatic hypotension. [n
this patient with a corrent heart vate below 60/min, increas-
ing the B hlocker dosage is inappropriate.

Although cardiac sarcoldosis can be ditficult to diag
nose, endomyocardial biopsy s not indicated In sugges-
tive cases. Cardiac sarcoidosis results in patchy myocardial
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Answers and Critiques

imviabverment, and a negative hiopsy result woukd not be reas-
suring that cardiac sarcoidosis is not present, The twio imag-
ing maodalities that are most sensitive for disgnosing cardiac
sarcoidosis are cardiac magretic resonance imaging and PET,
When sarcoidosis is first diagnosed, treatment with
glucocorticoids can improve gjection fraction and reduce
arthylhmias. This patient has already been treated with
prednisonc for & months, and further therapy is unfikely
o resull in additional improvement. Therefore, she should
receive an ICD with CRT.
KEY POINT
» Cardiac resvnehronization therapy is indicated in
patients with an cjection fraction less than or equal to
35%., Mew York Heart Association uncetional class 11 to
IV heart failure symptoms despite guideline-directed
medical therapy, sinus rhythm, and left bundle
branch block with a QRS duration of 150 ms or
greater.
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ltem 120
Educational Objective: Treat acute pericarditis.

Answer: D

High' dose aspirin and colchicine are indicated in this paticnt
with acute pericarditis without high-risk features. Acute perd
carditis is diagnosed in this patient Iy the presence of sharp
chest pain of acule onsetl withoul evidence of mvocardial
necrosis, an electrocardiopram demaonstrating widespread
ST sezment clevation and PR-segment depression, and a
small pericardial ¢ffusion. The elevated C-reactive protein
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léwel also supports acte pericarditis. Admission to the hos
pital is appropiate for patients with acute pericarditis who
have al least one high visk feature, including high fever (tem
perature =38 “C 100,14 *F]), subacute onset {gradual onset over
several davs), Tarae pericardial effusion (=200mm)., oral anlico
agulation therapy, or immunosuppression. First line therapy
includes aspirin (730- 1000 mgl or iboprofen (600 mg) every
8 howrs for 1 o 2 wecks plus colebicine (0.5 mgdd) for
3 months. In this patient, inifiation of ant-inflammatory
therapy with carly oulpationt Kallow up s appropriate.

Pericardiocentesis is reserved for treatment of palients
with tamponade or for diagnasis in patients with pericardial
ellusion when there is 4 high clinical suspicion of 2 malig
nant, bacterial, or fungal canse.

Cardiae catheterization would be appropriate in the set-
ting alan 8T clevation myocandial infarction to facilitite per-
cifancous corenary intervention. |owever, the widespread
ST segment clevation on this patient’s electrocardiogram is
atypical for 5T elevation myvocardial infarction, which more
commonly canses ST-segment elevation within a specific
vascular distribution. Farthermaore, the lack of biomarker
evidence of myocardial necrosis alter prolonged chest pain
does not support a diagnosis of acule coronary syndrome.

Although this palient has risk factors for coronary
artery disease, exercise treadmill stress testing has no role,
Additiomalky, in the setting ol acute pericarditis, exercise-
associated ST T winie changes are not interpretable for isch-
emic coronary arlery discase,

KEY POINT

* [n palients with acuate pericarditis, first-line treabment
is high-dose aspirin or NSAIDs and adjuvant colehi
cine therapy,
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