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... the practice of medicine is
predominantly a humanistic act.
Physicians must care about their
patients, and they must constantly
improve their scientific knowledge
about disease. To care and not know
is dangerous. To know and not care
is even worse. Caring and knowing
must be combined to succeed in
doctoring.

-J. Willis Hurst, MD
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Introduction

The initial inspiration for this book was to create a handbook
style reference of common cardiac conditions primarily for
hospitalists. Throughout the writing process, it became evi-
dent that many providers will benefit from this text—ranging
from internists to cardiologists including physicians, affiliate
providers, and all levels of trainees in the medical field.

This book provides a concise overview of cardiac care for
the hospitalized patient. Topics range from acute coronary
syndrome to congestive heart failure to arrhythmias, and
much more. Each chapter includes a summary of the presen-
tation, diagnosis, and management of each condition. In addi-
tion, we provide a clinical approach to common cardiac chief
complaints, as well as an overview of commonly encountered
cardiac imaging and procedures. The chapters are formatted
in an easy-to-read bullet format that includes “clinical pearls”
and “key learning points” along with figures to illustrate the
salient content.

We would like to thank all of the authors who contributed
to the writing of this important book, which includes cardiol-
ogy fellows and faculty from Emory University and Beth
Israel Deaconess Medical Center. We are forever grateful for
their time and expertise.

We hope that this book serves as a practical, reliable refer-
ence for anyone who cares for cardiac patients in the hospital
setting.
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Acute Coronary
Syndrome

Mark K. Tuttle and Joseph P. Kannam

Abbreviations

ACE Angiotensin converting enzyme
ACS Acute coronary syndrome

ARB Angiotensin receptor blocker

ASA Aspirin

CABG Coronary artery bypass graft

ECG Electrocardiogram

LVEF Left ventricular ejection fraction
MI Myocardial infarction

NSTEMI Non-ST-elevation myocardial infarction
NTG Nitroglycerin

PCI Percutaneous coronary intervention
SL Sublingual

STE ST elevation

STEMI ST-elevation myocardial infarction
UA Unstable angina

M. K. Tuttle (PX)) - J. P. Kannam

Division of Cardiology, Beth Israel Deaconess Medical Center/
Harvard Medical School, Boston, MA, USA

e-mail: mtuttlel@bidmc.harvard.edu; jkannam@bidmec.harvard.edu

© Springer Nature Switzerland AG 2020 3
B.J. Wells et al. (eds.), Handbook of Inpatient Cardiology,
https://doi.org/10.1007/978-3-030-47868-1_1



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47868-1_1&domain=pdf
https://doi.org/10.1007/978-3-030-47868-1_1#DOI
mailto:mtuttle1@bidmc.harvard.edu
mailto:jkannam@bidmc.harvard.edu

4 M. K. Tuttle and J. P. Kannam

Clinical Pearls

e In ACS, supplemental oxygen should be given to
hypoxemic patients only. Hyperoxia can lead to coro-
nary vasospasm.

e While ST elevations can be used to localize a culprit
coronary lesion, ST depressions perform poorly in this
regard and should not be relied upon for localization.

e Known prior coronary lesions do not reliably predict
the culprit lesion in a subsequent acute coronary
syndrome.

Definitions (Table 1.1)

® Acute myocardial infarction [1]

— Detection of a rise and/or fall of troponin (see Table 1.2)
with at least one value above the 99th percentile WITH
>1 of the following:

Symptoms of ischemia

New ischemic ECG changes (Figs. 1.1 and 1.2)
Development of pathological Q waves on ECG
Imaging evidence of new loss of viable myocardium
(e.g., echo regional wall motion abnormality or per-
fusion defect on nuclear study)

TaBLE 1.1 Acute coronary syndrome, a spectrum of disease

Non-ST-

elevation ST-elevation
Unstable myocardial myocardial
angina infarction infarction
(UA) (NSTEMI) (STEMI)

Characteristics ~ Ischemic Ischemic Ischemic

symptoms symptoms symptoms
ECG +/— ECG +/— ECG with 1 mm
changes changes STE in two
Negative Positive contiguous leads
biomarkers  biomarkers (2 mm STE in

V2-V3)

ECG Electrocardiogram, ASA aspirin, STE ST-elevation, MI
Myocardial infarction
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TaBLE 1.2 Characteristics of Cardiac Biomarkers [3-5]
Sensitivity for
Return  Sensitivity MI at

to for MI at subsequent

Biomarker Peak normal presentation measurement
CK-MB 24h  48-72h 66% 81% (at 6 h)
(no longer
recommended
in guidelines)
Troponin 24— 5-14d  79% 89% (at 6 h)

48 h
High- 24— - 97 % 98.4% (at 1 h)
sensitivity 48 h
troponin

CK-MB Creatine kinase-MB isoform, M1 Myocardial infarction

1 VR i AR

m avF

ﬂ 1 R _L_IUL__—’?/\—-J,/\___.—IL\—_—-—J 4\ VR
M A A A A A A

FiGure 1.1 ST-elevation myocardial infarction. Note the ST eleva-
tions in the inferior leads and lateral precordial leads. Also note in
V1-V2, the ST depressions with R waves and upright T waves sug-
gest concurrent posterior wall involvement. This patient was found
to have an occluded right coronary artery which was revascularized
with primary percutaneous coronary intervention

Identification of an intracoronary thrombus by angi-
ography or autopsy
e Unstable angina: New onset angina at rest, with minimal
exertion, or crescendo angina [2] without elevation in car-
diac biomarkers
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Ficure 1.2 Non-ST-elevation myocardial infarction. This tracing
demonstrates ST depressions in lateral leads suggestive of coronary
ischemia, but ST depressions are not useful for localizing culprit
coronary lesion. This patient was found to have mid-right coronary
artery lesion on coronary angiography [6]

Pathophysiology

e In NSTEMI/unstable angina, likely from embolization and

endothelial dysfunction rather than epicardial occlusion

(as is seen in STEMI)

— Single culprit lesion identified just 49% of the time.
Complete occlusion in 36% [7].

— Even in absence of occlusion, cath shows impaired tis-
sue perfusion (]blush), which predicts 1 troponin

Location of stable coronary artery disease is a poor predic-

tor of future location of plaque rupture/occlusion

— No correlation between severity of prior stenosis and
new culprit lesion (2 = 0.0005, p = NS) [8]

Clinical Pearl

Known prior coronary lesions do not reliably predict
the culprit lesion in a subsequent acute coronary
syndrome.
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Prognosis

e STEMI: 5.5% in-hospital mortality, 11% major bleeding
[9], 11% 30-day case fatality rate, 8% l-year CFR [10]

e NSTEMI: 3.9% in-hospital mortality, 9% major bleeding
[9], 14% 30-day case fatality rate, 18% 1-year CFR [10]

Classification

e Type I NSTEMI: Spontaneous MI
— Atherosclerotic coronary artery disease
Reduced myocardial perfusion from coronary artery
narrowing caused by a nonocclusive thrombus
formed on a disrupted atherosclerotic plaque; release
of injury markers is thought to result from microem-
bolization of thrombus/plaque debris and blockage
of distal blood vessels (most common).
Fixed severe narrowing from progressive atheroscle-
rosis or stent restenosis
— Inflammatory or infectious process causing arterial nar-
rowing, plaque rupture, and/or thrombogenesis
e Type Il MI: “Demand ischemia” — Does not represent ACS
event. Oxygen supply/demand mismatch where a condi-
tion other than coronary artery disease contributes.
— Increased myocardial O, requirement: Fever, tachycar-
dia, sepsis
— Reduced coronary blood flow: Hypotension, coronary
vasospasm
— Reduced myocardial O, delivery: Anemia, hypoxemia
e Type III: Sudden cardiac death with suggestive symptoms
with presumed new ECG changes but no time to check for
biomarker elevation
e Type IV: Associated with percutaneous coronary interven-
tion (PCI)
e Type V: Associated with coronary artery bypass graft
surgery
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e Non-MI Troponin Elevation: Myocardial injury not due to
ischemia. Examples include decompensated heart failure,
blunt cardiac injury, or defibrillator shocks.

Initial Management (Fig. 1.3)

e Rule-out STEMI: Serial 12-lead ECGs.

— Repeat at 15-30 min intervals if patient remains symp-
tomatic since NSTEMI can evolve to STEMI

Ischemic Pain

ECG ——>

No STEMI
(may still have ischemia)

Aspirin, second anti-platelet agent,
heparin, statin, beta blocker, relieve pain
(nitro) unless contraindicated

STEMI
Activate Cath Lab

Cath Lab

Risk Stratify

Ischemia-guided

FIGURE 1.3 Management algorithm for acute coronary syndrome

Development of
high-risk features



Chapter 1. Acute Coronary Syndrome 9

Clinical Pearl

While ST elevations can be used to localize a culprit
coronary lesion, ST depressions perform poorly in this
regard and should not be relied upon for localization.

Relieve ischemic pain:
— Nitroglycerin: Titrate to chest pain-free (see below)
— Morphine: Minimize use to avoid masking, rather than
treating, ongoing ischemic symptoms.
— DON’T USE NSAIDS: 1 risk of cardiovascular events
(death, MI, heart failure, stroke)
Decrease myocardial oxygen demand: Reduce tachycardia
and hypertension
— Beta blocker: Cardioselective is preferred (atenolol or
metoprolol)
Addresses tachycardia, hypertension, and prevents
ventricular arrhythmias
Goal of HR 60-70
Contraindicated in:
e Cocaine-induced MI. (Give benzodiazepines
instead!) Or labetalol.
Hypotension
Decompensated heart failure
Reactive airway disease
PR interval > 0.24 s, or second degree AV block
Mortality | in patients who receive p-blockers [11].
— Nitroglycerin: Predominantly venodilator (| preload),
also arteriodilator (| afterload)
May cause reflex tachycardia (1 myocardial oxygen
consumption,) unless concurrent beta-blocker given
SL NTG (0.4 mg) every 5 min for a total of three
doses
IV NTG for up to 48 h after UA/NSTEMI for isch-
emia/ongoing chest pain, heart failure, HTN
e Does not decrease mortality. Should not preclude
other mortality-reducing therapy.
e Development of tachyphylaxis to NTG gtt after
~24 h.
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Contraindicated in:

e MI with RV involvement due to risk of hypoten-
sion. Consider RV infarct with inferior STEMI,
can use right-sided leads to confirm.

e Severe aortic stenosis, since patients are
preload-dependent

¢ Phosphodiesterase inhibitor (e.g. sildenafil) taken
within 24 h

e [ncrease oxygen delivery to myocardium
— Supplemental O, for hypoxemic patients only.
Hyperoxia can cause coronary vasospasm [12]

e Antithrombotic therapy (Table 1.3)
— Aspirin: Aspirin 325 mg chewed immediately, then
81 mg daily in all patients who can tolerate
— Second antiplatelet therapy: This decision should be dis-
cussed with a cardiologist.
Some patients may require urgent CABG, and may
bleed excessively if given a second anti-platelet
agent. But for patients receiving PCI, pre-loading
with P2Y12 inhibitor was shown to reduce composite
major adverse cardiac events.
Trials demonstrate anti-ischemic benefits of clopido-
grel without an increase in life-threatening bleeding
during CABG [13].

Clinical Pearl

In ACS, supplemental oxygen should be given to hypox-
emic patients only. Hyperoxia can lead to coronary
vasospasm.

— Anticoagulant therapy: Heparin or enoxaparin w/aspirin
reduced 7-day mortality or MI by 50% in early studies
[14], but this data largely comes from the pre-PCI era
and its contemporary benefit is likely attenuated.

Duration: 48 h or until PCI is performed (Class I,
LOE B) [15]
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TaBLE 1.3 Pharmacology of P2Y , Anti-platelet Agents

Clopidogrel Ticagrelor Prasugrel
Characteristic (Plavix™)  (Brilinta™) (Effient™)
Loading dose 600 mg 180 mg 60 mg
Maintenance dose 75 mg QD 90 mg BID 10 mg QD
ADP P2Y, Irreversible Reversible Irreversible
inhibition
Onset with loading3-5 h 2h 1 h (loading
dose
contraindicated
until after
diagnostic
angiography)
Duration of effect 5-9 days 1-2 days 5-9 days
Side effects Bleeding, Bleeding, Bleeding
rash, dyspnea (14%),
neutropenia bradyarrhythmias,
(rare) turic acid
Clearance Renal Hepatic (75%), Renal
renal (25%)
Contraindications Active History of History of
bleeding, intracranial TIA/stroke,
allergy hemorrhage, active bleeding,

active bleeding,
allergy

allergy

0D once daily, BID twice daily, ADP Adenosine diphosphate

e Guard against ventricular arrhythmias

— Beta-blocker as above

— Correct electrolyte abnormalities, replete K* to4 mEq/L
and Mg? to 2 mEq/L [16]
e Guard against ventricular remodeling/aneurysm formation/

rupture

— Discontinue NSAIDs and COX-2 inhibitors (other than

ASA)

— Start ACE-inhibitor/ARB if pulmonary congestion or
LVEF <40% and no hypotension
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Risk Stratification

e FEarly invasive (cath within 448 h) strategy if:

— Unstable: Refractory pain, hemodynamically unstable,
electrically unstable (arrhythmia) (Class I, LOE A) [15]

— Initially stable, but with high-risk features (Class I, LOE
B) [15]:

Recurrent angina or ischemia at rest or with low-
level activities despite medical therapy

PCI within 6 months

Prior CABG

High risk score: TIMI =3, GRACE >140 (see below)
Reduced left ventricular function (LVEF less than
40%)

Elevated cardiac biomarkers (TnT or Tnl)

New or presumably new ST-segment depression
Signs or symptoms of HF or new or worsening mitral
regurgitation

High-risk findings from noninvasive testing

e Risk stratification scoring systems advised by AHA: TIMI,

GRACE
— TIMI score: ARSERBA acronym. Predicts mortality,
new/recurrent M1, or revascularization at 14 days

1 point each. Low: 0-2 (5-8% risk), Medium: 3-4

(13-20% risk), High: 5-7 (26-40% risk)

Age > = 65 years

Risk factors (3+) for CHD: HTN, DM, HLD, smok-
ing, or positive family history of early MI

Stenosis of coronaries > = 50% (known from prior
angiography)

ECG ST segment deviation

Recurrent angina (2+ anginal episodes in prior 24 h)
Biomarkers: Elevated serum cardiac biomarkers
ASA within 7 days (marker for more severe coronary
disease if event occurred despite ASA)
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Conservative/Ischemia-Guided Strategy

e If during the conservative strategy, the patient develops
high risk features, they should go to angiography
— High risk features: recurrent symptoms, heart failure,
malignant arrhythmias
e Echocardiogram to evaluate LVEF: consider angiography
if LVEF is newly reduced <40%
e Stress test: Patients without high risk features and free of
ischemia for 12-24 h (Class I, LOE B) [15]
— For intermediate or high risk results: angiography
— Low risk: can generally be managed with medications
alone
e Continue heparin for 48 h or until PCI

Early Invasive Management Strategy

e Benefits: | angina, | readmission, | MI risk, 1 long-term
survival in appropriately selected patients.
® Risks: AKI (6-13%. Contrast and atheroemboli. No 1 risk
of HD [17]), bleeding
e Selected possible scenarios based on cardiac
catheterization
— Percutaneous coronary intervention
Continue ASA
Start/continue second antiplatelet agent as directed
by cardiology
Discontinue anticoagulation following uncompli-
cated cases
- Requiring CABG (e.g.,3VD)
Continue ASA
Continue heparin until 12-24 h prior to CABG
Discontinue second anti-platelet agent 5-7 days
prior to elective CABG
— Non-obstructive CAD: Suggestive of non-ACS event,
or entity termed MINOCA (Myocardial infarction with
nonobstructive coronary arteries) (5% of MIs) [18]
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Continue ASA

Continue second antiplatelet agent if ongoing suspi-
cion for ACS

Continue heparin for 48 h

Entertain possible underlying causes (e.g.,
myocarditis)

Post-ACS Management

Medical management of ACS without PCI

— ASA 81 mg indefinitely

— Clopidogrel/ticagrelor for 12 months. (Prasugrel is only
FDA approved when PCI is planned.)

Bare metal stent

— No benefit for bare metal stents in the era of modern
drug-eluting stents when anticipated DAPT duration is
>3 months [19], and the next generation of drug-eluting
stents may narrow this margin to 1 month or shorter.

Drug-eluting stent

— ASA 81 mg daily indefinitely

— Clopidogrel/prasugrel/ticagrelor for 12 months (ACS),
or 6 months (stable CAD). Shorter durations depend-
ing on the patient’s thrombotic/bleeding risk profile and
stent characteristics and should be directed by interven-
tional cardiology

Statins: High intensity statin (Atorvastatin 40-80 mg,

Rosuvastatin 20-40 mg) is preferred indefinitely regard-

less of LDL

— | death from any cause, myocardial infarction, docu-
mented unstable angina requiring rehospitalization,
revascularization and the benefit of high intensity statin
emerges at 30 days and is persistent [20]

Long-term anticoagulation: for atrial fibrillation or LV

thrombus/apical aneurysm

ACE-inhibitor/ARB for anterior MI, EF < 40%, or with

clinical heart failure symptoms.

Beta blocker: All patients without contraindications
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Key Learning Points

1. The definition of myocardial infarction is not simply
troponin elevation, but must also include at least one
of the following: symptoms of ischemia, ischemia/
infarction on ECG, new regional wall motion abnor-
mality on TTE/nuclear study, or coronary thrombosis
at autopsy.

2. Distinguishing acute coronary syndrome (ACS) from
other causes of chest pain requires careful evaluation
of patient history, ECG, imaging and laboratory data.
The primary goal of ACS management is to relieve
ischemia, either via medical or invasive therapies.

3. For Type II MI (“demand ischemia”) the initial treat-
ment should focus on addressing the underlying
cause of increased myocardial oxygen demand, not
on invasive coronary evaluation.

4. Clinical risk stratification with the TIMI or GRACE
scores can help decide which ACS patients should
proceed to cardiac catheterization, and which patients
can be treated medically up front.
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UA Unstable Angina

D. H. Katz (<) - M. C. Gavin

Department of Medicine, Beth Israel Deaconess Medical Center,
Boston, MA, USA

e-mail: dkatz@bidmc.harvard.edu; mgavin2@bidmc.harvard.edu

© Springer Nature Switzerland AG 2020 19
B.J. Wells et al. (eds.), Handbook of Inpatient Cardiology,
https:/doi.org/10.1007/978-3-030-47868-1_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47868-1_2&domain=pdf
https://doi.org/10.1007/978-3-030-47868-1_2#DOI
mailto:dkatz@bidmc.harvard.edu
mailto:mgavin2@bidmc.harvard.edu

20 D. H. Katz and M. C. Gavin
Diagnosis
Differentiating CAD, SIHD, and ACS

e Coronary artery disease (CAD) is the presence of athero-
matous plaque in the coronary arteries, which may or may
not cause symptoms.

e Stable ischemic heart disease (SIHD) is a syndrome
marked by stable angina: pain or pressure brought on
reliably by exertion or emotion and relieved by rest or
nitroglycerin. This may or may not be associated with
obstructive CAD.

e In contrast, unstable angina (UA) describes angina of
increasing severity or frequency beyond baseline, some-
times occuring at rest without an apparent trigger and is
the clinical manifestation of an acute coronary syndrome
(ACS) (see Chap. 1).

e ACS occurs when there is an abrupt reduction in coronary
blood flow or a mismatch in myocardial oxygen supply and
demand, and includes a spectrum from UA to myocardial
infarction (MI).

e Do not confuse a new diagnosis of SIHD with ACS; they
are separate clinical syndromes as explained above.

— Patients may present for the first time with the clinical
syndrome of SIHD after many months of symptoms,
but they do not have UA.

Cardiovascular Risk in Patients Presenting
with Chest Pain (Fig. 2.1)

e Begin with baseline risk using the patient’s age, sex, and
type of angina (Table 2.1).

e Add in other canonical risk factors that increase the likeli-
hood of CAD and can shift the likelihood of a given symp-
tomatic patient having obstructive coronary disease
significantly [1].

e The American College of Cardiology provides an online
calculator to estimate lifetime and 10-year cardiovas-
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TaBLE 2.1 Pretest likelihood of coronary artery disease in symptom-
atic patients according to age and sex

Non-anginal Atypical Angina, Typical
Age,y  Chest Pain, % % Angina, %

Men Women Men Women Men Women
30-39 177 5.3 28.9 9.6 59.1 275
40-49 24.8 8.0 38.4 14.0 68.9 36.7
50-59 33.6 11.7 48.9 20.0 773 471
60-69 43.7 16.9 59.4 277 83.9 577
70-79 54.4 23.8 69.2 370 88.9 677
>80 64.6 32.3 775 474 92.5 76.3

Adapted with permission from Ref. [4]

cular risk based on risk factors (http://tools.acc.org/
ASCVD-Risk-Estimator-Plus).

e Current guidelines acknowledge that certain risk enhanc-
ers beyond the factors in the calculator exist [2].

Physical Exam

e The physical examination is often normal or nonspecific in
patients with STHD, but it is useful to look for other associ-
ated findings that suggest non-coronary atherosclerotic
vascular disease [3].

Preliminary Workup of Suspected SIHD

e Labs
— Lab work in SIHD is not a critical element of diagnosis,
but is needed to assess comorbidities and risk.
— CBC, CMP, lipid panel, HbAlc, BNP, and baseline CK
should all be considered especially at initial diagnosis of
CAD.


http://tools.acc.org/ASCVD-Risk-Estimator-Plus
http://tools.acc.org/ASCVD-Risk-Estimator-Plus
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Uninterpretable ECG for Stress

» Left ventricular hypertrophy with associated
repolarization abnormalities

Left bundle branch block

Ventricular pacing

Digitalis effect

Wolf-Parkinson-White

>1mm resting ST segment depression

FiGURe 2.2 Features of an uninterpretable ECG

e FElectrocardiogram

— All patients with suspected SIHD should have a resting
electrocardiogram (ECG) [1].

— Most patients with SIHD have a normal resting ECG,
but pathologic Q waves indicate a prior myocardial
infarction (MI).

— Also, resting ECG abnormalities help determine which
stress test to select for patients who need stress testing
(Fig. 2.2).

e FEchocardiography

— Rest echocardiography is not always needed.

— Consider rest echocardiography when patients have:

e Signs or symptoms suggesting heart failure or cardiac
valve disease

e Known prior MI or a pathologic Q-wave on the ECG
suggesting prior infarction

e ECG findings of complex ventricular arrhythmias,
which could suggest underlying cardiomyopathy [1].

Specific Testing in Suspected CAD: Who to Test

e The goal of non-invasive testing is to reliably identify
patients with CAD and to estimate prognosis.

e The value of testing symptomatic patients is greatest when
the cause of chest pain is truly uncertain (i.e., pretest prob-
ability between 20% and 80%).
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Among patients with a very low probability of CAD
(Fig. 2.1 and Table 2.1), additional testing is generally not
indicated and may result in a false positive test.
Before testing, consider the pretest probability for CAD in
symptomatic patients, the ability to exercise, and any
abnormalities on the resting ECG (Fig. 2.3) [4].

Specific Testing in Suspected CAD: Stress Testing
(See Table 2.2)

Stress testing, or functional testing, is the most common

form of non-invasive testing.

The clinician must select both the stressor (exercise or

pharmacologic) and the modality to assess ischemia (ECG,

Echocardiography, or Single photon Emission Computed

Tomography [SPECT], and, less often, Positron Emission

Tomography [PET] or cardiac MRI).

If patients have intermediate risk, can exercise, and have

an interpretable ECG (Fig. 2.3), exercise ECG without

imaging carries a Class IA indication [1].

Sensitivity of exercise without imaging is limited at 61%

(i.e., 39% false negative rate) and worse for women [1].

In practice, it is often preferred to add imaging to improve

sensitivity. Use of imaging for this indication carries a

Class Ila indication in the guidelines [1]. It is essential to

add imaging if the ECG is uninterpretable.

Adding any imaging modality — echocardiography, SPECT,

or PET - can significantly improve sensitivity. See Chap. 31

for more detail.

Pharmacologic stress with imaging can be used for patients

who cannot exercise or cannot exercise strenuously enough

to generate a valid test result.

— Most commonly, dobutamine is the pharmacologic
stress agent of choice for echocardiography

— Vasodilators (regadenoson or dipyridamole) are the
preferred agents for SPECT imaging.
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TaBLE 2.2 Summary of CAD testing options

Preferred Stress

Test Modalities Pros Cons
ECG Exercise Low cost Lowest
without sensitivity
imaging (61%)limited
by ECG
suitability
Stress Exercise, Highly Less
Echo Dobutamine sensitive interpretable
Also obtain in LBBB or
valvular data paced hearts
and filling Poor image
pressures quality can
No radiation occur in
very thin or
very obese
individuals
SPECT Exercise, Highly Radiation
vasodilator sensitive More
(regadenoson, Works well expensive
dipyridamole, in overweight
adenosine) individuals
PET Vasodilator Extremely Radiation
(regadenoson, sensitive More
dipyridamole, Works well expensive
adenosine) in overweight Not widely
individuals available
Can provide
microvascular
dysfunction
data
MRI Dobutamine, Extremely Requires
Vasodilator sensitive breath-holds
(regadenoson, Works well for quality
dipyridamole, in overweight More
adenosine) individuals expensive
Can provide Not widely
viability data available
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TABLE 2.2 (continued)

Preferred Stress

Test Modalities Pros Cons

CCTA N/A No exercise Requires
required iodinated
Only non- contrast
invasive Some
anatomic test, radiation
giving data Images
on coronary limited in
anomalies irregular
Less radiation rhythms or
than SPECT high heart

rates

ECG electrocardiogram, LBBB Left Bundle Branch Block, Echo
echocardiogram, CCTA Coronary Computed Tomography
Angiogram, SPECT Single-Photon Emission Computed
Tomography, PET Positron Emission Tomography, MRI Magnetic
Resonance Imaging

e The sensitivity of SPECT and stress echo for CAD are
similar enough that choice of test depends in part on the
resources and technical expertise at a given institution [1].
These additional factors should also be considered:

— Echocardiography has no radiation and provides infor-
mation on valvular function and filling pressures.

Clinical Pearl

In patients with left bundle branch block or ventricular
pacing, stress echo is not recommended because the
abnormal electrical activation of the heart impairs the
interpretation of ischemia in the interventricular sep-
tum (LAD territory).

— SPECT and PET imaging are less susceptible to poor
image quality related to body habitus.
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Specific Testing in Suspected CAD: Anatomical
Testing

e An alternative to functional testing is non-invasive ana-
tomical testing in the form of coronary computed tomog-
raphy angiography (CCTA).

e Anatomical testing is best in those with contraindication
to stress testing or who cannot exercise.

e |t also has the advantage of identifying non-obstructive
coronary disease and coronary congenital anomalies.

e CCTA showed no difference in adverse cardiovascular
events compared to functional testing when used as the ini-
tial diagnostic test among intermediate risk patients with
symptomatic SIHD (PROMISE, NEJM 2015) [5].

o When added to standard care in SIHD, CCTA lowered rates
of combined primary endpoint of death from CHD or non-
fatal MI (SCOT-HEART, NEJM 2018) [6].

Specific Testing in Suspected CAD: Invasive
Coronary Angiography

e Often the best initial test in ACS, less useful in SIHD

e In patients with a high likelihood of disease (i.e., >90%)
based on symptoms and clinical risk factors (especially
when already on anti-anginal medication), non-invasive
testing provides little additional information, so invasive
testing is required if it will affect therapy.

Specific Testing in Already Known CAD

e For patients who carry a confirmed diagnosis of CAD and
are having symptoms on anti-anginal therapy, functional
testing with imaging is used to localize and quantify the
extent of ischemic myocardium to inform decisions on
revascularization [7].

e CCTA is less valuable in this setting.
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SIHD Without Obstructive CAD

Up to 30% of patients presenting with angina have no
obstructive CAD.

Among these patients, 50-65% are believed to have coro-
nary microvascular dysfunction.

Angina without obstructive coronary disease is more com-
mon among women [8].

MRI and PET protocols have the ability to detect micro-
vascular dysfunction non-invasively [9].

There is an increased risk of ischemic events in both
microvascular disease and non-obstructive epicardial
coronary atherosclerosis [10, 11]. Medical therapy is still
indicated!

When to Refer to a Cardiologist

Patients in whom noninvasive testing is contraindicated.
Patients with a high likelihood of CAD, or uncertain diag-
nosis after noninvasive testing in whom coronary angiog-
raphy should be considered [7].

Patients with suspected microvascular dysfunction or vari-
ant (Prinzmetal’s) angina.

Guideline-Directed Medical Treatment

(GDMT)

Goals of Treatment

e Prevention of ischemic events (cerebral, coronary, and

peripheral) (Fig. 2.4).

e Reducing the burden of anginal symptoms.
e Patients with CAD still benefit substantially from treat-

ments that reduce cardiovascular events even if symptoms
are minimal or none.
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Behavior Modification

Smoking cessation: Smoking increases cardiovascular dis-
ease mortality by 50%.

Physical activity: Current guidelines recommend 150 min-
utes of at least moderate activity per week [22]. Patients
with SIHD and those post-MI should participate in a car-
diac rehabilitation program [1].

Dietary modification: Emphasize intake of vegetables,
fruits, whole grains, legumes, healthy protein sources (low-
fat dairy products, low-fat poultry (without the skin), fish/
seafood, and nuts), and non-tropical vegetable oils. The
intake of sweets, sugar-sweetened beverages, and red
meats should be limited [2].

Alcohol Moderation: No harm and possible cardiovascular
benefit for one drink per day with no benefit and likely
harm beyond two drinks per day [12]. Bouts of heavy
drinking worsen hypertension and precipitate ischemia in
SIHD, and should be avoided [13].

Psychological well-being: Interventions to reduce psycho-
logical stress may improve clinical outcomes in patients
with STHD [14].

Pharmacologic Therapy for Specific Risk Factors

Lipids

HMG-COA reductase inhibitors (statins) should be used
for lipid management, unless contraindicated or adverse
events occur.

In SIHD patients under 75, high-potency statin (atorvas-
tatin 80 mg or rosuvastatin 20-40 mg) is recommended.
A moderate potency statin can be considered for patients
over 75.

As an update in the 2018 guidelines, adding ezetimibe and
PCKS9 inhibitors in sequence to reach a low-density lipo-
protein cholesterol (LDL-C) goal of <70 mg/dL should be
considered for patients at high risk
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— This group includes patients with a history of multiple
previous events, or those with one event and multiple
risk factors

e Niacin is no longer recommended for the lowering of
LDL-C [2].

e Low doses of over-the-counter fish oil have not shown con-
sistent benefits, and are not presently recommended [15].

e However, icosapent ethyl, a highly purified and stable EPA
ethyl ester, reduced cardiovascular events 25% on top of
high-dose statins and aspirin in patients with SIHD and
elevated triglycerides (LD L-C between 41 and 100 mg/dL
and fasting triglycerides 135-499 mg/dL) (REDUCE-IT,
NEJM 2019) [16].

Hypertension

e Current guidelines recommend a goal BP of <130/80 mmHg
in SIHD [17].

e [n patients over 50 with SIHD, achieving a systolic blood
pressure of 121 mmHg versus 136 mmHg with anti-
hypertensives decreased major adverse cardiovascular
events (MACE) by 31% with a number needed to treat
(NNT) of 44 (SPRINT, NEJM 2015) [18].

e Agent of choice depends on other comorbidities (e.g.,
angina, congestive heart failure, chronic kidney disease, or
diabetes)

Diabetes

e Certain SGLT2 inhibitors (empagliflozin and canagliflozin)
have been shown to reduce cardiovascular events [19].

e Certain GLP-1 receptor agonists (liraglutide and semaglu-
tide) have also been shown to reduce ischemic events in
patient with STHD [19].

e It is recommended to add these agents to metformin in
SIHD patients not at their glycemic target [19, 20].
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Obesity

e Beyond lifestyle change, if BMI > 35, weight loss surgery
should be discussed in all patients with SIHD, especially in
patients with type 2 diabetes for whom Roux-en-Y gastric
bypass has been shown to reduce cardiovascular events [21].

Pharmacologic Therapy to Prevent MI or Death
in SIHD Independent of Risk Factors

Antiplatelet Therapy

e All patients with CAD should be treated with low-dose
aspirin, usually 81 mg.

e When aspirin is contraindicated, patients can be treated
with clopidogrel 75 mg daily.

Anticoagulation

® Rivaroxaban at a very reduced dose of 2.5 mg twice daily
likewise demonstrated a reduction in cardiovascular mor-
tality among patients with SIHD at the expense of
increased bleeding (COMPASS, NEJM 2017) [22] and may
be useful in patients with favorable bleeding profiles.

Other Therapies

e Patients with SIHD should receive an annual influenza
vaccine [1, 23].

Medications that Treat Angina

e Short acting nitrates in the form of sublingual nitroglycerin
or nitroglycerin spray should be used for immediate relief
of angina.
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— Patients can administer one dose every 5 minutes for up
to three doses.
— Warn patients about the interaction between nitrates
and PDES inhibitors leading to hypotension.
e f-blockers should be prescribed as initial therapy for pro-
longed relief of symptoms.

Clinical Pearl

All beta blockers reduce symptoms, though in patients
with peripheral arterial disease, drugs with additional
alpha blockade, such as carvedilol or labetalol, may pre-
vent vasoconstriction mediated by unopposed alpha
agonism [1].

— In patients with reduced EF, carvedilol, metoprolol suc-
cinate, and bisoprolol should be favored per guidelines
[24].

e Calcium channel blockers or long-acting nitrates (isosor-
bide or nitropaste) can be prescribed when p-blockers are
contraindicated (e.g., severe bronchospastic lung disease)
or produce unacceptable side effects.

— Non-dihydropyridine calcium channel blockers (diltia-
zem and verapamil) should be avoided in patients with
reduced ejection fraction given their negative inotropic
effects; dihydropyridine calcium channel blockers such
as amlodipine are preferred.

e Ranolazine is an anti-anginal that appears to reduce
angina through its effect on the late sodium current.

— It prolongs QTc and therefore should be used with cau-
tion if a patient is on other QT prolonging medications.
Side effects are primarily GI upset. Usually a fourth line
agent.

Revascularization in SIHD

e Revascularization (either by PCI or CABG) is indicated in
patients with ischemic symptoms that are progressive or
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refractory to maximal medical management (Class 1A rec-
ommendation) [1].

Among patients with a low burden of angina, a sham-
controlled trial of up front revascularization plus aggres-
sive medical management did not demonstrate
additional angina reduction. (ORBITA, Lancet 2018)
Anginal frequency should therefore be taken into con-
sideration when making revascularization decisions.

In a large randomized control trial of patients with
SIHD and moderate-severe ischemia on stress test, rou-
tine invasive therapy did not reduce major adverse
cardiac events vs medical therapy alone, but improved
angina burden and quality of life if they had angina at
baseline (ISCHEMIA, NEJM 2020).

It is not clear if routine revascularization in combination
with GDMT reduces rates of death or ischemic events.
Based on observational data, many treat symptomatic
patients with proximal left anterior descending artery
disease or multivessel disease with an initial strategy of
revascularization plus GDMT given the large area of isch-
emia [25,26]. The guidelines generally support CABG over
PCI for the intention of improving survival in these cases
[1,2728].

Key Learning Points

The most useful preliminary predictors of clinically
significant CAD are age, sex, type of chest pain, and
comorbid conditions including tobacco use, hyperlip-
idemia, hypertension, family history of premature
CAD, and diabetes mellitus.

Nearly all patients should have a non-invasive func-
tional (exercise or pharmacologic stress test with
ECG, echo, or nuclear imaging) or anatomic (CCTA)
assessment for CAD. The type of non-invasive test is
determined using pre-test probability of CAD, rest-
ing ECG, and the ability to exercise.

The clinician should consider moving directly to
coronary angiography in a limited subset of patients.
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e The goals of treatment are to minimize adverse
cardiovascular outcomes and death and reduce
symptoms. These goals can involve independent
pharmacotherapy.

e All patients should have guideline-directed medical
therapy to reduce the risk for mortality and relieve
symptoms.

e Consider revascularization in conjunction with a spe-
cialist for patients at high risk for mortality, espe-
cially those with persistent symptoms despite GDMT.
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Abbreviations

AF Atrial Fibrillation

AV Atrioventricular

CTI Cavo-tricuspid isthmus

DAPT Dual antiplatelet therapy
DCCV direct current cardioversion

INR International normalized ratio
LAA Left Atrial Appendage

LV Left ventricle

TEE Transesophageal echocardiogram
Terminology

e Paroxysmal AF spontaneously terminates within 7 days of
onset.
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Persistent AF lasts for >7 days and requires an interven-
tion to restore sinus rhythm.

Permanent or chronic AF is persistent AF which has been
refractory to intervention or for which intervention to
restore sinus has eventually been deemed futile/
inappropriate.

Conversion pause: transient bradycardia caused by delayed
sinus node recovery following transition from atrial fibril-
lation to sinus rhythm.

Tachy-brady Syndrome refers to co-existence of rapid
rhythm (i.e., rapid ventricular heart rate during periods of
atrial fibrillation) and bradycardia (i.e. conversion pauses
and/or sinus bradycardia).

Epidemiology of Atrial Fibrillation

Risk Factors for AF include: Age, hypertension, diabetes,
obstructive sleep apnea, pulmonary disease, abnormal left
ventricular systolic function, myo- and pericarditis, acute
illness, alcohol intake, hyperthyroidism, surgery (especially
cardiac surgery) [1].

AF is rarely a manifestation of cardiac ischemia.

Consequences of Atrial Fibrillation

Common symptoms of AF include palpitations, dyspnea,
chest pain and fatigue.

Stroke.

Patients whose ventricular filling is largely dependent on
the atrial kick, such as those with diastolic LV dysfunction
or restrictive cardiomyopathy, may develop systemic hypo-
perfusion due to loss of atrial contraction.

Sustained rapid ventricular rates in AF beyond 7-10 days
may lead to a tachycardia-induced cardiomyopathy.
Syncope is often a manifestation of a conversion pause.
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e If a patient with atrial fibrillation is found to have a regular
ventricular rhythm without clear atrial activity (“regular-
ized” AF), this can be a manifestation of complete heart
block and should prompt an urgent cardiology
consultation.

Thromboembolic Risk

e Given difficulty in establishing AF burden, paroxysmal
and chronic AF should generally be approached similarly
in terms of risk of thromboembolism.

— Controversy exists regarding this and very brief epi-
sodes of AF detected incidentally, for example upon
interrogation of an implanted pacemaker, and may
prompt a discussion with a cardiologist about the value
of anticoagulation on a patient-specific basis.

e CHA,DS,-VASc score is a commonly used risk score to
estimate the risk of thromboembolism (Table 3.1).

— (C) Congestive heart failure (+1); (H) Hypertension
(+1); (A) Age (65-74, +1; 75 or greater, +2); (D)
Diabetes mellitus (+1); (S) History of stroke (+2); (VA)
vascular disease, including history of coronary artery
disease or peripheral vascular disease (+1); (Sc) Female
gender (+1).

Evaluation of Patients with New Atrial
Fibrillation

e Evaluate whether the patient is hemodynamically stable
and needs rapid restoration of sinus rhythm.

e Assess for: acute illness, recent surgery, alcohol use, history
of structural heart disease, hyperthyroidism.

e Assess the risk factors for thromboembolism.

e Perform transthoracic echocardiogram to assess ventricu-
lar and valvular function.
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TaBLE 3.1 Risk of stroke in patients with atrial fibrillation [2]
CHA2DS2VASc score Risk of stroke per 100 years at risk
0.2

0.6
22
32
4.8
72
9.7
11.2

10.8
12.2

O 0 N N K B WD = O

e Patients with cryptogenic stroke or other arterial thrombo-
embolic event without explanation should be considered
for long-term cardiac monitoring to assess for occult AF.

Anticoagulation for Atrial Fibrillation

e To reduce the risk of stroke, anticoagulation is recom-
mended for any patient with CHA2DS2VASc score > 2.
— Anticoagulation should be strongly considered for any

patient with a score = 1 if this is not based solely on
gender.

e Prior pulmonary vein isolation or MAZE procedure does
not eliminate the risk of stroke and anticoagulation should
not be discontinued solely on the basis of having under-
gone the procedure.

e Aspirin has no evidence of prevention of stroke and
should not be used as monotherapy for stroke
prevention.
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— Aspirin plus Clopidogrel has some benefit in stroke
prevention but is inferior to the use of an anticoagulant
[3].

Non-vitamin K anticoagulants (Table 3.2) are considered

first-line in the treatment of AF (except for patients with

mechanical heart valves, moderate or severe rheumatic

mitral stenosis and advanced renal disease) [4].

Rivaroxaban.

Dabigatran.

Apixaban.

— Edoxaban.

If warfarin is used for stroke prevention in atrial fibrilla-

tion, INR goal is 2.0-3.0.

For patients on warfarin, time in therapeutic range of

>60% has been shown to achieve stroke risk reduction [5].

In cases of severe bleeding:

— Patients on warfarin can be treated with vitamin K,
fresh frozen plasma and prothrombin complex
concentrates.

— Novel reversal agents are available for direct oral
anticoagulants.

Andexanet alfa for rivaroxaban and apixaban.
Idarucizumab for dabigatran.

In cases when anticoagulation needs to be interrupted for

a procedure.

— Bridging anticoagulation should generally be pursued
for patients on Warfarin if CHADS2 score > 5, there is
a history of prior stroke, and for those patients with AF
who also have mechanical heart valves. Bridging should
be considered for patients with AF who have additional
stroke risks, such as low LV ejection fraction.

— Patients on non-vitamin K-dependent anticoagulants
generally do not require bridging anticoagulation [6].
In patients with indication for dual antiplatelet therapy

(DAPT) after percutaneous coronary interventions.

— Rivaroxaban 15 mg/day + Clopidogrel showed equiva-
lent level of cardiovascular mortality compared with
warfarin + DAPT, with less bleeding. (PIONEER trial)

[7]-
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— A regimen that included Apixaban and Clopidogrel
resulted in less bleeding and fewer hospitalizations
without significant difference in stroke compared to
regimens that included Warfarin, Aspirin or both
(AUGUSTUS trial) [8].

Surgical or percutaneous left atrial appendage (LAA)

exclusion should be considered in patients for whom long-

term anticoagulation is either not feasible or associated
with unacceptable bleeding risk.

— Watchman percutaneous LAA occlusion system is cur-
rently FDA-approved, but notably still requires full
anticoagulation for 45 days following implantation.

— Surgical ligation can be done as a standalone procedure
or as part of other cardiac surgery.

Heart Rate Control in Atrial Fibrillation

Randomized trials generally show no significant difference

in mortality or incidence of stroke between rate control

and rhythm control strategies in AF (AFFIRM trial) [9].

— Highly symptomatic patients may have been
underrepresented.

— Mortality may have been increased by discontinuation
of anticoagulants in the rhythm control group.

Ventricular heart rate in AF is determined by multiple fac-

tors, such as balance between sympathetic and parasympa-

theticstimulation, medications which affect atrioventricular

(AV) nodal conduction, and metabolic derangements (i.e.

thyroid dysfunction).

— Slow ventricular rate (i.e. less than 60 beats/minute)
suggests slow AV conduction.

— Very rapid ventricular rate (i.e. greater than 200 beats/
minute) suggests the presence of an accessory pathway.

Uncontrolled elevation in ventricular rate has been associ-

ated with the development of cardiomyopathy.

Goal heart rate is generally <110 beats/minute.
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— RACE 1I Trial randomized patients to lenient
(<110 bpm) vs. strict (<80 bpm) rate control. There
was no difference in three-year incidence of cardio-
vascular death, HF hospitalization, stroke, systemic
embolism, bleeding and life-threatening arrhyth-
mia. However, results may not be generalizable
since: the “lenient” group may have been treated
more aggressively than expected (i.e. mean heart
rate 86 bpm at 12 months), the trial included only
patients with permanent AF and it took place in the
outpatient setting [10].

e Therapies for control of heat rate include (Table 3.3):

TaBLE 3.3 Common heart rate control medications for atrial

fibrillation
Medication
Class Medication  Acute Dosing Considerations
Beta Metoprolol  2.5-5mg IV May be
blocker over 2 minutes; particularly
may be repeated  effective in
every 5 minutes  AF in high
up to a total of catecholamine
15 mg states.
Typically
Esmolol Bolus of
0.5 mo/ke IV followed by oral
> MEKS beta blocker
over 1 minute;
such as Atenolol,
followed by
50 po/ke/mi Metoprolol,
wg/kg/min Timolol, Pindolol,
Propranolol  Bolus 1 mg/ Nadolol,
minute IV Bisoprolol or

Carvedilol.
Monitor for
bronchospasm,
hypotension,
worsening
heart failure,
bradycardia.

(continued)
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TABLE 3.3 (continued)

Medication

Class Medication

Acute Dosing

Considerations

Calcium Diltiazem
channel

blocker

Verapamil

Cardiac
glycoside

Digoxin

Bolus 0.25 mg/
kg IV over

2 minutes,
followed by
0.35 mg/kg
over 2 minutes;
followed by
infusion of
5-15 mg/hour

Bolus 5-10 mg
IV over

2-3 minutes;
may be
repeated every
15-40 minutes;
followed by
maintenance
infusion of
5-20 mg/hour

0.25-0.5 mg IV
over several
minutes; repeat
025 mg IV
every 6 hours
to a maximum
of 1.5 mg

over 24 hours;
followed by oral
maintenance
dose of 0.125-
0.25 mg per day

Monitor for
hypotension,
worsening
heart failure,
bradycardia

Generally
reserved for
patients who do
not respond to
beta blocker to
calcium channel
blocker.
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— Calcium channel blockade with non-dihydropyridine
calcium channel blockers (i.e. Verapamil or Diltiazem).

— Beta blockade; particularly in patients with high adren-
ergic tone (i.e. post-operate AF).

— Enhancement of vagal tone with Digoxin.

e Caution must be exercised with the use of calcium channel
blockers or beta blockers in patients with significantly
reduced ejection fraction and/or in whom there is concern
for low cardiac output state, since they can exert negative
inotropic effects and precipitate hypotension, bradycardia,
and/or cardiogenic shock.

e Reversible causes of tachycardia (i.e. hypovolemia, sepsis)
should be identified.

Rhythm Control in Atrial Fibrillation

e Spontaneous cardioversion will occur in 69% of patients
within the first 48 h of AF and early electrical cardioversion
may not improve maintenance of sinus rhythm at 4 weeks
compared with expectant management [11].

— AV nodal blocking agents do not promote restoration
of sinus rhythm.

e Pharmacotherapy can restore sinus rhythm in up to 50%
of cases.

¢ Electrical cardioversion (DCCV) is effective at restoring
sinus rhythm in up to 90% of patients [12].

— Risks of DCCV include: burn at location of pads, brady-
cardia and post-cardioversion pulmonary edema.
— Ensure euvolemia in patients with volume overload
prior to DCCV to reduce chance of AF recurrence.
— Following restoration of sinus rhythm, there is gradual
recovery in mechanical atrial function over a period of
3 weeks.
— Prior to cardioversion (pharmacologic or electrical), the
risk of stroke should be assessed.
In patients who are definitely known to have devel-
oped new atrial fibrillation with in <48 hours, cardio-
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version may typically be performed without
assessment for intracardiac thrombus (anticoagula-
tion should be initiated prior to cardioversion).

A transesophageal echocardiogram (TEE) should be
pursued to exclude a thrombus in the left atrial
appendage in any patient who has been in AF
>48 hours or in whom timing of AF onset is less cer-
tain (unless the patient is in a severely hemodynami-

cally unstable state due to AF).

Clinical Pearl

Consider reducing the dose of AV nodal-blocking medi-
cations prior to cardioversion

e Anticoagulation should be maintained for at least

4 weeks after cardioversion in all patients. Thereafter,
the need for chronic anticoagulation should be deter-
mined based on risk factors, as described earlier.
Monitor for post-DCCV pulmonary edema and
myocardial dysfunction due to transient stunning
(typically lasting <48 hours).

Non-pharmacologic therapies (i.e. pulmonary vein
isolation or AV node ablation with pacemaker place-
ment) may need to be considered for patients with
AF refractory to medical therapy.

Antiarrhythmic Therapy

e Procainamide, Ibutilide and Amiodarone are approved for
pharmacologic cardioversion, but success rates are lower
than with direct-current cardioversion.
Choice of antiarrhythmic medication (Table 3.4) is deter-
mined by the presence of structural heart disease, coronary
artery disease and renal disease.
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— Type lc agents (propafenone and flecainide) may be
used in patients without structural heart disease.

These should be used in combination with an AV
nodal-blocking agent to avoid the organization of
atrial flutter with 1:1 conduction.

— Sotalol, dofetilide and amiodarone may be used in
patients with coronary artery disease.

— Amiodarone may be used in patients with structural
heart disease.

— Dronedarone is contraindicated in patients with con-
gestive heart failure.

— Due to risk of pharmacologic cardioversion, these
agents should not be used in patients in whom duration
in AF is not known and who had not been on therapeu-
tic anticoagulation for at least 4 weeks (unless an LAA
thrombus is excluded by transesophageal
echocardiogram).

Clinical Pearl

Amiodarone and disopyramide may be particularly
effective  in  patients  with  hypertrophic
cardiomyopathy.

Atrial Flutter

¢ Results from rapid regular atrial depolarizations at approx-
imately 300 beats/minute and often leads to a pattern of
regular intermittent conduction via the AV node.

e Lower incidence than atrial fibrillation.

e Two general categories of atrial flutter:

— Typical atrial flutter: Macro reentrant circuit around the
cavo-tricuspid isthmus (CTI) in the right atrium.
Involves either a counterclockwise pattern of rotation
(“sawtooth” appearance, with inferior direction in the
inferior ECG leads) or a “clockwise” circuit with posi-
tive flutter waves in the inferior ECG leads.
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— Atypical atrial flutter: A reentrant circuit that can
involve any region of the right or left atria (often
around an area of scar). Can be difficult to distinguish
from a focal atrial tachycardia.

Risk of thromboembolism extrapolated from atrial fibrilla-

tion and approach to anticoagulation should be guided by

the same risk stratification scores (i.e. CHA DS -VASc).

Heart rate control is often more difficult to achieve, and

patients may benefit from earlier consideration of electri-

cal cardioversion, ablation and/or initiation of
anti-arrhythmic.

Definitive treatment with ablation is preferred for most

patients (particularly those with typical atrial flutter).

When Should a Cardiology Consultation
Be Considered

Symptomatic AF with difficulty controlling heart rate and/
or hemodynamic compromise.

Consideration of cardioversion or ablation.

Initiation of new antiarrhythmic.

Complex anticoagulation decisions in patients with high-
risk AF and bleeding.

Key Learning Points

1. Patients with atrial fibrillation should have evalua-
tion for reversible risk factors, including thyroid dys-
function, pericarditis and sleep apnea.

2. Assessment of stroke risk factors should be consid-
ered prior to initiation of an antiarrhythmic medica-
tion or non-emergent electrical cardioversion.

3. Patients who are taking antiarrhythmic medications,
have undergone ablation procedures, MAZE surgery
or left atrial appendage occlusion may still be at risk
for thromboembolism. Anticoagulation should be
guided by general stroke risk factors and bleeding risk.
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Supraventricular Tachycardia

Definition, Incidence and Prevalence

Supraventricular tachycardia (SVT) is typically a regular,
narrow complex tachycardia although underlying conduc-
tion disease (bundle branch blocks), aberrant conduction
and, rarely, antegrade conduction (atrium to ventricle)
through an accessory pathway will result in wide complex
tachycardia.

90% of SVTs include a reentrant mechanism between the
atria and the ventricle.

Atrioventricular nodal reentrant tachycardia (AVNRT)
comprises 60% of reentrant tachycardias, 30% are atrio-
ventricular reentrant tachycardias (AVRT) and the
remaining 10% are atrial tachycardias (AT).

ATs increase in frequency in older patients (>50 years old)
and AVRT becomes less common.

SVT occurs in about 35 cases in 100,000 patient years with
a prevalence of 2.25 per 1000 patients [2].

For the purposes of this chapter we will exclude atrial
fibrillation (AF) and atrial flutter as they are addressed in
a separate chapter.

Interventions for SVT

Vagal Maneuvers

During any intervention for SVT the patient should be
connected to a continuous 12-lead ECG to aid in diagnosis
of the arrhythmia.

Vagal maneuvers, including carotid sinus massage (CSM)
and the Valsalva maneuver (VM), increase the parasympa-
thetic tone which slows conduction through the atrium and
the atrioventricular node (AVN).
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e Vagal maneuvers should be first line treatment for patients
who are in SVT with stable hemodynamics.

e The VM involves inhaling followed by exhaling against a
closed glottis for at least 10-15 seconds. The patient is gen-
erally in a supine or semi-recumbent position. The modi-
fied VM, which involves supine repositioning and passive
leg raise at the end of strain, is significantly more effective
at converting patients out of SVT [1].

e CSM, which is less efficacious than VM, may also be
attempted. The patient should be in the supine position
with the neck extended. The carotid sinus is located infe-
rior to the angle of the mandible at the level of the thyroid
cartilage. Constant pressure should be applied for 5-10 sec-
onds. Contraindications to CSM include stroke or tran-
sient ischemic attack (TTA) within the last 3 months and
presence of a carotid bruit [4].

Clinical Pearl

During any intervention for SVT the patient should be
connected to a continuous 12-lead ECG to aid in diag-
nosis of the arrhythmia.

Adenosine

* Adenosine decreases the heart rate and slows conduction
through the AVN, albeit briefly as the half-life is
<10 seconds.

e IV Adenosine should be administered rapidly, over 1 to
2 seconds, followed by a rapid flush of normal saline. A
3-way stopcock may expedite the delivery of the flush. The
patient should be in the supine position. The recom-
mended initial dose through a peripheral IV is 6 mg fol-
lowed by 12 mg.

e Adenosine should always cause transient atrioventricular
(AV) block. If the bolus of adenosine fails to do so, then it
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was not administered fast enough, or the patient requires
a higher dose.

e Adenosine must be used with the utmost caution in car-
diac transplant recipients as the denervated heart is
incredibly sensitive to this medication and this may lead to
profound bradycardia or asystole.

Electrical Cardioversion

e Patients with SVT who are hemodynamically unstable
should undergo immediate synchronized electrical
cardioversion.

Clinical Pearl
Patients with SVT who are hemodynamically unstable
should undergo immediate synchronized electrical
cardioversion.

Approach to the Patient with SVT

12-Lead Electrocardiogram (ECG)

e Obtaining a 12-lead ECG is paramount for the diagnosis
of SVT as P waves may not be evident on telemetry.

e The RP relationship refers to the interval between the R
wave and the ensuing P wave and can aid in the diagnosis of
SVT. In a short RP tachycardia, the P wave will closely follow
the R wave (RP < PR), whereas the P wave will be closer to
the ensuing R wave in long RP tachycardia (RP > PR).

Response to Adenosine

e SVTs that are adenosine responsive include AVNRT,
AVRT, junctional tachycardia (JT), and some focal ATs.

¢ Any AVN dependent SVT will terminate with an adequate
bolus of IV adenosine.
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e Adenosine may be diagnostic as the delay in conduction
through the AVN may reveal discrete atrial activity.

AV Nodal Reentrant Tachycardia

e AVNRT is more common in women than men and the
ventricular rate is generally between 180 beats per minute
(BPM) and 200 BPM, although this may range from 110
BPM to >250 BPM.

e AVNRT requires dual AV nodal physiology, in which
patients have a fast and slow pathway within the AVN. The
fast pathway allows for rapid conduction but has a long
recovery period. The slow pathway results in slower con-
duction but a shorter recovery time.

Typical AVNRT

¢ In typical AVNRT, or “slow-fast” conduction, a premature
atrial contraction (PAC) will be conducted antegrade
through the slow pathway as the fast pathway is refractory
from the previous sinus beat. During this period of slow
conduction, the fast pathway will repolarize and allow for
retrograde conduction (ventricle to atrium) of the impulse.
Thus, the retrograde P will be very close in proximity to the
QRS complex (short RP interval). Conversely, a prema-
ture ventricular contraction (PVC) may conduct up the
fast pathway and start the tachycardia.

e P waves may appear as a pseudo-r’ pattern in the anterior
precordial leads. Retrograde P waves may also appear as
pseudo-S waves in the inferior leads (Fig. 4.1). An inferi-
orly directed retrograde P wave axis (upright in leads II,
IIT and aVF) excludes AVNRT.

e Vagal maneuvers should be first line for the treatment of
acute AVNRT, followed by adenosine. Adenosine should
successfully terminate AVNRT with appropriate dosing
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FIGURE 4.1 (a) This image demonstrates the precordial leads from
the baseline ECG of a 32 year-old male who was later found to have
typical AVNRT. (b) During tachycardia in the same patient a
pseudo-1’ pattern (retrograde P wave) develops conferring a short
RP interval. (¢) Note the superior axis of the retrograde P waves in
the inferior leads during tachycardia, causing pseudo-S waves
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and administration. Synchronized cardioversion is highly
recommended for both stable and unstable patients who
have failed to convert with vagal maneuvers and adenos-
ine. However, IV nodal blockade is a reasonable option in
hemodynamically stable patients.

Atypical AVNRT

e Atypical AVNRT, or “fast-slow” conduction, involves
antegrade conduction down the fast pathway with retro-
grade conduction up the slow pathway. The retrograde P
wave will be delayed due to the longer conduction time
through the slow pathway resulting in a long RP tachycar-
dia (Fig. 4.2).

e The treatment algorithm for atypical AVNRT is identical
to that of typical AVNRT.

AV Reentrant Tachycardia

e AVRT requires an accessory pathway outside of the AVN
to complete the reentrant circuit. Accessory pathways are
termed manifest if they conduct antegrade, which will
demonstrate ventricular pre-excitation in sinus rhythm
with a delta wave on the ECG (Fig. 4.3). Manifest path-
ways may conduct impulses antegrade, retrograde or both.
Those pathways that only conduct retrograde, termed con-
cealed pathways, will not produce a delta wave.

Pre-Excited Atrial Fibrillation

e AF is particularly dangerous in patients with manifest
pathways as this can lead to rapid conduction to the ven-
tricle and degenerate to ventricular fibrillation (VF). For
those with pre-excited AF (Fig. 4.4), procainamide or ibu-
tilide are first line treatment for stable patients. IV digoxin,
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FiGURE 4.2 (a) The ECG on the left represents the precordial leads
from a patient with atypical or “fast-slow” AVNRT which was cap-
tured in the precordial leads on the right. (b) The RP interval, which
is evident with the retrograde p waves in the anterior leads, is longer
than the PR interval
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FIGURE 4.3 A 34 year-old male presented with syncope and was
noted to have ventricular pre-excitation on the above 12-lead
ECG. Note the short PR interval in sinus rhythm and the delta
waves in the precordial and inferior limb leads

FIGURE 4.4 12-lead ECG from a 32 year-old male with pre-excited
atrial fibrillation

1V amiodarone, beta blockers, diltiazem and verapamil are
harmful in the acute treatment of pre-excited AF [3].

e For patients who have pre-excited AF and are hemody-
namically unstable immediate synchronized cardioversion
should be performed.
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Orthodromic AVRT

e Orthodromic AVRT involves antegrade conduction
through the AVN with retrograde conduction through
the accessory pathway. The resultant ECG demonstrates
a narrow complex tachycardia (the delta wave will
resolve as the accessory pathway will be refractory fol-
lowing retrograde conduction), barring aberrant con-
duction, with a short RP interval. The RP interval will
typically be longer than AVNRT as the accessory path-
way is extranodal.

e Vagal maneuvers and adenosine, which should termi-
nate the tachycardia, are first line therapies for AVRT. If
the tachycardia persists cardioversion can be consid-
ered. If the patient is stable and does not have evidence
of pre-excitation on the baseline ECG then IV beta
blockers, diltiazem or verapamil may terminate the
tachycardia. However, these drugs, including adenosine,
should be avoided if there is evidence of pre-excitation
given their potential to precipitate AF with rapid con-
duction to the ventricle. Therefore, cardioversion should
be available.

Antidromic AVRT

e Antidromic, AVRT only occurs in 5-10% of patients with
accessory pathways. Antidromic AVRT involves ante-
grade conduction down the accessory pathway resulting
in a wide complex tachycardia as the antegrade depolar-
ization does not propagate through the His-Purkinje
system. It may be difficult to discern from ventricular
tachycardia (VT).

e When suspected the treatment for atypical AVRT is identi-
cal to that of typical AVRT.
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Atrial Tachycardia

Focal Atrial Tachycardia

Atrial tachycardias are regular atrial rhythms with a single
focus or small (<2 cm) microreentrant circuits that pro-
duce atrial rates generally between 100 and 250 BPM. AT
can arise from specific sites in the atria and commonly
occur in structurally normal hearts.

Like other automatic mechanisms, ATs may display a
gradual onset and offset or “warm up” and “warm down”
over 34 beats if the patient is on telemetry [5]. On the
other hand, ATs may start abruptly as in Fig. 4.5.

ATs may conduct 1:1 to the ventricle, although this rela-
tionship varies, and generally appear as long RP tachycar-
dias on the 12 lead ECG. However, the RP interval will be
short in patients with first degree AV block. Further, due
to the decremental property of the AVN (more frequent
stimulation causes slower conduction through the node),
the delay through the node may not be apparent in sinus
rhythm.

The P wave axis should at least demonstrate subtle differ-
ences when compared to sinus rhythm (Fig. 4.6). A consis-
tent PP interval, the duration between consecutive P

 BER (NERR many anSn) SRR BRR MERR AN mEnN (e 2 N
PENEDVENIN GV SNV SV SOV PV BUBNT- N I

_.

MR

FIGURE 4.5 This 3-lead telemetry strip captured the onset of atrial
tachycardia from a patient admitted for palpitations. Note the
change in the T wave with the superimposed P wave, conferring a
long RP interval, as well as the abrupt increase in the rate
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FIGURE 4.6 This 68 year-old male experienced recurrent tachycardia
which was captured on this 12-lead ECG. The P wave axis is supe-
rior, opposite of that in sinus rhythm, in this long RP tachycardia.
The patient was taken to the electrophysiology lab where he was
found to have a focal AT emanating from the ostium of the coronary
sinus

waves, despite variable PR and RP intervals on the ECG
during tachycardia suggests AT.

Transient AV block following the administration of ade-
nosine may demonstrate persistent atrial activity without
ventricular conduction, allowing differentiation of AT
from AVNRT and AVRT. On the other hand, depending
upon the mechanism of the AT, adenosine may terminate
the tachycardia, although AV block usually occurs before
termination of the arrhythmia.

If AT is diagnosed, IV beta blockers, diltiazem or vera-
pamil are first line therapies for the acute treatment of
hemodynamically stable patients.

Multifocal Atrial Tachycardia

e Multifocal atrial tachycardia (MAT) involves multiple

atrial foci and manifests as 3 distinct P wave morphologies
with a ventricular rate of >100 BPM on the ECG. This
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arrhythmia usually occurs in older, critically ill patients
with severe pulmonary or cardiac disease.

e IV metoprolol may be used in the acute setting to slow the
ventricular rate, although it should be avoided in patients
with severe pulmonary disease. IV verapamil is relatively
successful at converting patients with MAT to sinus rhythm.

Junctional Tachycardia

e JT arises from the atrioventricular junction, specifically
the perinodal tissue and His bundle. P waves may appear
before, after or even within the QRS complex with a ven-
tricular rate > 100 BPM. Thus, JT may appear on the ECG
as a short or long RP tachycardia.

e JT is more common in infants and children and rarely
occurs in adults. This arrhythmia may be seen in adults
after valve surgery and tends to be transient [5].

e IV beta blockers, diltiazem, verapamil or procainamide are
reasonable options for the treatment of acute JT.

Clinical Pearls

e During any intervention for SVT the patient should
be connected to a continuous 12-lead ECG to aid in
diagnosis of the arrhythmia.

e Patients with SVT who are hemodynamically unsta-
ble should undergo immediate synchronized electri-
cal cardioversion.

e Adenosine should always cause transient atrioven-
tricular (AV) block. If the bolus of adenosine fails to
do so, then it was not administered fast enough or the
patient requires a higher dose.

e [V digoxin, IV amiodarone, beta blockers, diltiazem
and verapamil are potentially harmful in the acute
treatment of pre-excited AF.

e Adenosine should be avoided in patients with pre-
excited AF and heart transplant recipients.
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Key Learning Points

1. Supraventricular tachycardia (SVT) is typically a reg-
ular, narrow complex tachycardia although underly-
ing conduction disease, aberrant conduction and,
rarely, antegrade conduction (atrium to ventricle)
through an accessory pathway will result in wide
complex tachycardia.

2. Any SVT that is dependent on the AV node, such as
AVNRT and AVRT, should terminate with an ade-
quate bolus of adenosine.

3. Adenosine can be a diagnostic and therapeutic inter-
vention for SVT as it may terminate the arrhythmia
or block AV conduction, allowing for visualization of
discrete atrial activity. However, this medication
should be used with extreme caution or avoided in
patients who have received an orthotopic heart trans-
plant those patients with evidence of ventricular
pre-excitation.
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Chapter 5

Ventricular Arrhythmias

Soroosh Kiani and Michael S. Lloyd

Terminology and Definitions

e Ventricular Tachycardia (V'T): three or more beats at a rate
of >100 bpm that:

— originate in the tissue below the level of the atrio-
ventricular (AV) node and are independent of its
activity [1].

— These tissues can include the ventricular myocardium
as well as portions of the His-Purkinje system [2].

There are several important qualifiers when describing
ventricular arrhthmias [3]:

e Based on the length and frequency of the arrhythmia.

— Premature Ventricular Contraction (PVC): one or two
consecutive beats originating in the ventricular tissue
independent of activity of the AV node.

— Non-sustained VT (NSVT): > = 3 beats, but less than
30 seconds, with spontaneous termination.
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FIGURE 5.1 An example of VF on telemetry

— Sustained VT: >30 seconds of continuous VT or VT
requiring termination in <30 seconds due to hemody-
namic compromise.

— VT/VF Storm: > = 3 episodes of sustained VT or VF, or
appropriate ICD shocks, within 24 hours.

e Based on the QRS morphology.

— Monomorphic: VT with a single, stable QRS morphol-
ogy with no, or minimal variation beat to beat.

— Polymorphic: Changing or multiple QRS morphologies
present from beat to beat.

— Torsade de Pointes (or “Torsades”): A specific case of
polymorphic VT occurring in the context of a long QT
interval, often bradycardia dependent and occurring
after a “long-short” initiating sequence (and long cou-
pling interval to the first VT beat).

— Ventricular Fibrillation (VF): Very rapid and highly
irregular electrical activity, usually with a ventricular
rate of >300 bpm. The QRS complexes can often be of
low amplitude (Fig. 5.1).

Epidemiology

e Premature Ventricular Contractions (PVC) and NSV'T.
— Prevalence typically increases with age and are very
common those >age 50 [4].
— Frequent PVCs: 1 PVC per standard 12-lead ECG
or > 30 PVCs per hour [5].
Frequent PVCs and NSVT: associated with a higher
overall risk of poor cardiovascular outcomes and mor-
tality and should prompt further investigation [5, 6].
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Sustained VT and VF.

There is a very strong association with VT and VF with
acute coronary syndromes (ACS) including myocardial
infarction (MI) [7, 8].

Clinical Pearl

Typically, VTs associated with ACS are polymorphic [3].

50% of all people with out-of-hospital cardiac arrests
will have significant coronary artery disease.
50% of all out of hospital arrests due to VF that also
survive to hospital admission are found to have MI.
Among patients have acute MI, between 5-10% will have
sustained VT or VF before or after hospital admission.
Patients without ACS but with structural heart disease
(e.g. scar due to prior MI, non-ischemic cardiomyopa-
thies, congenital heart disease, prior cardiac surgery, or
significant valvular disease) are also at risk of scar-
related VT which can degenerate into VF [9, 10]. In
these cases, the VT is typically monomorphic [3].
Monomorphic VT in the absence of structural dis-
ease is often referred to as idiopathic and is less com-
mon [1,9].
Patients without structural disease are rarely at risk for
polymorphic VT and VFE. In this population polymor-
phic VT is usually related to an underlying channelopa-
thy, long-QT syndrome, or may be idiopathic [3, 10].

Mechanisms of Ventricular Ectopy
and Tachycardia

A detailed review of the underlying mechanisms of PVCs and
VT is beyond the scope of this chapter. In brief, these include:

e Increased Automaticity, leading to spontaneous activity

(i.e. PVCs or VT), often in ischemic tissue.
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Reentry [11], which is the most common mechanism of
sustained VT in the context of structural heart disease and
underlying scar [3].

Triggered Activity resulting in “early afterdepolarizato-
ins” [1] which may lead to VT in the context of long QT
syndromes and “delayed afterdepolarizations” [12] which
are thought to be important triggers in numerous condi-
tions including idiopathic VT, digoxin toxicity and heart
failure [3].

Diagnosis of Ventricular Tachycardia

Manifest as wide complex tachycardias (WCT) as a result
of their sites of origin.

Wide QRS complexes: duration of 120 ms or greater [13].
The differential diagnosis of WCT is discussed in Chap. 4.
Distinguishing VT from other WCT can be challenging at
times, even among experienced clinicians.

Clinical Pearl

As a general rule, all WCT should be treated at VT until
definitively proven otherwise [3]. There are several rea-
sons for this approach.

e VT is the most common etiology of WCT) in general,
representing up to 80% of cases [14].

e VT is usually more likely to be life threatening than
other WCTs. Therefore, when there is doubt, consid-
eration should be given to VT.

e Therapies for acute VT are often effective and, while
not always first line, appropriate for other WCTs.
However, the reverse is not always true and may
indeed be dangerous as common therapies for SVTs
(beta blockers, calcium channel blockers, or adenos-
ine) can lead to hemodynamic deterioration or pre-
cipitate VF in the setting of VT [2].
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The Surface ECG

Multiple systems and algorithms have been proposed to help
distinguish monomorphic VT from other WCTs [14-17].

e The most common of these is the Brugada algorithm [17].

e A more recent alternative is the so-called Vereckei algo-
rithm which may have a higher sensitivity and specificity
than the former [15].

While different in their details, most of these systems uti-
lize similar and important themes from the surface ECG
(Fig. 5.3) [2,14-17]:

1. Rate and regularity, per se, are not helpful in distinguishing
VT from other WCTs. There is a great deal of overlap in
rates in SVTs and VT. Likewise, both are frequently regu-
lar, and VT can be irregular at its onset. However, a great
deal of irregularity would suggest atrial fibrillation with
underlying bundle branch block or aberrancy [2].

2. AV dissociation (Fig. 5.2), especially with more QRS com-
plexes than p-waves (i.e. faster ventricular rate than atrial
rate) is very specific for VT [2,14].

3. The presence of fusion or capture beats are highly sugges-
tive of V'T.

e [usion beats are a fused complex of both a native QRS
and ventricular beat.

e Capture beat is a sinus beat that conducts normally and
“captures” the ventricle and temporarily usurps the
ventricular arrhythmia.

4. VT tends to produce “unusual” QRS morphologies. 1f the
QRS morphology is consistent with a typical right or left
bundle branch block (or a right bundle branch block with a
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FIGURE 5.2 A smartphone device captured this WCT which was
sustained monomorphic VT. Careful examination shows p-wave
which march out independently of the QRS complexes
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FiGure 5.3 Surface ECG of a patient in sustained monomorphic
VT. Many of the features that distinguish VT from other WCTs are
present in this example. These include AV dissociation, slurred ini-
tial deflection of the QRS complexes (evident in the precordial
leads), an atypical right bundle branch pattern in V1 (an RSr’ pat-
tern), a very wide QRS, a large positive R wave in aVR, and a
“northwest axis” see in the limb leads, as well as a fusion beat (seen
best as the first beat in leads V1 and V2)

left anterior or posterior fascicular block), then the rhythm

is less likely to be VT [2].

e Atypical bundle branch morphologies (e.g. gR, RSy or
monomorphic R-wave in V1) suggest V'T.

e Very wide QRS complexes (>160 ms for LBBB
or > 140 ms for RBBB) suggest VT.

e A change from one bundle branch morphology in native
rhythm to another in tachycardia suggests V'T.

e Paradoxically, a narrower QRS in tachycardia than in
sinus suggests VT.

5. ORS complexes in VT tend to have a slow or slurred initial
deflection. The initial site of ventricular activation of VT is
the ventricular myocardium, and not His-Purkinje system.
As a result, the initial wave front is slower than usual, pro-
ducing a slow initial deflection on the ECG.

6. Aninitial R-wave, especially if wide, in aV R represents myo-
cardial activation in an atypical pattern and suggests V'T.
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Supraventricular-to-ventricular ~ activation propagates
down the intraventricular septum and then the rest of the
ventricular myocardium and tends to produce a net vector
away from lead aVR.

e This normal pattern of activation should also result in R
waves in some precordial leads. Thus, the absence of RS
complexes in any precordial lead suggest V'T.

7. Similarly, a QRS axis that is “northwest” (i.e. -90° to +/—

180°) suggest V'T.

Inpatient Management of Ventricular
Tachycardia

The focus of this chapter will be on acute inpatient manage-
ment of sustained or hemodynamically significant VT. Primary
and secondary prevention are discussed in Chap. 7 (ICD,
CRT).

e The initial management of all tachyarrhythmias, VT or oth-
erwise, should adhere to American Heart Association
Advanced Cardiac Life Support (ACLS) guidelines [3,
18-21].

e An in-depth review of ACLS guidelines is beyond the
scope of this chapter. However, some key points are
included below in the setting of unstable VT or VF:

— High quality CPR should be administered to all patients
with cardiac arrest per ACLS guidelines.

In patients with polymorphic VT or VF, defibrilla-
tion, vasopressor therapy and IV lidocaine, can be
considered in addition to CPR.

— Any unstable VT should be promptly cardioverted with
a maximum energy direct-current shock. Should the
rhythm persist, IV amiodarone should be administered.

— Patients with polymorphic VT or VF, and with evidence
of ST-elevation MI should be considered for urgent
cardiac catheterization and revascularization.
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— An urgent consult to a Cardiovascular specialist should
be pursued in this context.
e Stable Sustained Monomorphic VT:
— [Initial evaluation: should include.
focused history and physical exam,
12-lead ECG

Clinical Pearl

Taking a moment to obtain a 12-lead ECG is invaluable
to cardiology consultants in order for proper localiza-
tion, diagnosis, and targeted treatment of VT.

e Blood work to evaluate for electrolytes and metabolic
panel, cardiac enzymes, etc. should be sent.

Clinical Pearl

Electrolytes should be corrected as soon as possible.
However, pharmacologic or electrical therapy (see
below) should not be delayed while waiting for blood
work to come back - this workup can be done in parallel
to therapy.

e Therapeutic Considerations: For patients in stable, sus-
tained monomorphic VT, electrical [22] or pharmacologic
cardioversion [3] is reasonable.

— If electrical cardioversion is pursued as a first line
therapy, it should be done with adequate sedation.

e Typical pharmacologic agents include [3, 22-27]:

— Amiodarone (150 mg over 10 minutes followed by IV
drip at 1 mg/min for 6 hours, then 0.5 mg/min).
Bolus of amiodarone can precipitate hypotension
and should be done with close monitoring.
— Procainamide (20-50 mg/min with maximum dose of
15-75 mg/kg).
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Close blood pressure monitoring (q5-10 min) is
required as hypotension can ensue on
procainamide.

Indications to terminate this therapy including:

e Hypotension.

e QRS widening by >50% of baseline width.

— Lidocaine (1-1.5 mg/kg at a rate of 25-50 mg/min) with
repeated lower doses as needed (0.5-0.75 mg/kg) every
5-10 minutes.

May be less effective than sotalol in this context but
has less risk of hypotension and pro-arrythmia.

— Sotalol (1-1.5 mg/kg at a rate of 10-20 mg/min) with
blood pressure, heart rate, and telemetry monitoring
(due to a risk of torsades due to QTc prolongation).

Should be avoided if baseline QTc is >500 ms.
Less commonly used in clinical practice in the US.

e Preventative Therapy
— Treatment of any underlying factors, including treat-
ment of heart failure, cardiac ischemia, offending medi-
cations (i.e. QT prolonging medications), and electrolyte
disturbances should be undertaken whenever possible.

— Beta Blockers are first line to prevent further ventricu-

lar arrythmias and should be wused barring
contraindication.

— Antiarrhythmic Drug (AAD) Options:
Antiarrhythmic therapy may be needed to manage
arrythmia burden, decrease the risk of defibrillator
therapies, and control symptoms [3].

Amiodarone and sotalol are mainstays of therapy,
though certainly not exclusive options for prevention
of future ventricular arrhythmias.

Clinical Pearl

AAD therapy can often be nuanced, and is associated with
risks of serious adverse events [1] and should be managed
by a cardiovascular specialist whenever possible.
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Key Learning Points

1. Understanding how to characterize various types of
ventricular ectopy is critical in order to appropriately
triage the electrical stability of the patient and deliver
appropriate therapy.

2. Distinguishing VT from other WCTs can be challeng-
ing but understanding key features unique to VE are
often helpful.

3. All WCT should be treated as VT until definitively
proven otherwise.

4. The initial management of all tachyarrhythmias, VT
or otherwise, should adhere to American Heart
Association Advanced Cardiac Life Support (ACLS)
guidelines whenever possible.
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Abbreviations

AV Atrioventricular

bpm  Beat per minute

CHB Complete heart block
ECG Electrocardiogram

HR Heart rate

SA Sinoatrial

SND  Sinus node dysfunction

Sinus Bradycardia
Definition

¢ By convention, sinus bradycardia is defined as a heart rate
(HR) less than 60 beats per minute (bpm) with a normal P
wave vector on the electrocardiogram (ECG).
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Others have advocated for definition of a HR less than
50 bpm, given sinus rates between 50 and 60 bpm may
reflect physical conditioning and not sinus node
pathology.

Causes

Medication use: beta blockers, calcium channel blockers,
antiarrhythmic medications, digoxin, ivabradine, lithium,
clonidine, methyldopa, opioids and sedatives, etc.
Myocardial ischemia (especially involving right coronary
distribution as the SA artery originates from RCA in
about 60% of people, typically due to increased vagal tone
and often transient).

Hypothyroidism.

Obstructive sleep apnea (HR may be less than 30 beats
per minute during apneic episodes).

Hypothermia.

Increased intracranial pressure.

Enhanced vagal tone (triggered by stimuli such as vomit-
ing, coughing, bowel movement, urination, and Valsalva
maneuver).

Infections such as Lyme carditis.

Highly conditioned athletes (due to increase in vagal tone
induced by exercise conditioning, typically
asymptomatic).

Sinus node dysfunction (SND, described in detail later in
this chapter).

Clinical Pearl
In normal healthy adults, sinus bradycardia is a fre-
quent finding, especially during sleep when HR may
drop as low as 30 beats per minutes, with pauses up to
2 seconds [1].
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Clinical Presentation

e Sinus bradycardia is usually asymptomatic.

89

e Typical symptoms include lightheadedness, fatigue, exer-

tional dyspnea, or chest discomfort and presyncope.

Clinical Pearl

There is no specific HR below which everybody devel-
ops symptoms, as cardiac output varies depending on
ability to augment stroke volume depending on under-
lying conditions or comorbidities.

Diagnosis/ECG Features

e ECG shows positive/upright P wave in leads I, II,aVL, and

a negative/inverted P wave in lead aVR as a result of right
atrial depolarization prior to left atrial depolarization as
well as HR less than 60 bpm.

Differentiate sinus bradycardia from other bradyarrhyth-
mias such as atrioventricular (AV) block by establishing a
1:1 relationship between P waves and QRS complexes on
the ECG.

Treatment

e Treatment is not indicated in patients who are

asymptomatic.

For hemodynamically unstable patients, consider atropine.
The initial dose of atropine is 0.5 mg IV and it can be
repeated every 3-5 minutes for a total of 3 mg. If symp-
toms do not improve with atropine, consider temporary
transcutaneous or transvenous pacing or medications such
as dopamine and epinephrine. However, also consider that
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the symptoms may not be due to sinus bradycardia
(depending on how slow the sinus rate is).

For hemodynamically stable patients, look for etiology of
the sinus bradycardia and treat accordingly.

Withhold medications that may be causing the sinus bra-
dycardia, if symptoms are documented to be a result of
sinus bradycardia. However, a pacemaker may be indi-
cated if the medication is mandatory for the treatment of
comorbid conditions.

Clinical Pearl

In patients with symptomatic bradycardia because of
calcium channel blocker overdose, consider intravenous
calcium; in those with beta-blocker overdose, consider
glucagon, and in those with digoxin toxicity, consider
digoxin Fab antibody fragment.

Sinus Pauses or Arrest

This is due to intermittent failure of the SA node to gener-
ate impulse.

It may be due to intrinsic SND or related to medications.
The ECG shows absence of a P wave at the expected time
and can last from 2 seconds to several minutes (Fig. 6.1).
The duration of the pause should have no arithmetical
relationship to the prior PP interval. This can manifest as a
delay of the next P wave (sinus pause) or complete
absence of a P wave with escape rhythm/beats (sinus
arrest).

Sinoatrial Exit Block

This occurs when there is interference with impulse con-
duction from the SA node to the atria.
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FiGgure 6.1 ECG showing sinus arrest on the right hand of the trac-
ing with junctional escape rhythm. No P wave is seen at the expected
time (hollow arrows)

e It can be due to medications, increased vagal activity, infil-
trative, ischemic, or inflammatory diseases.
e SA exit block can be first degree, second degree, or third

degree, following the convention for AV block.

— First-degree SA exit block
There is slowing of impulse exit to the atrium but still
with 1:1 conduction. However, the ECG looks nor-
mal. It can only be diagnosed using special intracar-
diac recordings.

— Second-degree SA exit block.
Type 1 (Wenckebach type) — ECG shows progres-
sively decreasing PP intervals prior to a dropped P
wave; the pause is less than two PP intervals.
Type 11 — ECG shows that the PP surrounding the
pause is a multiple of the basic sinus rate [3] (Fig. 6.2).

— Third-degree SA exit block
No impulse reaches the atrium from the SA node
and this gives appearance of no P waves. The ECG is
indistinguishable from the ECG of sinus arrest.
There may be either an atrial, junctional, or ventricu-
lar rhythm. P waves may be absent or be of a differ-
ent morphology, depending on the location of a
possible subsidiary atrial pacemaker.
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Sinus Node Dysfunction (SND)

Definition

SND, historically known as sick sinus syndrome, is due to
dysfunction of the sinoatrial node. It is often related to
age-dependent fibrosis of the SA node and the surround-
ing atrial myocardium.

It can lead to abnormalities of SA node and atrial impulse
formation and propagation and can manifest as various
bradycardia or pause-related syndromes.

It can also manifest as chronotropic incompetence —
inability to proportionally increase HR in response to
increase in physiological demands during physical
activities.

Period of bradycardia can alternate with period of tachy-
cardia (atrial tachyarrhythmias) as part of tachycardia-
bradycardia syndrome.
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Clinical Presentation

e Patients frequently present with symptoms of lightheaded-
ness, fatigue, presyncope, syncope, exertional chest discom-
fort, or dyspnea and palpitations in those with
tachycardia-bradycardia syndrome.

e Symptoms are often intermittent and progressive in fre-
quency and severity.

Diagnosis/ECG Features

e Diagnosis is made based on surface ECG in those sus-
pected of SND. Electrophysiology study is of low yield and
very rarely indicated.

e ECG can show
— Inappropriate sinus bradycardia (with HR often less

than 50 bpm).

— Sinus pauses.

— Sinus arrest and SA exit block, with or without appro-
priate escape rhythms.

— Ectopic atrial bradycardia.

— Isorhythmic dissociation when the atrial rate is slower
than the ventricular rate from a junctional or ventricu-
lar rhythm.

e Patients may also develop atrial tachyarrhythmias — most
commonly atrial fibrillation but atrial flutter and atrial
tachycardia can also occur.

e More than 50% of the patients with SND have alternating
periods of bradycardia and tachycardia [2], possibly
because the pathologic process that affects the SA node
also affects the atria.

e It is very important to establish a correlation between
symptoms and the rhythm at the time of the symptoms.
Ambulatory ECG/event monitoring can be very helpful in
doing this. The type of monitor to be used is dictated by the
frequency of patient’s symptoms.
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e Reversible causes such as medications and myocardial
ischemia need to be identified and treated as indicated.
Other differential diagnoses to be considered include neu-
rocardiogenic syncope with a predominant cardioinhibi-
tory component and carotid sinus hypersensitivity.

e Exercise stress tests can be helpful in identifying SND and
to exclude myocardial ischemia and can help to identify
patients with chronotropic incompetence.

Treatment

e Patients with SND are rarely hemodynamically unstable
for prolonged periods. If hemodynamically unstable, use
the ACLS protocol including pharmacologic intervention
with medications such as atropine, dopamine, epinephrine,
or isoproterenol. Transcutaneous and transvenous pacing
are other options. Long-term treatment is the same as
patients who were hemodynamically stable.

e Long-term treatment of SND typically entails consult/
referral for pacemaker implantation.

Atrioventricular Block
Definition

e AV conduction disturbances may manifest as conduction
delay in the AV node and/or infranodal structures, inter-
mittent failure of impulse conduction from the atria to the
ventrices, or complete AV block.

Causes

e Infiltrative cardiomyopathies (consider evaluation for car-
diac sarcoidosis in patients with AV block who are younger
than 60 years).

e Certain muscular dystrophies.
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Myocardial infarction; Myocarditis.

Increase in vagal tone (can be seen in athletes).
Medications (such as calcium channel blockers, digoxin).
Post-cardiac surgery.

Infection such as Lyme carditis (obtain history of potential
exposure to ticks), acute rheumatic fever.

Endocarditis with abscess formation.

Lev’s or Lenegre’s disease (fibrosis and/or calcification of
the conduction system).

Clinical Presentation

Patients with first-degree AV delay and second-degree AV
block Mobitz type I are usually asymptomatic.

Patients with higher degree AV block (Mobitz II second-
degree block or complete heart block) may also be asymp-
tomatic or present with symptoms such as fatigue, exercise
intolerance, dyspnea, chest pain, presyncope, syncope, or
much less often cardiac arrest.

Treatment

Patients with first- or second-degree AV block rarely
require acute intervention.

Patients with very slow heart rates in the setting of com-
plete heart block may be given atropine only if there is
ECG evidence that the block is in the AV node.
Hemodynamically unstable patients should receive tem-
porary cardiac pacing.

Dopamine or isoproterenol may be administered if the
ability to implant a temporary pacemaker is delayed.

For hemodynamically stable patients, reversible causes of
AV block should be excluded prior to implantation of a
permanent pacemaker. Please see the Chap. 7 on pace-
makers for indications. Cardiology should be consulted for
patients with symptomatic second-degree or higher degree
AV block.
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Prolonged PR Interval (First-Degree AV Block)

e It is more appropriate to use the term “AV delay” as there
is no true AV block. This is due to slowed AV conduction,
which most commonly occurs in the AV node but can also
occur in the His-Purkinje system.

e Itis defined as PR > 0.20 seconds on the ECG. Given that
the PR interval includes intra-atrial conduction (P wave)
and the PR segment, AV delay can also be due to a delay
in right atrial conduction.

Second-Degree AV Block

e Mobitz type I (Wenckebach): There is progressive delay of
each subsequent impulse in the AV node (rarely in the
His-Purkinje system) until the AV node fails to conduct
the impulse to the ventricle.

— ECG shows progressive lengthening of the PR interval
until a P wave is not followed by a QRS complex. All PP
intervals are equal (unless the Wenckebach is due to
heightened vagal tone — then the PP intervals may
increase prior to block). The PR interval after the
blocked P wave is less than the PR interval immediately
preceding the blocked P wave (Fig. 6.3). Sometimes the
PR interval does not show progressive increase prior to
block, but the post-block PR interval is always shorter.
It is one of the causes of grouped beating on the ECG.

e Mobitz type II: this usually reflects disease of the His-
Purkinje system. The block almost always occurs below the
AV node, within the His bundle or both bundle branches.
There is no change in the PR interval prior to or after the
blocked P wave (Fig. 6.4).

— It has a higher risk of progression to complete heart
block and permanent pacemaker implantation is usu-
ally indicated [4] even in asymptomatic patients, as, if
CHB develops, the escape rhythm is almost always
ventricular, which is likely to be slow.

e High-grade AV block: This is an advanced form of
second-degree AV block Mobitz type II. ECG shows
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Ficure 6.3 ECG showing second-degree AV block Mobitz type I
(Wenckebach). Solid arrows show P waves that did not conduct to
the ventricles

FIGURE 6.4 Initial part of the ECG shows 2:1 AV block which
improved to 1:1 AV conduction by the end of the ECG with carotid
sinus massage which proved this to be a second-degree AV block
Mobitz II. Solid arrows showed the P waves that did not conduct to
the ventricles



98 A.0.Ojoand A. E. Buxton

more than one successive non-conducted P wave, lead-
ing to several consecutive P waves without subsequent
QRS complexes (Fig. 6.5).

e 2:1 AV block: Based on ECG alone, it is not possible to
determine if this is Mobitz type I or Mobitz type II as every
other P wave is non-conducted (Fig. 6.6). Maneuvers that can
be helpful in differentiating the two are listed in Table 6.1.
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Table 6.1 shows how to differentiate Mobitz type I from
Mobitz type I in 2:1 AV block. “The Mobitz type I block will
only improve with exercise or worsen with carotid sinus mas-
sage if it occurs in the AV node. If it is occuring in the bundle
branches or His bundle, the typical response will not be
obsereved.

Third-Degree AV Block

e This is also known as complete heart block (CHB).

e There is complete failure of impulse conduction from the
atria to the ventricles.

e The PR intervals are irregularly variable as there is com-
plete dissociation of the P waves from the QRS complexes,
and the atrial rate may be faster than the rate of the escape
rhythm (Fig. 6.7).

e Depending on the location of the block, the escape rhythm
may be junctional (QRS complexes resemble the baseline
sinus rhythm) or ventricular (wide QRS complexes that
often do not resemble typical right or left bundle branch
block).
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Ficure 6.7 ECG showing complete heart block with junctional
escape rhythm. Note the regular ventricular rate and lack of stable
relation between P waves and QRS complexes
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Paroxysmal AV Block

e Defined as abrupt and unexpected development of AV block
leading to a period of ventricular asystole until a properly
timed escape or premature beat can reset the membrane
potential to normal and allow for AV conduction.

e This may be due to an increased rate of spontaneous Phase
4 depolarization in diseased His-Purkinje tissue, as well as
abrupt spontaneous conduction failure [5].

e Patients frequently have evidence of right or left bundle
branch block or intraventricular conduction delay at base-
line [6].

Ventriculophasic Sinus Arrhythmia

e It manifests as intermittent differences in the PP intervals
based on their relationship to the QRS complex.

e The two P waves surrounding a QRS complex occur at a
slightly faster rate compared to two P waves without an
intervening QRS complex (Fig. 6.6).

e It may be seen in second- or third-degree AV block with
intermittent or constant failure of antegrade conduction
through the AV node.

¢ Proposed mechanisms include phasic changes in
baroreceptor-mediated vagal input to the SA node,
mechanical effect of ventricular systole on the SA node
(which enhances nodal automaticity), and effect of pres-
sure changes caused by ventricular systole.

Key Learning Points

e Careful review of the electrocardiogram is paramount
to determine diagnosis and possible therapies for
bradyarrhythmias.

e Asymptomatic patients with bradycardia or sinus
pauses should not be implanted with a pacemaker.
They should be followed closely.
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Introduction

e About 1.2-1.4 million cardiac implantable electronic
devices (CIEDs) are implanted annually worldwide for
indications ranging from bradycardia, tachycardia, and
heart failure to the prevention of sudden cardiac death.

e Many patients with CIEDs will be hospitalized for cardiac
and non-cardiac conditions.

e Itis important that the internist understands normal func-
tion of pacemakers and defibrillators, and is further able to
identify abnormal CIED function that would necessitate
consultation with a cardiologist.

Components/Hardware

e A transvenous pacemaker or defibrillator consists of:

— A pulse generator that is implanted subcutaneously or
submuscularly in the pectoral area of the chest. The
generator contains the battery, circuitry, and capacitors
(Fig. 71a).

— Around 1-3 leads connecting the pulse generator to
chambers of the heart via the subclavian vein. A lead
consists of insulated conductor cables (Fig. 7.1b, c).

e A deviation from above convention is the leadless pace-
maker (Micra, Medtronic), which is fully implanted in the
right ventricle (Fig. 71d).

Identification

e Pacemakers and Implantable Cardioverter-Defibrillators
(ICDs) can be differentiated by the size of the pulse gen-
erator and the appearance of the leads on chest X-ray.

e ICD pulse generators are at least twice the size of pace-
maker generators (Fig. 71a).

e ICD leads have one or two shock coils that can be seen on
chest X-ray (Fig. 72a).
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FiGURE 7.1 (a) Side by side comparison of a single chamber ICD
and a dual chamber pacemaker. (b) An active fixation pacemaker
lead with proximal pin and distal electrodes shown. (¢) A left ven-
tricular pacemaker lead. (d) A leadless pacemaker showing the tines
used for attachment to the right ventricle

e A cardiac resynchronization therapy (CRT) device or
biventricular pacemaker/defibrillator system can be
identified by the presence of an additional left ventricular
lead that runs through the coronary sinus and its branches
(Fig. 72a, see also Fig. 71c).

e The subcutaneous ICD (Boston Scientific) is a defibrilla-
tor that is implanted on the left lateral chest wall and has
a defibrillator lead located in the subcutaneous tissue of
the anterior chest wall (Fig. 72c, d).
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FiGURE 7.2 Postero-anterior chest X-ray appearance of a CRT-D (a)
a dual chamber pacemaker (b) and postero-anterior and lateral
image of a S-ICD (¢, d) showing the subcutaneous location of the
pulse generator and the defibrillator lead

Basic Concepts

e The primary function of a pacemaker is to treat bradycar-
dia by pacing.

e The primary function of a defibrillator is to treat tachycar-
dia by delivering anti-tachycardia pacing (ATP) or shock.
All transvenous ICDs are capable of pacing.
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Sensing and Pacing

e Sensing implies that the pacemaker can detect intrinsic
electrical activity in the heart.

e Sensitivity is the minimum intrinsic activity (in voltage)
that the pacemaker is programmed to detect. The pace-
maker is programmed sensitive enough to appropriately
detect all intrinsic activity while filtering out artifact.

e Pacemakers respond to a sensed signal by either inhibiting
or triggering pacing.

e Pacing implies that the pacemaker delivers an electrical
stimulus.

e Capture occurs when a pacing stimulus leads to depolar-
ization of myocardial tissue and myocardial contraction.

e Capture threshold is the minimum pacing stimulus strength
needed to consistently depolarize myocardium. The pacing
output is usually programmed at a safety margin above the
capture threshold.

Pacemaker Codes

e Pacemaker nomenclature is often presented in a four-
letter code (Table 71).

e DDDR programming implies the pacemaker will pace in
both chambers, sense in both chambers, respond to sensing
by either inhibiting or triggering pacing, and change pacing
rate in response to physical activity (rate modulation).
Figure 73 presents the four modes of DDD pacing.

e VVI programming implies the pacemaker will pace in the
ventricle, sense ventricular signals, and respond to sensing
by inhibiting pacing output.

e Indication for pacemaker will determine its
programming.

— Patients in sinus rhythm with dual chamber pacemaker
for AV block may be programmed DDD.
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TaBLE 7.1 Modified NASPE/BPEG® generic code for anti-
bradycardia and multi-chamber pacing
I (Chamber II (Chamber IIT (Response IV Rate

Paced) Sensed) to Sensing) Modulation
A — Atrial A — Atrial I — Inhibited R - Rate
Paced Sensed Responsive

V —Ventricular V - Ventricular T - Triggered

Paced Sensed

D - Dual D - Dual D — Dual
(A+V) (A+V) (I+7T)

O — None O — None O - None

“North American Society of Pacing and Electrophysiology/British

Pacing and Electrophysiology Group

ASVS APVS APVP

FiGURE 7.3 The four modes of DDD pacing: (a) Atrial sensed-Ven-
tricular sensed. (b) Atrial paced-Ventricular sensed. (¢) Atrial
paced-Ventricular sensed. (d) Atrial paced-Ventricular paced

— Patients with single chamber ventricular pacemaker/
ICD who do not need regular pacing may be pro-
grammed backup VVI.

— Rate response is usually enabled for patients with sinus
node dysfunction.

Clinical Pearl

Pacemakers are usually programmed to pace in the ven-
tricle only when necessary. This is because chronic right
ventricular pacing has been shown to cause cardiomy-
opathy. However, CRT devices are programmed to
maximize ventricular pacing in order to deliver resyn-
chronization benefit.
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VRP

Maximum tracking rate

Lower rate interval

FIGURE 7.4 Timing cycle of a dual chamber pacemaker programmed
DDD. AV atrio-ventricular, VA ventriculo-atrial, VRP ventricular
refractory period, PVARP post-ventricular atrial refractory period

Timing Cycles

e Timing cycles ensure regular pacemaker function. It is
important to understand basic definitions:

— Lower Rate Limit (LRL): Pacemaker begins pacing
when heart rate falls below this rate. In dual chamber
pacemakers, LRL is equivalent to the V-V interval
(Fig. 74). V-V interval = AV delay + VA interval

— AV delay: Analogous to the PR interval. It is usually
programmed long enough to allow for intrinsic AV con-
duction in single or dual chamber pacemakers.

— Upper rate limit (URL): Also known as the maximum
tracking rate, is the fastest rate that a pacemaker will
pace.

Basic Troubleshooting

e Pacemaker malfunction can be seen occasionally. However,
when pacemaker malfunction is suspected on ECG, it is
more commonly due to pseudo-malfunction.

e True sensing and pacing abnormalities that are commonly
discerned on ECG or telemetry frequently manifest as
unexpected pacing or loss of pacing.
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e Causes of unexpected pacing: Undersensing, atrial arrhyth-
mia, pacemaker-mediated tachycardia (PMT), anti-
tachycardia pacing (ATP). See Fig. 75a—d.

e Unexpected loss of pacing: Oversensing, loss of capture,
failure to output. See Fig. 76a, b.
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Ficure 7.5 Examples of episodes of unexpected pacing. (a). Atrial
undersensing. Intrinsic p waves are not sensed as atrial pacing (blue
arrows) continues at the programmed rate of 50 bpm. (b). Atrial fibril-
lation with tracking at the upper rate limit of 130 bpm. Dual chamber
pacemakers are programmed to automatically switch to a non-tracking
mode (DDI) when atrial fibrillation develops. (¢). ATP during VT. ATP
did not terminate VT in this case. (d). PMT often starts with a PVC with
retrograde conduction to the atrium. A dual chamber pacemaker senses
the atrial signal and paces in the ventricle, again with retrograde con-
duction to the atrium. This initiates an endless loop tachycardia The
pacemaker identified the PMT and terminated it appropriately. =« ATP
anti-tachycardia pacing, VT ventricular tachycardia, PMT pacemaker-
mediated tachycardia, PVC premature ventricular complex
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Figure 7.6 Examples of episodes of failure of pacing. (a) Loss of
ventricular capture in a dual chamber pacemaker. Spikes after the p
waves denote ventricular pacing which fail to capture the ventricle.
(b) Ventricular asystole due to failure of ventricular output.
Interrogation showed that ventricular output was inhibited because
of oversensing of noise on the ventricular lead (not shown)

Magnet Response

e CIEDs are programmed to respond to magnets in specific
ways.

e When a magnet is applied over a pacemaker pulse genera-
tor that has good battery life, the pacemaker will usually
be reprogrammed to asynchronous pacing, i.e., DOO or
VOO, at a pacing rate of 85-100 bpm (depending on the
manufacturer). This means all sensing is disabled.

¢ Once the magnet is removed from the chest wall, the pace-
maker resumes prior programmed function.

¢ A magnet will reprogram a CRT-D or ICD by only tempo-
rarily disabling tachycardia therapies (ATP and shock).
The programmed pacing function will not be affected. For
example, if the ICD was programmed DDD, that function
will remain active. Tachycardia therapies will resume once
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the magnet is removed. A patient who receives a flurry of
inappropriate shocks (for example, due to inappropriate
sensing of noise on a fractured lead) may receive immedi-
ate relief with a magnet as this will prevent further shocks.

Clinical Pearl

A magnet will temporarily reprogram a pacemaker to
asynchronous mode. The magnet will reprogram a
CRT-D or ICD by temporarily turning off the tachycar-
dia therapies while unaffecting the pacing function.
Previous programming is restored once magnet is
removed

Clinical Indications

e Pacemakers are generally implanted for bradycardia.
Common manifestations of sinus and AV node dysfunc-
tion that require pacemaker implantation are listed in
Table 72.

e ICDs are implanted for the primary prevention of sudden
cardiac death in high-risk patients, or for secondary pre-
vention in patients who have experienced sustained VT or
VF.

e Certain familial conditions (e.g., hypertrophic cardiomy-
opathy,long QT syndrome) can present with increased risk
of sudden cardiac death, requiring ICD implantation.

e CRT can improve symptoms and reduce mortality in
symptomatic patients with cardiomyopathy and left ven-
tricular conduction delay.

e Majority of well-selected patients experience symptom
improvement with CRT. Class I indication for CRT is sinus
rhythm, left bundle branch block (LBBB), QRS duration
at least 150 ms, LVEF <35% and NYHA II, II1, or ambula-
tory IV symptoms despite optimal medical therapy for at
least 3 months.
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TaBLE 7.2 Common indications for permanent pacemaker
Sinus node dysfunction

Symptomatic sinus bradycardia
Symptomatic sinus pauses

Symptomatic chronotropic incompetence (failure to mount age-
appropriate heart rate increase with activity)

Required medication use causing symptomatic sinus
bradycardia

Atrioventricular node/His-Purkinje disease
High-grade or complete AV block

Mobitz type I 2nd-degree AV block, with or without symptoms
Symptomatic Mobitz type I 2nd-degree AV block

Alternating bundle branch block

AV node ablation for rate control of atrial arrhythmia

Other indications

Neurocardiogenic syncope associated with bradycardia or
carotid sinus hypersensitivity

Sustained pause-dependent VT, with or without QT
prolongation

MRI Safety of CIED

¢ MRI generates magnetic and radiofrequency fields that
can interact with or damage CIED.

e Potential consequences of CIED exposure to MRI include
arrhythmias due to inductive current in leads, tissue heat-
ing, changes in sensing or capture thresholds, electromag-
netic interference, power-on reset, battery depletion, and
irregular reed switch behavior.

e More recently, MR conditional systems have been designed
to mitigate the potential hazards of MRI exposure.

e A MR conditional system is a specific combination of a
CIED generator and attached leads that have been



114  H. Ayinde et al.

approved by the FDA for use under specific MRI
conditions.

e When the system is not specified to be MRI conditional; or
there are different manufacturer generator and leads pres-
ent; or fractured, epicardial, or abandoned leads present,
then the system is MRI non-conditional.

e Hospitals have a standardized workflow in place for imag-
ing MRI conditional and non-conditional systems.

e The CIED would need to be reprogrammed prior to
MRI. MRI conditional systems have a ‘MRI-mode’ that
can be programmed for safety. Features that would need to
be deactivated prior to MRI for non-conditional systems
include rate response, anti-tachycardia therapies, noise
response, magnet response, and other specialized features.
Pacemaker-dependent patients would need to be pro-
grammed to asynchronous pacing mode.

e Patients should be monitored with ECG and pulse-
oximetry during MRI.

e Personnel skilled in performing ACLS and in reprogram-
ming CIED should be readily available.

e An external defibrillator and CIED programmer should
be close by the MRI suite.

Implantation and Perioperative
Considerations

e CIEDs are usually implanted by experienced physi-
cians under sterile conditions in the electrophysiology
laboratory.

e The procedure is frequently done under conscious or deep
sedation and may take 1-3 hours, depending on
complexity.

e Transvenous systems are most commonly implanted in the
left prepectoral area. After the area is sterilized and
draped, local anesthesia is applied to the skin. A small inci-
sion is made and venous access is obtained via cephalic
vein cut-down or needle puncture of the axillary or subcla-
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vian vein. The leads are advanced into the appropriate
cardiac chambers and secured in place. The leads are then
connected to the generator, which is implanted in a subcu-
taneous or submuscular pocket that was created in the
upper anterior chest area. The incision is closed using
multiple layers of absorbable suture and covered in sterile
dressing.

e Peri-procedural complications are rare, including bleeding
and pocket hematoma, pneumothorax, cardiac perfora-
tion, and tamponade. Post-operative complications (days
to weeks from implant) include infection, wound dehis-
cence, lead dislodgement, and pocket hematoma.

e Perioperative anticoagulation management is at the dis-
cretion of the implanting physician. However, physicians
usually suspend heparin and enoxaparin the day prior to
procedure because of increased risk of bleeding. In patients
with mechanical valves or other indication for warfarin, it
is often safe to perform the procedure with therapeutic
INR. Anti-platelets are usually continued for the
procedure.

Clinical Pearl

Heparin and enoxaparin should be discontinued the
day prior to pacemaker implantation and usually
restarted after 48 hours from implant to prevent pocket
hematoma. It is often safe to continue warfarin peri-
procedurally, keeping INR within therapeutic range.

Indications for Device Interrogation
and Consultation

e CIEDs are usually interrogated on a routine basis in clinic
and/or remotely via a home monitoring system that uses
telephone or cellular network.
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TaBLE 7.3 Common indications for inpatient CIED interrogation
Syncope

Palpitations

ICD shock

Suspect device malfunction such as abnormal sensing or pacing
Arrhythmias when ECG diagnosis is unclear

Auditory or vibratory alarms

Decompensated heart failure (assess for arrhythmia, percentage
of CRT pacing)

e CIEDs do not need to interrogated in the hospital except
if there is concern for an arrhythmia or device
malfunction.

e Common indications for inpatient device interrogation are
listed in Table 73.

— Syncope can indicate a tachyarrhythmia or device mal-
function such as oversensing or failure of pacing, lead-
ing to asystole.

— Palpitations may be a manifestation of an arrhythmia or
device-related tachycardia such as PMT.

— In patients presenting with heart failure, precipitants of
decompensation such as atrial or ventricular arrhyth-
mias may be gleaned by interrogation.

— A single ICD shock is usually due to appropriate ther-
apy for VI/VE. However, when patients have multiple
ICD shocks, they can be appropriate for recurrent VI/
VF, or inappropriate shocks for an atrial arrhythmia/
SVT, or device malfunction such as lead fracture.

— Patients may complain of auditory or vibratory alarms
from their CIED. Alerts are commonly due to low bat-
tery voltage, arrhythmia episodes, and abnormalities in
lead function.
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Conclusion

Pacemakers, defibrillators, and cardiac resynchronization
therapy offer different forms of therapy for bradycardia,
tachycardia, prevention of sudden cardiac death, and heart
failure management. The internist should be familiar with
common indications and basic function of these devices, and
understand when to request expert consultation.

Key Learning Points

1. Basic pacemaker function includes both sensing
intrinsic cardiac signals and pacing.

2. Commonly, pacemaker/ICD malfunction presents as
unexpected episodes of pacing or no pacing when
expected.

3. Certain symptoms such as syncope, ICD shock, or
ECG abnormalities that suggest pacemaker malfunc-
tion warrant inpatient device interrogation and pos-
sibly cardiology consultation.



®

Check for
updates

Chapter 8

Acute Decompensated
Heart Failure

Donya Mohebali and Edward W. Grandin

Abbreviations

ADHF Acute decompensated heart failure
PND Paroxysmal nocturnal dyspnea

JVP Jugular venous pressure

HJR Hepatojugular reflex

PCWP Pulmonary capillary wedge pressure
CXR Chest X-ray

ECG Electrocardiogram

LFTs Liver function tests

BNP B-type natriuretic peptide
NT-proBNP N-terminal pro-B-type natriuretic
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ACEi Angiotensin converting enzyme inhibitors
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ARNI Angiotensin neprolysin inhibitor
CcO Cardiac output
RAAS Renal angiotensin aldosterone system

Background/Epidemiology

e Acute decompensated heart failure (HF) is associated
with major morbidity and mortality [1] and is the leading
cause of hospital readmission [2, 3].

¢ Sixty-day mortality following a heart failure exacerbation
is estimated as high as 20% [4].

Definition of Acute Decompensated Heart
Failure

e Acute decompensated heart failure (ADHF) is a clinical
syndrome of new or worsening HF resulting in pulmonary
and/or systemic venous congestion with or without an
associated decrease in cardiac output and requiring urgent
therapy with IV diuretics and initiation/dose titration of
HF medications.

Causes of Acute Decompensated Heart
Failure

e The potential causes of acute decompensated heart failure
(ADHF) are summarized in Table 8.1.

Diagnosis of Acute Decompensated Heart
Failure

e The rapid diagnosis of ADHF is key to initiate appropriate
treatment.

e Failure to recognize this condition results in inflation of
treatment costs and need for mechanical support [5, 6].
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TaBLE 8.1 Triggers of acute decompensated heart failure

Myocardial insults/
ischemia

Arrhythmia
and electrical
disturbances

Valvular

Pericardial disease

Nonadherence

Toxins/new
medications

Worsening renal
function

Ischemia

Myocardial infarction
Myocarditis

Stress-induced cardiomyopathy
Peripartum cardiomyopathy

Tachyarrhythmias: Atrial fibrillation, atrial
tachycardia

Other arrhythmias: Premature ventricular
contractions

Related: Right ventricular, decreased
proportion of cardiac resynchronization
therapy

Bradyarrhythmia: Complete heart block,
sinus node dysfunction, medication excess

Obstructive left-sided valvular disease:
Aortic stenosis, mitral stenosis
Regurgitant disease: Aortic regurgitation,
mitral regurgitation

Tricuspid regurgitation with isolated right
ventricular failure

Complications of mechanical or prosthetic
valves: Valve thrombosis or perforation of
prosthetic valve leaflet

Infectious: Endocarditis

Pericardial syndrome: Tamponade or
constriction

Non-compliance with diuretic and other
heart failure regimen

Dietary non-compliance, i.e., increased
sodium and fluid intake

Alcohol use

Drug use such as cocaine
Supplements and/or stimulants
Non-steroidal anti-inflammatory
medications

Acute kidney injury

Progressive chronic renal disease
Dialysis dependence with inadequate
volume removal or inaccurate dry weight
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Key Historical Clinical Features in the Diagnosis
of Acute Decompensated Heart Failure

e There are many symptoms/signs of ADHF (Tables 8.2, 8.3,
and 8.4).

e Dyspnea on exertion is the most sensitive (negative
likelihood ratio 0.45, 95% confidence interval [CI]
0.35-0.67) [7].

e Paroxysmal nocturnal dyspnea is most specific (positive
likelihood ratio 2.6, 95% CI 1.5-4.5) [7].

e Orthopnea is associated with elevated pulmonary capillary
wedge pressure (PCWP) > 28 mmHg [8].

TaBLE 8.2 Clinical pearls for the assessment of jugular venous
pressure

Start by assessing the JVP with patient sitting upright at 90

degrees in order to evaluate for a very high JVP

The JVP should be assessed at various angles supine, 30 degrees,
45 degrees, etc.

If not elevated when supine, check to see if it becomes elevated
with the abdominojugular response

If it is difficult to find, you can inspect both sides of the neck
with the patient looking straight ahead as sometimes the JVP
may be better visualized on the left side of the neck rather than
on the right

To differentiate from the carotid artery, pulsations should not
be palpable and vary with respiration

TaBLE 8.3 Findings of intravascular versus extravascular
congestion

Intravascular congestion Extravascular congestion
JVP elevation Lower extremity edema
S3 Ascites

Pulmonary rales Weight gain
Hepatojugular reflex Pleural effusions

Pulmonary edema
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TaBLE 8.4 Historical, physical exam, and laboratory findings in acute
decompensated heart failure

Elevated filling pressures Low output

Orthopnea Mental confusion

Paroxysmal nocturnal Cool extremities

dyspnea

Bendopnea Narrow pulse pressure/fractional

pulse pressure

JVP +/— peripheral edema  Elevated lactate

Hepatojugular reflex Acute kidney injury
Pulmonary Rales/ pleural Metabolic acidosis
effusion

S3 gallop Transaminitis

Symptoms of left-sided HF: shortness of breath, orthop-
nea, paroxysmal nocturnal dyspnea (PND).

Symptoms of right-sided HF: nausea, abdominal fullness,
decreased appetite, lower extremity edema.

Bendopnea is dyspnea when bending forward at the waist
and is associated with increased filling pressures and
adverse HF outcomes, including increased mortality and
HF admissions [9, 10].

In patients with HF, identify prior “dry weight” and trig-
gers of their exacerbation including medication non-
compliance, new medications (such as beta blockade), or
increased sodium/fluid intake.

A new “dry weight” may need to be established as guided
by the physical examination.

Key Physical Exam Findings in the Diagnosis
of Acute Decompensated Heart Failure

e Assessing congestion, including intravascular and extra-

vascular congestion, is critical to the evaluation and man-
agement of patients with ADHF (Table 8.3).
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* Elevated jugular venous pressure (JVP) > 10 cm H,O is
the MOST useful assessment and can estimate right atrial
pressure to guide therapy. See Table 8.2 for tips on assess-
ing JVP.

Clinical Pearl

In most patients, T JVP is a surrogate for 1 left-sided
filling pressures. In approximately one-third of patients,
JVP may appear normal, despite 1 left-sided filling
pressures. Similarly, in some cases, t JVP may be a result
of isolated 1 right-sided filling pressures with normal
left-sided filling pressures.

e 1 JVP, an S3 gallop, or both are associated with 1 risk of
HF hospitalization and death [11].

e The presence of hepatojugular reflex (HJR) as defined by
a sustained 1 in JVP > 3 c¢cm (in the absence of RV failure)
during 10 seconds of continuous pressure on the abdomen
with abrupt fall after pressure released predicts PCWP
>15 mmHg and indicates worse prognosis [12].

e Signs of low cardiac output on examination: narrow sys-
temic pulse pressure (systolic blood pressure (SBP) — dia-
stolic blood pressure (DBP)) typically <30 mmHg, low
fractional pulse pressure (SBP-DBP/SBP) < 0.25,
decreased carotid pulse volume, and cool extremities.

e Pulmonary rales, pleural effusion, and peripheral edema
can be seen in ADHF.

Clinical Pearl

In chronic HF, patients may not have rales secondary to
a compensatory increase in pulmonary lymphatic drain-
age and may have clear lung fields on radiographic
imaging despite elevated filling pressures.

e Peripheral edema alone should not be used as a sign of
increased filling pressures. The specificity of peripheral
edema is increased in the presence of JVP elevation [13].
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Key Tests in the Diagnosis of Acute
Decompensated Heart Failure

Laboratory testing, CXR, ECG, and echocardiogram are
key in the evaluation of patients presenting with ADHF.
Laboratory testing: CBC, renal function/chemistry, liver
function tests (LFTs), B-type natriuretic peptide (BNP), or
N-terminal pro-B-type natriuretic (NT-proBNP), troponin
level, lactate level, and thyroid function tests.

> 40% of patients hospitalized with ADHF have abnormal
LFTs secondary to hepatic congestion [14].

A low level of BNP or NT-proBNP rules out HF in most
cases (similar assays—NT-proBNP sixfold 1 than BNP).
In patients presenting to ED with shortness of breath, a
BNP > 100 pg/mL had a sensitivity 90% (95% CI 88%—
92%), specificity 76% (95% CI 73%-79%), PPV 79%
(95% CI 76%-81%), and NPV 89% (95% CI 87%-91%)
for predicting a diagnosis of HF [15].

Clinical Pearl

BNP may be normal in some patients (particularly
obese women, HFpEF) despite 1 filling pressures [16].
If physical exam indicates 1 filling pressures, a normal
BNP should not exclude the diagnosis of HE.

BNP at discharge predicts 1-year mortality and/or rehospi-
talization among HF patients. Risk of adverse clinical
outcomes increases with increasing levels of BNP [17].
Pulmonary edema on CXR increases the likelihood of
ADHEF 12-fold [7].

ECG can detect ischemia, prior myocardial infarction, or
arrhythmia contributing to patient’s presentation.
Transthoracic echocardiography to assess LV systolic func-
tion, right ventricular function, and valvular function and to
estimate filling pressures and pulmonary artery pressure.
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Classification and Treatment of Acute
Decompensated Heart Failure

Classification of Acute Decompensated Heart

Failure

e [t is important to appropriately estimate cardiac filling
pressures and perfusion to provide treatment. The
“Stevenson classification” is used to categorize volume
status as wet versus dry and perfusion status as warm ver-

sus cold (Fig. 8.1) [18].

e “Wet” is defined as PCWP >22 mm Hg and “cold” as a

cardiac index (CI) <2.2 L/min/m>.

No

Congestion

Yes

No

Inadequate
Perfusion

Yes

Warm and Dry

Warm and Wet

Treatment:
Diuretics

Cold and Dry

Cold and Wet

Treatment:
Diuretics+Inotropes
or Vasodilators

Ficure 8.1 Classification of acute decompensated heart failure
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e For patients who are “warm and wet,” treat with diuresis +
optimization of guideline-directed medical therapy
(GDMT) for heart failure with reduced ejection fraction
(HFrEF, EF <40%).

e In patients who are “cold and wet,” improve cardiac out-
put and systemic perfusion with inotropes and/or systemic
vasodilators and decongest with diuretics or occasional
ultrafiltration for patients with inadequate response to
diuretics. Therapy can be tailored to hemodynamic goals
by measurements from a pulmonary artery catheter.

¢ Clinical criteria for cardiogenic shock (CS):

— Signs of end-organ hypoperfusion: | urine output (<
30 ml/hr), 1 creatinine, cold extremities, mental confu-
sion, 1 LFTS and lactate.

OR

— SBP < 90 mmHg for >30 minutes OR need for vasoac-
tive medications to maintain SBP > 90 mmHg. Note:
patients can be in CS without hypotension.

AND

— Obvious cardiac etiology (e.g., acute myocardial infarc-
tion) or invasive hemodynamics demonstrating low
cardiac output (CI < 2.2 L/min/m?>) AND t PCWP
>15 mmHg.

— Ifsymptoms of cardiogenic shock are suspected, cardiol-
ogy consultation should be promptly obtained for man-
agement and determination of the need for more
advanced therapies including vasodilators, inotropes,
and/or mechanical circulatory support.

Treatment of Acute Heart Failure with Reduced
Ejection Fraction

e (Congestion/diuretics
— Use intravenous loop diuretics for diuresis goal in daily
increments with monitoring of electrolytes/renal function.
— High-dose loop diuretics (2.5x above their home dose) has
been shown to achieve more effective diuresis and relief of
symptoms compared to low doses but is often associated
with modest, transients increases in creatinine [19].
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Loop diuretics are administered as bolus dosing (typically
6-8 hours apart) or as a bolus followed by continuous infu-
sion. Randomized trial of bolus versus continuous loop
diuretics failed to show clear difference in outcomes [19].

If response to loop diuretics is inadequate, loop diuretic
can be supplemented by thiazide diuretics (metolazone
or chlorthalidone).

For significant hypochloremic metabolic alkalosis (due
to the retention of bicarbonate to maintain anionic bal-
ance in the setting of large-volume chloride loss through
the urine), aggressive chloride repletion, typically via
potassium chloride or occasionally magnesium chloride,
can be helpful. Occasionally, a carbonic anhydrase
inhibitor (e.g., acetazolamide) can be used to promote
bicarbonate loss and augment diuresis.

For severe hyponatremia (Na <120) and clinical conges-
tion, vasopressin receptor antagonists (e.g., tolvaptan)
can be used.

Clinical Pearl

For patients with ongoing intravascular congestion,
diuretic dosing should not be withheld due to hypoten-
sion, as many patients with HFrEF have low blood pres-
sure at baseline.

— Place patients on daily 2-L fluid and 2-g sodium

restriction.

Clinical Pearl

Once euvolemia is achieved, transition to an oral
diuretic regimen and monitor for at least 24 h to
ensure adequacy. For example, if a patient required
80 mg IV Lasix twice daily for diuresis in a 24-h period,
an oral dose decrement of 50% of the intravenous
dose would be torsemide 40 mg twice daily (Table 8.5).

Neurohormonal Antagonists/Guideline-Directed Medical

Therapy
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TaBLE 8.5 Conversion of Loop PO

oral to int}ravenous V) diuretic (mg) IV (mg)

loop diuretics Furosemide 40 20
Torsemide 20 20
Bumetanide 1 1

Beta Blocker Therapy

Clinical Pearl

For patients who don’t have evidence of decreased car-
diac output (e.g., warm and wet), continue prior beta
blocker (BB). If marginal blood pressure or profound
volume overload is observed, reduce the BB dose by
50% until adequate diuresis is achieved. In cases of sus-
pected cardiogenic shock, beta blockers should be
stopped entirely.

e If BB is continued, long-acting form (i.e., metoprolol suc-
cinate) should be given unless there is a need for rapid
dose titration, such as for a concomitant tachyarrhythmia
like atrial fibrillation.

ACE Inhibitors (ACEi)/Angiotensin Receptor Blockers

(ARBs)

e ACEis (e.g., captopril, lisinopril, enalapril) and ARBs (e.g.,
valsartan, losartan) inhibit the renin-angiotensin-
aldosterone system (RAAS) and also cause vasodilation
leading to left ventricular afterload reduction.

¢ In cases of acute kidney injury that typically improves with
HF optimization, hydralazine and isordil dinitrate can be
used for afterload reduction until renal function improves
allowing transition back to ACEi/ARB.

e For patients who are warm and wet with only modest wors-
ening of their renal function, ACEi/ARB can be continued.

e For patients where more rapid titration of afterload reduc-
tion is desired, such as patients with severe hypertension
or reduced cardiac output with a high systemic vascular
resistance, short-acting captopril can be used “and dosed
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every 8 hours with dose increases after every 2-3 doses.
Captopril can ultimately be converted into lisinopril in a
5:1 ratio.

Angiotensin Receptor Blocker/Neprilysin Inhibitors (ARNIs)

e When compared to traditional ACEi therapy in HFrEF
patients with NYHA class II-III symptoms, sacubitril-
valsartan has a superior survival benefit, reduction in HF
hospitalization, and improved quality of life [20].

e When initiated among HFrEF patients admitted with
ADHEF, ARNI therapy compared to ACEi was safe and
resulted in reduced rehospitalization for HF and greater
reductions in NT-proBNP [21].

e Contraindications to starting ARNIs: history of angio-
edema, symptomatic hypotension, prior history of intoler-
ance to other afterload-reducing agents like ACEi or
ARBs, or hyperkalemia.

e ACEis must be STOPPED for 36 hours prior to starting an
ARNI to avoid the risk of life-threatening angioedema
and hypotension and can occur with concomitant ACE
and neprilysin inhibition.

e No wash-out period is required when transitioning from an
ARB to ARNIL.

e Due to augmented natriuretic peptide signaling, ARNI can
result in increased natriuresis/diuresis, so the dose of con-
comitant loop diuretic may need to be reduced.

e The most common side effects are symptomatic hypoten-
sion, cough, hyperkalemia, and worsening renal function.

e Prior authorization typically required and co-pay may be
cost prohibitive for some patients.

e Sacubitril-valsartan did not result in lower rates of HF
hospitalization or death from cardiovascular causes among
patients with HFpEF, although there were strong trends
toward reduced HF hospitalization and better NYHA
class particularly among women and patients with mid-
range LVEF (45-55%) [22].
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Hydralazine/Isosorbide Dinitrate (H/ISDN)

Vasodilator combination that has been shown to reduce
mortality in HFrEF, particularly among African-American
patients [23].

Helpful alternative to ACEi/ARB/ARNI in patients with
severe renal dysfunction.

H/ISDN should be added alongside ACEi/ARB in HFrEF
patients with adequate BP after maximizing ACEi/
ARB. There are no robust studies using ARNI plus H/
ISDN.

Mineralocorticoid Receptor Antagonists (MRASs)

MRAs (e.g., spironolactone, eplerenone) block the effects
of aldosterone and are associated with improved survival
in HFrEF (see Table 9.2 chronic HF chapter).

Ameliorate potassium loss that is provoked by loop diuret-
ics, particularly during aggressive inpatient diuresis.

Vasodilators

In patients with a low-output state (e.g., cold and wet),
intravenous arterial vasodilators such as nitroprusside and
high-dose intravenous nitroglycerin can be used, in addi-
tion to the oral options listed previously (Table 8.6).
Nitroprusside is a potent arterial vasodilator and works
rapidly. Adverse effects include cyanide toxicity, which is
more likely at higher doses (>3 mcg/kg/min) and with con-
comitant renal dysfunction.

TaBLE 8.6 Hemodynamic effects of inodilators and vasodilators

PCWP SVR CO
Nitroglycerin N <l Tel
Nitroprusside W H i
Milrinone W W "

Dobutamine ! 1 ™M
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Inodilators

Dobutamine and milrinone are inodilators which increase
contractility and reduce vascular resistance (Table 8.6).
Dobutamine is a beta-agonist with rapid onset and is not
renally cleared (better for patients with acute kidney
injury). Can provoke arrhythmias.

Milrinone acts as a phosphodiesterase-3 (PDE-3) inhibitor
with slower onset of action (~12 hours to reach steady
state) and is generally a more potent vasodilator. It is
renally cleared, so should be avoided in patients with
severe renal impairment.

Guideline-Directed Medical Therapy (GDMT)

GDMT in HFrEF should be optimized once euvolemia is
achieved and typically consists of the following classes of
medications: beta-blockers, ACEi/ARB/ARNI, MRAs,
and H/ISDN. The uptitration of these medications to
target doses is typically achieved gradually in the outpa-
tient setting. Refer to the chronic heart failure chapter
(Table 9.2) for target doses of these medications.

Treatment of Acute Heart Failure with Preserved
Ejection Fraction (HFpEF)

The most important therapy is decongestion with the use
of IV diuretics.

Spironolactone is helpful and may reduce HF hospitaliza-
tions [24].

Anti-hypertensive therapy should be administered to
achieve normotension. ACEi/ARB can be used but neuro-
hormonal antagonists (e.g., BB and RAAS inhibitors) do
not have the same benefit as seen in HFrEF.

Severe pulmonary congestion can sometimes develop
abruptly in HFpEF patients from rapid increases in
blood pressure. Patients with severe pulmonary edema
can benefit from continuous positive pressure ventila-
tion (CPAP).
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Criterion for Consideration of Right Heart
Catheterization and/or Cardiology Consultation

Diagnostic uncertainty regarding the diagnosis of HF or
intracardiac filling pressures based upon the clinical
examination.

Signs/symptoms of HF with normal BNP.

Worsening clinical status, such as worsening renal function
or hypotension, despite what is felt to be appropriate
medical therapy.

Signs/symptoms of cardiogenic shock.

Suspected or known severe pulmonary hypertension.

Discharge Considerations

The discharge period is a critical time for patients with

recent acute HF exacerbation.

Prior to discharge the following factors are key:

— Euvolemia, based upon clinical examination, with suc-
cessful transition to oral diuretic dosing. A 24-hour trial
period with an oral diuretic regimen is recommended.

— In general, the diuretic dose at the time of discharge
after an ADHF exacerbation should be higher than the
prior dose, unless another clear precipitating factor was
identified, such as diuretic non-adherence, arrhythmia,
or new ischemia.

— Identify and eliminate precipitating factors such as
medication or dietary non-adherence. Consider consul-
tation with a nutritionist.

— Implementation of GDMT with plan for further optimi-
zation in the outpatient setting.

— Education of patients and family members regarding
home weight monitoring, symptoms of heart failure,
medication doses and schedules, dietary restrictions,

— Short interval post-discharge follow-up (within 1 week),
interval lab testing to reassess renal function and elec-
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trolytes, and clear communication with outpatient pro-
viders are key [25].

— Strongly consider referral to advanced HF provider in
patients with recurrent admissions, intolerance to
attempted GDMT (worsening symptoms or hypoten-
sion), young patients, and recent cardiogenic shock.

Key Learning Points

e ADHEF is a condition with high morbidity/mortality.

e Prompt recognition of HF signs and symptoms is key
for timely management.

e [Initial recognition of congestion and low cardiac out-
put via the physical examination allow for the appro-
priate classification and treatment of HF.

e Elevated BNP can help make the diagnosis of HF in
patients with dyspnea, but BNP can be normal in a
subset of HF patients and should not trump the
physical exam and invasive hemodynamics.
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Abbreviations

ARNIs Angiotensin receptor-neprilysin inhibitors
BNP Brain natriuretic peptide

BTT Bridge to transplant therapy

CRT Cardiac resynchronization therapy

GDMT Guideline-directed medical therapy

HFmrEF Heart failure with moderately-reduced ejection
fraction

HFpEF Heart failure with preserved ejection fraction

HFrecEF Heart failure with recovered ejection fraction

HFrEF Heart failure with reduced ejection fraction
1CD Internal cardiac defibrillator

LBBB Left bundle branch block

LV Left ventricle

NYHA New York Heart Association Classification
RAAS Renin-angiotensin-aldosterone system
SGLT2 Sodium glucose co-transporter 2

TID Three times daily

VAD Ventricular-assist device
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Background/Epidemiology

6.5 Million Americans have heart failure (HF), and 10 mil-
lion people will have HF by 2037 [1].

>1 Million admissions per year [1].

HF hospitalizations —50% from HF with reduced ejection
fraction (HFrEF) and 50% from HF with preserved ejec-
tion fraction (HFpEF) [1].

Definition and Pathophysiology of Chronic
Heart Failure (CHF)

CHEF is a clinical syndrome caused by structural defects in
the myocardium resulting in the impairment of ventricular
filling or ejection of blood.

Causes include valvular disorders, rhythm abnormalities,
persistently 1 heart rate, coronary disease, or non-ischemic
causes leading to supply-demand mismatch of blood for
metabolic needs with elevation of pulmonary or systemic
venous pressures.

HFrEF results from poor contraction of the left ventricle
(LV) with inadequate emptying leading to decreased ejec-
tion fraction. A higher preload required to maintain car-
diac output = the ventricle remodels over time becoming
spherical and dilated.

HFpEF = LV filling is impaired = 1 LV end-diastolic pres-
sure with normal global contractility and normal EF.

In HF = t sympathetic tone (1 norepinephrine release), t
HR, and 1 myocardial contractility = arterio-veno-
constriction occurs.

| Renal blood flow = activation of the renin-angiotensin-
aldosterone system (RAAS). RAAS = 1 angiotensin II
levels = remodeling of the heart and peripheral vasculature
= 1 vasopressin release=> 1 sodium and water retention =
1 peripheral vascular tone and hyponatremia seen in HF.
Beta-1 receptors downregulated as the result of 1 sympa-
thetic activation = impaired myocyte contractility and 1
heart rate.
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e Brain natriuretic peptide (BNP) released from ventricle
due to ventricular stretching. BNP - renal excretion of
sodium, counter-regulatory effects on RAAS system, and
catecholamine activation (blunted in HF as a result of
receptor downregulation).

Classification of Heart Failure

e HFrEF: EF <40%.

e HFpEF: HF with EF >50%.

e HF with borderline EF: EF 41-49%. The ESC categorizes
patients with EF of 40-49% as heart failure with moder-
ately reduced ejection fraction (HFmrEF) [3].

e HF with improved or recovered EF (HFrecEF): HFrEF
improved to >40%.

Treatment of Heart Failure Based Upon Stage
of Heart Failure

Various stages of heart failure that help classify patients and
guide treatment strategies (Table 9.1). Patient can move up
and down class categorizations of heart failure, but once a
person reaches a stage classification they cannot move back
down a stage.

Treatment of Heart Failure with Reduced Ejection
Fraction

e Therapy for HFTEF is aimed at targeting neurohormonal
responses to prevent adverse remodeling with neurohor-
monal blockade and decongestion with loop diuretics.
Beta blockade counteracts the upregulation of sympa-
thetic tone that occurs.
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TABLE 9.1 ACC/AHA stages of heart failure and NYHA Class [2]

ACC/AHA stages of heart failure NYHA Class

A: No structural heart disease but at risk None
for heart failure with comorbidities such as HTN,
DM, atherosclerotic disease, use of cardiotoxins, or
family history of cardiomyopathy

Therapy goals: Healthy lifestyle, prevention of
vascular/coronary disease, and prevention of LV
structural abnormalities

Treatment: Angiotensin-converting enzyme
inhibitors (ACE:i)/aldosterone receptor blockers
(ARB), diabetes treatment, and statins as
appropriate

B: Structural heart disease but no heart failure I: Asymptomatic
such as previous MI, LV remodeling including LV

hypertrophy, low EF without evidence of volume

overload, or valvular disease

Therapy goals: Prevention of HF symptoms and

further cardiac remodeling

Treatment: ACEiI/ARB or beta blockers as

appropriate. [CD, revascularization, or valvular

surgery as appropriate

C: Structural heart disease with current or II: Mild
history of heart failure symptoms heart failure;
Therapy goals: HFpEF/HFrEF — control symptomatic
symptoms, prevent hospitalization/mortality with mild
Treatment for HFpEF: Diuresis. Follow exertion
guidelines for comorbidities such as III: Moderate
hypertension, atrial fibrillation, coronary artery ~ heart failure;
disease, and diabetes. MRAs may be useful in symptomatic
some patients with minimal
Treatment for HFrEF: Diuresis, ACEi/ARBs/ exertion

ARNISs, beta blockers, MR As. For use in selected
patients: hydralazine/isosorbide, digoxin, CRT,
ICD

D: Refractory heart failure needing advanced IV: Severe
therapies (left ventricular assist device, OHT)  heart failure;
Treatment: Advanced heart failure therapy like  symptomatic at
heart transplantation and/or ventricular assist ~ rest

device therapy, chronic inotropes, palliative care

and hospice
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Neurohormonal Antagonists/Guideline-Directed
Medical Therapy (GDMT)

Beta Blocker (BB) Therapy

e Metoprolol succinate = 34% reduction in all-cause mor-
tality in patients with HFrEF (MERIT-HF, Lancet 1999)
[4]. Mortality benefit with carvedilol and bisoprolol as well
[5, 6]. See Table 9.2 for staring/target doses.

e When starting BB, monitor for signs of fatigue, shortness
of breath, or HF exacerbation. If identified=> reduce BB
dose (typically by half) or discontinue all together.

e Attempt uptitration to maximally tolerated dose for mor-
tality benefit.

ACE Inhibitors (ACEi)/Angiotensin Receptor
Blockers (ARBs)

e ACEi = reduce morbidity/mortality in HFrEF (RCT
data).

e Enalapril & 16% reduction in 4-year mortality in
HFrEF and NYHA Class II-IV symptoms (SOLVD,
NEIM 1991) [7].

e Other ACEIi with mortality benefit: lisinopril and captopril
[8,9].

e When starting, caution in patients with | systemic blood
pressure, renal insufficiency, or 1 potassium levels. Monitor
for angioedema. Monitor renal function/potassium within
1-2 weeks of initiation and/or dose adjustment.

e ACE:i side effects: cough secondary to inhibition of kini-
nase = 1 levels of bradykinin.

e ARBs reduce morbidity/mortality in HFrEF, particularly
when ACEi intolerant [9-11].

e ARBs do not inhibit kininase = | incidence of angio-
edema and cough.

e Monitor renal function/potassium within 1-2 weeks of
initiation and/or dose adjustment. See Table 9.2 for start-
ing/target doses.
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Angiotensin Neprilysin Inhibitors (ARNIs)

e ARNIis an ARB combined with an inhibitor of neprilysin,
an enzyme that degrades natriuretic peptide, bradykinin
and other vasoactive peptides.

e Valsartan/sacubitril (Entresto) = reduced composite end-
point of CV death or HF hospitalization by 20% in HFrEF
and NYHA Class II-1I1 (PARADIGM-HF, NEJM 2014)
[12].

e Contraindications to starting ARNIs: angioedema, symp-
tomatic hypotension, prior intolerance to ACEi or ARBs,
or hyperkalemia.

e Starting dose is 24/26 mg twice daily (low dose). Goal upti-
tration to moderate 49/51 mg twice daily (intermediate
dose), or 97/103 mg twice daily (high dose).

Clinical Pearl

e ACE is STOPPED for 36 hours prior to starting an
ARNTI; otherwise, there is an 1 risk of life-threatening
angioedema and hypotension.

e No wash-out period is required when transitioning
from an ARB to an ARNI.

e Increased natriuresis/diuresis effect can be expected,
so in some cases the loop diuretic dose can be reduced.

e Once an ARNI is started, monitor for symptomatic
hypotension (0.9% of patients in PARADIGM-HF
experienced symptomatic hypotension resulting in
discontinuation of sacubitril-valsartan) [12].

e Monitor renal function/potassium within 1-2 weeks
of initiation and/or dose adjustment. See Table 9.2
for starting/target doses.

Isosorbide Dinitrate (Isordil)/Hydralazine (Hydral)

e Combination of Isordil-Hydral | all-cause mortality among
blacks with HFrEF by ~40% and | hospitalizations by
~33% when used as add-on agent in patients already on
GDMT (A-HEFT, NEJM 2004) [13, 14].
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Mortality benefits of this class of agents extrapolated to
other groups, particularly when renal insufficiency prohib-
its use of ACEi/ARBs. See Table 9.2 for starting/target
doses.

Mineralocorticoid Receptor Antagonists (MR As)

MRAs such as spironolactone = 30% reduction in all-
cause mortality in HFTEF (EF <35%) and NYHA Class
III-IV symptoms (RALES, NEJM 1999) [15].

Avoid if creatinine >2.5 mg/dL, GFR <30 ml/min/1.73 m?
and/or K >5 mEq/L.

Baseline creatinine and potassium levels obtained prior to
starting this medication and within 1 week of its initiation
and/or dose titration.

Eplerenone reduces risk of death and hospitalization in
patients with HFrEF [16]. Consider in patients who
develop gynecomastia with use of spironolactone. See
Table 9.2 for staring/target doses.

Ivabradine

Ivabradine blocks I, current in the sinoatrial node=> | HR.
Considered for reduction of HF hospitalization in symp-
tomatic NYHA Class II-I1I stable chronic HFrEF (LVEF
<35%) receiving GDMT including BB at maximally
tolerated dose and sinus rhythm with resting HR of >70
beats per minute (SHIFT, Lancet 2015) [17].

Starting dose: 5 mg BID with uptitration to 7.5 mg BID
[17-19].

Digoxin

Inhibits Na-K ATPase = 1 contractile state of the heart=> 1
inotropy and | norepinephrine/plasma renin levels.

In chronic compensated HF and LVEF <45% digoxin
reduces hospitalization rates though does not impact mor-
tality (DIG trial, NEJM 1997) [20].
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Goals of Guideline-Directed Medical Therapy
(GDMT)

Once GDMT is maximized to highest tolerated doses,
obtain repeat echocardiogram to evaluate for improve-
ment in LV function. Pending results, consider other thera-
pies like implantable cardioverter-defribillator (ICD) and
cardiac resynchronization therapy (CRT) (see below).

Anemia and Heart Failure Guidelines

Pursue standard work up for anemia to identify causal
factor.

In NYHA Class II and I11, HF and iron deficiency (defined
as ferritin <100 ng/mL or 100-300 ng/mL if transferrin
saturation is <20% ) with or without anemia (Hgb 9-13.5 g/
dL) IV iron replacement (ferric carboxymaltose) is rea-
sonable to improve functional status and quality of life [21,
22] with improvements in 6-min walk test distance, peak
oxygen consumption, quality of life,and NYHA functional
class. Oral iron therapy has no effect on exercise capacity
[23]. May reduce hospitalization rates for heart failure and
cardiovascular mortality [24].

A prospective trial to investigate effects on morbidity and
mortality is ongoing (HEART-FID).

Indications for Cardiac Resynchronization
Therapy (CRT)

CRT involves pacing the LV and RV to restore ventricular
synchrony and improve LV systolic function and clinical
outcomes for select patients.

Class I indications for CRT: LVEF <35%, normal sinus
rhythm, NYHA Class II-IV symptoms, left bundle branch
block (LBBB), and QRS duration >150 ms [25].
Re-assess LV function several months after CRT. Patients
with improvement of LV function are considered to be
responders.
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Clinical Pearl

Patients continued on GDMT, even if LV function
improves to >40%. Decreasing doses of loop diuretics
may be needed with improved LV function.

e For patients with non-ischemic dilated cardiomyopathy,
(LVEF) <35%, and associated heart failure (HF) with
NYHA Class II or III status, ICD therapy for primary
prevention of sudden cardiac death is recommended [25].

Patient Selection for Advanced Therapies

e If patients remain symptomatic despite maximal doses of
GDMT, then advanced therapies should strongly be con-
sidered (Table 9.3) and include durable ventricular assist
devices (VADs).

e Selection for destination therapy VAD therapy includes:
Stage D HF with LVEF <25%, Peak V02 <14 ml/kg/min
(or <50% age/sex predicted) on cardiopulmonary exercise
testing and NYHA Class IV symptoms, despite optimal
GDMT for at least 45/last 60 days, or Inotrope dependence
for at least 14 days or dependence on mechanical support
for at least 7 days.

e VAD devices can also be used as a bridge to
transplantation.

TaBLE 9.3 Reason to consider referral for advanced therapies
NYHA Class III symptoms despite optimal medical therapy
and/or cardiac resynchronization therapy (CRT) or lack of
response to CRT

Recurrent heart failure readmissions
Persistent hyponatremia
Worsening renal function

Inability to tolerate neurohormonal blockade (ACEi/ARB/Beta
blocker)

Increasing diuretic requirement
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Heart Failure with Moderate-Range Ejection
Fraction (HFmREF)

e HFmREF: HF and ejection fraction from 40% to 49%.

e ~13-24% of all HF patients in the United States estimated
at 1.6 million [26].

e Combination of mild HFrEF and HFpEF. Clinical charac-
teristics similar to HFpEF. Comorbidities: COPD, diabe-
tes, and hypertension [26]. Uncontrolled hypertension is a
common precipitant for hospitalization.

Clinical Pearl

No therapies in HFmREF have been shown to improve
outcomes in patients with randomized data. Treat
patients with optimization of comorbidities, particularly
hypertension and screen for/treat coronary artery disease
to prevent progression of HFmREF to HFrEF.

e Diuretics used to relieve symptoms of congestion.

Heart Failure with Recovered Ejection
Fraction (HFrecEF)

e HFrecEF: HFrEF that has improved to EF >40% [27].

e Patients not well understood.

e In clinical practice, treat similarly to HFrEF. Withdrawal of
HF medications in this group with recovered EF results in
relapse of HF [28].

Clinical Pearl

Even after LV recovery, patients are continued on
GDMT unless not tolerated or side effects develop.
Continue loop diuretics for decongestion, though may
reduce dose.
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Heart Failure with Preserved Ejection
Fraction (HFpEF)

GDMT in patients with HFpEF not robust.

TOPCAT trial (treatment of preserved cardiac function
heart failure with an aldosterone antagonist) = no differ-
ence in primary composite outcome of CV mortality,
aborted cardiac arrest, or HF hospitalization (3.3 years
follow up) in patients on spironolactone with HFpEF
(LVEF >45%, findings of HF, and either a HF hospitaliza-
tion or elevated BNP).

Spironolactone associated with “nominal” reduction in HF
hospitalizations (12.0% vs. 14.2%, NNT 45) [29].
Subgroup analysis = significant reduction in the primary
outcome for those in Americas but not Eastern Europe
(attributed to suggested non-consumption of spironolac-
tone given larger portion of undetectable metabolites in
this population) [30].

Secondary analysis limited to subjects from the Americas
showed spironolactone therapy in women = | all-cause
mortality in women (hazard ratio 0.66; p = 0.01) but not in
men (p interaction = 0.02) [31].

MRAs: | HF hospitalizations in patients with an
LVEF >45%, elevated BNP or HF admission in the last
year (if eGFR >30, Cr <2.5 mg/dl and K <5.0 mEq/L) [31]
according to 2017 ACC/AHA guidelines (class Ila
recommendation).

NEAT-HFpEF: isosorbide mononitrate led to less activity,
no improvement in quality of life, and submaximal exer-
cise in HFpEF [32]; therefore, try to stop in these patients
unless used for another indication like angina or
hypertension.

Diabetes and Heart Failure

Empagliflozin,a sodium-glucose co-transporter-2 (SGLT2)
inhibitor=>» 38% reduction in CV death and 35% reduction
in HF hospitalization in patients with type II diabetes at
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high risk for CV disease (EMPA-REG OUTCOME,
NEJM 2015) [33].

Consider addition of empagliflozin for management of
type II diabetes and HF.

In HFrEF, risk of worsening heart failure/death from car-
diovascular causes is lower in patients on dapagliflozin
than placebo, regardless of presence or absence of diabetes
(DAPA-HF, NEIM 2019) [34].

Clinical Pearl

Patients may require lower doses of diuretics after
SGLT?2 initiation given the reduction in glucose reab-
sorption and 1 urinary glucose excretion expected.

Mitral Regurgitation (MR) and Heart Failure

Secondary MR develops as the result of dilated cardiomy-
opathy, ventricular dilation, mitral annular dilation, and
impairment of leaflet coaptation.

First-line treatment: GDMT.

In moderate-to-severe or severe secondary MR with
symptomatic despite maximal dose GDMT, transcatheter
mitral valve repair shown = | hospitalization for HF and
all-cause mortality within a 24-month follow-up period
compared to medical therapy alone (COAPT, NEJM
2018) [35].

Patients considered for transcatheter mitral valve repair
evaluated by a multidisciplinary team (interventional car-
diology, advanced heart failure, and cardiac surgery).

CardioMEMSs Device

Some patients with HFrEF at high risk for hospitalization
and mortality despite GDMT.

In HFrEF (LVEF <40%) and NYHA Class III symptoms,
remote monitoring of pulmonary artery pressures using
CardioMEMs heart sensor results in 28% | HF hospital-
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izations and a 47% trend towards lower mortality
(CHAMPION, JACC 2017) [36].
e Refer to advanced heart failure clinicians for this device.

Key Learning Points

e Chronic HF is a condition with high morbidity/
mortality.

e Treatment of HFrEF directed by the most evidence-
based guidelines. HFpEF and HFmREF treatment
guided by management of comorbidities like hyper-
tension. HFrecEF treated like HFrEFE. More studies
are needed to better understand the pathophysio-
logic factors leading to HFpEF, HFmREF, and
HFrecEF.

e Other management considerations for HFrEF
patients include CRT, mitra-clip, or CardioMEMs
devices.

e Consider advanced therapy options such as durable
VADs or heart transplantation if NYHA Class IV
symptoms despite optimal GDMT and/or CRT with
recurrent HF readmissions, inability to tolerate
GDMT, worsening renal function, or increasing
diuretic requirements and worsening functional
capacity.
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ILD Interstitial lung disease

NO Nitric oxide

OSA Obstructive sleep apnea

PA Pulmonary artery

PE Pulmonary embolism

PFTs Pulmonary function tests
PHTN Pulmonary hypertension
PVOD Pulmonary veno-occlusive disease
PVR Pulmonary vascular resistance
RF Rheumatoid factor

RH Right heart

RHC Right heart catheterization
RNA Ribonucleic acid

RV Right ventricle

SLE Systemic lupus erythematosus
V/Q Scan  Ventilation/perfusion scan
WHO World Health Organization
Terminology

Pulmonary hypertension has recently been defined by a
mean pulmonary artery (PA) pressure > 20 mmHg [1].
Pulmonary arterial hypertension (PAH) is defined as a
mean PA pressure of >20 mmHg with a pulmonary vascu-
lar resistance (PVR) of >3 Woods Units or 240 dynes-sec/
cm’® units and a pulmonary artery wedge pressure of
<15 mmHg.

Pre-capillary PH refers to elevation of pressure within the
pulmonary arterial system.

Post-capillary PH refers to elevation of pressure within the
pulmonary venous and/or capillary system.

Etiology of Pulmonary Hypertension

PH is classified into five groups according to the World
Health Organization (WHO), based on etiology and dis-
ease mechanisms [2]:
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— Group I. Pulmonary arterial hypertension (PAH)
involves the obstruction of pulmonary arterioles. The
mechanism is not fully understood but involves prolif-
eration of cells within all three layers of the vascular
wall, leading to a decrease in the diameter of the pulmo-
nary arteries. Fibrosis and microthrombosis is also seen
on microscopic examination.

— The diagnosis of PAH requires a right heart catheteriza-
tion (RHC) to exclude alternative etiologies.

— WHO Group 1 PAH is further subclassified as below:
Idiopathic PAH: PAH with no underlying/associated
etiology.

Heritable PAH: PAH in the setting of one of the
known causative genetic mutations such as that in
the bone morphogenetic protein receptor 2 (BMPR2)
gene.

Connective Tissue Disease-Associated PAH: PAH in
the setting of collagen-vascular diseases such as sys-
temic lupus erythematosus (SLE), systemic sclerosis,
or rheumatoid arthritis that can manifest with pul-
monary vasculopathy.

Congenital heart disease-Associated PAH: PAH in
the setting of a known volume- or pressure-loading
congenital heart defect such as an atrial or ventricu-
lar septal defect.

Portopulmonary hypertension: PAH in the setting of
portal hypertension, often with advanced liver dis-
ease and is thought to be related, in part, to an imbal-
ance between vasoconstrictive and vasodilatory
humoral factors.

Infectious etiologies including schistosomiasis and
human immunodeficiency virus (HIV) are associated
with PAH.

Drug/toxin-associated PAH: PAH secondary to prior
exposure to certain implicated compounds, including
chemotherapy agents (such as tyrosine kinase inhibi-
tors), illicit substances (such as amphetamines and
possibly cocaine), dietary supplements (such as fen-
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fluramine, aminorex, benfluorex), and possibly herbal
supplements such as “Quing-Dai” and rapeseed oil.
Pulmonary veno-occlusive disease (PVOD) involves
occlusion of the pulmonary venous system and can
be seen in association with chemotherapeutic regi-
mens (i.e., bleomycin, cisplatin, vincristine), organic
solvents (i.e., trichloroethylene), and cigarette
smoking.
Group II: Refers to PH which results from left heart
disease and is typically defined by a pulmonary capil-
lary wedge pressure > 15 mmHg. This can be due to
either left ventricular systolic dysfunction, diastolic
dysfunction, or valvular disease.
Group I1I: PH is the result of primary airway diseases
such as chronic obstructive pulmonary disease (COPD),
interstitial lung disease (ILD), or sleep-disordered
breathing. PH can result from hypoxia-mediated vaso-
constriction and collagen deposition within the intimal
layer.
Group IV: Chronic thromboembolic pulmonary hyper-
tension (CTEPH) refers to PH that results from chronic
pulmonary embolization/thrombosis within the pulmo-
nary arterial vasculature.
Group V: Refers to PH occurring as a result of any number
of miscellaneous conditions, such as glycogen storage dis-
eases, congenital cardiomyopathies (excluding atrial septal
defects), chronic kidney disease, Langerhans histiocytosis
X, sarcoidosis, schistosomiasis, compression of pulmonary
vessels (i.e., by malignant tumors), hematologic disorders
(i.e., sickle cell anemia).

Clinical Consequences of Pulmonary
Hypertension

¢ Clinical manifestations of pulmonary hypertension are
non-specific and may include:
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— Dyspnea/fatigue (most commonly)

— Hypoxia

— Lightheadedness

— Chest pain (due to right ventricular wall stress or coro-
nary artery compression via enlarged PA)

— Peripheral edema

— Abdominal distension

— Right ventricular lift

— Ortner’s syndrome (hoarseness due to palsy of the
recurrent laryngeal nerve)

— Augmented P2 heart sound

— Jugular venous distension

— Right-sided S3 gallop

— Systolic murmur which increases with inspiration (due
to tricuspid regurgitation)

— Widely split S2 sound
— Hepatomegaly or pulsatile liver [3].

Severity of symptoms is defined by the World Health

Organization on a scale of 1-4, with I indicating no

significant limitation in physical activity and IV indicating

severe symptoms with any activity or at rest (Table 10.1) [4].

Clinical Pearl
History of splenectomy and thyroid disorders appears
to be associated with PH.

Right Heart Failure Associated with Pulmonary

Hypertension

— PH is the most common cause of RHF, with a global
prevalence estimate of 1%, increasing up to 10% in
individuals aged >65 years [5].

— The process of RH failure can be chronic, as with pul-
monary hypertension from chronic heart and lung dis-
ease, most commonly as a result of gradual increase in
RV afterload. The initial response is hypertrophy of the
RV myocytes and maintenance of adequate cardiac
output despite high right-sided filling pressures. Over
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time, this can progress to RV myocyte fibrosis and RV
hypokinesis, resulting in low pulmonary artery (PA)
pressures despite a high pulmonary vascular resistance.

The possibility of acute PE should be considered in

worsening right heart failure in PH.

Notably management of acute RV failure in a low

RV afterload state (e.g., acute PE or acute RV

infarct) is managed differently from decompensated

RV failure from chronic PH.

Reduced RV function can result in new or worsening
tricuspid regurgitation (due to distension of the valve
apparatus) and ventricular interdependence, whereby
the interventricular septum may shift leftward. In some
cases, this can impede left ventricular filling and result
in hypotension/shock. In addition, this can lead to coro-
nary sinus congestion and myocardial ischemia.

Over time, hepatic and renal dysfunction can develop
due to congestion.

Due to their tenuous hemodynamic state, patients with
advanced RV dysfunction and with signs of impending
hemodynamic compromise may benefit from earlier
invasive monitoring to assess their central venous pres-
sure and pulmonary hypertension consult.

Goals for decompensated right heart failure from pul-
monary hypertension include the following [6]:

Optimization of preload (see citation):

e If low intravascular volume is suspected, volume
resuscitation should be initiated.

e However, when RV failure occurs in the setting of
increased RV afterload, over resuscitation may
result in displacement of the interventricular sep-
tum toward the LV and impaired LV diastolic fill-
ing. RV dilation increases free wall tension,
resulting in increased oxygen demand and
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decreased RV perfusion. In this setting, intravas-
cular volume may need to be decreased via diure-
sis of dialysis.

Reduction of afterload

e Avoidance of hypoxia, hypercapnia, and acidemia
may reduce pulmonary vasoconstriction.

e Initiation and/or addition of pulmonary vasodila-
tors should be considered. Pulmonary vasodilators
that may be available include inhaled nitric oxide
(NO), Epoprostonal/Treprostinal, and Sildenafil.

e Pulmonary hypertension specialist consult is
highly recommended for initiation of therapy.

Inotropic/vasopressor support

e Indicated to improve RV contractility and/or to
maintain adequate mean arterial pressure.

e Dobutamine and milrinone are the preferred
inotropes.

e Preferred vasopressors include vasopressin, levo-
phed for mild hypotension, and epinephrine for
moderate to severe systemic hypotension.

e Pulmonary hypertension or heart failure physi-
cian should be consulted before initiation of ino-
tropic or vasopressor support.

TaBLE 10.1 World Health Organization (WHO) functional classifi-
cation for pulmonary hypertension [4]

Class  Functional classification

I No limitation in physical activity

I Slight limitation in physical activity. Symptoms with
ordinary physical activity but not at rest

111 Marked limitation in physical activity. Symptoms with less
than ordinary physical activity but not at rest

v Symptoms with any physical activity (or at rest)
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Workup of Pulmonary Hypertension

Patients with new PH should undergo a thorough history, to
assess for: drug use, smoking history, occupational expo-
sures, family history, evaluation for symptoms of connective
tissue disease or vasculitis, risk factors for immunodefi-
ciency, travel history, and assessment for heart, liver and
lung diseases.

Further workup should include

— Chest X-ray

— High-resolution chest CT (PA:Aorta ratio > 1 specific
and sensitive for PH) [7]

— Electrocardiogram (ECG) assessing for RV hypertro-
phy, right axis deviation, right bundle branch block, or
other signs of right heart strain

— Pulmonary function tests (PFTs)

— Polysomnography

— Ambulatory oximetry

Transthoracic echocardiogram should be obtained to

assess for signs of PH

— Tricuspid regurgitant jet velocity > 2.8 m/s

— Estimated PA systolic pressure > 35 mmHg

— RV dilation

— Flattening of the interventricular septum

— Pulmonic insufficiency

— Mid-systolic closure of the pulmonic valve

— Pulmonary artery diameter > 2.5 cm.

Phlebotomy for evaluation of new PH should include:

BNP, LFTs, HIV, and, in the appropriate clinical context,

labs to evaluate collagen-vascular diseases (ANA, RF,

anti-centromere, anti-topoisomerase, anti-RNA poly-
merase 11, anti-double stranded DNA, anti-Ro, anti-La).

RHC should be considered
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Clinical Pearl
Ventilation-perfusion (V/Q) scanning is the modality of
choice to evaluate patients suspected of having CTEPH.

— In order to confirm pulmonary hypertension in patients
with low probability of PH but with high clinical
suspicion

— Clarify contribution of left heart disease to PH

— Unexplained PH

— Assess for intracardiac shunting

— Test for vasoreactivity

Pulmonary vasoreactivity testing (i.e., nitric oxide) should

be performed on initial RHC, and it can be used to identify

patients likely to respond to calcium channel blockers.

RHC must be performed before initiating any pulmonary

vasodilator therapy.

— Vasoreactivity testing involves administration of a vaso-
dilator, such as adenosine or nitric oxide and monitor-
ing for a change in mean pulmonary artery pressure. A
test is considered positive if there is a decrease in mean
pulmonary artery pressure of >10 mmHg to a value
below 40 mmHg with no decrease in cardiac output and
minimal effect on systemic blood pressure.

— Vasoreactivity testing is contraindicated if a patient has
hypotension or severe functional limitation.

— Only patients with a positive test should be treated for
PAH with CCBs.

— Vasoreactivity testing also provides an opportunity to
evaluate left ventricular response to increased preload
from increased pulmonary blood flow (i.e., PCWP
response).
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Therapy for Pulmonary Hypertension

Oxygen supplementation, particularly in group III, can be
beneficial in patients with PH (21% decrease in mortality
in patients with COPD) [8].

Diuresis is often helpful to improve symptoms in patients

with PH, particularly in group II PH.

Anticoagulation is the standard therapy for CTEPH,

with  consideration  for  surgical pulmonary

thromboendarterectomy:

— Warfarin is typically utilized, given the limited experi-
ence with other anticoagulants.

— Conlflicting evidence in patients with Group I PH, with
some studies showing improvement in mortality
(COMPERA) [9] and other evidence showing no sur-
vival advantage (REVEAL) [10].

Calcium channel blockers (non-dihydropyridine pre-
ferred). Approximately 10% of Group 1 PAH are vasore-
activity responders [11] who demonstrate improved
survival, functional class, and hemodynamics on CCB
therapy.
If there is a strong component of group II or III PH, pul-
monary vasodilators (Table 10.2) should generally be
avoided as they are not proven to be effective and may
induce pulmonary edema and/or worsening ventilation-
perfusion mismatch. Pulmonary vasodilators are also con-
traindicated in PVOD. Referral to a pulmonary
hypertension specialist should be considered.
Riociguat and macitentan have been studied and approved
as PH-specific therapies in patients with CTEPH.
Patients who are chronically on IV pulmonary vasodilators
should be maintained on a stable dose of the infusion
unless there is definitive contraindication. Interruptions
and boluses of the infusion can be life-threatening in cer-
tain cases. A pulmonary hypertension specialist should be
consulted for management of parenteral therapy.
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Clinical Pearl

Patients with pulmonary hypertension are at high risk
from surgical complications. Patients with moderate to
severe pulmonary hypertension and/or moderate to
severe RV dysfunction should be evaluated by pulmo-
nary hypertension specialist for preoperative optimiza-
tion recommendations.

Key Learning Points

e New PH warrants a broad evaluation for systemic
disorders.

e A PH specialist should be consulted for patients who
require initiation or any adjustment to pulmonary
vasodilator therapy.

e PH is associated with an increased surgical risk.
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AV
BB
BNP
CABG
CAD
CCB
CcM
CMR
CRT-D
CRT-P
DCM
ECG
EMB
ETOH
FDA
FDG
GCM
GDMT
HCM
HCTZ
HF
HFpEF
HFrEF
HIV
HTN
HTN-CM
ICD
ICM
LV
LVEF
LVH
MRA
NYHA
PAN
PCI
PET
PVC

Atrioventricular

Beta blocker

Brain natriuretic peptide

Coronary artery bypass surgery

Coronary artery disease

Calcium channel blocker

Cardiomyopathy

Cardiac magnetic resonance

Cardiac resynchronization therapy — defibrillator
Cardiac resynchronization therapy — pacemaker
Dilated cardiomyopathy
Electrocardiogram

Endomyocardial biopsy

Ethanol

Food and drug administration
Fluorodeoxyglucose

Giant cell myocarditis

Guideline-directed medical therapy
Hypertrophic cardiomyopathy
Hydrochlorothiazide

Heart failure

Heart failure with preserved ejection fraction
Heart failure with reduced ejection fraction
Human immunodeficiency virus
Hypertension

Hypertension induced cardiomyopathy
Implantable cardioverter-defibrillator
Ischemic cardiomyopathy

Left ventricle

Left ventricular ejection fraction

Left ventricular hypertrophy
Mineralocorticoid receptor antagonist

New York Heart Association

Polyarteritis nodosa

Percutaneous coronary intervention
Positron emission tomography

Paroxysmal ventricular contraction
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PVC-CM  Paroxysmal ventricular contraction induced

cardiomyopathy
RA Rheumatoid arthritis
RCT Randomized controlled trial
RFA Radiofrequency ablation
RVR Rapid ventricular response
SLE Systemic lupus erythematosus
SPECT Single proton emission computer tomography
T-CM Tachycardia medicated cardiomyopathy
TTE Transthoracic echocardiography
VEGF Vascular endothelia growth factors
VT Ventricular tachycardia

WMA Wall motion abnormality

Ischemic Cardiomyopathy

The term ischemic cardiomyopathy (ICM) has been
defined as LV systolic dysfunction with one or more of the
following criteria:

— History of prior myocardial revascularization or myo-
cardial infarction

— More than 75% stenosis in the left main or left anterior
descending arteries

— Two vessels or more with a greater than 75% stenosis [3]

ICM encompasses a spectrum of pathophysiological

states, including myocardial stunning, hibernation, and

scarring.

— Hibernating (also known as “viable”) myocardium
describes cells that are still alive with some preservation
of membrane integrity and metabolic activity.

— Hibernating myocardium is an adaptation to repetitive
ischemia and can only be established by functional
recovery following revascularization [4].

— Myocardial stunning is a state of reversible hypocon-
tractility that persists despite restoration of blood flow
following transient or recurrent ischemia [5].



174  N. Shekiladze et al.

— Patients with viable myocardium who are treated medi-
cally have increased mortality, and the number of viable
segments will decrease over time [6].

e Imaging assessing viability: assessment of viability

— 20-50% of patients with chronic ischemic left ven-
tricular dysfunction have a significant amount of via-
ble myocardium with the potential for clinical
important improvement in LV function after revascu-
larization [6].

— Modalities of viability assessment include SPECT, PET,
CMR, and DSE

Clinical Pearl

In a sub-study of the STICH trial, patients with myocar-
dial viability had lower overall mortality, but revascular-
ization was not associated with mortality benefit.
Routine viability assessment prior to surgery is not
recommended but should be assessed on case by case
basis [7].

Treatment

e GDMT: ASA, high-intensity statin, BB, ACEI, ARNI,
MRA, hydralazine + nitrate in African American, loop
diuretic, ivabradine (in selected populations)

e The STICH trial compared surgical revascularization with
medical therapy in patients with LVEF of 35% or less and
CAD amenable to CABG [8]. Patients with critical left
main coronary disease or unstable coronary syndromes
were excluded from the trial.

e At 56 months, medical therapy plus CABG resulted in
trend toward improvement in the primary outcome of all-
cause mortality. In extended follow-up (9.8 years), all-
cause mortality was lower in the CABG group (STITCHES
2016) [8].

e Device therapy:
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— Cardiac resynchronization therapy: QRS > 140 msec,
LBBB
— Implantable cardioverter-defibrillator (ICD): EF <35%

Arrhythmia-Induced CMP (AICM)

e Common types: Tachycardia-medicated CM (T-CM), atrial
fibrillation-induced CM (AF-CM), and premature ven-
tricular contraction (PVC)-induced CM (PVC-CM).

— T-CM:reversible LV dysfunction due to increase in ven-

tricular rates regardless of origin of tachycardia [9].

T-CM can manifest in the setting of either an inces-
sant or paroxysmal tachycardia.
Supraventricular arrhythmias are the most common
etiology (AF and atrial flutter with RVR).
Other arrhythmias are less common causes: incessant
or very frequent paroxysmal AT, persistent atrioven-
tricular (AV)-reciprocating tachycardia and AV
nodal re-entrant tachycardia, sustained sinus tachy-
cardia, frequent ventricular tachycardias (idiopathic,
bundle branch, and fascicular), and pacemaker-
mediated tachycardia.
T-CM has been reported to present weeks, months,
or years after the onset of tachycardia [10].

Clinical Pearl

Cessation of tachycardia results in normalization of
right atrial and arterial pressure with significant recov-
ery of LVEF and cardiac output by 48 h, and full nor-
malization after 1-2 weeks, although some changes such
as fibrosis appear to persist despite elimination of the
tachycardia and normalization of LV function [11].

An ambulatory ECG monitor for at least a 2-week
period is important to confirm or exclude T-CM. TTE
or cardiac MRI can assist in excluding other etiologies.



176

N. Shekiladze et al.

Final diagnosis of T-CM can be only confirmed after
recovery or improvement of LV systolic function within
1-6 months after elimination of the tachyarrhythmia.
In addition to optimization of medical therapy for
LV systolic dysfunction, treatment consists of sup-
pression of tachycardia based on the culprit arrhyth-
mia (antiarrhythmics (A As)) and/or RFA.

The recovery of T-CM is not always complete,
although treatment should not be discouraged as it
may have small yet significant benefits.

— AF-CM: Distinguishing whether AF is the cause or the

result of a cardiomyopathy can be a clinical challenge.

Restoration of sinus rhythm should be considered if
AF-CM is suspected.

AF ablation has been reported to achieve sinus
rhythm from 50% to 88% in both paroxysmal and
persistent AF patients with HF and CM.

— PVC-CM: The minimum PVC burden that appears to

result in cardiomyopathy is 10% [13].

The proposed mechanisms underlying PVC-induced
cardiomyopathy include ventricular dyssynchrony
and increased myocardial oxygen demand.

Patients with PVC-CM are typically young and
healthy with no prior cardiac history and have
>10,000 to >20,000 PVCs per 24 hours.

The PVCs have an outflow tract or fascicular
morphology.

LV function improves with PVC suppression or
radiofrequency ablation [10].

Ablation is often considered if the PVC burden is >25%.

Giant Cell Myocarditis (GCM)

e Aggressive, noninfectious autoimmune disorder that is
rapidly fatal without advanced HF treatment and multi-
drug immunosuppression.

e Requires histological or immunohistological confirmation
by EMB, surgical heart specimens, or an autopsy.
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Clinical course in GCM usually characterized by acute or
fulminant deterioration in left ventricular systolic function
(75% of cases), frequent ventricular arrhythmias (14%),
and heart block (5%) [12].

It is attributed to a T-lymphocyte-mediated inflammation
of the heart muscle and is associated with systemic autoim-
mune diseases (20%) [13].

Prognosis is poor. The median survival from onset of
symptoms is 5.5 months [14].

Treatment with immunosuppressive agents may improve
prognosis.

Loeffler’s Endocarditis

Loeffler endocarditis is characterized by eosinophilia,
myocardial fibrosis, systemic thromboembolism, and acute
HF.

Occurs when overproduction of eosinophils leads to myo-
cardial damage through infiltration and release of inflam-
matory cytokines [15].

Hypereosinophilia may occur because of a primary pro-
cess (hypereosinophilic syndrome) or it may be secondary
to an allergy (particularly drug or vaccination), neoplastic
process, or parasitic infection.

Diagnosis of hypereosinophilic syndrome is made in the
presence of eosinophils >1500/pL.

Echocardiography and MRI can be helpful in the diagno-
sis of eosinophilic myocarditis.

Corticosteroid therapy is generally considered primary
therapy for eosinophilic myocarditis, but its efficacy is not
well supported.

Autoimmune Cardiomyopathy

e These are rare causes of cardiomyopathy and HFE.
e Proposed mechanisms: immune-mediated myocarditis,

progressive fibrosis, and apoptosis with resultant restric-
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tive and dilated phenotypes, and progressive atherosclero-
sis with subsequent ischemic cardiomyopathy [16].

e Most common associations: systemic lupus erythematosus
(SLE), scleroderma, RA, dermatomyositis, and polyarteri-
tis nodosa (PAN)

e There are three main mechanisms for SLE-induced HF:

— Atherosclerosis
— Mpyocarditis/inflammation
— Drug-induced impairments from SLE treatment

e SLE leads to a 2- to 10-fold higher risk of MI and CAD
than for age-matched control subjects, with greater risk
among younger patients [17].

e Standard workup for cardiomyopathy does not help delin-
eate SLE as the cause, but echocardiography, ECG, and
coronary angiography are still recommended. EMB is
nonspecific, with an increase in interstitial connective tis-
sue and myocardial scarring.

e Treatment of SLE-HF is dependent on the underlying
cause:

— Myocarditis: pulse-dose steroids followed by high-dose
prednisone [18].
— Atherosclerosis: standard PCI vs. medical management.

Scleroderma

e Pulmonary hypertension and restrictive physiology are
more common.

e Possibly due to intermittent vascular spasm with intramyo-
cardial Raynaud’s phenomenon.

e Progressive systemic sclerosis can lead to conduction
abnormalities, arrhythmias, HF, angina pectoris with nor-
mal coronary arteries, myocardial fibrosis, pericarditis, and
sudden death.

e Late-contrast enhancement with gadolinium can be used
to characterize patchy fibrosis and myocardial edema
interspersed with normal myocardium in scleroderma [19].

e Diagnosis is often based on a high clinical suspicion.
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e An EMB can be useful if there is suspicion of acute myo-
carditis, given reports of favorable response to intravenous
methylprednisolone.

e No specific treatments are available for scleroderma-
induced HE.

e Cardiac transplantation can be considered if the systemic
burden of scleroderma is low [20].

Chagas

® 50,000 people die of Chagas disease each year [21].

e Trypanosoma cruzi, the causative organism, is transmitted
by insects common in Latin America. Symptomatic chronic
Chagas disease develops in approximately 10%-30% of
infected people. DCM is a late manifestation of the disease
and is generally seen during the chronic phase.

e Acute Chagas disease is usually a mild illness with a low
case-fatality rate.

— Heart is often heavily parasitized.
— Severe myocarditis develops in a small proportion of
patients.

e Widespread lymphocytic infiltration is often seen in car-
diac tissue, as well as diffuse interstitial fibrosis of myocar-
dial cells.

e The conduction system is often affected: RBBB, LAFB, or
complete AV block can be seen.

e Death usually results from rhythm disturbances or pro-
gressive HE.

e Efficacy of pharmacologic therapy targeted to 7. cruzii is
limited [21].

HIV

e In the pre-highly active antiretroviral therapy era, 40% of
initially asymptomatic HIV-positive patients were diag-
nosed with DCM with significantly depressed LVEF dur-
ing the 5-year follow-up.
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e The incidence of DCM was higher among patients with
AIDS or low CD4 counts [22].

e Symptomatic HF is seen in approximately one-half of
these patients with myocardial involvement.

e Other than the treatment for HIV, the treatment of HF in
patients with symptomatic HIV cardiomyopathy is the
same as the conventional treatment for patients with
DCM.

e The prognosis of HIV cardiomyopathy when untreated
remains poor, with a >50% mortality rate in 2-3 years [23]

HTN

e HTN causes diastolic dysfunction via increased LV wall
thickness, ischemia, and hypertrophy [24].

e Some patients progress from HFpEF to HFrEF. MI can
propagate this transition [25].

e TTE is integral to diagnosis [24].

— LVH (40% hypertensive patients)
— Diastolic dysfunction (50%)

e If LV wall thickness is >15 mm, other etiologies of LVH,
such as amyloid or hypertrophic cardiomyopathy, should
also be considered [33].

e MRI with and without contrast may be useful in distin-
guishing HTN-CM from HCM or amyloidosis [26].

e Treatment: In addition to GDMT, anti-hypertensives
(ACEI and HCTZ, for example) reduce LV mass and
reverse remodeling. Weight loss and sodium restriction
should also be counseled [24].

Amyloid

® Most commonly due to AL or ATTR (transthyretin) pro-
teins [27].
— Distinction between these is crucial as it affects treat-
ment and prognosis [28].
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Typically presents as diastolic dysfunction first; systolic
dysfunction can occur later. May present with arrhythmias:
atrial fibrillation, heart block [29].

ECG:rather than low voltage, consider whether voltage on
ECG is less than expected for the degree of LVH. If so, this
may be consistent with cardiac amyloidosis [30] (See
Fig. 11.1).

Labs: skewed serum-free light chains and characteristic
serum and urine immunofixation suggest AL amyloidosis
in the correct context. These labs are normal in ATTR
amyloidosis [31]. BNP and troponin can be elevated in
either case and are prognostic [32].

TTE: LVH, often >1.4 cm especially in ATTR; relative api-
cal sparing on TTE strain imaging [33]. See Figs. 11.2, 11.3,
and 11.4.

Clinical Pearl

Nuclear imaging: Tc99 pyrophosphate scan is highly
sensitive and specific for ATTR amyloidosis [38]. This
test is noninvasive and relatively inexpensive

TR [T e o CE TICTICIN NI w9

Ficure 11.1 ECG demonstrates atrial fibrillation, low voltage in
limb leads, left posterior fascicular block, poor R wave progression
(“pseudo-infarct pattern”)
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FIGURE 11.2 Parasternal long axis view of the heart demonstrating
left ventricular hypertrophy and speckled pattern of myocardium
“classic” for cardiac amyloidosis

FIGURE 11.3 Apical 4 chamber view of the heart demonstrating
thick left ventricle and biatrial enlargement
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FIGURE 11.4 Longitudinal strain bull’s eye plot pattern with relative
apical sparing in patient with cardiac amyloidosis

e Endomyocardial biopsy is still the gold-standard of
diagnosis.

e MRI may suggest cardiac amyloidosis (delayed gadolin-
ium enhancement, “failure to null”) but may not differen-
tiate subtype [34].

e AL has a prognosis of months even with chemotherapy
and less once cardiac symptoms develop. ATTR has a
prognosis of close to 6 years [28]. ATTR may masquerade
as HFpEF [30].

e Treatment [35]

— Both subtypes: Diuretics are mainstay. Aldosterone
antagonists may be tolerated. CCB, BB, and high-dose
ACEI/ARB may not be well tolerated. Digoxin may
have further increased toxicity.

— AF is common as are intracardiac thrombi.

— AL: referral to hematologist for chemotherapy.
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ATTR Clinical Pearl
Tafamidis is FDA approved; can decrease symptoms
and prolong survival in NYHA I-III patients.

Sarcoidosis

e More common in African Americans and those <55 years
old [15].

e Up to 25% of patients with systemic sarcoidosis may have
cardiac disease as confirmed by MRI, but only 2-5% are
symptomatic [36].

e Characterized by the presence of noncaseating granulo-
mas [15].

e C(linical features vary by the location and activity of granu-
lomas [37]: asymptomatic to sudden cardiac death.

e Arrhythmia (especially atrial but also VT), heart block
(with syncope) and HF are common presentations.

e ACE levels elevated in 60% of patients with active sar-
coidosis but not sensitive or specific for diagnosis or
activity.

e TTE usually abnormal in active symptomatic disease: sys-
tolic or diastolic dysfunction, WMA.

e Cardiac biopsy: negative result does not rule it out due to
patchy involvement.

e MRI is the test of choice: Late gadolinium enhancement,
early granuloma enhancement on T2.

e FDG PET may be able to detect metabolically active
granulomas [15, 36, 37].

e Treatment with corticosteroids: 40-60 mg prednisone
tapered slowly over months [15, 37].

— S-year survival is ~50%.

— Treat HF with GDMT.

— ICD may be reasonable in patients with cardiac
sarcoidosis.
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ETOH/Toxin/Drug [15, 38]

Alcoholic CM is one of the most common etiologies of
acquired CM.

Usually patients have been heavy drinkers for >10 years
with >100 g/day.

Development of alcoholic CM depends on total intake and
can be influenced by genetics.

Abstinence and initiation of HF GDMT are recommended
treatment and recovery of EF is not uncommon, but prog-
nosis remains poor.

Thiamine and folate should be supplemented in appropri-
ate patients.

Cocaine-related CM can be present in the absence of
CAD. Standard HFrEF therapy can be used (including
beta blockers) in patients with >6 months abstinence.

In active or relapsed cocaine users, using non-selective
beta-blockers may be safer.

Methamphetamines can cause cardiomyopathy. Abstinence
and GDMT may lead to recovery.

Chemotherapeutic Agents [15, 39]

All patients should have robust screening and optimiza-

tion of underlying cardiac disease prior to initiating

chemotherapy.

Anthracycline agents were initially thought to cause car-

diotoxicity only at high doses, but recent data suggests any

dose can cause cardiomyopathy.

— Risk is greater with doses >500 mg/m?.

— Early recognition and initiation of HF therapy can
reverse cardiomyopathy.

Trastuzumab, VEGF inhibitors, bortezomib, and carfilzo-

mib can cause cardiomyopathy in some patients

— Reversal of HF is likely with HF GDMT.
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Clinical Pearl

Cardiotoxicity due to chemotherapy is defined as a
decline in LVEF of at least 5-10% to a level < 55% with
symptoms of HF

Stress-Induced Cardiomyopathy (Takotsubo
Cardiomyopathy)

Transient LV dysfunction due to an emotional trigger.

Typically seen in women over age 50.

Presentation tends to mimic acute MI including ST eleva-

tion and troponin leak.

Diagnosis [15]

— Apical ballooning of the left ventricle is often seen on
imaging.

— Regional wall motion abnormalities involve more than
one epicardial coronary artery.

— Angiography rules out coronary obstruction or plaque
rupture.

— Pheochromocytoma or myocarditis are ruled out.
In-hospital mortality can be as high as 4.5% [40].
Recovery is often rapid, with many patients having resolu-
tion of LVEF in about 7 days.

Treatment is generally supportive with little evidence for
HF GDMT.

Iron-Overload CM [41]

Genetic: hereditary hemochromatosis (White Americans,
Northern Europeans)

Acquired: transfusions in beta-thalassemia major (people
of Mediterranean descent)

Diagnose iron overload
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— Transferrin saturation > 45% and ferritin >200-300
pg/L in men or 150-200 pg/L in women
— Cardiac MRI: T2 signal correlates with iron infiltration
e Treatment
— HF should be treated with GDMT
— Phlebotomy is used when possible, and chelation is used
when anemia is present

Peripartum cardiomyopathy: Please see Chap. 22:
Pregnancy and Heart Disease

Key Learning Points

e An accurate diagnosis is crucial to, and may dramati-
cally impact, success of treatment.

e With early detection and initiation of treatment,
many cardiomyopathies can be reversed or improved.

e ATTR amyloidosis is emerging as a previously
underappreciated cause of HFpEF and can be mis-
taken for hypertensive CM. FDA-approved treat-
ments are now available.
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Chapter 12

Cardiogenic Shock
and Advanced Heart
Failure Therapies

Mohsin Chowdhury and Pablo A. Quintero

Introduction

e Cardiogenic shock (CS) is a state of cellular and tissue
hypoxia due to hypoperfusion mediated by a low-cardiac-
output state.

e Hemodynamic definition of CS includes persistent hypo-
tension (systolic blood pressure <90 mm Hg or mean arte-
rial pressure 30 mm Hg lower than baseline) with severe
reduction in cardiac index (<2.2 L/min/m?) and elevated
filling pressures [1].

e CS is often associated with multisystem organ failure and
has a high mortality rate (in-hospital mortality 27-51%).

e Patients present with signs of clinical hypoperfusion
including cold extremities, oliguria, mental confusion, diz-
ziness, and a narrow pulse pressure and often have labora-
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tory signs of hypoperfusion (metabolic acidosis, elevated
serum lactate, elevated serum creatinine, and elevated
transaminases).

Hemodynamics

See Chap. 32 for details on right heart catheterization.

e Patients with CS are characterized by low cardiac output
(CO)/cardiac index (CI), elevated systemic vascular resis-
tance (SVR), and high filling pressures (1 central venous
pressure and/or 1T pulmonary capillary wedge pressure
(PCWP))

e Assummarized in Table 12.1, there are several phenotypes
of CS, with “cold and wet” being the most common.

Clinical Pearl
Among the three phenotypes of cardiogenic shock,
“cold and wet” is the most common.

TaBLE 12.1 Phenotypes of cardiogenic shock
Volume status

Wet Dry

Afterload Cold Classic cardiogenic Euvolemic car-
shock diogenic shock
(ICL 1SVR, 1CVP/ (ICO/CIL 1SVR,
PCWP) <CVP/PCWP)

Warm  Vasodilatory cardio- Non-cardiogenic

genic shock (“mixed” shock
shock) (1CL, |SVR,
(1CI, [/&SVR, 1CVP/ LCVP/PCWP)
PCWP)

CI cardiac index, SVR systemic vascular resistance, CVP central
venous pressure, PCWP pulmonary capillary wedge pressure
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Etiologies

e Most common cause of CS is acute coronary syndrome
(ACS) (as many as 81% of patients presenting with CS
had underlying ACS [2]). Other common causes are sum-
marized in Table 12.2.

Clinical Pearl

Acute coronary syndrome is the most common cause of
cardiogenic shock (CS). Unless another underlying etiol-
ogy has been identified, all patients presenting with CS
should undergo evaluation for coronary artery disease.

TaBLE 12.2 Etiologies of cardiogenic shock

Complications of acute
myocardial infarction

Acute decompensated
heart failure

Papillary muscle rupture
Ventricular septal rupture
Free wall rupture

Chronic heart failure (known etiol-
ogy) with acute decompensation

Dilated cardiomyopathy
Myocarditis

Stress-induced cardiomyopathy
(Takotsubo)

Peripartum cardiomyopathy
Coronary artery dissection

Post-cardiotomy shock

(continued)
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TABLE 12.2 (continued)

Valvular heart disease

Arrhythmia

Extracardiac/obstructive

Other

Stenosis
Acute regurgitation
Valvular obstruction

Mechanical failure of prosthetic
valves

Atrial arrhythmia with rapid ventricu-
lar rate

Bradycardia
Ventricular tachycardia
Cardiac tamponade
Constriction
Pulmonary embolism
Aortic dissection
Toxidromes

Hypothermic myocardial depres-
sion

Hypo-/hyperthyroidism
Pheochromocytoma

Myocardial depression in setting of
septic shock

Myocardial contusion

Post-cardiac arrest stunning

Evaluation

After or concurrent to initial hemodynamic resuscitation and
stabilization, comprehensive work-up should be pursued to
identify the underlying etiology.
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CBC (with differential), comprehensive metabolic panel,
TSH, lactic acid, atrial blood gas, troponin, NT-proBNP (or
BNP).

Resting 12-lead ECG.

Chest X-ray (provides information on cardiac size, pulmo-
nary congestion, and may suggest alternative pathology).
Comprehensive transthoracic echocardiogram (TTE).
Consider transesophageal echocardiogram if TTE images
are inadequate or diagnosis remains uncertain.

Although studies on benefit of pulmonary artery catheter
(PAC) in CS are mixed, PAC remains an important diag-
nostic and management tool especially for patients with
diagnostic or therapeutic uncertainty and those being con-
sidered for advanced therapies. PAC can confirm the pres-
ence and severity of CS, RV involvement, and pulmonary
pressures and offer real-time, objective feedback on
response to interventions.

Clinical Pearl

Consider early right heart catheterization and place-
ment of leave-in PAC in patients with diagnostic or
therapeutic uncertainty

Management

¢ Goal of therapy should focus on addressing the underlying

cause and restoring and maintaining satisfactory tissue
perfusion.

If acute MI is the underlying cause, baring contraindica-
tions, coronary reperfusion should be pursued emergently
(see Chap. 1). There is improved 6-month mortality with
emergency revascularization (vsinitial medical stabilization
and delayed revascularization) for acute MI complicated
by CS (SHOCK, NEJM 1999 [3]).
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e Avoid p-blockers and renin-angiotensin-aldosterone sys-
tem (RAAS) antagonists.

e Inotropes and vasopressors are frequently used for the
management of CS, although outcome data is sparse.
Typical target mean arterial blood pressure goal should be
>65 mm Hg. Table 12.3 summarizes the mechanism of
action, usual infusion dose, hemodynamic effects, and spe-
cial considerations for commonly used vasopressors and
inotropes. Efforts should be made to minimize the number
of agents and their dose.

e Patients on monoamine oxidase inhibitors are extremely
sensitive to vasopressors and therefore require lower than
usual dose.

e Although there is paucity of high-quality evidence to sup-
port the routine use of mechanical circulatory support
(MCS) devices, patients with persistent CS should undergo
evaluation by multidisciplinary team for considerations for
MCS [4]. Figure 12.1 summarizes potential management
pathway for CS. Palliation should be considered during
each of these steps.

e Temporary MCS can be used as a bridge to recovery,
bridge to decision, bridge to durable ventricular assist
device (VAD), or bridge to transplant (BTT) in appropri-
ately selected patients with CS, whereas durable VAD is
used as BTT or as destination VAD.

e Table 12.4 summarizes the relative merits of currently
available MCS devices. MCS device selection should be
based on availability, multidisciplinary team familiarity,
and patient-specific needs.

Clinical Pearl

Although inotropes and vasopressors remain a corner-
stone of management of CS, due to their deleterious
effects, the number of agents and dose should be
minimized.



197

Chapter 12. Cardiogenic Shock and Advanced Heart...

(panunuod)

“([¢]
010T WIAN ‘11 dVOS)

MASH ‘00! + = b wwydy/Ed oz01
SO ur asn P (ourrydou
-1do1ou 03 paredwod) A JASL ‘0D ++ + o+t +  umy3y/8d o1—¢
-[e1I0W PASEIIOUT PIMOYS e
sisAeue dnoi3qng Ajuow PIqBHEA PlqBHEA ur/3/3M 6=
-WOJ INJ20 SeIUIAYISA(] 0Dl +++ - + — urwy/3y/38 7—-¢ ourwedoq
urw
AASH ‘00 — AR B8 S0-T00 surydourdyg
urw
MAS! ‘0Dl - + ++ ++++ /381 y0-c00 ounydourdoroN
uonoNIsSqo
LOAT d1weuAp pue ‘sisou J[osnuw Yloows uru
-1$ [EIIW SISOUD)S D108 AAde UASL! 1emosea ur s101deosar 'A sejenung  /siun vo.o&o.o urssardosep
i sjuaned ur siossoxd ’ ) ' ’
-0SBA IOUJO I0AO PAIIJAI] AASL - - — 4+ utwy3ysd g1-1°0  euuydeAusyg
suoneIAPISUO) [ePIdS spaye  adwuluedoq g 'd 0 Sni(q
drureuipoudyy Surpuiq 103dad3y Jsop [ens)

sodonjour pue s1ossardosea pasn

A[uowrtod 10J SUOIBIIPISUOD [e1dads pue ‘s109JJ0 JIWBUAPOWY ‘9SOp UOISNJUI [BNSN ‘UONIE JO WSIUBYIIN €Tl 914V],



M. Chowdhury and P. A. Quintero

198

Jo0ys 21u230IpIed §)

‘c-oserd)sarpoydsoyd ¢-77 g4 ‘mndino seipies ) ‘oouelsisar renosea [eroyduad Y A QOUBISISAI JB[NISBA JIWISAS Y AS

YAdT
“IAST ‘004 — - urwy/3 og-g  [oudrajordosy
juouriredwl [BUST YIim
syuonjed 10J popUAWIIOdAL
st uonjenndn snonned pue AAdT uruy/3y
9SOP TeNUT SAIBAISSUOT) “IAST ‘00! Tonquut ¢-gqad /31 6L°0-521°0 QUOULITIA
SISOUQ]S d11108
-qns srydomnradAy oryyed MAdT
-OIpI UI P3jedIpUIRIIUO)) FUAST 0D -+t e+t + urwy/3y/31 0z-S' aurwreinqo
SuoneIdPISuod [eRadg spage adwuuedoq ¢ 'd 0 sniQq
srueuApows Surpuiq 103da09Yy asop [ensn)

(ponunuod) €1 a1av],



Chapter 12. Cardiogenic Shock and Advanced Heart... 199

Clinical Pearl
Routine placement of an intra-aortic balloon pump is
not beneficial in acute MI with cardiogenic shock.

Resuscitation and Medical
Stabilization
(inotropes/vasopressors,

mechanical ventilation) Temporary MCS
IABP
Peripheral VAD
ECMO
Implantable VAD

Evaluation for underlying
etiologies and etiology
specific interventions.

Reperfusion if ACS.

Y

Durable

VAD
Y /
Recovery

Destination

VAD

Transplant

FiGURE 12.1 Potential management pathway for cardiogenic shock.
ACS acute coronary syndrome, IABP intra-aortic balloon pump,
VAD ventricular assist device, ECMO extracorporeal membrane
oxygenation
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Key Learning Points

1. Cardiogenic shock (CS) is a state of tissue hypoper-
fusion due to low cardiac output which has a spec-
trum of severity and myriad of cardiac and non-cardiac
etiologies.

2. CS has a very high mortality rate thus a prompt rec-
ognition, establishment of underlying etiology and
appropriate therapy can be life-saving.

3. Goal of treatment is to restore and maintain satisfac-
tory tissue perfusion. Treatment of underlying cause,
use of inotropes and vasopressors, and mechanical
circulatory support (for appropriate patient) remain
the cornerstones of treatment of CS.
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Abbreviations

ATC Anticoagulation

AR Aortic regurgitation

AS Aortic stenosis

AVA Aortic valve area

CT Cardiac computed tomography

CHF Congestive heart failure

EROA Effective regurgitant orifice area

EF Ejection fraction

ESD End systolic diameter

GDMT Guideline-directed medical therapy

HTN Hypertension

LV Left ventricular

MR Mitral regurgitation

MS Mitral stenosis

PBMC Percutaneous balloon mitral commissurotomy

STS-PROM  Society for Thoracic Surgeons
Predicted Risk of Mortality Score

SAVR Surgical aortic valve replacement
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Svi Stroke volume index
TEE Transesophageal echocardiography
TAVR Transcatheter aortic valve replacement

Aortic Stenosis (AS)

Background

e Aortic stenosis is the most common cause of left ventricu-
lar (LV) outflow obstruction.

e Typically diagnosed by calculated aortic valve area (AVA)
and measured gradients on echocardiography or cardiac
catheterization.

Clinical Pearl

The transthoracic echocardiogram is a simple, noninva-
sive, radiation-free modality for evaluating native valve
disease.

e Pathophysiology: Progressive narrowing of the aortic valve
leads to LV pressure overload
e AVA is the first step in assessment [1, 2]
— Mild aortic stenosis: AVA > 1.5 cm?
— Moderate aortic stenosis: AVA 1.0-1.5 cm?
— Severe aortic stenosis: AVA < 1.0 cm?

Clinical Pearl
An aortic valve gradient >40 mmHg, velocity >4 m/s, or
area <1 cm? indicates severe aortic stenosis.

e Aortic valve gradients are influenced by LV stroke vol-
ume [3].
— Classic, high-flow, high-gradient aortic stenosis meets all
of the following criteria (Fig. 13.1):
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+ AVVTI
Vmax 438 cm/s
Vmean 318 cm/s
Max PG 77 mmHg
Mean PG 45 mmHg
VTI 114 cm
AVVR 0.26
AVA (VTI) 0.63 cm
AVA (Vmax) 0.58 cmy
— AVA(VTIYBSA 0.32
-100

heauhdl T

cm/s
~-100
-— =200
-— -300

=-400

Lt 51bpm

FIGURE 13.1 Echocardiographic diagnosis of severe aortic stenosis.
Above, a continuous wave Doppler tracing through the aortic
valve. The red arrows illustrate the key diagnostic requirements
for severe AS (Vmax > 4 m/s, mean gradient> 40 mmHg, an AVA
<1.0 cm?)

Mean aortic valve gradient: >40 mmHg or peak
velocity across the aortic valve >4 m/s
Aortic valve area < 1.0 cm?
Stroke volume index: (SVi) >35 mL/m?
— Low-flow, low-gradient aortic stenosis: Meets all of the
following criteria:
Mean aortic valve gradient: <40 mmHg or peak
velocity across the aortic valve <4 m/s
Aortic valve area < 1.0 cm?
Svi: <35 mL/m?
Left ventricular ejection fraction: LVEF <50%
— Paradoxical low-flow, low-gradient aortic stenosis meets
all of the following criteria:
Mean aortic valve gradient: <40 mmHg or peak
velocity across the aortic valve <4 m/s
Aortic valve area < 1.0 cm?
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Svi: <35 mL/m?
LVEF: >50%

— Pseudo-severe AS: In patients with low stroke volume
(e.g., low LVEF), AVA may appear falsely low due to
reduced valve opening from low-flow state.

To distinguish pseudo-stenosis from low-flow low-
gradient AS, use dobutamine stress echo. At peak
stress, calculated AVA > 1.0 cm? for pseudo-stenosis.
For true low-flow low-gradient severe AS, AVA will
remain <1 cm? while gradients increase to severe
range.

Evaluation and Management

e Presentation
— Physical exam: Harsh, systolic, crescendo-decrescendo
murmur best heard over the right upper sternal border.
Late-peaking murmurs suggest more severe disease.
May have loss of second heart sound. Delayed and
blunted carotid upstroke (parvus et tardus).
— Most patients are asymptomatic until AS is severe.
— The classic symptom progression is angina — syn-
cope — congestive heart failure (CHF) [4].
— The most common presentation: dyspnea on exertion,
exertional pre-syncope, and exertional angina.
¢ Differential diagnosis:
Aortic sclerosis without stenosis
Subvalvular stenosis
— Supravalvular stenosis
Hypertrophic obstructive cardiomyopathy
e Prognosis: correlates with symptoms [4]
— Angina: average survival —5 years
— Syncope: average survival—3 years
— CHF: average survival—2 years
e Treatment
— Mechanical correction is the only therapy shown to
improve symptoms and survival.
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— The optimal treatment strategy should be based on the
patient’s operative risk, calculated using the Society for
Thoracic Surgeons (STS) Predicted Risk of Mortality
(PROM) score.

— The STS-PROM score does not account for frailty, liver
disease, or tricuspid valve disease, all of which increase
operative risk.

Low-risk patients: STS-PROM < 4.0% [5, 6]

Intermediate-risk patients: STS-PROM = 4% but

<10% [7]

High-risk patients: STS-PROM > 10%

— Surgical aortic valve replacement

Requires adequate aortic anatomy for cardiopulmo-

nary bypass, median sternotomy, and general

anesthesia.

Class I recommendation for patients at low-, inter-

mediate-, and high-surgical risk [1, 2].

Mechanical aortic valve: should be considered in

young patients (<55 years of age), in those with

another indication for anticoagulation, and in those
at high risk for a second aortic intervention.

e Advantages: Low rate of valve failure, excellent
hemodynamics.

e Disadvantages: Requires lifelong anticoagulation
(ATC), often audible, no role for TAVR in cases of
valve degeneration.

— Bioprosthetic aortic valve

Advantages: No role for lifelong ATC, amenable to

TAVR.

Disadvantages: Less durable. Patients may need

another valve replacement.

— Transcatheter aortic valve replacement

Allows for a fully percutaneous aortic valve replace-

ment, without cardiopulmonary bypass, and often

without the need for general anesthesia [6,7] (Fig. 13.2).

Because of the minimally invasive nature of the tech-

nique, many patients can be discharged to home

within 24 hours of implantation [8§].
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Ficure 13.2 TAVR implantation. TAVR is a fully percutaneous
approach to aortic valve replacement. Panel (a) demonstrates trans-
catheter heart valve before deployment. Panel (b) demonstrates that
valve during expansion. Panel (¢) shows the valve post deployment.
Note that this technique does not require cardiopulmonary bypass

Approved for severe, symptomatic, non-rheumatic

AS [1,2].

There is a lack of data for the use of TAVR in

patients with bicuspid aortic stenosis.

Registry data suggest a higher rate of stroke and

pacemaker implantation for bicuspid AS compared

to tricuspid AS [9].

Guideline recommendations [1, 2]:

e Class I for patients at prohibitive and high surgical
risk.

¢ (lass IIa recommendation for patients at interme-
diate surgical risk.

e Currently, FDA has approved this guidelines for
patients at low-surgical risk, but the guidelines
have not been updated since completion of the
low-risk trials.

Valve selection

e Sizing is determined using gated cardiac com-
puted tomography (CT) and/or transesophageal
echocardiography (TEE).
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Aortic Regurgitation (AR)

Background

Unlike AS, aortic regurgitation can be acute or chronic

Acute causes:

— Endocarditis

— Trauma

— Aortic dissection

Chronic causes:

— Bicuspid aortic valve degeneration

Calcific degeneration

Rheumatic disease

— Dilation of the aortic root from:
¢ Congenital causes
e Hypertension (HTN)
e Vasculitis

In most patients, only severe AR will be clinically relevant

during hospital admission

Pathophysiology: regurgitation leads to LV volume over-

load — LV dilation — congestive heart failure

Prognosis

— Asymptomatic patients with chronic aortic regurgita-
tion, LVEF > 50%, and a LV end-systolic dimension
<45-50 mm have a low risk of death.

— In patients with severe aortic regurgitation and LV dys-
function with HF symptoms, risk of death approaches
6-25% per year.

Clinical Pearl
Changes in ventricular size or function in patients with
valvular heart disease should prompt cardiology
consultation.
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Evaluation and Management

e Physical exam:

— Early diastolic murmur (starting immediately after A2),
wide pulse pressure, water hammer (Corrigan) pulse.
Other findings best seen in chronic AR: head bob with
each heartbeat (de Musset’s sign), capillary pulsations in
fingertips (Quincke’s pulses), systolic/diastolic bruit over
femoral artery with partial compression (Duroziez’s sign).

e Presentation

— Acute: Sudden onset dyspnea or congestive heart failure.

— Chronic: Incidentally discovered dilated aortic sinuses/
ascending aorta or dyspnea on exertion.

e Diagnosis is based on echocardiography [10].
— Severe AR
Flail leaflets on qualitative analysis
Pressure %2 time < 200
Diastolic blood flow reversal in descending aorta
Regurgitant volume of >60 mL/beat
e Treatment

— The role of medical therapy for aortic regurgitation has
not been well established.

— There are no data to support routine vasodilatory ther-
apy in patients with severe AR and preserved ventricu-
lar function [11].

— Aortic valve replacement is recommended for the fol-
lowing patients with severe AR [1,2]:

Symptoms attributable to AR

Asymptomatic but with an EF <50%

Asymptomatic but with an end systolic diameter

(ESD) >50 mm

Asymptomatic but with an ESD >65 mm and low

surgical risk

Another indication for cardiac surgery

e Replacement is also suggested for patients with
moderate AR undergoing another cardiac surgery
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— The standard therapy for aortic regurgitation remains
SAVR
TAVR has been performed “off-label” in this popu-
lation [12]
There are no commercially available TAVR devices
for AR

Mitral Stenosis (MS)

Background

MS is relatively uncommon in the United States
— Often related to rheumatic valvular changes or severe
mitral calcification
History should include a detailed evaluation for
prior rheumatic fever, chest radiation, or significant
renal disease.
Pathophysiology: Narrowing of the mitral valve — left
atrial pressure overload — pulmonary hypertension
Prognosis:
— Rheumatic MS is a progressive disease. The prognosis
worsens once a patient becomes symptomatic.
— 44% 5-year survival in symptomatic patients without
correction [13].
Diagnosis is primarily based on echocardiography [14]
— Planimetered mitral valve area < 1.5 cm?
— Diastolic pressure half-time > 150 ms (narrowed ori-
fice — delayed filling)
— Gradient:
The gradient across the mitral valve is directly
related to the patient’s heart rate
Mild MS: Mean gradient <5 mm Hg
Moderate MS: Mean gradient 5-10 mm Hg
Severe MS: Mean gradient >10 mm Hg
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Presentation and Management

e Presentation: Decreased exercise tolerance, dyspnea on
exertion/congestive heart failure

e Physical exam: Opening snap following S2 with diastolic
rumble, heard best at apex. S2-to-opening snap interval is
inversely correlated with MS severity. Often difficult to
auscultate, especially in setting of atrial fibrillation, which
is commonly associated.

e Treatment [1,2]
— Medical therapy

Rate-controlling medications to reduce heart rate to
the lowest tolerated rate (increased diastolic filling
time) in patients with (1) atrial fibrillation with a
rapid ventricular response or (2) normal sinus rhythm
and exercise-induced symptoms.

Anticoagulation in patients with concomitant atrial
fibrillation. Use warfarin only for valvular atrial
fibrillation, no novel oral anticoagulants.

— Mechanical correction

Percutaneous balloon mitral commissurotomy

(PBMC) in symptomatic patients with suitable

anatomy.

e TEE is necessary to determine a patient’s ana-
tomic suitability for valvuloplasty.

Mitral valve surgery for severely symptomatic

patients who are not candidates for PBMC.

Mitral Regurgitation (MR)

Background

¢ Definition
— Correctly defining the etiology of MR is essential to

optimizing treatment [15]
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MR is classified as primary (degenerative) MR when
the etiology of the MR is attributable to a problem
with the mitral valve.

MR is classified as secondary (functional) when the

etiology of the MR is attributable to myocardial disease.

Echocardiography is the main imaging modality for

assessing the mitral valve [10].

e Severe MR is defined by:

— Vena contracta width > 0.7 cm

— Effective regurgitant orifice area (EROA)
> 0.40 cm

— Regurgitant volume = 60 mL

— Regurgitant fraction > 50%

e TEE is often useful to better define the severity
and etiology of MR.

e Cardiac MRI is useful to accurately quantify the
degree of mitral regurgitation and for patients
with suboptimal echo windows.

e Pathophysiology
— MR leads to chronic LV volume overload - compensa-
tory LV dilation — congestive heart failure.
e Prognosis
— Primary MR: 66% of asymptomatic patients require
surgery within 5 years because of LV dysfunction, pul-
monary HTN, or atrial fibrillation [16].
— Secondary MR: 23.5% mortality rate at 24 months in
the COAPT Trial [17].

Presentation and Management

e Presentation
— The severity of a patient’s symptoms is related to the
severity of MR, associated pressure in the pulmonary
artery, and associated arrhythmias (MR — atrial dilata-
tion — atrial fibrillation).
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— Patients commonly present with symptoms of poor for-
ward cardiac output (fatigue) and dyspnea on exertion.

— Acute MR may present as sudden onset dyspnea, flash
pulmonary edema, and significant hemodynamic com-
promise: this raises the concern for a papillary muscle
rupture, ruptured mitral chordae, or leaflet rupture
from endocarditis.

e Physical exam: Holosystolic murmur best heard at the LV
apex, radiating to axillae. May hear mid-systolic click with
mitral valve prolapse. In acute MR, there may be little-to-
no murmur.

e Treatment
— The complexity of the mitral valve and available thera-

pies requires a heart team approach to patient care [1,
2,17,18].

— Mechanical correction has shown survival benefit in
patients with MR.

e Treatment of primary mitral regurgitation
— Surgery remains the gold standard of treatment [1, 2].
— Mitral valve repair is preferred to replacement in the

following conditions:
When the MR is limited to the posterior leaflet
When the MR involves the anterior or both leaflets
and durable repair can be accomplished

— Class I recommendations for surgery are to be followed
in the following groups with chronic, severe, primary MR:

Symptomatic patients with MR and an LVEF >30%
Asymptomatic patients with an EF of 30-60%

— The MitraClip (Abbott Vascular) is a fully percutane-
ous edge-to-edge repair system that has shown efficacy
in patients with severe primary MR at prohibited surgi-
cal risk [19].

e Treatment of secondary mitral regurgitation [1,2, 15,17 18]
— The mainstays of therapy for secondary mitral regurgi-
tation treat underlying myocardial disease.
— Prior to considering any mechanical correction to sec-
ondary MR, it is essential to:
Evaluate for reversible ischemia and pursue revascu-
larization if possible
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Optimize guideline-directed medical therapy
(GDMT) for congestive heart failure
Consider cardiac resynchronization therapy (typi-
cally reserved for patients with an underlying left
bundle branch block and QRS duration >150 ms)
Consider consultation with advanced heart failure
services
— Surgical repair is a Class IIB recommendation in
patients with NYHA III-IV CHF symptoms if it is felt
the degree of MR rather then left ventricular dysfunc-
tion causes symptoms
— The MitraClip has been studied in patients with second-
ary MR
— Results from the two largest studies are conflicting
The COAPT Trial demonstrated a significant reduc-
tion in HF hospitalization and all-cause death at
24 months in patients undergoing MitraClip + GMDT
compared to GDMT alone [17].
The Mitra-FR Trial failed to show significant out-
comes in patients undergoing MitraClip + GMDT
compared to GDMT alone [18].
These differences may be attributable to patient
selection, operator experience, or titration of medical
therapy [20].
Patients should be evaluated by patients with exper-
tise in heart failure management prior to undergoing
MitraClip for SMR.

Pulmonary and Tricuspid Valves

e Background: Right-sided valvular heart disease is much
less common than left-sided disease. Trace to mild disease
is a common incidental echo finding [1, 2, 10, 14, 21].
e Common etiologies of tricuspid disease
— Stenosis: Rheumatic heart disease, carcinoid syndrome,
congenital abnormalities, pacemaker endocarditis, pace-
maker-induced adhesions, lupus, mechanical obstruc-
tion secondary to tumor.
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— Regurgitation: The most common cause is due to annu-
lar dilation. The most common primary cause is myxo-
matous degeneration.

e Common etiologies of pulmonic disease

— Stenosis: Congenital >>> acquired causes.

— Regurgitation: Most likely to be from congenital disease
or post-percutaneous valvuloplasty. Acquired disease
occurs in <1% of patients.

e See Table 13.1 for evaluation of right-sided valve disease.

TaBLE 13.1 Evaluation of right-sided valve disease

Severe Severe
stenosis regurgitation  Class I indications for
Valve criteria criteria surgery
Tricuspid Mean RA/RV Stenosis
gradient dilatation Severe stenosis at
>5 mmHg IvC the time of left-sided
Pressure 2 diameter: surgery
time > 190 ms >2.5 cm Isolated,
Valve Color flow: symptomatic severe
area <1lcm? Large stenosis
central jet Regurgitation
Systolic flow Functional severe
reversal in regurgitation at the
hepatic vein time of left-sided
EROA surgery
(cm?) > 0.40
Pulmonic Peak velocity: RV size: Stenosis
>4 m/s dilated Moderate to
Peak gradient: Deceleration severe stenosis

>64 mm Hg

time < 260 ms
Pressure Y2
time < 100 ms
Prominent
diastolic flow
reversal in PA
RF >40%

and unexplained
heart failure,
cyanosis, or exercise
intolerance —
balloon valvuloplasty,
followed by surgical
repair if failed
valvuloplasty

Criteria reflect select criteria that may be commonly reported in
echo reports

RA right atrium, RV right ventricle, /VC inferior vena cava, EROA
effective regurgitant orifice area, RF regurgitant fraction
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Key Learning Points

1. A multidisciplinary heart team is essential to provid-
ing high-quality valve care

2. Echocardiographic findings always warrant correla-
tion with clinical symptoms.

3. Medical therapy, surgery, and transcatheter therapy
play a complementary role in the care of patients
with native valve disease.
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Valve Types

There are two varieties of prosthetic valves: mechanical
valves and bioprosthetic valves. Examples are pictured in
Fig. 14.1.
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FIGURE 14.1 St. Jude bileaflet mechanical aortic valve (left) and
Carpentier-Edwards bioprosthetic aortic valve (right)
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e Mechanical valves — Designs include the caged ball, single tilt-
ing disc, and bileaflet tilting disc. Essentially all contemporary
mechanical valves utilize the bileaflet tilting disc design [1,2].
— Increased durability
— Increased thrombogenicity

® Bioprosthetic valves — Typically xenografts (collected from
animal tissue such as bovine pericardium or porcine
valves) and rarely autografts/homografts (derived from
human valve tissue) [1].

— Decreased durability

— Decreased thrombogenicity

e Transcatheter valves — All available forms derived from
biological tissue.

— To allow endovascular delivery, the valve is crimped and
delivered via a stent frame that then expands once in
the appropriate position. These stents can be either
balloon-expandable or self-expanding [1].

Choice of Valve Prosthesis

The choice between pursuing valve replacement with either a
mechanical or prosthetic valve is dependent on multiple fac-
tors and summarized in Table 14.1.

Patients are stratified into three groups for prosthetic
valve candidacy based on age and risk of bleeding:

1. Patients who are less than 50 years of age without a contra-
indication for anticoagulation — mechanical valve [4].

e Patients in this demographic generally have a lower
bleeding risk profile and a greater chance of going
through life without needing reintervention.

2. Patients who are greater than 70 years of age or those at any
age who are unable or unwilling to receive lifelong antico-
agulation with a vitamin K antagonist (VKA) — biopros-
thetic valve [4].

e Older age is associated with a higher risk of bleeding.

e Higher likelihood for other procedures or surgeries in
this subset of the population that would otherwise
require interruption in anticoagulation.
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TaBLE 14.1 Factors that favor mechanical versus bioprosthetic

valves [3]
Mechanical Bioprosthetic

Age <S0years v

50— v v

70 years

>70 years v/
Shorter expected life span 4
Anticoagulation for another reason v/
(atrial fibrillation, VTE)
High bleeding risk/contraindication v
to anticoagulation
Higher morbidity/mortality with v

reintervention (e.g., porcelain
aorta)

3. Patients that fall in the range of 50-70 years of age will
have similar outcomes for both mechanical and biopros-

thetic valves [4, 5].

e From the standpoint of valve durability, the use of
valve-in-valve techniques for bioprosthetic valve
replacement has decreased the need for surgical replace-
ment, thereby reducing the risk of reoperation.

e While these techniques have predominantly been used
in aortic valves, they have been successfully used in

mitral valves as well [6].

Anticoagulation

Mechanical Valves

e Require lifelong anticoagulation in order to prevent valve
thrombosis and thromboembolism [3, 4].
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e Combination of thrombogenic valve material, abnormal
flow conditions, and high shear stress leads to an environ-
ment of increased platelet activation — higher rates of
thrombosis in the absence of anticoagulation [3, 4].

e The anticoagulant of choice remains VKAs such as warfa-
rin, with heparin (unfractionated or low molecular weight)
used as a bridging agent until the INR is at the designated
therapeutic target [3, 4].

e Direct oral anticoagulants (DOACs) are contraindicated
and have been associated with both increased bleeding
and thromboembolic events in patients with mechanical
valves [7].

Bioprosthetic Valves

e Managed with aspirin therapy alone in the long term [3, 4].

e Recommended to have a period of anticoagulation with
a VKA in the first 3-6 months following valve replace-
ment [4].

The INR goal for prosthetic valves is dependent on the
type of valve (bioprosthetic vs. mechanical), position of the
valve (aortic vs. mitral), and presence of other risk factors for
thromboembolism.

Antiplatelet and anticoagulation therapies with INR goals
are summarized in Table 14.2.

Clinical Pearl

e Aspirin 75-100 mg per day is indicated in all pros-
thetic valves, including mechanical valves with VKA
[3,4].

e Mechanical mitral valves have even higher thrombogenic
potential than mechanical aortic valves. Anticoagulation
goal for mechanical mitral valves is therefore an INR
between 2.5 and 3.5, not 2.0 and 3.0 [4, 5].
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TABLE 14.2 Antiplatelet and anticoagulation goals by valve type [4]

Type Position  Antiplatelet/anticoagulation goals
Mechanical Aortic Without risk VKA (INR =2.5)
factors? ASA 75-100 mg
QD

With risk factors® VKA (INR = 3.0)
ASA 75-100 mg
QD

On-X valve® VKA (INR
1.5-2.0)
ASA 75-100 mg
QD

Mitral VKA (INR 3.0)
ASA 75-100 mg QD

Bioprosthetic ~ Aortic VKA (INR = 2.5) for first
3-6 months
ASA 75-100 mg QD

Mitral VKA (INR = 2.5) for first
3-6 months
ASA 75-100 mg QD

TAVR +VKA for first 3 months after
implantation
Clopidogrel 75 mg QD for first
6 months
ASA 75-100 mg QD lifelong

aRisk factors: atrial fibrillation/flutter, prior thromboembolism,
severe left ventricular dysfunction (ejection fraction <30%), or
hypercoagulable state

"In patients without risk factors who receive a mechanical On-X
aortic valve, an even lower target INR of 1.5-2.0 may be reasonable
starting 3 months after implantation

Prosthetic Valve Complications

The frequencies and types of complications depend on the
prosthetic valve and are summarized in Table 14.3.
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TABLE 14.3 Summary of valve complications, diagnostic modalities,

and management [4, 8-10]

Diagnostic
Complication orders Management
Bleeding or CBC, INR If INR 5-10 without
supratherapeutic bleed — hold VKA
INR If INR > 10 without

Thromboembolism TTE, TEE

Valve thrombosis/ TTE, TEE,
pannus formation fluoroscopy, CT

Patient prosthesis TTE, TEE
mismatch

Prosthetic valve TTE, TEE,
stenosis +blood cultures
Prosthetic valve TTE, TEE,
regurgitation +blood

cultures, LDH
if concerned
for hemolysis

bleed — hold VKA

and give vitamin K PO
1-2.5 mg

If bleeding needs to be
reversed urgently — hold
VKA and give PCC or
FFP with vitamin K PO

Adjust anticoagulation
regimen:
Mechanical — increase
INR goal by 0.5
Bioprosthetic — add
VKA to ASA

Mechanical - surgery
(pannus/thrombus) vs.
fibrinolysis (thrombus
only)

Bioprosthetic - UFH
bridge to VKA

Surgical consultation

Re-do surgery
Valve-in-valve procedure
if bioprosthetic valve

Re-do surgery
Percutaneous
paravalvular
intervention

(continued)
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TABLE 14.3 (continued)

Diagnostic
Complication orders Management
Infective TTE, TEE, 1V antibiotics tailored
endocarditis blood cultures to organism =+ surgical

intervention

TTE transthoracic echocardiogram, TEE transesophageal echocar-
diogram, LDH lactate dehydrogenase, VKA vitamin K antagonist,
PCC prothrombin complex concentrate, FFP fresh frozen plasma,
ASA aspirin, UFH unfractionated heparin

In this section, we will highlight these issues and the neces-
sary considerations to manage these complications as they
arise.

Bleeding and Supratherapeutic INR

e Bleeding complications are among the most common
adverse events seen in prosthetic valve recipients. This is of
particular concern with mechanical heart valves due to the
absolute need for lifelong anticoagulation.

e When the INR > 5, the risk of hemorrhage increases sig-
nificantly [8, 9].

e If the INR is between 5 and 10, hold the VKA [8, 9].

e If INR >10 and not bleeding, administer a small dose of
oral vitamin K (1-2.5 mg) [8, 9].

— Oral vitamin K is preferred over the intravenous route
as they are equally efficacious, and the intravenous
route is associated with anaphylaxis and potential tran-
sient hypercoagulability.

— Oral vitamin K offers a more gradual decline in INR
and avoids overshooting the therapeutic range and put-
ting the patient at increased risk of thrombosis.
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Clinical Pearl

In emergency situations where bleeding must be con-
trolled or is life threatening (such as with intracranial
hemorrhage), intravenous prothrombin complex con-
centrate (PCC) is the agent of choice, though fresh fro-
zen plasma (FFP) may be used if PCC is not available.
The half-life of PCC is relatively short. Its administra-
tion should be combined with vitamin K to hasten lon-
ger lasting reductions in the INR [9].

Thromboembolism

The annual risk of a thromboembolic event occurring is
1-2% for mechanical valves and 0.7% for bioprosthetic
valves [3].

On average, patients are only in therapeutic INR range
about 60-70% of the time [3, 4].

The initial assessment for suspected prosthetic valve
thromboembolism starts with a transthoracic echocardio-
gram (TTE) to evaluate valve hemodynamics compared to
prior studies.

A transesophageal echocardiogram (TEE) is often needed
for further characterization of the valve.

Fluoroscopic valve cineradiography is also useful to assess
valve leaflet motion in mechanical prostheses.

Clinical Pearl
If thromboembolism has occurred despite having a
therapeutic INR:

e For patients on VKA, the INR goal is to shift up by
0.5 (for example, the target INR for a mechanical
aortic valve goes from 2.5 to 3.0, with a range of
2.5-3.5,[3]).

e For patients with a bioprosthetic valve who are only
on aspirin, adding a VKA would be reasonable [3].
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Prosthetic Valve Thrombosis and Pannus
Formation

e Valve thrombosis should be suspected in any patient with
a prosthetic valve, particularly mechanical valve, who pres-
ents with recent onset of dyspnea or thromboembolic
event, especially if anticoagulation is subtherapeutic.

e Assessment of valve motion, leaflet opening, and the
extent of thrombus should be performed urgently as these
patients have the potential of deteriorating rapidly.

e Multimodality imaging with TTE, TEE, fluoroscopy, and
computed tomography (CT) are all options for investigat-
ing potential thrombosis [3].

e Obstruction of the valve is usually caused by either throm-
bus or pannus ingrowth (fibrous ingrowth into the valve
orifice), though both can certainly occur simultaneously [2].
— Clinically, valve thrombosis is more likely than pannus

ingrowth when there is a history of:
Inadequate anticoagulation
Acute onset of symptoms
Shorter time interval between surgical implantation
and onset of symptoms
— Valve thrombosis can potentially be treated with fibri-
nolysis, whereas pannus ingrowth requires surgical or
transcatheter (if bioprosthetic valve) intervention [3].
— The decision to pursue fibrinolytic therapy versus surgi-
cal intervention for mechanical valve thrombosis is
complex. Consultation of cardiology and cardiothoracic
surgery services is needed to guide decision-making.

e Bioprosthetic valve thrombosis is less common — treat-
ment with VKA or unfractionated heparin (UFH) is the
first-line treatment [3].

Patient-Prosthesis Mismatch

e Patient-prosthesis mismatch (PPM) occurs when the size
of the prosthetic valve does not allow for adequate flow to
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meet the metabolic demands of the patient, despite the
valve itself functioning properly [2].

e While planning of surgical valve implantation takes into
account the size of the patient and native annulus size,
sometimes the native annular geometry and presence of cal-
cium limit the ability to place the optimally sized valve [2].

e Aortic root enlargement may be considered at the time of
surgery to accommodate a larger-sized valve [2].

Prosthetic Valve Stenosis

e Valve stenosis can arise from multiple etiologies.

— For mechanical valves, chronic thrombus or pannus for-
mation causing obstruction of normal leaflet motion is
a common scenario [3].

— For bioprosthetic valves, leaflet fibrosis and calcification
from chronic wear-and-tear are the most common rea-
sons for stenosis; mechanical valves rarely have this
problem due to their superior durability [3].

For severely symptomatic patients, a transcatheter
valve-in-valve procedure may be a reasonable option
in those with prohibitive surgical risk.

This approach has largely been used in the aortic valve
position, and has also been successfully tried in the
pulmonic, mitral, and tricuspid valve positions [3, 6].

— In both valve types, infective endocarditis is an impor-
tant etiology for stenosis that must be considered.

Prosthetic Valve Regurgitation

¢ Prosthetic valve regurgitation can be either transvalvular
(through the valve) or paravalvular (gap between pros-
thetic valve and native annular tissue).

e In both cases, the initial evaluation begins with a TTE,
though TEE is often necessary for full evaluation of the
valve and the etiology of regurgitation.



234 A. A.Bhargava and A. L. Dollar

e For mechanical valves, the regurgitation is often due to
either a paravalvular leak (PVL) or pannus formation that
blocks the normal closing of the prosthetic valve.

— Intervention: patients with intractable hemolysis or
symptomatic heart failure that is due to severe regurgi-
tation or PVL — require surgical intervention, no
catheter-based options [3, 4].

e For bioprosthetic valves, the regurgitation is usually a
result of either leaflet degeneration or calcification.

— Intervention: both asymptomatic and symptomatic
patients with severe regurgitation — surgery or trans-
catheter interventions are options in patients with bio-
prosthetic valves [3, 4].

e Paravalvular leaks may result in heart failure symptoms or
hemolytic anemia (anemia typically mild).

— Percutaneous paravalvular repair is an option in patients
who have intractable hemolysis or New York Heart
Association (NYHA) class III-IV symptoms and at
high risk for surgery [3, 4].

e As in the case of valve stenosis, infective endocarditis is
another etiology that must be investigated in new onset
regurgitation or PVL [2, 3].

Infective Endocarditis of the Prosthetic Valve

e Patients with prosthetic heart valves are among those with
the highest risk of an adverse outcome from infective
endocarditis. Risk of developing infective endocarditis is
50 times that of the general population [3].

e In patients with unexplained fevers or new symptoms of
heart failure attributable to prosthetic valve dysfunction
(such as stenosis or valvular regurgitation), at least two
sets of blood cultures should be obtained [3].

e Antibiotic therapy is tailored to the organism cultured and
often requires several weeks of intravenous antibiotics for
treatment [3].
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e Diagnostic evaluation is often initiated with TTE for expe-
diency; however, a TEE is almost always necessary due to
the high risk nature of prosthetic valves and the need to
assess for complications, such as a perivalvular abscess [3].

e Multidisciplinary consultation with infectious disease, car-
diothoracic surgery, and cardiology heart valve teams is
essential due to the complexity and morbidity associated
with prosthetic valve endocarditis.

e In many cases, surgery may be indicated in addition to
antibiotic therapy. The decision to pursue surgery is com-
plex and individualized, though some factors that favor
surgical intervention include [10] the following:

— Persistent bacteremia despite proper antibiotic therapy
— Perivalvular abscess

— Development of heart block

— Recurrent emboli despite proper antibiotic therapy

— Severe valvular insufficiency

— Large (>10 mm in diameter), mobile vegetation.

Key Learning Points

1. Mechanical valves are more durable and more throm-
bogenic when comparezd to bioprosthetic valves.
Mechanical valves therefore require both aspirin and
a VKA for anticoagulation lifelong, whereas biopros-
thetic valves will typically only need aspirin lifelong.

2. Patients with a prosthetic valve who present with new
onset heart failure symptoms should be evaluated for
a prosthetic valve complication (prosthetic valve
regurgitation, stenosis, thrombus, paravalvular leak,
endocarditis).

3. Diagnostic investigation for prosthetic valve compli-
cations often starts with a TTE. However, multimo-
dality imaging with TEE, CT, or fluoroscopy can all
be utilized to come to the correct diagnosis.
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Chapter 15

Infective Endocarditis

John Ricketts and Jesse T. Jacob

Introduction

e Infective endocarditis (IE), though relatively infrequent
(incidence: 3-7 cases per 100,000 person-years) can be a
life-threatening infection.

e Historically, IE occurred in
— Younger patients with injection drug use (IDU) and

rheumatic valvular disease
— Older patients with prosthetic materials including
valves and implanted cardiac devices

e Most commonly due to Staphylococcus aureus, strepto-
cocci, coagulase-negative staphylococci,and gram-negative
organisms [1].
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Clinical Presentation/Initial Workup

Few patients with classic left-sided (mitral/aortic) IE will
present with acute valvular dysfunction or systemic embo-
lization and vascular phenomena such as Janeway lesions
and Osler nodes.

— Non-specific symptoms such as persistent fevers, mal-
aise, weight loss, and joint pain are more common.

Right-sided (tricuspid/pulmonic valve) endocarditis more

common in IDU.

— Can be complicated by septic pulmonary emboli to the
lungs.

Patients suspected of having IE should be clinically evalu-

ated using the modified Duke criteria as the primary diag-

nostic schema per the Infectious Disease Society of

America (IDSA) guidelines (Table 15.1).

— Concordance between the Duke criteria and clinical
assessment by infectious disease experts is high (72—
90%) [2].

For suspected IE, before starting empiric antibiotic therapy

(see below), obtain three sets of blood cultures from differ-

ent venipuncture sites, with the first and last samples

drawn at least 1 h apart [3] (Class 1; Level of Evidence as
per IDSA guidelines) (Clinical Pearl).

— A leading cause of “culture-negative endocarditis” is
the administration of antibiotic therapy prior to obtain-
ing blood cultures.

The most common bacteria are staphylococci (S. aureus

and coagulase-negative staphylococci), followed by strep-

tococci and enterococci [3].

— 8. aureus 1E not associated with IDU primarily affects
the left side of the heart and is associated with a mortal-
ity rate of 25-40%.

— 8. aureus 1E associated with IDU frequently involves
the tricuspid valve with cure rates as high as >85% and
can be treated with short courses of antibiotics of
2-4 weeks [3].



Chapter 15. Infective Endocarditis 241

TaBLE 15.1 Modified Duke criteria
The modified Duke criteria for the diagnosis of IE
Major criteria

Blood cultures positive for IE

Typical microorganisms consistent with IE from two separate
blood cultures:

Viridans streptococci, Streptococcus bovis, HACEK group,
S. aureus, or community-acquired enterococci in the absence
of a primary focus, or microorganisms consistent with IE from
persistently positive blood cultures defined as follows: At
least 2 positive cultures of blood samples drawn >12 h apart
or all 3 or a majority of >4 separate cultures of blood (with
first and last sample drawn at least 1 h apart)

Single positive blood culture for Coxiella burnetii or anti-
phase 1 IgG antibody titer >1:800

Evidence of endocardial involvement
Echocardiogram positive for IE

Minor criteria
Predisposition, predisposing heart condition, or IVDU
Fever, temperature > 38 °C

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

Immunological phenomena: glomerulonephritis, Osler nodes,
Roth spots, and rheumatoid factor

Microbiological evidence: positive blood culture but does
not meet a major criterion as noted above (excludes single
positive cultures for coagulase-negative staphylococci and
organisms that do not cause endocarditis) or serological
evidence of active infection with organism consistent with IE
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Coagulase-negative staphylococci are frequently associ-
ated with prosthetic heart valves.

S. lugdunensis can mimic S. aureus, with a high rate of
perivalvular extension and metastatic infection [3].
Streptococcal IE often originates from oral (dental dis-

ease) or gut sources.

Enterococcal IE more often occurs in patients who are
older and more debilitated and in those who have pre-
existing renal failure, underlying co-morbidities, and
more healthcare-associated infections when compared
to other patients with endocarditis [3].

Gram-negative bacilli, including the HACEK
(Haemophilus,Aggregatibacter (formerly Actinobacillus),
Cardiobacterium, Eikenella, Kingella) organisms,
account for ~5-10% of all community-acquired native
valve endocarditis in non-IDU patients [4].

Fungal endocarditis is rare but has survival rates <20%.
Common risk factors include patients with devices such
as pacemakers/defibrillators, central venous catheters,
and prosthetic valves.

A “stand-alone indication” for surgical valvular replace-
ment [3].

Multiple studies have placed the frequency of true cul-
ture-negative endocarditis at 5-10% [5, 6].

True culture-negative endocarditis is caused by rare
pathogens that do not grow in routine blood culture
systems. The most common of these organisms are
Bartonella, C. burnetii, and Brucella.

Non-infectious valvular vegetations, whether relatively
asymptomatic or clinical IE, can be due to the
following:

Neoplasia (atrial myxoma, neoplastic disease, carcinoid)
Autoimmune diseases (rheumatic disease, systemic
lupus erythematosus, polyarteritis nodosa, and Behcet’s
disease)

Post-valvular surgical changes

Miscellaneous (eosinophilic heart disease, ruptured
chordae, myxomatous degeneration).
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e Echocardiography

— Echocardiography should be performed expeditiously
in patients suspected of having IE [3] (Class 1; Level of
Evidence as per IDSA guidelines) (Fig. 15.1).

— While IE can be diagnosed at the bedside, echocardiog-
raphy is an essential diagnostic (presence of vegetation/
valvular dysfunction) and prognostic (surgical plan-
ning) tool.

— Transthoracic echocardiogram (TTE) should be done
initially in all cases of suspected endocarditis. Discuss
concerns about factors that might limit utility of TTE
such as patient body habitus, with your cardiology
consultant.

When TTE is negative and clinical suspicion is low,
then other causes of illness should be considered.
When TTE is negative and clinical suspicion remains
high or the patient has a high risk of complications
(e.g., prosthetic valve, new heart block), then trans-
esophageal echocardiogram (TEE) should be
obtained (Fig. 15.2).

In patients with a positive TTE, a subsequent TEE
should almost always be performed, except in cases
where the likelihood of complications is low or subse-
quent imaging is unlikely to change management such
as small vegetation size and lack of valvular dysfunc-
tion (Clinical Pearl).

— Potential exists for both false positives and false nega-
tives with echocardiography.

Preexisting valve abnormalities, previous scarring, or
normal anatomic structures can mimic changes of
endocarditis.
If the vegetation has already embolized, study may
be negative.

— Echo also helps in delineating which patients might

benefit more from surgical intervention.
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Tricuspid valve (L), mitral valve (R)

FiGure 15.2 TEE image showing combined TV and MV vegetations.
(Recorded 4/10/2019 by John Ricketts, MD)

Treatment

General

¢ In clinically stable patients, obtain blood cultures before
initiating therapy.

— Administration of antibiotics prior to blood cultures is a
common cause of “culture-negative” endocarditis and
reduces rates of recovery of bacteria via blood culture by
35-40% [7] (Clinical Pearl).

e The goal is to eliminate infection and sterilize vegetations
using antibiotic therapy targeted at the relevant organisms
and may require both medical (infectious diseases consul-
tation) and surgical (cardiac surgery consultation)
approaches.

e High bacterial density, slow rate of growth, and low meta-
bolic activity necessitate prolonged courses (4-6 weeks) of
antibiotics, though can be shorter for right-sided IE [8].

e Days of therapy should be counted from the first day of
negative blood cultures.
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Early/Empiric

Initial antibiotic therapy in endocarditis is nearly always
empirical and should be based on factors that relate to
patient characteristics, prior antimicrobial exposures and
microbiological findings, and epidemiologic features (see
Table 6 of IDSA guidelines [3]).
— Vancomycin and ceftriaxone are reasonable first-line
agents in most scenarios
Infectious disease consultation should accompany the
selection of an empiric regimen to help guide therapy.
Obtain two sets of blood cultures every 24-48 h until
negative.

Directed

Common pathogens are listed below but therapy should
be tailored to the patient, in consultation with an infec-
tious disease specialist.
Staphylococci
— Most common strains in IE are S. aureus and coagulase-
negative staphylococci.
— For methicillin-susceptible staphylococci, beta-lactam
therapy (nafcillin or cefazolin) is preferred.
Vancomycin should only be used for severe penicillin
allergy in consultation with infectious diseases.
— For methicillin-resistant staphylococci, vancomycin
(alternative: daptomycin) remains the agent of choice.
— Gentamicin and rifampin should not be routinely used
for native valve IE [3].
— Six weeks is recommended for most patients with left-
sided IE, though 4 weeks can be used for right-sided IE.
Some data support oral therapy for 4 weeks in right-
sided IE in the setting of IDU [9, 10].
Streptococci
— Most commonly from the viridans group (such as S.
mitis, S. salivarius, and S. mutans) and S. gallolyticus
(formerly S. bovis).
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In native valves, both penicillin G and ceftriaxone can
be used as monotherapy for 4 weeks with highly penicil-
lin-susceptible strains. In some patients with uncompli-
cated endocarditis, rapid response to therapy, and no
underlying renal dysfunction, a 2-week course of genta-
micin in addition to penicillin G or ceftriaxone is reason-
able. If the strain is penicillin resistant, then vancomycin
plus gentamicin should be used for 4 weeks [2].

In patients allergic to penicillin and ceftriaxone, a
4-week course of vancomycin IV is used.

— Organisms such as S. pneumoniae, S. pyogenes, and groups
B, C, F, and G B-hemolytic streptococci are uncommon.

Some, such as group B streptococci, may benefit
from early surgical intervention [11].
e Enterococci

— Enterococci are the third leading cause of endocarditis,
with E. faecalis (~97%) and E. faecium (~1-2%) being
the most common organisms [3].

— Typical antibiotic regimens consist of ampicillin or
aqueous penicillin G plus gentamicin or ampicillin plus
ceftriaxone. Both of these regimens have recommended
durations of 4-6 weeks for native valve disease and at
least 6 weeks for prosthetic valve disease. If a patient is
unable to tolerate, or resistant to penicillin or ampicil-
lin, vancomycin should be used instead in combination
with gentamicin [3].

— Vancomycin-resistant enterococcus (VRE) endocardi-
tis should be managed in conjunction with infectious
disease specialists, but either linezolid or daptomycin is
frequently used.

e Other organisms

— HACEK organisms are usually treated with ceftriaxone
IV for 4-6 weeks.

— For-culture negative IE, vancomycin plus ceftriaxone is
often used, though treatment should be targeted for the
most likely organisms.

— Fungal endocarditis is usually treated with amphoteri-
cin B.
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Surgery

e Surgery has become a vital part of treatment for patients
with IE, with about 50% of both native and prosthetic
valve endocarditis patients undergoing valve surgery dur-
ing their initial hospitalization [3].

e Early surgery is indicated in patients who present with
signs or symptoms of heart failure, patients with fungal or
multidrug-resistant bacterial pathogens, patients with new-
onset heart block or abscess, and patients who do not
respond appropriately to antibiotic therapy (complete list
in Table 15.2).

TaBLE 15.2 Indications for potential surgical intervention in
endocarditis

Indications for potential surgical intervention

Vegetation

Persistent vegetation after systemic embolization
Anterior mitral leaflet vegetation with size >10 mm

>1 embolic events during the first 2 weeks of antimicrobial
therapy

Increase in vegetation size despite appropriate antimicrobial
therapy

Valvular dysfunction

Acute aortic or mitral insufficiency with signs of ventricular
failure

Heart failure unresponsive to medical therapy
Valve perforation or rupture

Perivalvular extension

Valvular dehiscence, rupture, or fistula

New heart block

Large abscess or extension of abscess despite appropriate
antimicrobial therapy

Modified from Baddour et al. [2]
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— Involve cardiac surgery early if potential surgical inter-
vention may be needed.

Post-discharge Therapy

Should be arranged in conjunction with your infectious

disease consultant.

— Most patients will be discharged with home IV
antibiotics.

— Selected patients may be managed with an oral regimen
including those with IDU.

The timing for transition from inpatient to outpatient anti-

biotic therapy is based on the local availability of medical

care in the outpatient setting, risk factors, and timing of

potential adverse outcomes [12].

Monitoring/Adverse Events/Complications

Embolization

Systemic embolization occurs in 22-50% of cases of endo-
carditis and can affect a variety of body systems, such as
cerebral, coronary, pulmonary, and peripheral emboli [13].

— Up to 65% of embolic events involve the central ner-
vous system, and 90% of these involve the middle cere-
bral arteries [14].

— Highest incidence of emboli is seen with mitral valve
disease (anterior more than posterior leaflet) and in
infections with S. aureus, Candida, and HACEK organ-
isms [3].

— Most emboli will occur within the first 2-4 weeks of
antibiotic therapy [15].

— Neurologic imaging should be performed in all patients
with endocarditis who develop severe, localized head-
ache, neurologic deficits, or meningeal signs [3] (Clinical
Pearl).



250  J. Ricketts and J. T. Jacob

Asymptomatic patients may have positive MRI.
MRI findings should be interpreted with neurology
consultants to determine the time of surgery to avoid
hemorrhagic conversion of emboli.

Perivalvular Abscess

e Extension of infection beyond the valve annulus leads
to a higher mortality rate, higher likelihood of develop-
ing heart failure, and more frequent need for cardiac
surgery [3].

® Occurs in 10-40% of native valve disease and 56-100% of
prosthetic valve disease [16], and most commonly on the
aortic valve, where it spreads near the membranous sep-
tum and AV node, frequently causing AV block.

— New AV block has a positive predictive value of 88%
for abscess formation, but a sensitivity of only 45% [17].

e TEE has high sensitivity (76-100% ) and specificity (95%)
for detecting perivalvular abscess, with a positive predic-
tive value of 87% and a negative predictive value of 89%
[18].

e Evaluation by surgery should be obtained early for all
patients with perivalvular abscess.

Anticoagulation

e The optimal role of anticoagulation in patients with infec-
tive endocarditis, especially those with mechanical valves,
remains controversial.

e Decisions on anticoagulation should be made in con-
junction with your cardiology consultant based on the
patient’s risk of thrombosis versus their risk of bleeding,
as well as any concurrent thrombotic or hemorrhagic
complications.
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Key Learning Points

1. Always obtain three sets of blood cultures prior to
initiating empiric antibiotic coverage for infective
endocarditis.

2. Empiric antibiotic coverage should be broad initially
and then narrowed once blood culture results for spe-
cific organisms are available.

3. Start with a transthoracic echocardiogram and then
proceed to transesophageal echocardiogram with the
assistance of your cardiology team.

4. Have a low threshold to involve surgery for evalua-
tion for surgical intervention, as almost 50% of
patients undergo valve surgery during their initial
hospitalization.

5. Have a high suspicion for embolic complications in
patients who exhibit new neurologic complications
early in their treatment course.
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ABI Ankle-brachial index

ALI Acute limb ischemia
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DUS  Duplex ultrasound

FMD  Fibromuscular dysplasia

HLD  Hyperlipidemia
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HTN  Hypertension

IC

Intermittent claudication

ICA Internal carotid artery

MRA  Magnetic resonance angiography

PAD  Peripheral arterial disease

TBI Toe-branchial index

TIA Transient ischemic attack

TSPG Translesional systolic pressure gradient

Peripheral Artery Disease

In

troduction and Risk Factors

Peripheral arterial disease (PAD) is defined as narrowing
and obstruction of blood flow of major systemic arteries
other than those of the cerebral and coronary circulations.
The most common etiology is atherosclerosis; however,
there are many causes of PAD including vasculitis
(Takayasu and giant cell arteritis), dysplastic syndromes,
fibromuscular dysplasia (FMD), degenerative conditions,
thrombosis, and thromboembolism [2, 4, 7].

Risk factors: Age > 65 years, smoking, hypertension
(HTN), hyperlipidemia (HLD), diabetes mellitus (DM),
obesity, with known atherosclerotic disease in another vas-
cular beds, family history of vascular disease, ionizing
radiation, repetitive injury (commonly associated with
upper extremity PAD). Smoking and DM are the strongest
predictors of morbidity and mortality [2,10].

Clinical Manifestations of PAD

Lower extremity PAD.

— Asymptomatic PAD: Over 50% of patients.

— Intermittent claudication (IC): Exertional aching pain
typically in the calves and/or buttocks and relived by
rest.
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— Chronic limb ischemia (CLI): Resting pain or nonheal-
ing wounds or ulceration with or without tissue necrosis
(gangrene). Need early surgical consult and
angiography.

— Acute limb ischemia (ALI): “Six P’s”: pain, pallor,
paralysis, pulselessness, poikilothermia, and paranesthe-
sia. It is a medical emergency and requires prompt
revascularization. The Rutherford classifications for
ALI are shown in Table 16.1.

e Upper extremity PAD. Arm and hand claudication, digital
ulceration, and neurologic symptoms caused by vertebral-
subclavian steal.

TaBLE 16.1 The Rutherford classifications for acute limb ischemia [13]
Marginally Immediately

threatened threatened Nonviable
Viable (I) (Ila) (IIb) (I1D)
Pain Mild Moderate  Severe Variable
Capillary  Intact Delayed Delayed Absent
refill
Muscle None None Mild-to- Complete,
weakness moderate paralysis
(rigor)
Sensory None None or More than Complete,
loss minimal toes; rest pain  anesthetic
(toes only) in feet
Arterial Audible  Inaudible Inaudible Inaudible
Doppler
Venous Audible  Audible Audible Inaudible
Doppler
Treatment Urgent Urgent Emergency Amputation

evaluation revascular- revasculariza-
ization tion
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Clinical Pearl

If patients present with the “six P’s” — pain, pallor,
paralysis, pulselessness, poikilothermia, and paresthe-
sia — then it is a medical emergency and requires prompt
revascularization for acute limb ischemia (ALI).

Physical Examination

e Lower extremity PAD. Skin appearance (positive Burger’s
test), temperature, palpation of all peripheral pulses (bran-
chial, radial, femoral, popliteal, dorsalis, pedis, and poste-
rior tibial arteries), auscultation for bruits (aortic, renal,
femoral), and extremity neurologic examination.

e Upper extremity PAD. Besides the above physical findings,
the simplest and excellent screening test is to check blood
pressure in both arms. A brachial blood pressure differ-
ence of >15-20 mm Hg is abnormal and suggestive of
subclavian (or innominate) artery stenosis.

Diagnosis

e Ankle-brachial index (ABI). The initial diagnostic tests for
diagnosing and assessing the severity of PAD as well as
monitoring the progress of existing disease and response to
treatment are given in Table 16.2. ABI < 0.9 suggests PAD
and ABI > 1.4 indicates that arteries are not compressible,

TaBLE 16.2 Ankle-brachial index (ABI) to assess the severity of
PAD

Border- Non-
Severity Normal line Mild Moderate Severe compressible

ABI 1.00-  0.91-0.99 0.71- 0.41-0.70 <0.40 >1.40
1.40 0.90
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which may be due to end-stage renal disease and long-
standing DM. Toe-branchial index (TBI) is an alternative
approach for these patients. Exercise ABI testing is useful
when resting ABI is normal or borderline [2, 8, 10].

e Duplex ultrasound (DUS), computed tomography angiog-
raphy (CTA), and magnetic resonance angiography (MRA)
are useful noninvasive tests to evaluate anatomy and sur-
veillance after revascularization. But they should NOT be
performed for the anatomic assessment in patients with
asymptomatic PAD [2, 8, 10].

e Catheter-based angiography is recommended for the eval-
uation of patient for whom revascularization procedures
are planned or for whom noninvasive techniques are
inconclusive [2, 8, 10].

Differential Diagnosis

Symptomatic baker’s cyst, venous claudication, acute/chronic
compartment syndrome, nerve root compression, hip arthri-
tis, foot/ankle arthritis.

Treatment

e Aggressive modification of risk factors: Supervised exer-
cise therapy is the first-line therapy for claudication
(CLEVER trial) [17]. Lifestyle modification including
smoking cessation, weight loss, and dietary intervention.
Aggressive managements for HTN, DM, and HLD

e Pharmacological therapies:

— Antiplatelet therapy: Aspirin alone (75-325 mg daily)
or clopidogrel alone (75 mg daily). Dual antiplatelet
therapy (aspirin and clopidogrel) may be reasonable to
reduce the risk of limb-related events in patients with
symptomatic PAD after revascularization [2, §].

— Symptomatic relief therapy: Cilostazol (100 mg orally
twice daily) is a phosphodiesterase-3 enzyme inhibitor,
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which can improve walking distance in patients with
claudication. If symptoms remain unimproved after
3 months, it should be discontinued. Cilostazol is contra-
indicated in heart failure of any severity [2, 8].

— Anticoagulation: The combination of low-dose rivarox-
aban 2.5 mg twice a day and aspirin significantly lower
the incident of major adverse limb events and the
related complications but increase the major bleeding
risk (COMPASS trial) [18].

® Revascularization. Patients with lifestyle-limiting claudica-
tion with an inadequate response to medical therapy and
exercise should be considered for revascularization.

Percutaneous angioplasty with or without stenting is the

first option. Urgent or emergent vascular surgical consult

and revascularization are required for ALI [2, 6, 8].

Carotid Artery Disease

Introduction and Risk Factors

e The atherosclerotic carotid disease usually develops at
branch points and bends especially at the bifurcation of
the common carotid artery and origin of the internal
carotid artery (ICA). The progression of carotid plaques
results in carotid stenosis, obstruction, or plaque rupture,
which can cause ischemic stroke or transient ischemic
attack from embolization thrombosis or hemodynamic
compromise. There is a linear increase in the risk of stroke
while the stenosis increases to >70% [2, 3].

e Risk factors: smoking, age, gender (men > women if
age < 75 years; women > men if age > 75 years), HTN,
HLD, DM, other vascular diseases (e.g., CAD, PAD).
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Clinical Manifestations

Asymptomatic carotid atherosclerosis is a marker of
increased risk for ischemic stroke, myocardial infarction,
and vascular death.

Symptomatic carotid disease is defined as focal neurologic
symptoms (e.g., amaurosis fugax, contralateral weakness
or numbness, dysarthria or aphasia, spatial neglect, hom-
onymous visual loss) in the distribution of a carotid artery
with a significant stenosis. All patients with a recent stroke
or a transient ischemic attack (TIA) should be evaluated for
carotid artery disease 2, 3].

Diagnosis

NOT recommended to screen asymptomatic individual.
However, it is reasonable to screen with DUS in asymptom-
atic individuals with carotid bruit and in patients who have
symptomatic atherosclerotic disease in another vascular bed
(i.e., PAD, CAD, or aortic aneurysm), or have two or more
risk factors for atherosclerotic disease.

Noninvasive studies (Table 16.3): DUS: the first-line screen-
ing test. CTA: high sensitivity, reproducibility, and ability
to visualize the entire carotid artery including extracranial
and intracranial portions. It also provides information
about adjacent bony and soft tissue structures. Contrast-
enhanced MRA: higher quality images and less artifact
when compared with CTA.

Contrast angiography: The gold standard for assessment of
carotid atherosclerosis. Typically, only needed for diagnos-
tic uncertainty or if intervention is considered.
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TABLE 16.3 Noninvasive

D. Chen and B. J. Wells

Sensitivity  Specificity

studies for carotid artery DUS _ 30-95% 30-95%
disease

CTA  75-100% 63-95%
MRA  91-95% 88-92%
DUS duplex ultrasound, CTA
computed tomography angiog-
raphy, MRA magnetic resonance
angiography

Clinical Pearl

All patients with a recent stroke or a transient ischemic
attack (TIA) should be evaluated for the carotid artery
disease.

Treatment

e Aggressive cardiovascular risk factor modifications as dis-
cussed in the PAD section.
e Antiplatelet therapy:

Aspirin (75-325 mg daily) in all patients with extracra-
nial carotid or vertebral atherosclerosis to reduce isch-
emic cardiovascular events.

Clopidogrel (75 mg daily) may be used as an alternative
to aspirin without increasing bleeding risk, when there
is contraindication to aspirin therapy, aspirin allergy, or
resistance (CAPRIE trial) [17].

Low-dose aspirin (50 mg daily) plus dipyridamole
(200 mg twice daily) may be superior to aspirin alone or
dipyridamole alone in the prevention of ischemic
stroke, or vascular death (ESPS-2 study) [16].

DAPT is NOT routinely used in patients with carotid
atherosclerosis in the absence of an endovascular
intervention or alternative indication (e.g., coronary
stenting).
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e Anticoagulation: NOT recommended unless there is an
alternate indication for anticoagulation (i.e., mechanical
heart valve, atrial fibrillation).

e [nvasive interventions: Carotid endarterectomy (CEA) and
carotid artery stent (CAS) with embolic protection device
(EPD) have similar safety and efficacy. Both should only
be performed at institutions where the perioperative stroke
and death rate is at the most <3% in asymptomatic patients
and <6% in symptomatic patients [3, 13].

— CAS superior to CEA if difficult surgical anatomy, prior
neck irradiation, restenosis after CEA, and significant
comorbidities that may increase surgical risk].

— CEA superior to CAS if older patients, anatomic diffi-
culty for stenting.

— Indications for invasive interventions: Symptomatic, and
low or average surgical risk, and the ipsilateral ICA ste-
nosis >50% as documented by noninvasive imaging, and
the anticipated rate of perioperative stroke or mortality
is <6%. It is reasonable to perform CEA in asymptom-
atic patients who have >70% of stenosis in the ICA if
the risk of perioperative stroke, MI, and death is low. A
full assessment of comorbid conditions, life expectancy,
and a thorough discussion of the risks and benetfits of the
procedure should be performed prior to the procedure.
Prophylactic CAS might be considered in highly selected
patients with asymptomatic carotid stenosis (minimum
60% of stenosis by catheter angiography and 70% by
validated DUS). But its effectiveness may not be supe-
rior to medical therapy alone [2, 3, 11].

e Complications and postprocedural management:

— Periprocedural cerebrovascular events (MI, TIA/stroke):
Adequate procedural anticoagulation during PCI, and
preloading with antiplatelet is helpful to minimize
stroke risk [2, 3].

— Bradycardia and hypotension: Usually occur within
24 hours after intervention because of stretching of the
carotid sinus baroreceptors.
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e Management: fluid resuscitation, atropine adminis-
tration, and/or a low-dose vasopressor infusion (i.e.,
dopamine or phenylephrine). Unless the patient is
hypertensive, antihypertensive and negative inotropic
medications are usually withheld perioperation [2].

Hyperperfusion syndrome: Presented with ipsilateral
headache with or without focal neurologic symptoms
due to the rapid return of flow to a chronically under-
perfused cerebral vascular bed with resultant disor-
dered autoregulation. Severe HTN, critical carotid
stenosis, and contralateral carotid occlusion are the
most common risk factors. Thus, strict blood pressure
control (SBP < 150 mm Hg) is critical in patients follow-
ing carotid stenting.

— Antiplatelet therapy: Patients undergoing CAS should

be preloaded with DAPT (aspirin and clopidogrel) at
least 2 days prior to the procedure if possible. Patient
undergoing CEA should be preloaded at least with
aspirin or clopidogrel. After the procedure, lifelong
aspirin therapy should be continued, and clopidogrel
should be continued for at least 6 weeks. If patients
have recurrent symptoms or a history of neck irradia-
tion, clopidogrel should be continued indefinitely.
Wound care: Antibiotics are limited to perioperative
prophylaxis (Cefozolin).

Duplex surveillance: Repeat DUS should be obtained
3-6 weeks following procedures to establish a new base-
line for future comparison. Duplex surveillance is per-
formed at 6 months and then annually.

Renal Arterial Disease

Introduction

e The most common causes of renal artery stenosis (RAS)
are atherosclerosis and fibromuscular dysplasia (FMD).
Atherosclerosis counting for 90% of RAS primarily
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affects over the age of 45 years and usually involves the
ostium or the proximal main renal artery. This disorder
is particularly common in patients with diffuse athero-
sclerosis. FMD accounts for <10% and most often
affects women under the age of 50 years and typically
involves the distal main renal artery or the segmental
branches.

Clinical Manifestations and Physical Findings

HTN: abrupt onset of HTN (age < 30 years, often second-
ary to FMD; age > 55 years, often due to atherosclerotic
disease) or previously well-controlled chronic hyperten-
sion becoming resistant to medical therapy (three-drug
regimen including a diuretic).

Azotemia: unexplained or an acute rise in serum creatinine
following the administration of ACEIs or ARBs.
Recurrent flash pulmonary edema often with normal left
ventricular function.

Epigastric bruits, evidence of atherosclerosis in other vas-
cular beds (e.g., carotid or femoral bruits and diminished
pedal pulses)

Unilateral atrophic kidney or a size discrepancy between
the two kidneys. If bilateral RAS exists, there may be no
size discrepancy between kidneys.

Diagnosis

Laboratory study: Acute elevation of creatinine; rapid
decline of estimated glomerular filtration rate (¢GFR) and
measured GFR.

Imaging studies: Comparison of sensitivity and specificity
with angiography is shown in Table 16.4. DUS: it is highly
useful for surveillance of renal arteries after stenting. A
peak systolic velocity >200 cm/second if diagnosed by
duplex Doppler ultrasonography. MRA: noninvasive and
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Table 16.4 Imaging Sensitivity Specificity

studies for renal artery DUS _ 84-98% 62-99%

stenosis
MRA 90-100%  76-94%
CTA  59-96% 82-99%
DUS duplex ultrasound, CTA
computed tomography angiogra-
phy, MRA magnetic resonance
angiography

has ability to generate 3D reconstructions. CTA: can be
used to detect in-stent restenosis because of no significant
imaging artifact with metal clips or stents. Luminal nar-
rowing >75% if diagnosed with magnetic resonance angi-
ography or computerized tomography angiography (or
>70% with additional evidence of renal ischemia; or >50%
with post-stenotic dilation) [6].

e Renal angiogram:the gold standard for the diagnosis of
RAS. It can visualize the main renal and accessory renal
arteries and their branches. Luminal narrowing >60% if
diagnosed with conventional angiography, followed by
measurement of translesional systolic pressure gradients
(TSPG >20 mmHg defined as a significant RAS) [6].

Treatment

Despite antihypertensive therapy, RAS tends to progress and
may be associated with renal ischemia and loss of renal
function.

e Medical therapy: management for HTN: ACEIs and ARBs
are preferred for unilateral RAS. ACEIs and ARBs should
not be used in patients with bilateral RAS or a solitary
kidney with RAS [1].

e Percutaneous revascularization: Early restoration of renal
artery patency may improve hypertension management
and minimize progressive renal dysfunction. Cure of
hypertension after revascularization is most likely in patients
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who have been hypertensive for less than 5 years. Significant
proteinuria (>1 g/d), renal atrophy, parenchymal renal dis-
ease, and diffuse renal arterial disease are also predictors
of poor outcomes with RAS interventions. Indications:
severe RAS (>70% stenosis or 50-70% stenosis with peak
pressure gradient > 20 mmHg or mean gradient > 10 mmHg)
PLUS progressive renal dysfunction, or poorly controlled
HTN, or recurrent episodes of unstable angina, or recur-
rent unexplained flash pulmonary edema [15].

Surgical revascularization: Including surgical bypass (aor-
torenal, celiac-renal, or mesenteric-renal) and endarterec-
tomy. Indications: Patients with RAS and aortic diseases
(either aneurysmal or occlusive). Patients with significant
atherosclerotic RAS and clinical indications for interven-
tion with multiple renal arteries or early branching main
renal artery. Patient with FMD associated with microaneu-
rysms or complex disease involving segmental renal arter-
ies [10, 14].

Clinical Pearl

ACEIs and ARBs should not be used in patients with
bilateral renal artery stenosis (RAS) or a solitary kid-
ney with RAS. Cure of hypertension after revascular-
ization for RAS is most likely in patients who have been
hypertensive for less than S years.

Key Learning Points

1. Careful history and exam skills are important for the
recognition and evaluation of PAD.

2. The ankle brachial index (ABI) is the initial diagnos-
tic test of choice diagnosis and assessment of PAD
severity and response to treatment.

3. Invasive management of PAD is generally reserved
for patients who are symptomatic or with end-organ
damage.
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MRA  Magnetic resonance angiogram
MRI  Magnetic resonance imaging
PAU  Penetrating aortic ulcer

SBP  Systolic blood pressure

TEE  Transesophageal echocardiogram
TNF  Tumor necrosis factor

Acute Aortic Syndrome

Acute Aortic Syndrome (AAS)

A general term that includes acute aortic dissection, intramu-
ral hematoma, and symptomatic penetrating aortic ulcer.

Acute aortic dissection — rupture or tear of the aortic
intima that spreads anterograde or retrograde causing the
formation of an intimal flap and creating a false lumen.

— Due to mechanisms that cause weakening of the
medial layers, and degeneration of the tunica media
such as elastic fiber disruption, loss of vascular smooth
muscle cells and increased proteoglycan deposition are
found.

Aortic intramural hematoma (IMH) — hematoma confined

within the medial wall layers without any intimal tear.

A penetrating aortic ulcer (PAU) — focal ulceration of an

atherosclerotic plaque that extends into the internal elastic

lamina and forms a hematoma within the tunica media
layer.

Risk Factors

Long-standing hypertension — most common predisposing
factor, occurring in 72% of patients [1]. Patients with pre-
existing aortic aneurysm, dyslipidemia, smoking, and
cocaine use are also at risk.

Connective tissue disorders such as Marfan syndrome,
Loeys-Dietz syndrome (EDS), vascular type of Ehlers-
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Danlos syndrome (EDS), and bicuspid aortic valve-related
aortopathies have a genetic predisposition to AAS.
Trauma and medical procedures such as cardiac catheter-
ization and vascular interventions can also be associated
with AAS.

Classification (Table 17.1)

Clinical Pearl
Stanford A or Debakey I or II dissections are surgical
emergencies — call the surgeon stat!

Clinical Presentation

Over 90% of patients present with pain in either the chest
or back, described as sharp, severe, and sudden in onset [1].
A pulse deficit may be appreciated (weak or absent pulse
compared to heart sounds) in the brachial, femoral, or
carotid area. This is caused by the intimal flap or compres-
sion of the true lumen by a hematoma.

Signs of acute aortic regurgitation — may be difficult to
appreciate because of its short duration caused by the
rapid equilibration of aortic and left ventricular diastolic
pressures.

TaBLE 17.1 Aortic dissection classifications

Stanford classification Debakey classification
Location of the dissection Location of the
flap dissection flap

Type  Ascending Type Ascending and

A aorta + descending aorta [ descending aorta

Type  Descending aorta only Type Ascending aorta

B I

Type Descending aorta
111
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Diastolic decrescendo murmur
Widened pulse pressure
Hypotension
Heart failure symptoms
e Syncope — may indicate development of cardiac tampon-
ade, or stroke secondary to obstruction of the great
vessels.
e Signs of ischemia
— Spinal cord ischemia — acute onset paraplegia
— Mesenteric ischemia — severe abdominal pain out of
proportion to physical exam
— Renal ischemia — oliguria and rising serum creatinine
level
e Signs of compression
— Horner’s syndrome — compression of the cervical sym-
pathetic ganglion
— Hoarseness — compression of the recurrent laryngeal
nerve

Clinical Pearl

Acute onset severe chest pain in the presence of a pulse
deficit and a new diastolic murmur should make you
suspect an acute aortic syndrome.

Diagnosis

e ECG to rule out acute coronary syndrome.

e Chest X-ray (CXR) will show a widened mediastinum in
60-90% of cases, but data from the International Registry
of Acute Aortic Dissection (IRAD) show that >20% of
AAS patients will present without any mediastinal or aor-
tic abnormalities [1].

¢ The choice of imaging modality largely depends on equip-
ment availability, with computed tomography (CT) scan
being the most widely available in the emergency depart-
ment [2] (Table 172).
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TaBLE 17.2 Imaging modalities for the detection of aortic
dissection

Sensitivity Specificity
Imaging modality (%) (%)
Computed tomography 100 98
Transesophageal echocardiogram 99 90
(TEE)
Magnetic resonance imaging 100 98
(MRI)
Management

e Medical therapy is aimed at (1) lowering heart rate to
<60 beats per minute (bpm) and (2) lowering systolic
blood pressure (SBP) to 100-120 mmHg [3, 4].

— Intravenous (IV) Beta Blockers (BB) - first-line
therapy.

If BB naive — esmolol preferred (titratable, short
half-life).

Labetalol — reduces both heart rate and blood pres-
sure control from beta and alpha adrenergic block-
ade, respectively.

Other IV infusions — propranolol and metoprolol.

— If BB are contraindicated — non-dihydropyridine cal-
cium channel blockers (CCB) such as diltiazem or vera-
pamil can be used.

— Vasodilators such as nitroprusside and nicardipine are
added if SBP is still >120 mmHg after adequate rate
control with BB/CCB. DO NOT USE prior to rate con-
trol as it may cause reflex tachycardia and can increase
left ventricular contraction, leading to an increase in
aortic wall stress.

— Provide adequate pain control.

e Surgical therapy generally indicated for ascending aortic
involvement or with associated high-risk features
(Fig. 171).
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Signs and symptoms concerning
for AAS
¥

Imaging modality of choice:
CXR/CT/TEE/MRI

Stanford A or Debakey
lorll

Stanford B or
Debakey IlI

Surgical emergency — call surgeon Refractory pain
Evidence of end-organ malperfusion*
Rapidly expanding false lumen**
Signs of impending rupture***
Chronic aneurysmal dissection
of>5.0 — 6.0 cm.

Consider Medical
surgery therapy

FIGURE 17.1 Management algorithm for acute aortic syndrome
(AAS). xVisceral ischemia (mesenteric, renal, hepatosplenic), spinal
ischemia, or limb ischemia. %%>5 mm expansion in 6 months or
>1 cm in 1 year. ssxxHemorrhagic pleural effusion or expanding
periaortic hematoma

Clinical Pearl

The first line of therapy for aortic dissection is IV beta
blocker therapy. Add vasodilators only if SBP is still
>120 mmHg after maximizing rate control with BB or CCB.

Aortic Aneurysm
Definition

e True aneurysm — permanent localized dilatation (at least
50% increase in diameter) of the artery that involves all
three layers, although the intima and media may be too
attenuated and difficult to visualize. For dilatation <50%,
this is termed ectasia.

¢ Pseudoaneurysm — collection of blood contained by peri-
arterial connective tissue and not by arterial wall layers.
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Diagnosis

e Usually found incidentally through various imaging
modalities.

e Ultrasound screening for abdominal aortic aneurysm is
indicated in men of ages 65-74 who have ever smoked [5].

e Selection of the appropriate diagnostics depend on patient-
related factors (allergy to contrast, claustrophobia, renal
function, ICD placement) and institution-related factors
such as availability of equipment and specialist.

Clinical Pearl

Aortic aneurysm is usually asymptomatic and found
incidentally. Ultrasound screening is only indicated in
men of ages 65-74 who have ever smoked. There is not
enough evidence to support screening in other popula-
tions except in those with concomitant connective tis-
sue disorders such as Marfan syndrome, LDS, and
vascular EDS.

Management

¢ Blood pressure control
— Drugs of choice are beta blockers, and angiotensin con-
verting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARB).
e Surgical repair is reasonable for the following:
— Thoracic aortic aneurysm
— Chronic aortic dissection, intramural hematoma, or a
penetrating aortic ulcer with an ascending aortic or aor-
tic sinus diameter of >5.5 cm or a rate of growth of
>0.5 cm/year even in the absence of symptoms
¢ In patients undergoing surgical aortic valve intervention,
concomitant repair or replacement of the ascending aorta
is indicated if the diameter is >4.5 cm.
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Clinical Pearl
Surgical repair should be considered in AAS with a
>5.5 cm diameter or a rate of growth of >0.5 cm/year
even in the absence of symptoms. Patients with connec-
tive tissue disorders such as Marfan syndrome have a
lower cut-off.

Special Populations with Associated Aortic
Disease

Marfan Syndrome

FBNI gene mutation is seen which encodes fibrillin-1, and
to a lesser extent MFS2 gene.

Usually present with a dilated aortic root and/or ascending
aorta and are predisposed to ascending aortic dissection.
Annual imaging is recommended to measure aortic diam-
eter. More frequent imaging if the maximal aortic diame-
ter is >4.5 cm or shows significant growth from baseline.
Surgical repair is indicated if the external diameter of the
root or the ascending aorta reaches >5.0 cm or less if the
following are present:

— Family history of aortic dissection at a diameter <5.0 cm
— Severe aortic regurgitation

— Rapid growth of >0.5 cm/year

Women should be advised against pregnancy. Otherwise
surgical replacement can be considered if the diameter
reaches >4.0 cm in women who want to get pregnant.

Loeys-Dietz Syndrome

TGFBRI, TGFBR2, SMAD3, TGFB2, or TGFB3 autoso-
mal gene mutation. These are associated with LDS types
1-5, respectively [6].
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Hypertelorism, bifid uvula and arterial ectasias, tortuosity,

and aneurysm.

The arterial disease is very aggressive and widespread in

these patients, with a mean age of death at 26 years old

noted in LDS types 1 and 2.

Diagnosis made through a combination of diffuse arterial

aneurysms, a family history of LDS, and confirmed by

molecular testing.

Cardiovascular care of these patients include the

following:

— Annual echocardiography to assess aortic root and
ascending aorta

— Strict blood pressure control

— Avoid contact or competitive sports and isometric
exercises

— Avoid stimulant medications (such as decongestants)
and vasoconstrictors (such as triptans)

— Baseline head to pelvis MRA or CTA; with repeat
imaging every 2 years or sooner in the presence of arte-
rial aneurysms

Aortic surgery is indicated if the maximal aortic diameter is

>4.0 cm, or a rapidly expanding aortic root (>0.5 cm/year).

Vascular Type of Ehlers-Danlos Syndrome

COL3AI autosomal dominant gene mutation which causes
a defect in the collagen III synthesis.

Arterial ruptures including aortic dissection and intestinal
and uterine ruptures. Tissue fragility and hemorrhagic ten-
dencies complicate surgery.

Similar indications for surgical repair as with Marfan
syndrome.

Turner Syndrome

e Partial or complete absence of one sex chromosome in a

female phenotype, termed 45 XO.
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e Bicuspid aortic valve (10-25%), coarctation of the aorta
(8%), and dilation of the ascending aorta. These patients
should undergo imaging to evaluate for these complica-
tions and repeat imaging done in 5-10 years if the initial
results are within normal limits. If abnormalities exist then
annual follow-up imaging is recommended.

e Similar indications for surgical repair as with Marfan
syndrome.

Vasculitis

Takayasu Arteritis

e Idiopathic vasculitis of the elastic arteries involving the
aorta and its branches.
e Female predominant 10:1, <40 years of age. Crosses racial
and ethnic lines.
e Acute symptoms include fatigue, night sweats, weight loss,
and generalized malaise. Once the vascular inflammation
sets, the patients may have organ dysfunction, particularly
cerebrovascular insufficiency (vision disturbances, stroke-
like symptoms).
e 1990 American College of Rheumatology (ACR) criteria:
— Age of onset younger than 40 years
— Intermittent claudication
— Diminished brachial artery pulse
— Subclavian artery or aortic bruit
— Systolic blood pressure variation of greater than
10 mmHg between arms

— Angiographic (CT, MR) evidence of aorta or aortic
branch vessel stenosis

— Elevated ESR and CRP [7]

¢ The most common aneurysmal formation is in the descend-
ing aorta, although stenosis occurs more commonly than
aneurysms.

* Management
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— High-dose corticosteroids (prednisone 40-60 mg or
equivalent dosages); steroids may be required for
1-2 years.

— Second-line therapies include methotrexate, azathio-
prine, and anti-TNF agents.

Clinical Pearl

Takayasu arteritis is a disease of young women
(<40 years of age). Giant cell arteritis is a disease of old
men and women (>50 years of age).

Giant Cell Arteritis

¢ Idiopathic vasculitis affecting the aorta and its branches.

e Female predominant 3:2, age > 50. Mostly affects northern
Europeans.

e Symptoms include typical B symptoms acutely such as
weight loss, night sweats, and fever. Scalp tenderness, head-
ache, and jaw claudication are common as well as neuro-
logic symptoms such as visual disturbances and various
neuropathies.

¢ Polymyalgia rheumatica occurs 50% of the time — inflam-
mation of proximal muscles and present as pain and stiff-
ness, particularly with initiation of movement.

* 1990 ACR criteria for diagnosis:

— Age older than 50 years
— Recent-onset localized headache

Temporal artery pulse attenuation or tenderness

Erythrocyte sedimentation rate greater than 50 mm/h
— Arterial biopsy demonstrating necrotizing vasculitis [8]

e Initial therapy is similar to that of Takayasu arteritis.

e DO NOT DELAY initiation of glucocorticoid therapy
while waiting for biopsy result. The biopsy result does not
get affected if it is done within 2 weeks of therapy [9].
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Clinical Pearl

Steroids are the first line of therapy for aortic vasculitis.
Do not delay the initiation of treatment while waiting
for biopsy results.

Key Learning Points

1.

Long-standing hypertension is the most common risk
factor for acute aortic dissection. Connective tissue
disorders such as Marfan syndrome and vascular
EDS are also at elevated risk.

. Over 90% of patients with AAS present with acute

chest or back pain. Other signs and symptoms include
syncope, a pulse deficit, new diastolic murmur, and
signs of organ ischemia such as rising paraplegia,
abdominal pain, and oliguria.

. >20% of AAS will not present with any mediastinal

widening on CXR. The initial imaging of choice is CT
largely due to its rapid availability in the emergency
department.

. Management depends on the location of the

AAS. Proximal AAS involving the ascending aorta
and aortic arch are surgical emergencies, while AAS
confined to the descending aorta can be medically
managed with IV BB/CCB = vasodilators.

. Surgical repair is reasonable in patients with a tho-

racic aortic aneurysm, chronic aortic dissection, intra-
mural hematoma, or a penetrating aortic ulcer with
an ascending aortic or aortic sinus diameter of
>5.5 cm or a rate of growth of >0.5 cm/year even in
the absence of symptoms.

. The mainstay of therapy for autoimmune aortopa-

thies is steroids.
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Pericardial Disease

Pericardium is a tough double layered fibroserous sac

enclosing the heart consisting of a:

— Visceral layer of serous pericardium (innermost)

— Pericardial cavity: space between the visceral and pari-
etal layers of the serous pericardium that contains
serous, pericardial fluid

— Parietal layer of serous pericardium

— Fibrous pericardium (outermost)

Acute Pericarditis

Definition

Acute pericarditis is the most common pericardial syn-
drome caused by inflammation of the pericardium that can
be isolated or as a manifestation of an underlying systemic
disease [1].

Symptoms can be relapsing, and further classified as inces-
sant type, where discontinuation of or attempts to wean
treatment causes relapse in <6 weeks, versus intermittent
type, in which symptom-free intervals last >6 weeks but
recur

Etiology

Infectious

— Most commonly viral (Coxsackie, Echovirus,
Adenovirus, HIV, etc.)

— Bacterial (e.g., tuberculosis, seen especially in constric-
tive pericarditis)

— Fungal

— Toxoplasmosis

Myocardial infarction: pericarditis may occur either within

1-3 days as an immediate reaction (i.e., post-infarction

fibrinous pericarditis) or weeks to months following an

acute myocardial infarction (Dressler syndrome)
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e Postoperative (post-pericardiotomy syndrome): blunt or
sharp trauma to the pericardium

e Collagen vascular disease: systemic lupus erythematosus,
rheumatoid arthritis

e Other causes: renal failure (uremia), tumors (Hodgkin
lymphoma), radiation

Clinical Pearls

Most cases of acute pericarditis in developed countries
are based on viral infections which are self-limiting,
with most patients recovering without complications.

Clinical Features

e Although there are no formal diagnostic criteria, the diag-
nosis of acute pericarditis includes the absence of life-
threatening causes of chest pain (acute coronary syndromes
[ACS], pulmonary embolism, etc.) plus at least two of the
following:

— Typical chest pain: sudden onset, retrosternal, pleuritic,
positional (better with leaning forward or upright);
pain can radiate to neck, arms, shoulders similar to
ACS

— Pericardial friction rub: high pitched, scratch sound
heard best at the left sternal border

— Suggestive ECG findings (see below)

— New or worsening pericardial effusion (with or without
tamponade)

e Nonspecific findings like low-grade intermittent fever,
tachypnea, dyspnea, nonproductive cough can also be
present

e Fevers, chills, shaking, lethargy, malaise, myalgias, or
upper respiratory symptoms are commonly in infectious
causes

e Arthralgia (including morning stiffness), skin lesions, neu-
ropathy, abdominal pain, and Raynaud phenomenon sug-
gest autoimmune etiology
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e Acute pericarditis symptoms can mimic life-threatening

diseases including:

Acute coronary syndromes (ACS)
Aortic dissection

Pulmonary embolism
Pneumothorax

Pneumonia

Clinical Pearls

Chest pain is the presenting symptom in virtually all
patients for whom a diagnosis of pericarditis would be
considered. Although the differential diagnosis of chest
pain is extensive, certain features point strongly to peri-
carditis, especially pleuritic pain that is relieved by sit-
ting forward and that radiates to the trapezius ridge

(the latter feature is virtually pathognomonic).

Diagnostics

e The diagnosis is based primarily on a history of pleuritic
chest pain and a friction rub heard on auscultation sup-
ported by laboratory, ECG, and imaging findings

e Laboratory findings:

Nonspecific markers of inflammation: Leukocytosis, 1
C-reactive protein (CRP), 1 erythrocyte sedimentation
rate (ESR)

Elevated cardiac enzymes (troponins, CK-MB): 30%
positive in myopericarditis

Abnormal renal parameters (BUN, creatinine, electro-
lytes) if caused by underlying uremia

Consider specific tests depending on the clinical sce-
nario: rheumatoid factor, thyroid function tests, ANA,
anti-streptolysin O (ASO), viral panel, cytology

¢ ECG changes in pericarditis are present in most cases, but
its absence does not exclude pericarditis. These changes
occur in four stages in about 60% of patients
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Ficure 18.1 EKG findings of acute pericarditis. (a) Widespread
concave ST elevation and PR depression throughout most of the
limb leads and precordial leads. (b) Reciprocal ST depression and
PR elevation in lead aVR (£V1)

— Stage 1: initial diffuse ST elevations, but ST depression
in aVR and V1; PR segment depression (Fig. 18.1)
— Stage 2: ST segment normalizes in ~1 week
— Stage 3:inverted T waves
— Stage 4: ECG returns to normal baseline (as prior to
onset of pericarditis) after weeks to months
Low voltage (QRS amplitude <0.5 mV in limb leads)
and electrical alternans suggest effusion
¢ Imaging findings
— Chest X-ray (CXR) is usually normal, but can help to
rule out other causes of chest pain (e.g., pneumothorax,
pneumonia)
— Echocardiography at presentation and usually
1-2 weeks after treatment initiation to assess for
Pericardial effusion
Tamponade physiology
Focal wall motion abnormalities to rule out ACS
— Chest CT or cardiac MRI: pericardial thickening/effusion
can be often found while looking for other causes of chest
pain (e.g., pulmonary embolism, acute aortic syndromes)
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Management

e Acute pericarditis is often self-limiting and resolves within
approx. 2-6 weeks

e Treat underlying cause (e.g., dialysis for uremia)

e Anticoagulation increases the risk of hemopericardium thus
it should be avoided

e NSAIDs (nonsteroidal anti-inflammatory drug):

— Aspirin, ibuprofen, naproxen, and indomethacin are the
NSAIDs most commonly used
Patients should be treated for a minimum of 2 weeks to
minimize scarring [1]
Aspirin (ASA): 650 mg every 4-6 hours for 2-4 weeks
Ibuprofen: 600-800 mg every 8 hours
Aspirin is the NSAID of choice in patients with post-MI
pericarditis or Dressler syndrome

Clinical Pearl

Glucocorticoids and other NSAIDs relatively contrain-
dicated post-MI due to impaired healing and increase
ventricular rupture risk

e Colchicine:
— Colchicine plus conventional therapy with ASA led to a

clinically important and statistically significant benefit
over conventional treatment, decreasing the recurrence
rate in patients with a first episode of acute pericarditis
(COPE trial) [2, 3]

Colchicine: may be given with or without a loading
dose. When a loading dose is chosen, the loading dose is
typically 0.6-1.2 mg twice daily on day 1, depending
upon the patient’s body weight

— The daily maintenance dose of colchicine is weight-

based and is done for 3 months:
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Patients weighing >70 kg should receive 0.6 mg twice
daily
Patients weighing <70 kg should receive 0.6 mg once
daily
Gastrointestinal side effects are common: abdominal
cramping, abdominal pain, diarrhea, lactose intolerance,
nausea, vomiting
Other side effects include myotoxicity, hepatotoxicity,
and bone marrow suppression
Complete blood count (CBC), serum creatinine,
transaminases, and creatine phosphokinase (CPK)
should be followed
If colchicine is administered with drugs that inhibit
P-glycoprotein or CYP3A4, the dose of colchicine
should be adjusted
Colchicine should be avoided in patients with signifi-
cant hepatic or renal impairment

Glucocorticoids:

May be considered when the cause of the acute pericar-
ditis is connective tissue disease, autoimmune condi-
tions, or uremia

Prednisone may be prescribed at 1 mg per kg per day
with a rapid taper or titrated to a dosage that achieves
clinical benefit (0.25 mg per kg per day)

Toward the end of the taper (generally 6-8 weeks),
NSAIDs or colchicine can be introduced to decrease
the risk of recurrence

Sometimes it can be challenging to taper steroids in
recurrent pericarditis, and a very slow taper over several
months may be necessary

Clinical Pearls

Glucocorticoids should not be used as first-line therapy
for patients with acute pericarditis since they confer a
significant risk of adverse effects and possible recur-
rence of pericarditis.
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e Surgical Management:
— Diagnostic and/or therapeutic pericardiocentesis should
be considered in patients with
Purulent, tuberculous, or malignant effusions
Cardiac tamponade
High fever, bacteremia, or signs of sepsis
— Pericardiectomy or a pericardial window could be con-
sidered in patients with recurrent disease who are
refractory to intensive medical therapy

Pericardial Effusion and Cardiac Tamponade
Definition

e Pericardial effusion accumulation of fluid in the pericar-
dial space (between the parietal and the visceral
pericardium)

e The clinical implications of a pericardial effusion depend
on its size, cause and rate of accumulation (Fig. 18.2)

Threshold for cardiac tamponade

__/

Acute effusion Chronic effusion

Pressure (mm Hg)

Volume over time (mL)

FiGure 18.2 Relationship between volume and pressure in acute
versus chronic cardiac tamponade
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— Acute effusions may result in hemodynamic compro-
mise with small amounts of fluid (<250 mL)

— Chronic effusions the pericardium can accommodate
more fluid without hemodynamic compromise

e Cardiac tamponade is a medical emergency characterized

by hemodynamic instability due to heart compression by a

pericardial effusion

— Fluid accumulation in the pericardial sac leads to
increased pericardial pressures that exceed right ven-
tricular filling pressures due to thinner wall

— The interventricular septum shifts toward the left ven-
tricle leading to decreased diastolic filling, stroke vol-
ume, and cardiac output

Etiology

e Hemopericardium
— Cardiac wall rupture (e.g., complication of myocardial
infarction)
— Chest trauma
— Aortic dissection
— Cardiac surgery (e.g., heart valve surgery, coronary
artery bypass)
e Serous pericardial effusion
— Idiopathic
— Acute pericarditis (especially viral, but also fungal,
tuberculous, or bacterial)
— Malignancy
— Poststernotomy syndrome
— Uremic
— Autoimmune disorders
— Hypothyroidism

Clinical Features

e Pericardial effusion has a wide range of clinical
presentations
— Most commonly asymptomatic initially
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Poor exercise tolerance, orthopnea, and peripheral
edema

Retrosternal chest pain

Larger effusions can compress adjacent structures and
cause dysphagia, nausea, cough, hoarseness (recurrent
laryngeal nerve compression)

e Cardiac tamponade presentation is characterized by the 3
D’s of Beck’s triad

Decreased blood pressure
Distant heart sounds
Distended neck veins

e Pulsus paradoxus is another hallmark of cardiac tampon-
ade and is defined as an exaggerated drop in systolic blood
pressure. It is done as following

Using a sphygmomanometer, inflate the cuff to 20 mm
Hg above systolic pressure, then deflate until 1st
Korotkoff sound is heard, you should hear it only during
expiration (record this number)

Next, deflate the cuff until Korotkoff sounds are heard
equally during both inspiration and expiration (subtract
this number from the first)

If the difference between these two numbers is >10 mm
Hg, the patient has a pulsus paradoxus of a magnitude
equal to the aforementioned difference

Differential diagnosis for that phenomenon include,
other than cardiac tamponade, constrictive pericarditis,
pulmonary embolism, severe asthma/COPD

Diagnostics

e ECG:

Low voltage (limb leads <5 mm and precordial limbs
<10 mm)

Electrical alternans

Signs of pericarditis

e TTE should be pursued urgently if tamponade is sus-
pected to look for:

Pericardial effusion:
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Echo-free space between the two layers of the
pericardium
In large effusions, echo may reveal swinging of the
heart within the effusion
— Tamponade physiology:
Late diastolic collapse of the right atrium
Early diastolic collapse of the right ventricle (RV)
Collapse of the left atrium (LA)
Dilated inferior vena cava (IVC) with <50%
Respiratory-phasic changes in mitral inflow velocity
is the echo equivalent of pulsus paradoxus
— Transesophageal echocardiography (TEE) is better
suited to evaluate patients with localized/loculated effu-
sions or poor echocardiographic windows
Postcardiotomy or in cardiac trauma the most com-
mon location of the effusion is posterior to the left
atrium, thus invisible to TTE
e Diagnostic pericardiocentesis should be considered in
patients with large effusions or suspicion for purulent,
tuberculous, or neoplastic effusions
e Pericardial biopsy should be considered in patients with
effusions of unknown etiology, malignant effusions, or with
recurrent effusions despite drainage
e CXR, if effusion >250 mL, shows cardiomegaly with epi-
cardial halo can be present
e Chest CT and MRI can demonstrate pericardial thicken-
ing/effusion,calcifications,and ventricular interdependence
(real-time cine cardiac MRI) and has the advantage of
imaging adjacent structures

Management

e Hemodynamically stable patients with pericardial
effusions:
— Treatment of the underlying cause
— Hemodynamic monitoring
— Avoid anticoagulation to prevent hemopericardium
until effusion resolves
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Pericardiectomy or pericardial window with an indwell-
ing catheter may be necessary in patients with malig-
nant effusions

e Cardiac tamponade:

Urgent drainage of the pericardial effusion either per-
cutaneously or surgically

Drainage can be ultrasound guided and can be at the
bedside if emergent or in the cath lab under
fluoroscopy

Pericardial drain is commonly left post procedure to
prevent reaccumulation

Pericardial window is sometimes needed for patients at
risk of reaccumulation — such as cancer patients
Aggressive resuscitation with IV fluids + pressor sup-
port if necessary

Myocarditis

Definition

e Myocarditis is an inflammatory disease of the heart usu-
ally resulting from viral infections and/or post-viral
immune-mediated responses

Etiology

e Infectious

Viral: influenzae, Echovirus, EBV, CMV, HIV, HCV,
parvovirus B19, human herpesvirus 6
Bacterial
B-hemolytic Streptococcus group A (acute rheumatic
fever)
Corynebacterium diphtheriae (diphtheria, diphtheria
toxin)
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Borrelia burgdorferi (borreliosis)
Mycobacterium (tuberculosis)
Mycoplasma
— Fungal (candidiasis, aspergillosis, etc.)
— Protozoan (Chagas disease)
— Parasitic (trichinella, echinococcus)
Noninfectious
— Idiopathic (e.g., giant cell myocarditis)
— Connective tissue diseases
— Vasculitis syndromes (e.g., Kawasaki disease)
— Toxic myocarditis
— Radiation therapy
— Medication (e.g., sulfonamides)
— Chemotherapy (e.g., anthracycline, new checkpoint
inhibitors/immune modulators used in cancer)
— Drugs (e.g., alcohol, cocaine)

Clinical Features

The clinical features of myocarditis are nonspecific, rang-
ing from asymptomatic courses to acute cardiac
decompensation

Typical symptoms are fatigue, weakness, dyspnea, nausea,
vomiting

Flulike symptoms (e.g., fever, arthralgia, myalgia, upper
respiratory tract infections) preceding in 1-2 weeks the
patient presentation suggest a viral cause

Cardiac arrhythmias: sinus tachycardia (most common),
premature ventricular contractions with palpitations or
bradyarrhythmias with syncope

Chest pain suggests pericardial involvement
(perimyocarditis)

Acute decompensated congestive heart failure with dilated
cardiomyopathy or cardiac shock in fulminant cases
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Clinical Pearl

Giant-cell myocarditis is aggressive and often fatal,
with a rate of death or heart transplantation of 89%
and a median survival of only 6 months after symptom
onset. Patients typically present in the fourth or fifth
decade; the clinical presentation can include conges-
tive heart failure or new-onset cardiomyopathy (in
75% of patients), syncope, palpitations, or sudden
death due to ventricular tachycardia (in 15%), and

heart block (in 5%).

Diagnostics

Laboratory findings:

Elevated cardiac enzymes

Nonspecific markers of inflammation: Leukocytosis, 1
ESR, and 1 CRP

1 Brain natriuretic peptide (BNP)

Virus serology

ECG abnormalities are very nonspecific, but myocarditis
should be suspected if the following findings are observed:

Sinus tachycardia

Arrhythmias: atrial or ventricular ectopic beats, com-
plex ventricular arrhythmia, atrial tachycardia
Repolarization abnormalities

Heart block: right bundle branch block, complete heart
block, AV block

Rule out myocardial infarction: loss of R wave and
pathological Q wave specific to myocardial infarction
Pericardial effusion: low voltage (low R wave with poor
progression)

Imaging findings:

CXR: cardiac enlargement, pulmonary congestion, and
pleural effusions

Cardiac MRI: Involvement of the right ventricular side
of the basal interventricular septum is specific for car-
diac sarcoidosis, whereas subendocardial involvement is
specific for giant-cell myocarditis
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TTE findings are unspecific
Decreased ejection fraction, impaired contractility,
diffuse hypokinesis, regional wall motion
abnormalities
Pericardial effusion
Rule out possible etiologies of acute decompensated
heart failure

e Endomyocardial biopsy:

Endomyocardial biopsy is essential for establishing the
correct diagnosis of conditions like cardiac sarcoidosis
and giant-cell myocarditis that should be considered if
high degree of arrhythmias, progressive conduction dis-
ease, progressive hemodynamic instability [4]

The characteristic pathological features of giant-cell
myocarditis include multinucleated giant cells and myo-
cyte necrosis

The pathological features of cardiac sarcoidosis also
include multinucleated giant cells, but the hallmark fea-
tures of noncaseating granulomas, fibrosis, and scarring
are typically more prominent [5]
Immunohistochemical detection of inflammation (with
lymphocytic infiltrates in a viral etiology)

Treatment

e If myocarditis is suspected, consider cardiology
consultation

e Supportive therapy with cardiac monitoring, oxygen
administration, management of fluid status

e Treatment of complications:

Acute decompensated heart failure [6]

Diuretics

Inotropes

Mechanical support (e.g., intra-aortic balloon pump,

extra-corporeal membrane oxygenation, etc.)
Cardiac arrhythmias management: Arrhythmias man-
agement with pharmacotherapy (AV nodal agents and
anti-arrhythmic medications if needed), and ensure no
electrolyte or thyroid abnormalities
Heart transplantation
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Key Learning Points

e Pericarditis is idiopathic in 80-90% of cases and can
be safely managed as an outpatient.

e Features such as fever, high inflammatory markers, a
subacute onset, immunosuppression, myocardial
involvement (with troponin elevation), and heart
failure point to an increased risk of complications
and warrant hospitalization for early echocardiogra-
phy and a full work-up

e Constrictive pericarditis has a long symptom-free
period that may take weeks to decades to develop
and it is often a clinical diagnosis made with routine
investigations

e Myocarditis can have mixed clinical manifestations
and should be kept in mind as a possibility in cases
presenting with signs and symptoms of myocardial
infarction but with normal coronary angiography

e Cardiac MRI offers a noninvasive, reliable tool for
diagnosis of myocarditis; additional advantages
include repeatability factor, indirect assessment of
relative cardiac function, and prognostication
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VKA Vitamin K antagonists
VTE Venous thromboembolism

Venous Thromboembolism (VTE) Refers
to Two Clinical Manifestations: Pulmonary
Embolism (PE) and Deep Vein Thrombosis
(DVT)

Pulmonary Embolism

e Symptoms include pleuritic chest pain, dyspnea, tachy-
pnea, and tachycardia
e [nitial Workup
— Determine pre-test probability (PTP): Wells score,
modified Wells score, Geneva score
Wells score: low <2, intermediate 26, high >6
e Symptoms of DVT (3 points), less likely alternative
diagnosis (3), heart rate > 100 (1.5), immobilization
for >3 days or surgery in past 4 hours (1.5), prior
DVT/PE (1.5), hemoptysis (1), malignancy (1)
— Based on PTP workup, diagnostic testing as noted
below [1, 2]
Low (~5%): Obtain d-dimer to exclude, followed by
computed tomography pulmonary angiogram
(CTPA) or ventilation perfusion scan (V/Q) if
needed
Intermediate (~20%): Obtain d-dimer to exclude,
followed by CTPA or V/Q if needed. If patients are
likely to have nondiagnostic V/Q, they should
undergo CT
High (>50%): empirically start anticoagulation and
obtain CTPA
— If there is concern for recurrent PE, start with d-dimer
if low PTP. If has +d-dimer or high PTP, CTPA should
be obtained.



Chapter 19. Pulmonary Embolism and DVT 303

e [maging for diagnosis

- CTPA [3,4]

Advantages include filling defect definitively diagno-
ses PE, sensitivity and specificity of 80-90% and
increased when combined with high PTP. It can also
provide alternative diagnosis for clinical symptoms.
In addition, CTPA can indicate clot burden and
severity with RV/LV dimensions

Disadvantages include the need for IV contrast
(renal function, allergy), and can be suboptimal if
patient has large body habitus, or with poor contrast
bolus timing or artifact from metallic objects.

- V/Q scan

Main advantage is no need for contrast; disadvantage
is that up to 30-40% can be read as indeterminate/
intermediate probability

— Other less common modalities

Magnetic resonance pulmonary angiography,
catheter-based pulmonary angiography
e Clinical information and tests for risk stratification
— Vital signs
— Cardiac echo
Evidence of RV dysfunction may include RV hypo-
kinesis, pulmonary hypertension, McConnell’s sign
— Biomarkers (troponin, BNP/proBNP, lactate)
e Clinical severity definition help guide treatment [5, 6]

— Massive PE refers to patients with shock, defined as
15 minutes of sustained hypotension with systolic blood
pressure < 90 mm Hg or 40 mm Hg lower than baseline
or requiring inotropes

— Submassive PE refers to patients without shock but has
one or more of the following: RV dysfunction on echo
(dilated or hypokinetic) or CT (RV/LV diameter > 0.9)
or positive biomarkers suggestive of RV myocardial
injury, with elevated troponin and BNP

European Society of Cardiology (ESC) further
divides submassive PE into intermediate-high (pres-
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ence of positive biomarkers and RV dysfunction)
and intermediate-low risks (presence of either/or)
Elevated lactate has been associated with increased
risk of PE-related complications (shock/hypotension,
death) in patients with RV dysfunction and elevated
biomarkers [7]

— Low-risk PE refers to patients who are normotensive,
with normal biomarkers, and no RV dysfunction

— Studies have shown short-term mortality rates of up to
50% for massive vs 1% for low risk

e Acute PE inpatient treatment

— Interdisciplinary approach should be considered in
patients with massive and submassive PE (Clinical
Pearl)

— In addition to systemic anticoagulation, special consider-
ations for massive and submassive PE are described
below (See Table 19.1)

— Massive PE |5, 6, 8]

Systemic thrombolysis: agents approved are alteplase
(tPA), streptokinase, and urokinase infused via
peripheral intravenous catheter [5]

Alteplase (most commonly used): 100 mg IV over
2 hours
Streptokinase: 250,000 units IV over 30 minutes,
then 100,000 units/hour for 24 hours
Urokinase: 4400 units/kg IV over 10 minutes, then
4400 units/kg/hour for 12 hours
UFH should be paused while giving systemic
thrombolytics but can be resumed when activated
partial thromboplastin time (aPTT) is less than
twice upper limit of normal, or can resume hepa-
rin without bolus once thrombolytic infusion is
completed
— Contraindications to systemic thrombolysis [5]
— Absolute
Prior intracranial hemorrhage, structural
intracranial cerebrovascular disease, isch-
emic stroke within 3 months, malignant
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TaBLE 19.1 Summarization of PE findings and treatment

Findings

Treatment

Massive

Submassive

Low risk

Shock — 15 minutes of
sustained hypotension
with SBP <90 mm Hg or
40 mm Hg lower than
baseline, or needing
ionotropes

RV dysfunction on
echo or CT (RV/LV
diameter > 0.9)
Positive biomarkers
(troponin or BNP)

Normotensive, normal
biomarkers, no RV
dysfunction

Systemic thrombolysis
Catheter-directed
thrombolysis
Percutaneous
mechanical
thrombectomy
Surgical embolectomy
Hemodynamic support
Systemic
anticoagulation in all

Half dose thrombolytics
Catheter-directed
thrombolysis
Percutaneous
mechanical
thrombectomy
Systemic
anticoagulation in all

Systemic
anticoagulation
Sub-segmental and

no proximal DVT can
sometimes be managed
with surveillance and
no anticoagulation

intracranial mass, suspected aortic dissec-
tion, active bleeding, significant closed-head
or facial injury, recent surgery near spinal

cord or brain

— Relative

Current anticoagulation, pregnancy, pro-
longed CPR, recent internal bleeding, hyper-
tension (systolic blood pressure > 180 or
diastolic >110 mm Hg), major surgery within
3 weeks, ischemic stroke >3 months prior,
minor head or facial trauma
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Catheter-directed thrombolysis (CDT)

— Considered for relative contraindications to
full dose thrombolytics

— Currently the EKOS catheter is the only
FDA-approved catheter-directed thromboly-
sis for PE with evidence of RV strain. It also
uses ultrasound to break up clot fragments in
addition to infusing a thrombolytic agent

Percutaneous mechanical thrombectomy (PMT)

— Techniques for mechanical thrombectomy
include thrombus fragmentation, aspiration
thrombectomy, rheolytic thrombectomy, and
suction embolectomy

— For use in patients with contraindication to
any thrombolysis

— Usually limited to main and lobar pulmo-
nary artery branches

Surgical embolectomy on/off cardiopulmonary

bypass

— It can be used when thrombolysis is contra-
indicated, or when there is paradoxical
embolus, right atrial thrombus, or clot in
transit that require excision. It is usually lim-
ited up to segmental arteries [5]

Systemic thrombolysis is associated with reduc-

ing all-cause mortality and lower risk of recur-

rent PEs, but also associated with higher risk of

major bleeding and intracranial hemorrhage;

However, it is reasonable to use in massive PE

(AHA Class Ila, ESC Class I)

If systemic thrombolysis fails or if there are con-

traindications to thrombolysis, patient can be

considered for catheter-directed treatments or

surgical embolectomy (AHA Class 1Ib, ESC

Class Ila) (Clinical Pearl)

Hemodynamic support

— Administration of IV fluids needs to be cau-
tious because although initially may increase
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preload and improve cardiac output, as the
RV fails and becomes more distended, the
septum will bow toward the left ventricle
and decrease cardiac output

— Vasoactive support may be required with
ionotropes to augment cardiac function

— Mechanical support with VA-ECMO may be
needed as bridge to restore perfusion [9]

— Submassive PE [5, 6]

Systemic thrombolysis can also be considered if has

evidence of potential clinical decline or worse prog-

nosis and low risk of bleeding (AHA Class IIb, ESC

Class 1Ib)

In patients with high-risk submassive PE, half dose

thrombolytics, CDT, and catheter embolectomy can

also be considered (Clinical Pearl)

In patients with evidence of RV dysfunction on imag-

ing/echo and positive troponin, fibrinolytic therapy

(tenecteplase plus heparin) decreased death or hemo-

dynamic decompensation compared with just heparin

(2.6% vs. 5.6%) but associated with increased risk of

major bleeding and stroke. 30-day mortality similar

between the groups (PEITHO, NEJM 2014) [10]

e Half dose tPA was associated with lower rate of
pulmonary hypertension but not with death or
recurrent PE. No bleeding was noted (MOPETT,
ACC 2013) [11]

— Low-risk PE

Main treatment is anticoagulation only

Patients can be considered for early discharge and

outpatient treatment [5, 12]

In patients with low-risk PE, early discharge within

48 hours with rivaroxaban was not associated with

increased risk of recurrent VTE or PE-related deaths

within 3 months (HOT-PE, ESC 2019) [13]

— IVC filter considerations

Indicated for acute PE/proximal DVT with contrain-

dications to anticoagulation or having active bleed-
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ing; however, anticoagulation should be resumed as
soon as contraindication is resolved (AHA Class I)
Does not reduce PE recurrence in patients with acute
PE and associated DV'T versus anticoagulation alone
(PREPIC2, JAMA 2015) [14] (Clinical Pearl)

— Sub-segmental PE and no proximal DVT can be poten-

tially managed with surveillance without anticoagula-
tion [12]

Paradoxical embolization can occur in patients with
patent foramen ovale (can be detected on echo with
bubble study). It is an adverse predictor because of
increased risk of death, stroke, and other arterial embo-
lisms; hence, more aggressive treatment of PE should be
considered [15]

e Treatment at discharge
— Provoked vs. unprovoked [1]

This is an important distinction because of prediction

for risk of recurrence. Having risk factors is associ-

ated with half the risk of recurrence compared with

not having risk factors

Provoked VTE refers to both transient and persis-

tent risk factors

e Transient factors include surgery, leg injury with
reduced mobility, pregnancy/estrogen use

e Persistent factors include cancer and inflamma-
tory bowel disease

— Main stay is anticoagulation

Options include unfractionated heparin (UFH), low

molecular weight heparin (LMWH), vitamin K

antagonists (VKA), and novel oral anticoagulants

(NOAC) [12].

e Approved NOAC:s include dabigatran, edoxaban,
rivaroxaban, and apixaban. Of note, dabigatran
and edoxaban require overlap with parenteral
anticoagulation

e In patients without cancer, NOACs are recom-
mended over VKA and LMWH
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e In cancer patients, LMWH is recommended over
VKA and NOACs
Duration of treatment [12]
e For provoked VTE with transient risk factors, rec-
ommend anticoagulation for 3 months
e For provoked VTE with irreversible risk factor,
recommend extended anticoagulation
e For unprovoked VTE, recommend extended anti-
coagulation if low risk of bleeding; if high risk of
bleeding, recommend 3  months of
anticoagulation
e For recurrent unprovoked VTE, if low or moder-
ate risk of bleeding, recommend extended antico-
agulation; if high risk of bleeding, recommend
3 months of anticoagulation
e Post intervention care
— Patients who receive catheter-based intervention are at
risk for access site bleeding
— Follow-up echo should be obtained to evaluate for
improvements in RV function
e Pulmonary hypertension from pulmonary embolism
— With first episode of PE, chronic thromboembolic pul-
monary hypertension (CTPH) occurs up to 4% at
2 years; systemic thrombolysis may decrease rate of
pulmonary hypertension in submassive PE [11, 16]

Deep Vein Thrombosis

° Anatomy
— Lower extremity DVT refers to thrombosis in veins that
include anterior/posterior tibial, peroneal, popliteal,
femoral, deep femoral, common femoral, external/inter-
nal iliac, common iliac, IVC, and pelvic veins
Proximal DVT refers to popliteal, femoral, iliac veins,
and above; whereas distal refers to no proximal com-
ponent and below the knee. Proximal DVT has an
increased risk of embolization
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— Iliofemoral DVT (IFDVT)

Defined as thrombosis of any part of iliac or com-
mon femoral vein; important distinction because it is
associated with higher risk of recurrent DVT and
severity of post-thrombotic syndrome [17, 18]

— Upper extremity DVT refers to thrombosis in veins that

include ulnar, radial, interosseous, brachial, axillary, sub-
clavian veins

* Diagnosis [2]
— Low pretest probability (<10%): D-dimer to exclude
— Intermediate probability (25 + 10%): lower extremity

ultrasound. Can stop if whole leg US is negative, but if
initial proximal ultrasound is negative, should be fol-
lowed with repeat in 1 week if no alternative
explanation

High probability (>50%): proximal or whole leg ultra-
sound followed by repeat ultrasound in 1 week if initial
one was negative

Proximal duplex ultrasound has lower sensitivity for
calf veins compared with whole leg ultrasound. Isolated
pelvic vein DVT also may not be visualized (can con-
sider venous CT or MRI)

e Treatment Approach
— Anticoagulation is the main treatment with exception of

contraindication [5, 6, 12]
See duration above in PE
For proximal lower extremity DVT, see anticoagula-
tion duration in PE section
Isolated distal DVT without severe symptoms can be
managed with serial imaging in 2 weeks, and if no
thrombus extension, can defer anticoagulation. If it has
extension, then anticoagulation should be initiated
Upper extremity DVT are usually associated with
catheters. If catheter is to remain in, anticoagulation
is recommended for the duration of catheter place-
ment; otherwise, anticoagulate for 3 months

— Catheter-directed therapy (pharmacologic/mechanical) [5]

Should be considered in patients with phlegmasia
cerulea dolens or with clot extension despite antico-
agulation (AHA Class Ila). Systemic thrombolysis is
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not routinely used in DV'T management (AHA Class
111) (Clinical Pearl)
CDT has not been shown to reduce post thrombotic
syndrome (PTS) in acute DVT and is associated with
more bleeding [19]
Should not be used routinely in chronic DVT
symptoms
— Percutaneous transluminal venous angioplasty and stent
placement
It can be used in conjunction with CDT to treat
obstructive lesions in iliac and common femoral
veins (AHA Class 11a)
If stent is placed, anticoagulation alone may be suf-
ficient; however, if there is high risk of thrombosis
(AHA Class I1a), additional antiplatelet agents may
also be considered (AHA Class IIb)
— IVC filter
If patient has contraindication to anticoagulation, IVC
filter should be placed. Anticoagulation should be
resumed when contraindication resolves (AHA class I)
— Compression therapy
Elastic compression stockings may reduce rates of
PTS and is recommended in IFDVT (AHA class I)

Key Learning Points

1. Massive PE is defined by hemodynamic instability
and systemic thrombolytic is indicated unless
contraindicated.

2. If systemic thrombolytics is contraindicated, other
options include catheter-directed thrombolytics, and
catheter or surgical embolectomy.

3. Advanced interventions such as half dose thrombo-
lytics and catheter-directed therapies should be con-
sidered in high-risk submassive PE.

4. For low-risk PE, anticoagulation is the main
treatment.

5. Catheter-directed therapy should also be considered
in cases of extensive proximal DVT
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Abbreviations

ABPM Ambulatory blood pressure monitoring

ACE Angiotensin converting enzyme

ARB Angiotensin receptor blockers

ASCVD Atherosclerotic cardiovascular disease

CAD Coronary artery disease

CCB Calcium channel blockers

CKD Chronic kidney disease

DASH Dietary approaches to stop hypertension

DBP Diastolic blood pressure

HBPM Home blood pressure monitoring

HELLP Hemolysis, elevated liver enzymes, low platelet
count

HFpEF Heart failure with preserved ejection fraction

HFrEF Heart failure with reduced ejection fraction

ICH Intracranial hemorrhage

ICU Intensive care unit
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PAD Peripheral artery disease

SAH Subarachnoid hemorrhage

SBP Systolic blood pressure

SHEP The systolic hypertension in the elderly
program

SPRINT Systolic pressure intervention trial
Syst-EUR  Systolic hypertension in Europe

Epidemiology of Hypertension

Hypertension is an important public health challenge
affecting almost 29% of the adult population in United
States as per National Health and Nutrition Examination
Survey (NHANES) data from 2015-2016 [1].

Prevalence increases with age; age group 18-39 years, 75%;
40-59 years, 33.2%; and 60 and over, 63.1% [1].
Prevalence of hypertension varies across different races;
highest among non-Hispanic African American (40.3%),
followed by non-Hispanic Caucasians (27.8%), Hispanic
(278%), and non-Hispanic Asian (25%).

Definition of hypertension used in NHANES 2015-16
classifies systolic blood pressure (SBP) > 140 mm Hg or
diastolic blood pressure (DBP) > 90 mm Hg, or currently
taking medication to lower BP. Among adults with hyper-
tension, only 48.3% had controlled hypertension
(SBP < 140 mm Hg and DBP < 90 mm Hg) [1].

Definition and Classification

The 2017 ACC/AHA guidelines define hypertension as
SBP > 130 mm Hg or DBP > 80 mm Hg as hypertension [2].
Blood pressure is classified as normal, elevated, stage 1 or
stage 2 hypertension (Table 20.1). The BP read is the average
of >2 careful readings obtained on >2 separate occasions,
measured with proper technique.
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TaBLE 20.1 Categories of BP in adults

BP Hypertension
category Normal Elevated Stage 1 Stage 2
SBP <120 mm 120- 130- >140 mm
Hg 129 mm Hg 139 mm Hg
Hg
and and or or
DBP <80 mm <80 mm Hg 80-89 mm  >90 mm
Hg Hg Hg

Primary Hypertension

Formerly called essential hypertension, primary hyperten-
sion is diagnosed when there is not an identifiable ana-
tomic or screening laboratory finding that identifies a
cause of hypertension. It corresponds to approximately
90% of patients with hypertension.

Secondary Hypertension

In approximately 10% of patients with hypertension, a
specific, reversible cause of hypertension can be identified.
Table 20.2 enlists the common causes of secondary hyper-
tension along with their screening and diagnostic tests.
Who to screen for secondary causes of hypertension?

(i) Difficult to control hypertension in adults (>3 drugs)

(i) New onset or abrupt onset

(iii) Age < 30 years

(iv) Target organ damage such as cerebral vascular dis-
ease, retinopathy, left ventricular hypertrophy, heart
failure with preserved ejection fraction (HFpEF),
coronary artery disease (CAD), chronic kidney dis-
ease (CKD), peripheral artery disease (PAD), and
albuminuria

(v) Onset of diastolic hypertension in older adults

(vi) Unprovoked or excessive hypokalemia
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TaBLE 20.2 Causes of secondary hypertension and their diagnostic
screening tests and additional/confirmatory tests

Cause

Screening tests

Additional/
confirmatory tests

Renal parenchymal
disease

Renovascular disease

Primary
aldosteronism

Obstructive sleep
apnea

Drug or alcohol
induced

Pheochromocytoma/
paraganglioma

Cushing’s syndrome

Renal ultrasound

Renal duplex
Doppler
ultrasound, MRA,
abdominal CT

Plasma
aldosterone/
renin ratio under
standardized
conditions

Berlin
Questionnaire,
Epworth
Sleepiness
Score, overnight
oiximetry

Urinary drug
screen

24-hour urinary
fractionated
metanephrines
or plasma
metanephrines
under standard
conditions

Overnight 1 mg
dexamethasone
suppression test

Evaluate etiology
renal disease

Bilateral selective
renal intra-arterial
angiography

Oral sodium loading
test (with 24-hour urine
aldosterone) or IV
saline infusion test with
plasma aldosterone

at 4 hours of infusion.
Adrenal CT scan,
adrenal vein sampling

Polysomnography

Response to
withdrawal of
suspected agent

CT or MRI scan of
abdomen/pelvis

24-hour urinary free
cortisol excretion
(preferably multiple);
midnight salivary
cortisol




TABLE 20.2 (continued)

Chapter 20. Hypertension 319

Additional/
Cause Screening tests confirmatory tests
Hypothyroidism Thyroid- TPO antibodies
stimulating
hormone; free
thyroxine
Hyperthyroidism Thyroid- Radioactive iodine
stimulating uptake and scan
hormone; free
thyroxine
Aortic coarctation Echocardiogram  Thoracic and

(undiagnosed or
repaired)

Primary
hyperparathyroidism

Congenital adrenal
hyperplasia

Mineralocorticoid
excess syndromes
other than primary
aldosteronism

Acromegaly

Serum calcium

Hypertension
and hypokalemia
with low

or normal
aldosterone and
renin

Low aldosterone
and renin

Serum growth
hormone >1 ng/
mL during oral
glucose load

abdominal CT
angiogram or MRA

Serum parathyroid
hormone

11-beta-OH; elevated
deoxycorticosterone
(DOC),
11-deoxycortisol,

and androgens
17-alpha-OH;
decreased androgens
and estrogen; elevated
deoxycorticosterone
and corticosterone

Urinary cortisol
metabolites; genetic
testing

Elevated age and

sex matched IGF-1
level; MRI scan of the
pituitary
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White Coat Hypertension/Isolated Clinic
Hypertension/Office Hypertension

Defined as average BP readings in the office of >130/80 mm
Hg and out of office readings <130/80 mm Hg determined
by home measurements or ambulatory blood pressure
monitoring (ABPM).

Adults with untreated systolic BP between 130 and
160 mm Hg or diastolic between 80 and 100 mm Hg should
be screened for the presence of white coat hypertension
using either daytime ABPM or home blood pressure
monitoring (HBPM).

Masked Hypertension

In contrast to white coat hypertension, masked hyperten-
sion is characterized by normal BP office readings but
consistently elevated out-of-office or ABPM readings.
Adults with elevated office BP (120-129/<80 mm Hg) but
not meeting criteria for hypertension screening for masked
hypertension with daytime ABPM or HBPM is
reasonable.

Resistant Hypertension

Resistant hypertension = uncontrolled blood pressure
while being on >3 different classes of antihypertensive
agents, one of them being a diuretic OR blood pressure
controlled with >3 medications.

The term “refractory hypertension” has been defined as
failure to control BP despite use of at least five antihyper-
tensive agents of different classes, including a long-acting
thiazide-type diuretic, such as chlorthalidone, and a miner-
alocorticoid receptor antagonist, such as spironolactone.



Chapter 20. Hypertension 321

Clinical Pearl

Uncontrolled blood pressure while being on >3 differ-
ent classes of antihypertensive agents (one of them
being a diuretic), OR blood pressure controlled with >3
medications is termed as resistant hypertension.

Management

Who to Treat?

¢ Non-pharmacological interventions are recommended for
all patients with hypertension.

e Threshold to start pharmacologic therapy is defined by the
calculated atherosclerotic cardiovascular disease (ASCVD)
risk level.

e Target blood pressure of <130/80 mm Hg is recommended.
Use of BP-lowering medications are recommended in fol-
lowing scenarios:

(i) Adults with established cardiovascular disease and
SBP > 130 mm Hg or DBP > 80 mm Hg
(i) Adults with SBP > 130 mm Hg or DBP > 80 mm Hg
and estimated 10-year ASCVD risk of >10%
(iii)) Adults with SBP > 140 mm Hg or DBP > 90 mm Hg
and with estimated 10-year ASCVD risk <10%

Non-pharmacological Management

e All patients with BP > 120/80 mm Hg should receive life-
style modification counseling.

e Non-pharmacological interventions include weight loss,
DASH (dietary approaches to stop hypertension) diet,
sodium reduction, potassium supplementation, increased
physical activity, smoking cessation, and reduction in alco-
hol consumption.
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e Lifestyle changes can reduce SBP by 4-5 mm Hg and DBP
by 2-4 mg; low sodium and saturated fat diet and increased
fruits, vegetables, and grains consumption may decrease
SBP by approximately 11 mm Hg.

Pharmacological Management

¢ First-line antihypertensive agents include thiazide diuret-
ics, calcium channel blockers (CCBs), angiotensin con-
verting enzyme (ACE) inhibitors, or angiotensin receptor
blockers (ARBs). The choice of one over the other is
guided by patients’ comorbidities such as chronic kidney
disease, diabetes, heart failure (HF), albuminuria, and
race.

e As the initial agent, the thiazide-type diuretic chlorthali-
done was superior to the CCB amlodipine and ACE
inhibitor lisinopril in a large head-to-head comparison
study [3]. For African American patients, ACE inhibitors
showed less effectiveness in preventing HF and strokes
when compared to CCBs [4, 5]. Additionally, non-
dihydropyridine CCBs are not recommended for treat-
ing hypertension in patients with HFrEF. In adults with
CKD Stage 3 or higher or Stage 1 and 2 with albumin-
uria (=300 mg/d, or > 300 mg/g albumin-to-creatinine
ratio), ACE inhibitor slowed kidney disease progression.
When ACE inhibitor is not tolerated, ARB should be
used [6].

¢ In African American adults with hypertension, but without
HF or CKD, first-line antihypertensive agent should
include a thiazide-type diuretic or CCB, rather than ACE
inhibitor.

e Choosing two first-line agents of different classes, either as
separate agents or in a fixed dose combination, is recom-
mended for adults with stage 2 hypertension and average
BP more than 20/10 mm Hg above their BP target.
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Clinical Pearl

Combination of non-pharmacological and pharmaco-
logical interventions is used to achieve a target blood
pressure of <130/80 mm Hg.

Special Populations

e FElderly

— Multiple randomized clinical trials including SHEP,
Syst-EUR, and MRC have shown clear benefit in treat-
ing hypertension in older adults including those over
80 years of age [7-9]. The aim of therapy in these trials
was to either reduce SBP by 20 mm Hg or below
160 mm Hg.

— In the Systolic Pressure Intervention Trial (SPRINT),
at 3.1 years, rates of both the primary cardiovascular
endpoint and all-cause mortality were significantly
lower among those assigned more intensive group
(goal of <120 mm Hg; mean achieved systolic blood
pressure 123 mm Hg) versus less intensive group
(goal of <140 mm Hg; mean achieved systolic blood
pressure 135 mm Hg) systolic blood pressure lower-
ing (2.6% versus 3.8% and 1.8% versus 2.6%, respec-
tively) [10].

— As per the most updated 2017 ACC/AHA guidelines, in
noninstitutionalized ambulatory community-dwelling
adults (>65 years of age), a goal of <130 mm Hg is
recommended.

e Women and Pregnancy

— As per a large meta-analysis including 31 randomized
controlled trials (RCTs), no significant differences in
cardiovascular disease outcomes were observed
between men and women with hypertension [11].
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— Women with hypertension who become pregnant or are

planning pregnancy should be transitioned to nifedipine
and/or labetalol during pregnancy. Agents like
Hydralazine and Methyldopa can be also used.

In patients with concomitant HE, CAD, or other indica-
tion for beta blockers, these agents can be continued.
Atenolol is the beta blocker that carries more concerns
about association with low birth weight and should be
avoided.

ACE inhibitors, ARBs, and direct renin inhibitors
should not be used as antihypertensive agents during
pregnancy (Class III — Harm).

e Post Kidney Transplantation
— Patients with kidney transplant have high incidence of

hypertension due to the preexisting kidney disease,
immunosuppressive medication (calcineurin inhibi-
tors), and presence of allograft pathology.
Post-transplant, treatment of hypertension with CCB is
recommended based on improved GFR and kidney
survival [12].

e (Cerebrovascular Disease

— Management of BP in patients with stroke is complex

and challenging due to its heterogenous causes and
hemodynamic consequences. The stroke type, acuity,
and therapeutic objectives guide the management of
BP in a patient with stroke.

Acute Intracerebral Hemorrhage: In patients with ICH
and SBP >220 mm Hg, continuous intravenous antihy-
pertensive should be used to lower in patients present-
ing within 6 hours of symptom onset (Class Ila).
Reducing BP to <140 mm Hg has shown to be harmful
(Class III).

Acute Ischemic Stroke (within 72 hours of symptom
onset): Management depends on whether patient quali-
fies for intravenous (IV) thrombolysis therapy.
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Qualifies for thrombolysis: The SBP should be low-
ered to <185 mm Hg and DBP <110 mm Hg before
initiation of IV thrombolysis (Class I), and main-
tained at <180/105 mm Hg after thrombolysis for the
first 24 hours (Class I).

Does not qualify for thrombolysis: If BP is >220/110,
it should be lowered by 15% during the first
24 hours (Class IIb). However, if BP < 220/110 mm
Hg, initiating or reinitiating treatment for hyperten-
sion is ineffective in preventing death (Class III —
no benefit).

BP management after 72 hours in a patient with
stroke: In patients with previously diagnosed or
treated hypertension, the BP goal remains
<130/80 mm Hg. In patients with no previous history
of hypertension, with established SBP > 140 mm Hg
or DBP > 90 mm Hg, antihypertensive treatment
should be initiated aiming for a BP goal of
<130/80 mm Hg. If SBP < 140 mm Hg and
DBP < 90 mm Hg, the usefulness of starting antihy-
pertensive treatment remains not well established
(Class IIb).

Hypertensive Crisis and Management

e Hypertensive crises are sudden, severe elevation in blood
pressure with or without associated target-organ
dysfunction.

e Hypertensive emergencies are characterized by BP
>180/110 mm Hg with presence or impendence of target
organ dysfunction. Hypertensive urgencies on the other
hand have similar elevation in BP but without associated
target organ dysfunction [13].
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e Examples of target organ dysfunction include cardiovascu-
lar (acute pulmonary edema, acute coronary syndrome),
neurologic (cerebral infarction, hypertensive encephalopa-
thy, intracranial hemorrhage (ICH), or subarachnoid hem-
orrhage (SAH)), renal (acute kidney injury), hepatic (liver
enzyme elevation, hemolysis, low platelet count during
pregnancy (HELLP syndrome)), ocular (retinal hemor-
rhage or exudate), and vascular (aortic dissection,
eclampsia).

e Management of patients with hypertensive emergency
requires admission to intensive care unit (ICU) with con-
tinuous blood pressure monitoring and parenteral admin-
istration of antihypertensive agents.

¢ Guidelines recommend reduction of SBP by no more than
25% within the first hour; then, if stable, to 160/100 mm Hg
within the next 2-6 hours; and then cautiously to normal
during the following 24-48 hours.

e Special circumstances such as severe preeclampsia or
eclampsia or pheochromocytoma require reduction of
SBP to <140 mm Hg during the first hour and to <120 mm
Hg in the case of aortic dissection (Table 20.3).

TaBLE 20.3 Management of hypertensive emergency

All other

hypertensive
Acute aortic Eclampsia or emergency
dissection pheochromocytoma (non-stroke)
Reduce SBP to Reduce SBP to Reduce SBP by
<120 mm Hgin <140 mm Hg in first 25% max in first
first hour hour hour

Reduce BP to
160/110 over next
2-6 hours

Reduce to normal
NP over next
24-48 hours
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e In patients without target organ damage (hypertensive
urgency), the oral antihypertensive regimen should be
reinstituted or intensified to achieve BP control. The pre-
ferred antihypertensive agent during hypertensive emer-
gency in selected circumstances has been enlisted in
Table 20.4.

Clinical Pearl

Hypertensive crises are sudden, severe elevation in
blood pressure with or without associated target-organ
dysfunction. Management of patients with hypertensive
emergency requires admission to intensive care unit
with continuous blood pressure monitoring and paren-
teral administration of antihypertensive agent.

Key Learning Points

e Normal BP is defined as <120/<80 mm Hg; elevated
BP 120-129/<80 mm Hg; hypertension stage 1 is
130-139 systolic or 80-89 mm Hg diastolic; and
hypertension stage 2 is >140 systolic or >90 mm Hg
diastolic.

e First-line antihypertensive agents include thiazide
diuretics, calcium channel blockers (CCBs), angio-
tensin converting enzyme (ACE) inhibitors, or angio-
tensin receptor blockers (ARBs). The choice of one
over the other is guided by patients’ comorbidities
such as chronic kidney disease, diabetes, heart failure
(HF), albuminuria, and race.

e Management of BP in a patient with stroke is com-
plex. The stroke type, acuity, and therapeutic objec-
tives guide the management of BP in a patient with
stroke.
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Atrial Septal Defect (ASD)

Introduction

e 10% of CHD

e Typically results in a left-to-right shunt.

e 4 different sub-types (Fig. 21.1). We will discuss ostium
secundum and sinus venosus ASDs (isolated ostium pri-
mum ASDs and coronary sinus defects are rare and
beyond the scope of this text).

Ostium Secundum ASD

e Definition/Presentation:
— Defects of the fossa ovalis—60% of ASDs
— May be asymptomatic for years—often first present in
adulthood (depending on size)

Confines of true atrial septum

Superior
sinus venosus defect

Atrioventricular
septal defect
(“ostium primum”)

Oval fossa
(ostium secundum)
defect

Inferior
sinus venosus defect

Coronary sinus defect
FiGure 21.1 Schematic diagram outlines the different types of inter-

atrial shunting that can be encountered (with permissions from
Zipes et al. [2])
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— May be asymptomatic at diagnosis (diagnosed by physi-
cal exam, see below); if symptomatic, most common
presentation is progressive exertional dyspnea and/or
palpitations

Clinical Pearl

Consider ASD in your differential diagnosis of an adult
patient with otherwise unexplained exertional dyspnea
and/or palpitations.

— Complications—atrial fibrillation/flutter, right heart
failure, pulmonary hypertension, and paradoxical
embolism

— Any condition that increases left atrial pressure (i.e. left
ventricular dysfunction or mitral valve disease) increases
the left-to-right shunt and worsens symptoms.

e Physical Exam

— Loud S1, a widely split and fixed S2, pulmonary systolic
ejection murmur loudest at the left upper sternal bor-
der, and a tricuspid mid-diastolic murmur loudest at the
left lower sternal border (due to increased flow across
the tricuspid valve)

— If right-sided heart failure/pulmonary hypertension is
present, exam may show signs of elevated jugular
venous pressure and right ventricular heave.

e Investigations

— Electrocardiogram (ECG)—Look for sinus node dys-
function, prolonged PR interval, right axis deviation,
rSR’ pattern in V1, and large P waves.

— Transthoracic echocardiogram (TTE)—Evaluate for
color flow across the inter-atrial septum (as well as posi-
tive bubble study), and/or a dilated right ventricle.
Perform a Doppler estimate of pulmonary artery pres-
sure and an assessment for associated defects.
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— Transesophageal echocardiogram (TEE)—often best
characterizes the ASD (precise size, margins, etc.) and
identifies the pulmonary veins (to assess for associated
partial anomalous pulmonary venous return).

— Cardiac catheterization—performed to calculate pul-
monary vascular resistance and determine the ratio of
pulmonary to systemic flow (Qp:Qs); also often per-
formed to evaluate for concomitant coronary artery
disease prior to ASD repair.

e ASD Closure

— Indications for ASD closure—evidence of right heart
volume overload, left-to-right shunt ratio greater than
or equal to 1.5:1, size greater than 10 mm, or prevention
of recurrent paradoxical embolism

— Contradictions to ASD closure —significant pulmonary
vascular disease, severe left ventricular dysfunction, and
significant mitral valve disease

— Often can be closed percutaneously or surgically

Sinus Venosus ASD

e Caused by defects of the infolding of the atrial wall at the
site of the superior vena cava (SVC) or inferior vena cava
(IVC)—superior is more common than inferior

e Superior sinus venosus ASD —the defect in the atrial wall
leads to the SVC communicating with both atria—invari-
ably associated with anomalous right-sided pulmonary
venous return whereby the right-sided pulmonary veins
drain into the SVC near its junction with the right atrium.

e 2-3% of ASDs

e Similar presentation to ostium secundum ASDs

e TEE—performed both to evaluate the defect and to iden-
tify anomalous pulmonary venous drainage; MRI or CT
may be required if the pulmonary venous return is not
clearly seen on TEE
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Same indications for closure as ostium secundum ASDs;
however, sinus venosus ASDs are not suitable for percuta-
neous closure because of the lack of rim around the defect
as well as the associated anomalous pulmonary venous
return.

Patent Foramen Ovale (PFO)

PFO is common—found in up to 25% of the population —
it is usually clinically silent

Results from failure of fusion of the valve of the foramen
ovale with the inter-atrial septum after birth when the left
atrial pressure exceeds that of the right atrium; unlike
ASDs—there is no defect in atrial septal tissue

Most are found incidentally; however, paradoxical embo-
lism can be a cause of cryptogenic stroke in young adults
Detected on contrast echocardiogram —agitated saline is
injected intravenously while an echocardiogram is obtained
(can be TTE or TEE). A PFO is likely if, with Valsalva,
bubbles appear within the left atrium within 5 heartbeats
Patients with PFO who have had prior embolic stroke and
have risk factors for venous thrombosis appear to benefit
from PFO closure (which can be done percutaneously
similar to ostium secundum ASD closure). However, a
thorough evaluation of risk factors for alternative etiology
of stroke should be performed prior to PFO closure.

Clinical Pearl

PFO’s are commonly diagnosed on echocardiogram
during the inpatient workup for stroke. However, one
must complete a comprehensive evaluation to identify
possible alternative etiologies for stroke before referral
for PFO closure. If an alternative etiology is found, the
patient is unlikely to benefit from PFO closure.
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Ventricular Septal Defect (VSD)

e Definition/Prevalence
— Interventricular septum is composed of 4 parts: inlet
septum, outlet septum, muscular (also known as tra-
becular) septum, and membranous septum. VSDs can
arise from defects in any of these components (Fig. 21.2).
— Most common congenital heart defect—membranous
VSDs are the most common type

Ao

Membranous
septum

FiGURE 21.2 Four components of the ventricular septum are shown
here from the right ventricular aspect. Ao, aorta; P7T, pulmonary
trunk (With permissions from Zipes et al. [2])
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Can occur in isolation, in association with other lesions,
or as part of a more complex condition (such as tetral-
ogy of Fallot)

e Presentation

Depends upon the size and hemodynamic effects of the
defect

Restrictive VSDs describe small defects with a high
pressure gradient between the left and right ventricles
and a small shunt of no hemodynamic significance.
Larger defects are hemodynamically significant and
cause left ventricular volume overload and progressive
increase in pulmonary vascular resistance (PVR).

In adults, un-operated restrictive VSDs are often asymp-
tomatic but cause a loud murmur. Survivors of large
un-operated VSDs are likely to have developed signifi-
cant pulmonary hypertension and possibly Eisenmenger
syndrome.

e Physical Exam

Small restrictive VSDs cause a high-frequency pan-
systolic murmur loudest at the left sternal border, with
palpable thrill.

Moderate-to-large nonrestrictive VSDs cause a dis-
placed cardiac apex and a pansystolic murmur, as well
as an apical diastolic murmur and S3 (from increased
flow through the mitral valve).

Clinical Pearl

The intensity of the systolic murmur due to a VSD is
inversely proportional to the size of the VSD because of
the increased turbulence and flow velocity produced by
a smaller defect.

e [nvestigations

ECG —large VSDs cause right axis deviation and biven-
tricular hypertrophy; ECG often unremarkable in small
defects
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— TTE —characterizes the size, location, and hemody-
namic consequences of the VSD and identifies associ-
ated lesions; moderate-sized VSDs cause left atrial and
left ventricular volume overload, which leads to dilation
of these chambers. Large VSDs that have already
resulted in increased PVR cause right ventricular pres-
sure overload, which leads to right ventricular
hypertrophy.

— Cardiac catheterization—performed to calculate the
size of the shunt as well as PVR.

e VSD Closure

— Indications for closure —symptoms and Qp:Qs greater
than 1.5:1, ventricular dysfunction with right ventricular
pressure or left ventricular volume overload, or a previ-
ous episode of endocarditis.

— Selected membranous and muscular VSDs are suitable
for percutaneous closure; however, surgical repair is
usually necessary when indicated.

— Damage to the conduction system is relatively common
during VSD closure (either percutaneous or surgical),
especially for membranous VSDs. Right bundle branch
block is common post-procedure and complete heart
block can occur, and if it is persistent, a pacemaker is
required.

Tetralogy of Fallot (TOF)

Introduction

e The underlying abnormality in TOF is the antero-cephalad
deviation of the outlet ventricular septum. This leads to
the four features (Fig. 21.3):

- VSD
— Sub-pulmonary stenosis
— Aorta that overrides the inter-ventricular septum
— Secondary right ventricular hypertrophy
¢ TOF—most common cyanotic congenital heart defect
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Right ventricular hypertrophy
Muscular subpulm.
| obstruction

Right ventricular
origin of aorta

3

Interventricular communication

FiGure 21.3 The photograph, taken from the apex of the right ven-
tricle looking towards the base, shows the features of tetralogy of
Fallot. The infundibulum is inserted to the antero-cephalad limb of
the septomarginal trabeculation (yellow Y). (With permissions from
Anderson [3])

Natural History (Un-Operated)

e Survival past 40 years of age is rare.

e Survival into adulthood without repair is dependent upon
mild right ventricular outflow tract obstruction in child-
hood. Patients with severe obstruction have cyanosis early
in life and don’t survive to adulthood without repair.
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e Complications
— Cyanosis
— Arrhythmia (atrial or ventricular)
— Ascending aortic dilation and aortic regurgitation
— Endocarditis
e Physical exam
— Cyanosis and clubbing
— Right ventricular heave
— Palpable thrill and loud systolic ejection murmur (from
the right ventricular outflow tract obstruction)
— Soft P2
e Investigations
- ECG-—right axis deviation and right ventricular
hypertrophy
— Chest x-ray—look for boot-shaped heart and decreased
pulmonary vascularity.
— Echocardiography makes the diagnosis.

TOF Repair

e Surgical repair involves:
— Patch closure of the VSD
— Resection of the infundibular stenosis
— Transannular patch to enlarge the pulmonary valve
annulus in most patients
* Most adults with TOF have undergone repair and have a
good prognosis. However, lifetime follow-up is required
due increased risk of complications, particularly relating to
the pulmonary valve and the need for pulmonary valve
replacement.
¢ Possible sequelae of repair
— Right bundle branch block
Occurs in almost all patients because the right bun-
dle runs in the floor of the VSD and is damaged dur-
ing surgery
— Pulmonary regurgitation (more on this below)
— Late complete heart block
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Residual right ventricular outflow tract obstruction
Aortic dilation and aortic regurgitation
Endocarditis

Arrhythmia and arrhythmogenic sudden death

Pulmonary Regurgitation After TOF Repair

® Most patients with TOF repair have severe pulmonary
regurgitation that results from the relief of pulmonary ste-
nosis and RVOT obstruction at the time of repair (transan-
nular patch). Severe pulmonary regurgitation is usually
well tolerated for several years or decades but most will
eventually require pulmonary valve replacement.
Pulmonary valve replacement is not a usual part of initial
TOF repair.

e Signs of severe pulmonary regurgitation

Loss of sinus rhythm

Signs of right heart failure (elevated jugular venous
pressure, hepatomegaly, peripheral edema, etc.)

Right ventricular heave

Soft or absent P2 (single S2)

To and fro systolic and diastolic murmur of pulmonary
regurgitation (the diastolic murmur is often missed
when it is short with rapid decrescendo)

¢ Investigations

With few exceptions, ECG shows RBBB with QRS wid-
ening. Varying degrees of atrioventricular block can
also be present. Longer QRS duration is associated with
more severe RV dilation and arrhythmia risk.

In addition to demonstrating the severe pulmonary
regurgitation, echocardiography is important to evalu-
ate for other abnormalities, including ventricular dys-
function, paradoxical inter-ventricular septal motion,
residual VSD, aortic root dilation, aortic regurgitation,
and residual right ventricular outflow tract
obstruction.
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e Indications for pulmonary valve replacement
— Severe pulmonary regurgitation and any of the
following:

Increasing symptoms
Impaired exercise tolerance on cardio-pulmonary
exercise testing
Arrhythmias
Progressive right ventricular dilation or dysfunction

Clinical Pearl

Severe pulmonary regurgitation after TOF repair can
be asymptomatic for years. Indications for referral for
pulmonary valve replacement include worsening symp-
toms, objective evidence of exercise intolerance, or right
ventricular dilation or dysfunction.

Cyanotic Heart Disease —The Basics

Introduction

e There are many specific defects that cause cyanosis other
than TOF. Detailed discussion of each specific condition is
beyond the scope of this text. Nevertheless, there are some
general principles that apply to the care of the hospitalized
cyanotic patient with which adult providers should be
familiar. These patients are typically followed at tertiary
referral centers; however, they often live far away from
these centers and when acutely ill may present and be
admitted locally initially for stabilization. This underlies
the need for the adult inpatient provider to have a basic
understanding of cyanotic heart disease.
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e Cyanosis is present when there is a right-to-left shunt. The
shunt can occur at any level —intra-cardiac, between the
great vessels, or intrapulmonary.

e Cyanosis is typically clinically detectable when oxygen
saturations are less than 85%.

General Principles for Inpatients with Cyanotic
Heart Disease

e Supplemental oxygen should be used primarily for symp-
tom relief and/or to maintain baseline oxygen saturations;
oxygen is a pulmonary vasodilator and depending on the
patient’s anatomy, excessive oxygen may cause pulmonary
edema.

e Use 0.22 micron air filters on all intravenous lines and use
infusion pumps with a bubble detector to prevent para-
doxical bubble emboli

e Maintain adequate hemoglobin concentration to optimize
oxygen-carrying capacity

e Only perform phlebotomy if there are signs and symptoms
of hyperviscosity (headache, confusion, etc.) due to very
high hemoglobin concentration; phlebotomy can cause a
relative iron deficiency anemia, which can increase throm-
boembolic risk

e Vasodilators can worsen hypoxia and should only be used
with caution and under the supervision of an adult con-
genital cardiologist.

Clinical Pearl

One must be aware of the common pitfalls in caring for
cyanotic patients—avoid the following: 1) excessive
supplemental oxygen, 2) vasodilators, and 3) excessive
phlebotomy.
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Common Inpatient Emergencies in Cyanotic Heart
Disease

e Tachyarrhythmias

Atrial arrhythmias are often atypical.
Tachyarrhythmias are generally not well tolerated.
Electrical cardioversion is often safer and more effec-
tive than anti-arrhythmic therapy.

¢ Hemoptysis

Can be life-threatening and warrants inpatient
admission
One of the leading causes of death in cyanotic patients,
especially in those with pulmonary hypertension.
Chest CT should be obtained.
Systemic blood pressure may need to be lowered.
In patients with Eisenmenger syndrome, the systemic
blood pressure is essentially equal to the pulmonary
arterial pressure, and it is important to lower the
pressure in a bleeding pulmonary vessel.
IV beta blockers are typically the most appropriate
pharmacologic agent; as noted above, vasodilators
generally should be avoided.
Emergency management for severe hemoptysis is com-
plicated and requires emergent adult congenital cardi-
ology consultation. In general, bronchoscopy, intubation,
and mechanical ventilation should be avoided if at all
possible. Urgent transfer to a tertiary center is usually
required.
Possible sources of hemoptysis—pulmonary artery
thrombus, bleeding from a pulmonary arteriovenous
malformation, bleeding collateral vessels, or chest
infection
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Key Learning Points

1. There are currently more adults than children living
with CHD in the United States; therefore, adult inpa-
tient providers need to be familiar with commonly
encountered congenital heart defects.

2. ASDs comprise about 10% of CHD, and the diagno-
sis should be considered in patients with otherwise
unexplained exertional dyspnea.

3. VSD is the most common congenital heart defect,
and auscultation of the systolic murmur can lead to
the diagnosis in asymptomatic patients.

4. Severe pulmonary regurgitation is common after
TOF repair, and pulmonary valve replacement will
eventually be needed in most patients, once indica-
tions arise, which include signs or symptoms of RV
dilation and dysfunction.

5. For patients with cyanotic CHD, excessive oxygen
supplementation, unnecessary phlebotomy, and vaso-
dilators should be avoided, and 0.22 micron air filters
should be used on all IVs. Arrhythmias should be
treated aggressively, and hemoptysis can be life-
threatening and warrants transfer to an adult con-
genital heart disease center.
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Epidemiology

Cardiovascular disease is one of the leading causes of mor-
bidity and mortality in pregnant women in the United
States, [1,2] complicating between 1% and 4% of pregnan-
cies and accounting for 26.5% of maternal mortality
[3-5].

Physiologic Changes During Pregnancy

Many hemodynamic changes (Table 22.1) occur during the
first 5-8 weeks of pregnancy, peaking toward the end of
the second trimester, and do not normalize until 3-6 months
postpartum [6-8].

Evaluation and Diagnosis of Cardiac Disease
in Pregnancy

Physiologic changes in pregnancy make it difficult to dif-
ferentiate between normal pregnancy and heart disease. A
list of the various signs and symptoms of normal versus
abnormal pregnancy as adapted from the American
College of Obstetricians and Gynecologists (ACOG) 2019
Guideline is included in Table 22.2 [9]. Those with abnor-

TaBLE 22.1 Hemodynamic changes during pregnancy

Parameter Percentage of change
Intravascular volume 40-50% Increase
Heart rate 15-25% Increase
Stroke volume 30% Increase
Cardiac output 30-50% Increase
Systemic vascular resistance  20% Decrease

Diastolic blood pressure 20% Decrease
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TaBLE 22.2 Signs and symptoms of normal versus abnormal

pregnancy

Normal

Abnormal

Dyspnea, fatigue, exercise intolerance,
peripheral edema

Right ventricle dilation

Increased splitting of S2 due to
increased volume on the right side of
heart

Systolic ejection murmur, S3, or
venous hum

Mild left axis deviation on EKG
Limited ectopy: atrial or ventricular
premature beats, supraventricular
tachycardias

S4 and diastolic murmurs
Sustained tachycardia
with heart rate >120
Ventricular tachycardias
Bradyarrhythmias
Elevated jugular venous
pressure

Gallop

Marked edema
Exertional or unprovoked
syncope

Systolic blood

pressure >160

Adapted from the 2019 American College of Obstetricians and

Gynecologists Practice Bulletin

mal symptoms require prompt evaluation with electrocar-
diogram (ECG), echocardiography, and cardiology

consult.

Clinical Pearls

When evaluating a pregnant patient or assessing risk of
maternal complications, it is important to check the fol-

lowing: [10]

e Family history: sudden death, myocardial infarction
(MI), maternal heart disease, hypertrophic cardiomy-
opathy (HCM), congestive heart failure (CHF), long
QT syndrome, arrhythmogenic right ventricular

dysplasia

e Past medical history (PMHXx): prior cardiac events,
arrhythmia, syncope, aortopathy, vascular or connec-
tive tissue disorder, complications in pregnancy,

preeclampsia
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e Rule out thyroid disease (Hashimoto’s thyroiditis/
Grave’s disease can flare up during pregnancy or
postpartum) or anemia [11-13]

e ECG for any palpitations as well as those with a fam-
ily history of sudden death/arrhythmias

e Transthoracic echocardiogram (TTE) for those with
a family history or PMHx of HCM, CHEF, or maternal
heart disease

e Computed tomography (CT) scan or magnetic reso-
nance imaging (MRI) for those with FH or PMHx of
aortopathy

Acquired Cardiac Disorders During
Pregnancy

Peripartum Cardiomyopathy (PPCM)

PPCM presents with heart failure secondary to left ven-
tricular systolic dysfunction, with most of the cases diag-
nosed postpartum and left ventricular ejection fraction
usually <45%. Specific time frames along with echocardio-
graphic cut-offs are arbitrary and may lead to underdiag-
nosis of PPCM, which is why simplified definitions have
been proposed [14].

Predisposing factors include multiparity, preeclampsia,
advanced age, teenage pregnancy, African-American eth-
nicity, smoking, diabetes, and malnutrition [15].

Clinical Presentation and Diagnosis

PPCM is a diagnosis of exclusion and should be consid-
ered whenever a patient, without a prior history of CHF,
presents with paroxysmal nocturnal dyspnea, new regur-
gitant murmurs, pulmonary edema, elevated jugular
venous pressure, and hepatomegaly during the peripar-
tum period.
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Clinical Pearls

e Consider PPCM in a pregnant female without
known history of structural or cardiac disease who
presents with ventricular tachycardia or ventricular
fibrillation.

e Echocardiography is the imaging modality of choice.

Management

e In advanced CHF with hemodynamic instability, urgent
delivery, irrespective of gestation, should be considered [16].

e After delivery, the principles of managing CHF due to
PPCM are similar to CHF secondary to other etiologies
[14, 17]. The essential therapies for patients with acute
PPCM have been summarized as the BOARD regimen:
Bromocriptine, Oral heart failure therapies, Anticoagulants,
vasoRelaxing agents, and Diuretics [18].

e Addition of bromocriptine to standard HF therapy may
improve LV recovery and clinical outcome in women with
acute severe PPCM.

e Long-acting metoprolol is safe during both pregnancy and
lactation. Newborns can be sensitive to angiotensin-
converting enzyme inhibitors, and these agents should not
be used during the first few weeks postpartum if breast-
feeding. Angiotensin receptor blockers have not been
studied during lactation and should be avoided. Loop
diuretics can be used during pregnancy, but they have not
been well studied during lactation; thiazide diuretics
appear to be safe in both.

e Inotropes can be used in patients with severely reduced
cardiac output; anticoagulation may be indicated if ejec-
tion fraction falls below 35%.

Acute Coronary Syndrome (ACS)

e ACS complicating pregnancy is rare but accounts for
>20% of all maternal cardiac deaths [10] and the risk is
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especially increased during pregnancy compared to age-
matched non-pregnant women [5, 19-21].

The etiology of coronary artery disease in pregnancy has a
non-atherosclerotic mechanism in its majority, including
spontaneous coronary artery dissection (43%), angio-
graphically normal coronary arteries (18%), and coronary
thrombosis (17%) [22, 23].

Management

ACS management in pregnancy is similar to that in the
general population. Percutaneous coronary intervention
(PCI) can be performed safely in pregnancy due to low
fetal radiation dose (<0.1 Gy) [24].

In the event of maternal cardiac arrest, resuscitation
and delivery should be performed per existing guide-
lines [25].

Low-dose aspirin appears to be safe; clopidogrel should be
used only when strictly needed (after stenting), and glyco-
protein IIb/IIla inhibitors and statins should be avoided
[23]. The benefits of short-term heparinization during PCI
outweigh the risk of bleeding complications.

Clopidogrel does not increase the risk of fetal bleeding;
however, it can cause bleeding if administered within
7 days of surgery. Some experts recommend discontinua-
tion 1 week before delivery [26]. The risk of stent throm-
bosis from early cessation of dual antiplatelet therapy
should be weighed against the risk of bleeding at
delivery.

In pregnancy, coronary artery bypass grafting (CABG) is
generally avoided due to elevated fetal mortality associ-
ated with cardiopulmonary bypass [27 28]. However,
bypass grafting is sometimes necessary in cases of hemo-
dynamic instability, obstructed coronary blood flow, or
PCI failure. Bypass grafting without cardiopulmonary
bypass or delivery before CABG can be considered dur-
ing pregnancy [29].
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Spontaneous Coronary Artery Dissection (SCAD)

SCAD is a sudden separation between the layers of a coro-
nary artery wall, creating an intimal flap and intramural
hematoma, obstructing intraluminal blood flow distally
and resulting in acute MI [22].

MI complicates approximately 1 in 16,000 pregnancies in
the United States [19] and SCAD is the most common
cause of pregnancy-associated MI (43%) [30].

The majority of pregnancy-associated SCAD events occur
in the third trimester or early postpartum period, although
it has been reported as early as 5 weeks of gestation and
up to several months to a year postpartum, particularly in
lactating women and is associated with fibromuscular
dysplasia.

Clinical Presentation and Diagnosis

Presentation of SCAD in pregnancy can vary, from asymp-
tomatic to cardiogenic shock or sudden death. Most (91%)
report chest pain, diaphoresis, nausea, and dyspnea; some
with ventricular arrhythmias [22, 31].

Diagnosis requires a high degree of suspicion with coronary
or CT angiography. Accurate differentiation of ACS due to
SCAD from ACS due to atherosclerosis is crucial, because
approaches to both acute and long-term management are
different [32].

Acute SCAD patients undergoing PCI have markedly
reduced technical success rates compared to atheroscle-
rotic ACS (62% versus 92%) [22].

Management

The substantial rate of spontaneous vascular healing sug-
gests a role for conservative management in stable SCAD
patients with preserved distal coronary flow, with generally
favorable outcomes [22, 34]. However, careful inpatient
monitoring (4-5 days) is needed because of a small early
threat of dissection progression.
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e Revascularization procedures are limited to patients with
obstructed coronary blood flow or hemodynamic instabil-
ity [35].

e After PCI, dual antiplatelet therapy with low-dose aspirin
and clopidogrel is generally recommended for at least
12 months. Low-dose aspirin (100 mg daily or less) is not
associated with adverse maternal or fetal outcomes, can be
given throughout pregnancy, and does not require discon-
tinuation before delivery [36].

Hypertension (HTN)

e There are four hypertensive disorders that occur in preg-
nancy: [9]

Chronic HTN: occurs before 20 weeks of gestation or
persists >12 weeks postpartum.
Preeclampsia-eclampsia: syndrome of new onset HTN
and proteinuria or end-organ dysfunction with or with-
out proteinuria, most often after 20 weeks of gestation
in a previously normotensive woman. Eclampsia
includes seizures.

Preeclampsia-eclampsia superimposed on chronic HTN:
those with chronic HTN who develops worsening HTN
with proteinuria or other features of preeclampsia.
Gestational HTN: elevated BP after 20 weeks of gesta-
tion without proteinuria or other features of
preeclampsia.

Management

e Chronic hypertension

Women with chronic HTN who are normotensive or
mildly hypertensive on medications can continue, taper,
or stop during pregnancy, with close monitoring of the
maternal BP response [9, 10].

ACOG recommends withholding antihypertensive ther-
apy unless BP is severely elevated (systolic >160 mmHg
and/or diastolic >110 mmHg), or patient has significant
comorbidities/impaired renal function [9].
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— Severe HTN in pregnancy (defined as systolic >160
and/or diastolic >110 mmHg) should be treated to pro-
tect the mother from serious complications, such as
stroke, heart failure, pulmonary edema, hypertensive
encephalopathy, or renal failure.

— Antihypertensive therapy with labetalol, nifedipine, or
methyldopa is preferred [10].

Clinical Pearls: Preeclampsia and Gestational

Hypertension

e Delivery is the definitive treatment for preeclampsia.

e Avoid antihypertensive for mild HTN associated
with preeclampsia.

e Start antihypertensives for systolic BP >150 mmHg
and diastolic BP >100 mmHg.

e For acute therapy, intravenous labetalol or hydrala-
zine are first-line agents.

e Nitroglycerin can be used for the treatment of HTN
with pulmonary edema.

Aortic Dissection

e Aortic dissection, although rare in pregnancy, typically
occurs in the third trimester or postpartum [37-39].

¢ Hemodynamic changes during pregnancy lead to increased
shear stress and estrogen can weaken the aortic wall struc-
ture [40-42].

e Those with connective tissue disorder, i.e., Ehlers-Danlos
and Marfan syndromes, aortic valve abnormalities, dilated
aortic root, coarctation, and HTN have elevated risk [38,39].

Clinical Presentation and Diagnosis

e Symptoms typically include sudden-onset ripping chest or
intrascapular pain, syncope, nausea, vomiting, and diapho-
resis [43, 44].
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e CT angiography or MRI can be used when clinical suspi-
cion is high [10, 33, 45]. Iodinated contrast is not terato-
genic but can cross the placenta leading to transient
suppression of fetal thyroid [33]. Very little (<1% of iodin-
ated contrast) is excreted in breast milk, so it is also safe to
use during lactation [33].

Management

e Treatment strategy is dependent on the type of dissection
similar to the general population.

Clinical Pearls

e Type A dissections (ascending aorta) require emer-
gent surgical intervention.

e Type B (descending aorta) can be managed medi-
cally if there is no rupture or visceral ischemia.

e Strict BP control; beta-blocker can be used to lower
heart rate [10].

e Patients with aortopathy should be monitored with
echocardiography at regular intervals during preg-
nancy and 6 months postpartum [10].

Valvular Heart Disease

e Patients with unrepaired mitral stenosis (usually rheu-
matic heart disease) or bicuspid aortic valve can present in
the first or third trimester with heart failure symptoms due
to increased cardiac output [46-48].

e Women with mitral and aortic stenosis and moderate to
severe symptoms (NYHA>II, valve area <1 c¢cm, or pulmo-
nary artery pressure >50 mmHg) require valvular repair
prior to pregnancy [10, 46, 49]. Ideally, the valve type
should be chosen prior to conception dependent on the
woman’s desire for childbearing.

e Bioprosthetic valves are recommended for those who
desire pregnancy due to lower complication rates, but has
less durability [50, 51].
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Management

e Unrepaired mitral or aortic stenosis: Medical management
includes beta-1-selective blockers (metoprolol or bisopro-
lol) and low-dose diuretics for significant heart failure
symptoms [3, 10]. Those with significant symptoms and
stenosis can undergo balloon valvuloplasty during preg-
nancy, preferably after 20 weeks [50]. C-section is recom-
mended for those with severe mitral stenosis [10, 50].

e Mechanical valve: The third trimester is peak time for
complications due to increased hypercoagulability near
term [10, 50, 52]. The European Society of Cardiology
(ESC) guidelines recommend the following anticoagula-
tion management: [10, 50]

Clinical Pearls

e Low-dose warfarin (<5 mg per day), is associated with
a low risk of warfarin embryopathy and a low risk of
fetal complications and can be continued throughout
pregnancy and switched to unfractionated heparin
(UFH) at 36 weeks in preparation for delivery.

e Warfarin doses >5 mg per day warrant change to low
molecular weight heparin (LMWH) with weekly
monitoring of anti-Xa level in the first trimester, and
can then be switched back to warfarin during the
second trimester, with consideration for C-section
due to increased risk of fetal intracranial hemorrhage
with vaginal delivery [53, 54]. If anti-Xa levels cannot
be monitored regularly, UFH can be used instead of
LMWH.

Arrhythmias

e Common arrhythmias in pregnancy include premature
atrial and ventricular complexes; ventricular tachycardia
or fibrillation is extremely rare [S5].

e ECG should be performed on all patients with palpitations
or syncopal symptoms with exclusion for thyroid disease
[10, 56].
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Management

e Table 22.3 provides a summary of key management strate-

gies based on ESC guidelines [10].

TaBLE 22.3 Management of arrhythmias in pregnancy

Secondary
Arrhythmia Initial management management
Limited Reassure Beta-blocker only if
PAC or PVC symptomatic
without
underlying
cardiac
disease
SVT Vagal stimulation if Adenosine and

SVT or atrial

stable
Beta-blockers and
digoxin if recurrent

Cardioversion in acute

cardioversion if
unstable
Flecainide,
propafenone

Rule out structural
heart disease

Flecainide,

fibrillation situations propafenone for long-

with WPW term control

Atrial Beta-1 selective blocker ~ Cardioversion

fibrillation Anticoagulants Rule out thyroid

Atrial flutter disease

Ventricular Cardioversion EKG to rule out long

tachycardia QT

Ventricular Echocardiogram

fibrillation for postpartum
cardiomyopathy
Beta-blocker, anti-
arrhythmic
Implantable
cardioverter

defibrillator
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TABLE 22.3 (continued)

Secondary
Arrhythmia Initial management management

High-degree Temporary pacing in Check for structural

AV block acute situation heart disease or
myocarditis
Pacemaker if
persistent

Adapted from the European society of cardiology 2018 Guidelines
for management of Cardiovascular disease in pregnancy
Abbreviations: PAC premature atrial tachycardia, PVC premature
ventricular tachycardia, SVT supraventricular tachycardia, WPW
Wolff-Parkinson-White, AV atrioventricular

Clinical Pearls

e Adenosine and direct cardioversion are safe during
pregnancy [57]. Pregnant women who require cardio-
version in the third trimester should be intubated
prior to the procedure to decrease risk of aspiration
[10, 56].

e Rate control of atrial fibrillation and flutter are similar
to supraventricular tachycardia. Anticoagulate based
on stroke risk with LMWH or UFH in the event of
urgent delivery or surgery. Avoid direct oral anticoag-
ulants [58-60].

e Women with long QT syndrome are at increased risk
of VT and require treatment with beta-blocker
throughout pregnancy and at least 40 weeks postpar-
tum [61].

e Amiodarone should be avoided due to risk of fetal
thyroid suppression [58].

Venous Thromboembolism

e Pregnancy is a hypercoagulable state, with elevated risk
for venous thromboembolism (VTE) peripartum [62, 63].
e Risk factors for VTE in pregnancy are similar to nonpreg-
nant patients, which include a history of prior VTE, FH of
VTE, thrombophilia, age >35, obesity, and smoking [64, 65].
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Pregnant women with multi-gestation, preeclampsia, pro-
longed labor, hemorrhage, immobility, infection, or
C-section have increased risk [64].

If high risk (>3 risk factors such as prior unprovoked VTE
or estrogen-related VTE, antiphospholipid antibodies, and
thrombophilia), prevention is recommended with LHWH
and compression stockings [65, 66].

Clinical Presentation and Diagnosis

Risk prediction tools such as Wells and Geneva scores
have not been validated in pregnant females and D-dimer
testing is inaccurate as levels increase throughout preg-
nancy [67, 68].

In a pregnant female with acute chest pain and shortness
of breath, think pulmonary embolism. Low-dose CTA of
chest is the gold standard. Ventilation/perfusion scan can
also be used, although it can potentially expose the fetus to
higher radiation dose but well below the threshold of tera-
togenicity [69-71].

Management

In pregnant and postpartum patients, use LMWH or UFH
in the event of urgent delivery, surgery, or poor renal func-
tion [72].

In postpartum women with recent pulmonary embolism,
heparin treatment should be restarted 6 hours after vaginal
delivery and 12 hours after C-section [10]. If no significant
bleeding has occurred, warfarin can be overlapped with
LMWH for at least 5 days and continued for 3-6 months [10].

Cardiovascular Medications During Pregnancy

When initiating cardiovascular medications during preg-
nancy and lactation, keep in mind the necessity, urgency,
timing during gestation, and effects on the fetus or infant
[58]. Start at the lowest dose. See Fig. 22.1.
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CENTRAL ILLUSTRATION: Cardiovascular Medications in Pregnancy

[royimias [ typerension
Q0

Adenosine Labetalol
Metoprolol/propranolol Nifedipine
Digoxi Alpha-methyldopa (oral)
occalne] Hydralazine
NeEpaml Nitroglycerin
Diltiazem Nitroprusside
Procainamide Isosorbide dinitrate
Sotalol -
o Amlodipine
Flecainide )
Furosemide
Propafenone .
Ami Y Hydrochlorothiazide
miodarone o
# may be used f other therapies fail Clonidine
Pulmonary Hypertension
Metoprolol lloprost [0]C]0)
Carvedilol Epoprostenol O.
Furosemide Sildenafil 9
Bumetanide Treprostinil ©
Dopamine
Dobutamine P 7
—— Contraindicated in Pregancy
orepinephrine
Hydralazine
Nitroglycerin Atenolol [0]0]e)
Isosorbide dinitrate ACE-| class ® 9""
Torsemide ARB class ©
Aldosterone antagonists
Statin class
DOACs
Thrombolytics ERAs (e.g.bosentan)  @®@
Anticoagulants ## captopril, benazepril and enalapril are considered
Warfarin safe during lactation.
Unfractionated Heparin *Variable designation according to specific drug.
Enoxaparin
Fondaparinux
Argatroban O O O @
Bivalirudin
Antiplatelets Safetyin DA Safetyin Used also
Aspirin (low dose) ®0 pregnancy category lactation ~for fetal
Clopidogrel @‘. treatment
Prasugrel @‘ @ considered safe
Ticagrelor © O Limited data/to be used with caution
Lf:mr‘nbolyﬁcs @ Contraindicated
eplase y
Streptokinase 88: @ Conficting data/unknown

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457-76.

FiGURE 22.1 Cardiovascular Medications in Pregnancy summarizes
some of the more common CVD medications used during preg-
nancy, potential adverse events, former FDA category, and the com-
patibility of the drug with breastfeeding. Former Food and Drug
Administration ABCDX categories: A) no demonstrated risk to the
fetus based on well-controlled human studies; B) no demonstrated
risk to the fetus based on animal studies; C) animal studies have
demonstrated fetal adverse effects, no human studies, potential ben-
efits may warrant use of the drug; D) demonstrated human fetal risk,
potential benefits may warrant use of the drug; and X) demon-
strated high risk for human fetal abnormalities outweighing poten-
tial benefit; N) nonclassified; F) Used also for fetal treatment
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Key Learning Points

e Physiologic changes in pregnancy can predispose
women to cardiac complications.

e Pregnancy is a hypercoagulable state, especially dur-
ing the peripartum period, which increases the risk
for thromboembolism and other cardiac conditions.

e Overall, treatment of major acquired heart disease
including aortic dissection, ACS, PPCM, arrhythmia,
and VTE is similar to the general population.

¢ [n emergent situations, life-saving drugs not typically
recommended in pregnancy should not be withheld.
Fetal survival is optimized with maternal survival.
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Cardio-oncology

Devinder S. Dhindsa and Anant Mandawat

Introduction

e As cancer survivorship continues to improve due to
advancements in treatment and screening, a large number
of cancer survivors are entering the population [1]. Many
of these individuals are subject to cardiovascular (CV)
complications, which are critical for the hospitalist to be
aware of both at the time of, and years after, therapy [2].
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Screening and Prevention

Obtain complete history and physical exam detail, includ-
ing baseline clinical assessment based on established risk
factors and anticipated cancer treatment [3].

Cardiac risk factor optimization for all patients [4].
Consider baseline assessment of left ventricular ejection
fraction (LVEF) based on risk factors and anticipated can-
cer treatments [5].

If there is baseline left ventricular dysfunction, engage
cardiology and oncology providers regarding selection of
chemotherapy options with lower risk of cardiotoxicity or
additional cardioprotective drugs (e.g., beta blocker or
angiotensin-converting enzyme inhibitors (ACE-i)) [4, 6].

Cardiac Toxicities of Cancer Therapies

Heart Failure

Myocardial dysfunction can present early after exposure
or after several years due to myocardial injury that
occurred at the time of oncological therapy [7-9].
Cardiotoxicity is defined as > 10% point decrease of LVEF
to a value below the lower limit of normal (usually LVEF
<50%) by echocardiography or nuclear cardiac imaging
(MUGA). A > 15% relative percentage reduction from
baseline of global longitudinal strain (GLS) can also sug-
gest cardiotoxicity.

Clinical Pearl

Global longitudinal strain measured by echo may help
detect more subtle myocardial dysfunction than moni-
toring for changes with LVEE.
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Chemotherapies associated with myocardial dysfunction,
as well as incidence of LV dysfunction associated with
each agent, are presented in Table 23.1 [3].

Screening for detection of cardiotoxicity includes cardiac
imaging through echocardiography, nuclear imaging, car-
diac magnetic resonance imaging, or through biomarkers
(i.e., brain natriuretic peptide, troponin) [7, 10-12].

Timing and frequency of monitoring depend on specific
treatment, cumulative dose of chemotherapy, duration of
therapy, and patient’s baseline CV risk [3].

Of note, LV dysfunction with immunotherapies, such as
the anti-HER2 monoclonal antibody trastuzumab, is usu-
ally reversible with interruption of chemotherapy and
treatment with heart failure therapies; rechallenge is often
well tolerated. This is in contrast to the cardiotoxicity asso-
ciated with anthracyclines, which often leads to an irre-

versible dilated cardiomyopathy.

TaBLE 23.1 Chemotherapies associated with myocardial

dysfunction

Agents associated with myocardial dysfunction (incidence % of
LV dysfunction)

Anthracyclines — dose-dependent effect [e.g., doxorubicin
(3-48%), idarubicin (5-18%), epirubicin (0.9-11.4%),
mitoxantrone (2.6%)]

Alkylating agents [e.g., cyclophosphamide (7-28% ), ifosfamide
(0.5-17%)]

Antimetabolites [e.g., clofarabine (27%))]

Antimicrotubule agents [e.g., docetaxel (2.3-13%), paclitaxel
(<1%)]

Monoclonal antibodies [e.g., anti-HER2: trastuzumab (1.7—
20.1%), pertuzumab (0.7-1.2%); anti-VEGF: bevacizumab
(1.6-4%)]

Small molecule tyrosine kinase inhibitors [e.g., sunitinib (2.7-
19%), sorafenib (4-8%), dasatinib (2-4% ), imatinib (0.2-2.7%)]
Proteosome inhibitors [e.g., carfilzomib (11-25%), bortezomib
(2-5%)]

Immune checkpoint inhibitors — associated with myocarditis in
1.1%
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e Immune checkpoint inhibitors (pembrolizumab,
nivolumab, ipilimumab, tremelimumab, atezolizumab, ave-
lumab, durvalumab) have an uncommon but severe asso-
ciation with myocarditis presenting within 3 months of
starting therapy [13]. Patients presenting with this require
cessation of the agent, high-dose steroids, and urgent car-
diology/cardio-oncology consultation.

Clinical Pearl

Immune checkpoint inhibitor myocarditis is associated
with a poor prognosis. Keep a high index of suspicion
and treat early.

e If LV dysfunction or heart failure occurs during therapy,
patients are likely to benefit from traditional heart fail-
ure management like ACE-i/ARB and beta-blocker
therapy [6]. Recommend risk-benefit discussion with
cardiology and oncology provider regarding interruption
of cancer therapy or adjustment of chemotherapeutic
strategy [5].

e In addition to managing overall cardiovascular risk, spe-
cific strategies to reduce chemotherapy-induced cardiotox-
icity can vary by agent.

— For anthracyclines and analogs, limiting cumulative
dose, altering delivery system (e.g., liposomal doxorubi-
cin) and continuous infusions, use of dexrazoxane with
anthracyclines to reduce anthracycline toxicity in appro-
priate patients, cardioprotective medications (ACE-i/
ARBs, beta-blockers, statins), and aerobic exercise can
reduce the risk of cardiotoxicity.

— For trastuzumab, cardioprotective medications (ACE-i/
ARBs) are an important consideration [3].
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Coronary Artery Disease/Therapy-Related
Ischemia

e Myocardial ischemia can occur through a number of
mechanisms from cancer therapies, including vasospasm,
endothelial injury, acute arterial thrombosis, or through
premature atherosclerosis [14-16].

e Therapies associated with myocardial ischemia are listed
in Table 23.2 [14, 15, 17-20].

e Baseline screening for preexisting CVD is important as
preexisting CVD increases the risk of developing
treatment-related CVD [16].

e For patients who develop signs or symptoms of ischemia
on cancer therapy, in particular pyrimidine analogs (e.g.,
5-FU, capecitabine), consider withholding treatment and
referral to cardiology for evaluation and discussion with
oncology regarding the risk benefit of continued use given
the high rates of symptom recurrence [3, 14, 21].

e Additionally, patients treated with radiation therapy can
develop premature atherosclerotic disease. Consensus
documents suggest regular screening beginning 5-10 years
after receiving radiation therapy [22].

e Management with antiplatelets and anticoagulants is par-
ticularly challenging in this population, given the preva-
lence of treatment-related thrombocytopenia [23]. An
individualized risk-benefit discussion is recommended.

TaBLE 23.2 Therapies associated with myocardial ischemia

Therapy Mechanism of ischemia
Fluoropyrimidines (e.g.,5-FU,  Endothelial injury, vasospasm
capecetabine, gemcitabine) Procoagulant, direct endothelial
Cisplatin toxicity

VEGTF inhibitors Endothelial injury, arterial
(bevacizumab, sorafenib, thrombosis, vasospasm
sunitinib) Endothelial injury, plaque

Radiotherapy rupture, thrombosis
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Clinical Pearl

e When possible, avoid premature/unnecessary cessa-
tion as this may affect cancer curability. In addition
to optimizing preexisting cardiovascular disease/risk
factors for patients receiving fluoropyrimidines,
screening treadmill may not be sufficient, and coro-
nary CT angiogram or left heart catheterization
should be considered. Coronary spasm due to fluoro-
pyrimidines is usually reversible but usually recur-
rent upon reexposure if not treated with nitrates-/
calcium-channel blockers

Valvular Disease

e Radiation therapy can be associated with fibrosis and cal-
cification of the aortic root or cardiac valves [16, 20, 24].

e Echocardiography is the imaging test of choice for assess-
ing for valvular disease, though cardiac MRI or computed
tomography (CT) may also be used [25, 26].

e If valve repair is required, surgery is often challenging due
to fibrosis and impaired wound healing. Transcatheter
options may be a suitable alternative [27].

Arrhythmia

e Patients treated with chemotherapy can experience a num-
ber of arrhythmias during their treatment course, includ-
ing tachyarrhythmias or bradyarrhythmias and conduction
disturbances [28].

e QT prolongation has been associated with arsenic trioxide
and tyrosine kinase inhibitors, in particular vandetanib
[29-31]. Management consists of correction of any electro-
lyte abnormalities (hypocalcemia, hypokalemia, hypomag-
nesemia) and avoidance or withdrawal of any
QT-prolonging medication.
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e Conduction disturbances, including complete heart block,
have been noted with paclitaxel and thalidomide [32].

e Atrial fibrillation/flutter (AF/AFL) can occur due to
comorbidities and malignancy, as well as ibrutinib [33].
Management of this rhythm generally requires anti-
coagulation, though this can be challenging in this popula-
tion due to thrombocytopenia.

Arterial Hypertension

e Arterial hypertension can be associated with VEGF inhib-
itors [34]. Early and aggressive management is warranted
with ACE-i/ARB, beta-blocker, or dihydropyridine cal-
cium channel blocker to avoid CV complications, such as
heart failure [35].

e If blood pressure remains uncontrolled, the VEGF inhibi-
tor should be held or reduced until blood pressure is ade-
quately controlled (<140/90 mmHg or lower in case of
overt proteinuria), at which point the VEGF inhibitor can
be restarted [31, 35].

Thromboembolic Disease

e Malignancy contributes to a pro-thrombotic state, placing
cancer patients at risk for both arterial and venous throm-
bosis [36].

e Low molecular weight heparin is preferred currently due
to lower rates of recurrent venous thrombosis in those
patients who are able to be anticoagulated (CLOT, 2003)
[37]. Direct oral anticoagulants are being studied within
this population [38]. If recurrence of thrombosis occurs
despite therapy, the provider can consider adjusting anti-
coagulation strategy or consider placement of an inferior
vena cava filter [39].
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Peripheral Vascular Disease and Stroke

Severe atherosclerotic and non-atherosclerotic peripheral
arterial disease can occur with nilotinib, ponatinib, or
BCR-ABL tyrosine kinase inhibitors [40].

Ischemic stroke has also been associated with head and
neck radiotherapy [41, 42].

Risk factor control is critical. In cases of severe PAD, the
decision for revascularization should be individualized
with multidisciplinary input from cardio-oncology, vascu-
lar surgery, and hematology/oncology [43].

Patients irradiated for head and neck cancer are at higher
risk for developed cerebrovascular disease following radi-
ation therapy [44].

Pulmonary Hypertension

Pulmonary hypertension can occur following dasatinib
therapy, stem cell bone marrow transplantation, or alkylat-
ing agent therapy (due to veno-occlusive disease) [45, 46].
Baseline echocardiogram should be considered prior to
dasatinib therapy [47].

Signs of elevated pulmonary artery pressure may require
cardiology or a pulmonary hypertension team assessment,
as etiology of pulmonary hypertension may affect therapy

Key Learning Points

e The CV effects of cancer and cancer-related thera-
pies are a challenging reality of the treatment of
these conditions.

e There should be a particular emphasis on screening
and optimization of cardiac risk factors prior to
receiving potentially cardiotoxic treatments.

e [t is important to recognize that the CV effects can
occur early or years after oncological treatment.
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Abbreviations

ACS Acute coronary syndrome

CAD Coronary artery disease

CTA Computed tomography angiogram
CXR Chest X-ray

ECG Electrocardiogram

MI Myocardial infarction

NSTEMI Non-ST-elevation myocardial infarction
NTG Nitroglycerin

PE Pulmonary embolism

PTX Pneumothorax

STEMI ST-elevation myocardial infarction
TTE Transthoracic echocardiogram
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e Given the broad differential diagnosis of chest discomfort,
the initial evaluation of chest pain can be challenging.
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e The internist must to be able to identify life-threatening
conditions promptly in order to prevent major morbidity
and mortality.

e A thorough history and physical examination can often
limit unnecessary testing, particularly in patients who are
at a low risk for serious cardiovascular disease.

Initial Evaluation

¢ The initial evaluation of any patient with chest pain should
promptly identify evidence of hemodynamic or respiratory
instability and rule out conditions that require immediate
intervention (Fig. 24.1).

¢ In astable patient, take the time to obtain a focused history,
which may limit your diagnostic testing in certain situations
where life-threatening etiologies are highly unlikely such as
esophageal disorders, musculoskeletal disease, or pleural
and pericardial inflammatory conditions.

e A focused physical examination should include the
following:

— Vital signs with blood pressure measurement in both
arms

— Peripheral oxygen saturation

— Cardiac and pulmonary auscultation

— Abdominal examination

— Evaluation of signs of peripheral perfusion (pulses, tem-
perature of extremities, and capillary refill)

e Further testing should invariably include an electrocar-
diogram (ECG) to identify patients with ischemic heart
disease, particularly those with ST-elevation myocardial
infarctions that require immediate intervention.

e A chest X-ray should be obtained for patients with short-
ness of breath, new or worsening oxygen requirement, and
concomitant signs or symptoms of congestive heart failure
or active lung disease.

e Cardiac biomarkers may also be obtained among patients
with concern for acute coronary syndromes (ACS) or
patients without an evident non-cardiac etiology of chest
pain in order to rule out ACS.
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FIGURE 24.1 Approach to patient with acute chest pain.
Abbreviations: ACS acute coronary syndrome, CTA computed
tomography angiogram, CXR chest X-ray, ECG electrocardiogram,
NTG nitroglycerin, PE pulmonary embolism, PTX pneumothorax,
TTE transthoracic echocardiogram

— Cardiac troponins are highly sensitive and specific for
myocardial tissue injury but may be elevated in
conditions other than ACS including acute decom-
pensated heart failure, myocarditis, renal failure
(due to reduced clearance), septic shock, and acute

strokes [1].

e Further diagnostic testing should be guided by the clinical

impression.
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Etiologies of Chest Pain

Angina and Acute Coronary Syndromes

¢ Anginal chest pain is often substernal and does not local-
ize to a small area of the chest.

e [t is described as a pressure, heaviness, tightness, or a
squeezing sensation; it is less commonly described as a
sharp pain.

¢ The pain may radiate to any area between the maxilla and
the umbilicus, but more commonly involves the epigas-
trium, arms, shoulders, neck, or jaw.

e Associated symptoms may include shortness of breath,
diaphoresis, and palpitations.

e Chest pain can be classified into three distinct categories:
typical angina, atypical angina, and non-cardiac chest pain.
— Typical angina is defined as a characteristic substernal

chest discomfort provoked by exertion or emotion, and
relieved by rest or nitroglycerin. This combination of
characteristics is highly suggestive of cardiac chest
pain.

— Atypical angina is defined as any chest discomfort that
meets two of the three cardinal features of typical
angina.

— Non-cardiac chest pain has one or none of these fea-
tures [1-3].

— While typical angina is the most common presentation
of ischemic heart disease, atypical angina is more com-
mon in certain patient populations such as the elderly,
women, and patients with diabetes mellitus [4-6].

— Features suggesting non-cardiac chest pain include
sharp discomfort localized to a very small area of the
chest, fleeting pain that lasts only a few seconds, and
pain that is reliably recreated with palpation.

e Ischemic chest pain can clinically present as either stable
angina or ACS, i.e., unstable angina, non-ST-elevation
myocardial infarction (NSTEMI), or ST-elevation myocar-
dial infarction (STEMI).
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— Pain that is acute in onset, increasing in severity, occur-
ring at rest, and lasting longer than 20 minutes is sugges-
tive of ACS [7].

— Stable angina is chronic, stable in severity, occurs rela-
tively reliably with a similar level of exertion, and
resolves within a few minutes with rest or
nitroglycerin.

— ST-segment deviations and T-wave inversions present at
rest are more suggestive of ACS particularly in the set-
ting of active chest pain. Cardiac biomarkers (particu-
larly troponin T & I) may also help identify a myocardial
infarction.

Clinical Pearl

Among patients with anginal chest pain and positive
biomarkers, it is crucial to ensure resolution of chest
pain given that it is often a sign of ongoing myocardial
injury.

History may identify traditional risk factors for CAD such
as advanced age, hypertension, hyperlipidemia, diabetes
mellitus, obesity, smoking history, family history of prema-
ture CAD, and post-menopausal female gender.

The physical examination of patients with stable angina
may have a normal exam or findings suggestive of athero-
sclerotic disease in other vascular beds such as vascular
bruits or diminished peripheral pulses.

Patients with ACS may have tachycardia or bradycardia,
hypotension, crackles (suggestive of pulmonary edema), a
new systolic murmur (suggestive of mitral regurgitation),
S3/S4 gallop, as well as signs of decreased peripheral
perfusion.

Once ACS is ruled out, additional diagnostic studies in the
form of cardiac stress testing may help distinguish isch-
emic disease from other causes of chest pain.
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Pericarditis and Myopericarditis

e Chest pain associated with pericarditis is often substernal,
sharp in character and pleuritic.

e Radiation to the trapezius ridge is more specific for peri-
carditis, given the joint phrenic-nerve innervation.

Clinical Pearl
Radiation to the trapezius ridge may suggest pericardi-
tis, given the joint phrenic-nerve innervation.

e The pain is often worse in the supine position and allevi-
ated when sitting up and leaning forward.

e A pericardial friction rub may be notable on physical
examination and is heard best at the end expiration with
the patient leaning forward.

e If a significant pericardial effusion is present, the patient
may complain of concomitant shortness of breath and the
exam may reveal signs of cardiac tamponade (Beck’s triad,
hypotension, muffled heart sounds, and distended neck
veins).

e In cases of myopericarditis, the exam may show signs of
congestive heart failure.

e The pathognomonic ECG finding in pericarditis is dif-
fuse upward concave ST-segment elevations due to sub-
epicardial inflammation as well as PR-segment
depressions. Conduction abnormalities may suggest
myopericarditis.

e Cardiac biomarkers are negative in cases of pericarditis.
When biomarkers are elevated, this is termed myopericar-
ditis [8].
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Aortic Dissection

Aortic dissection has high in-hospital mortality, particu-
larly when not identified promptly.

The pain associated with aortic dissection has classically
been described as a ripping or tearing sensation, although
majority of patients report sharp chest pain.

In cases of type A dissection (involving the ascending aorta),
the pain is usually anterior and substernal similar to angina.
Pain associated with type B dissection (involving only the
descending aorta) is usually more localized to the back or
abdomen, although half of patients still report anterior
chest pain.

Approximately 90% of patients presenting for aortic dis-
section report an abrupt onset of pain described as severe
or the worst they have experienced.

Three out of four patients with aortic dissection are hyper-
tensive at the time of presentation. Hypotension is a poor
prognostic sign and may suggest the presence of cardiac
tamponade.

A variation of greater than 20 mmHg in the systolic blood
pressure may be noted between arms due to decreased
blood flow from an obstructive intimal flap.

Patients with type A dissection may have an early diastolic
murmur suggestive of aortic regurgitation, a pulse deficit
between distal vascular beds, signs of congestive heart fail-
ure, and focal neurological deficits.

The ECG may show ST-segment and T-wave abnormali-
ties, although only 10-15% are associated with cardiac
ischemia.

A chest X-ray may show a widened mediastinum, an
abnormal aortic contour, or new pleural effusions [9].

A computed tomography angiogram of the aorta is the
gold standard for the diagnosis of aortic dissection when
suspected.

Although very non-specific, a D-dimer may help rule out
aortic dissection due to sensitivity of approximately 95%
[10].
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Pulmonary Embolism

Chest pain has been associated with increased mortality
among patients with PE.

The pain is often sharp in character, does not radiate, and
is pleuritic.

Associated symptoms may include hemoptysis or syncope.
Patients may report lower extremity swelling, redness, or
pain in cases of concomitant deep vein thrombosis.
Tachypnea and hypoxemia are present in approximately
75% of patient, while tachycardia is present in 50%
of cases. Hypotension is a marker of massive
pulmonary embolization observed in approximately
10% of patients.

The physical examination may also demonstrate elevated
jugular venous pressure due to increased pulmonary
and right ventricular pressures and a right-sided S3
gallop.

Evidence of deep vein thrombosis on physical examina-
tion also increases the likelihood of PE [11].

The most common ECG finding among patients with PE
is sinus tachycardia, observed in 60-70% of patients. Other
findings include new right bundle branch block, right axis
deviation, atrial fibrillation, anterior and inferior T-wave
inversions, and ST-segment depressions, which indicate
right ventricular strain.

S1-Q3-T3 pattern (large S-wave in lead I, deep Q-wave and
inverted T-wave in lead I1I) is neither sensitive nor specific
for acute PE [12, 13].

Dedicated lung perfusion imaging such as a computed
tomography angiogram (CTA) of the chest or a
ventilation-perfusion (V/Q) lung scan is essential in diag-
nosing PE.

In select patients among whom the risk of PE is low to
intermediate, a D-dimer may be sufficient in ruling out a
PE due to its high diagnostic sensitivity [14, 15].
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Other Lung Diseases

e Conditions such as tension pneumothorax, pneumonia,
and pleuritis may be associated with significant chest
discomfort.

e The pain is more commonly ipsilateral to the lung involved
due to the anatomic separation of the lungs and is often
pleuritic in nature.

e A very abrupt onset of sharp pain may suggest a spontane-
ous pneumothorax, although the pain often progresses to
a dull ache.

e The presence of fever, chills, cough, and sputum produc-
tion suggests pneumonia.

e The physical exam may be notable for tachypnea, tachy-
cardia, low peripheral oxygen saturation, increased work
of breathing, as well as diminished breath sounds, rales, or
a pleural rub upon auscultation.

e The chest X-ray is essential in identifying lung opacities,
pleural effusions, or loss of lung markings due to a
pneumothorax.

Gastrointestinal Diseases

e Gastrointestinal diseases, particularly esophageal condi-
tions, are the most common causes of non-cardiac chest
pain due to similar visceral innervation to the heart via the
vagus nerve and the thoracic sympathetic trunk [16].

e Patients may report a substernal burning sensation, acidic
or unpleasant taste in the mouth, and hoarseness. Symptoms
are often exacerbated by food intake.

¢ Intense substernal chest pain triggered by food intake may
suggest diffuse esophageal spasm.

— Patients may sometimes report radiation of the pain to
the throat or jaw.

— Esophageal spasm pain may be relieved by anti-anginal
medications such as nitrates and calcium channel
blockers.
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e Severe chest pain triggered by vomiting may be suggestive of
esophageal rupture known as Boerhaave’s syndrome [17-20].

¢ Non-esophageal causes of gastrointestinal chest pain include
peptic ulcer disease, biliary colic, and pancreatitis. Similar to
esophageal disease, close correlation of the pain to food
intake increases clinical suspicion for these conditions.

Miscellaneous Causes

¢ Non-visceral causes of chest pain are common and include
musculoskeletal disease, herpes zoster, and postherpetic
neuralgia, and anxiety.
— Costochondritis and intercostal muscle spasms are

often underdiagnosed and lead to excessive and unnec-
essary testing for chest pain. The pain is often sharp and
lasts for only a few seconds and is exacerbated by cer-
tain positions and by direct palpation. Some patient
may also report a chronic, dull ache. The pain is usually
localized to a small area in the chest and is very rarely
diffuse in nature [16].

Herpes zoster often presents with a visible rash in a
dermatomal distribution, which makes the diagnosis
less challenging. In a small number of cases, patient may
experience significant chest discomfort prior to the
appearance of the pathognomonic vesicular rash. The
pain is usually unilateral and localized to a single der-
matome. It is described as very intense and constant,
and burning, sharp, or pin-like in character.

Anxiety and panic disorders may cause chest tightness
and shortness of breath, which is often difficult to dif-
ferentiate from true visceral pain. Anxiety should
always be a diagnosis of exclusion but should be consid-
ered in young patients with no significant risk factors
for cardiovascular disease, patients with history of psy-
chiatric disease, and patients with a history of extensive
negative diagnostic testing.

e Common causes and features of chest pain are summa-
rized in Table 24.1.
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Key Learning Points

1. A focused history and exam, ECG, and basic testing
including a CXR and cardiac biomarkers can help
adequately triage the majority of patients complain-
ing of chest pain.

2. Life-threatening conditions such as acute myocardial
infarction, aortic dissection, pulmonary embolism,
and tension pneumothorax need to be recognized
promptly in order to prevent major morbidity and
mortality.

3. When in doubt, serial testing with frequent vitals,
ECGs at 30 to 60 minute intervals, and cardiac bio-
marker monitoring may identify the etiology of the
chest pain.
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Abbreviations

AV Atrioventricular

ECG Electrocardiogram

EPS  Electrophysiologic study

ILR  Implanted loop recorder

LV Left ventricle

PAC  Premature atrial contraction

PVC Premature ventricular contraction
TTE  Transthoracic echocardiography

Background

e An awareness of the heart beat often described as an
uncomfortable sensation of pulsation or chest movement.
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e It is estimated that palpitations are the primary reason for
emergency department visits for 5.8 per 1000 patients [1].

e Most evaluation of palpitations occurs in the outpatient
setting. The need for hospitalization is rare but might be
required when high-risk features exist such as syncope, low
ejection fraction, and abnormal ECG are present.

e Inup to 15% of cases, no etiology of palpitations is identi-
fied despite recommended evaluation.

Etiologies
Electrical Cardiac Disease

e Symptoms such as “heart fluttering,” “heart stopping,” or
“irregular heartbeat” correlate with higher likelihood of
an arrhythmic source of palpitations. Presentation with
dizziness, lightheadedness, or presyncope/syncope with
episodes also raises concern [2].

e Palpitations often arise from abnormal heart rhythms
(Table 25.1), but may arise from simple awareness of sinus
rhythm. Though frequently due to primary electrical car-
diac abnormalities, deviations from normal sinus rhythm
may arise due to structural heart disease or non-cardiac
causes (Table 25.2).

e Paroxysmal SVT is often sensed in the side of the neck or
upper sternum, with a classic sudden onset and sudden
termination description.

e With extrasystole (i.e., PVCs), some may sense the extra
beat itself (often more powerful). Supraventricular beats
are more often sensed than ventricular beats. Fullness in
the neck is a common sensation with PVCs due to ven-
tricular contraction when cardiac valves are closed.

e Bradyarrhythmias are a rare cause of palpitations but pal-
pitation could be reported due to irregularities in pulse
(i.e., Wenckebach or post PAC or PVC pause). In the set-
ting of complete heart block, neck pulsation is accentuated
due to AV dissociation and ventricular contraction against
closed AV valves.
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Primary causes of palpitations
Premature atrial or ventricular beats

Atrial fibrillation/flutter
Inappropriate sinus tachycardia
Awareness of normal sinus rhythm

Supraventricular or ventricular
tachycardias

Pacemaker-mediated tachycardia
(PMT)

Bradyarrhythmias

Underlying conditions
associated with palpitations
Structural heart disease

Electrical cardiac disease
Systemic disorders

Psychosomatic disorders

Induced by drugs (prescription
or illicit)

PVCs and PACs make up the largest burden of
arrhythmia-related causes of palpitations, accounting
for an estimated 40.8% of patients.

Structural Heart Disease

e Structural heart disease (including varied valvular pathol-
ogies, congenital heart disease, and cardiomyopathies) are
infrequent causes of palpitations but are of high prognostic
and therapeutic importance.
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e Valvular disorders often associated with palpitations
include mitral valve prolapse, severe mitral regurgitation,
and aortic regurgitation.

e Congenital heart disease such as undiagnosed atrial or
ventricular septal defects and undiagnosed tetralogy of
Fallot should be considered.

e Cardiomyopathies such as hypertrophic cardiomyopathy,
arrythmogenic right ventricular dysplasia, and varied
sources of heart failure with reduced ejection fraction
should also be considered as predisposing to arrhythmias
or as a source of palpitations by themselves.

Systemic Conditions

¢ Systemic disease may manifest palpitations via sinus tachy-
cardia or increased contractility. In the correct context, the
below listed causes (not an exhaustive list) should be con-
sidered [3]:
— Hypoglycemia
— Hyperthyroidism
— Postmenopausal syndrome
— Fever
— Anemia
— Hypovolemia
— Orthostatic syndromes (orthostatic hypotension or syn-
cope, postural orthostatic tachycardia syndrome)
— Pheochromocytoma
— Arteriovenous fistula

Psychosomatic Disorders

e Psychosomatic disorders are common in patients evaluated
for palpitations, with an estimated prevalence of 15-30%.

e Predominating causes are anxiety and panic attacks,
though depression or somatization can share palpitations
as a symptom. Palpitations may be sensed either from
induced sinus tachycardia or from increased perception of
otherwise normal heartbeats [3].
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Clinical Pearl

The presence of psychiatric disease does not exclude
alternative causes; arrhythmias and psychiatric disor-
ders often coexist. Thorough investigation should be
conducted to exclude other causes, as many patients
with arrhythmias are wrongly diagnosed as suffering
panic attacks.

Drug-Induced

e Many drugs, prescription or illicit, may lead to palpitations
at initiation, titration, or discontinuation. The temporal
relationship between symptoms and drug ingestion or
medication changes should be established.

¢ Sinus tachycardia and palpitations may be induced by anti-
cholinergic agents, hydralazine, sympathomimetics, and
vasodilators. With discontinuation of beta-blockers,
rebound increased sympathetic tone and sinus tachycardia
may result; alternatively, their uptitration may cause a per-
ceivable increase in stroke volume and/or extrasystole.

e Hyperadrenergic states may also be induced through legal
or illicit recreational drugs, such as stimulants including
caffeine, nicotine, marijuana, LSD, or heroin.

e Medication reconciliation should be conducted of poten-
tial sources for drug-induced QT prolongation [3].

Evaluation

¢ Initial evaluation of all patients with palpitations includes
history, physical exam, and standard 12-lead ECG. This is
usually appropriately conducted in the outpatient setting.
Indications for specialist evaluation and hospital admis-
sion include known or suspected severe structural heart
disease, known or suspected inherited cardiomyopathies
or arrhythmia syndromes, or family history of sudden car-
diac death. Hospital admission is also indicated for patients
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with device malfunction, identified arrhythmias requiring
pacemaker/ICD implantation or catheter ablation, heart
failure symptomatology, hemodynamic compromise
(including syncope or chest pain), or severe systemic
causes [3]. Further evaluation is predicated on initial find-
ings and aims to efficiently diagnose and risk stratify
patients (Fig. 25.1).

e Physical exam outside of the symptomatic period is most
often unrevealing, though attention should be paid to
identifying structural heart disease (murmurs, vascular
disease, heart failure findings) or evidence of systemic
causes. When examination occurs during a symptomatic

History, physical examination, and ECG

Diagnosis confirmed Diagnosis not confirmed
TTE to assess LV function and Assess for structural heart
rule out valvular disease — disease with TEE. Further

workup pending results.

Treat if symptoms or arrythmia . L
causing decreased LV function — If symptoms mild and I_ow risk:
no further evaluation

If I:|V|C/PAC relaledt,) 2‘:!/48” — If frequent/intolerable:30-day
olter to assess burden event monitor

ILR if symptoms infrequent and
] unlikely to be detected on
monitor

Consider consumer devices
(Apple Watch, AliveCor, etc)

EPS only in select scenarios

FiGURe 25.1 A proposed algorithm for evaluation of palpitations.
ECG electrocardiogram (12-lead), TTE transthoracic echocardiog-
raphy, LV left ventricle, PVC premature ventricular contraction,
PAC premature atrial contraction, ILR implanted loop recorder,
EPS electrophysiologic study
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period, use of vagal maneuvers may elucidate culprit
arrhythmias due to termination in arrhythmias involving
the atrioventricular node or simple rate reduction with
atrial tachycardia, fibrillation, or flutter [4].

The gold standard for diagnosis is 12-lead ECG conducted
during palpitations. Attention should be paid to the mor-
phology and relationships between P waves and the QRS
segments, as well as the QT interval. Correct QT interval
>(.46 s is suggestive of long QT syndrome, while <0.32 is
suggestive of short QT syndrome. Findings of high voltage
in the precordium as well as Q waves and ST changes lend
suspicion to hypertrophic cardiomyopathy. Brugada syn-
drome should be suspected when a right bundle branch
morphology is accompanied by coved- or saddle-type ST
segment elevations in the V1-V3. Arrythmogenic right
ventricular cardiomyopathy should be suspected in those
with ventricular ectopy of left bundle morphology and
right axis deviation, as well as with the presence of epsilon
waves or T-wave inversions with QRS duration >110 ms in
V1-V3.

If palpitations are unexplained after history, exam, and
ECG, no further evaluation is required if symptoms are
tolerably rare and the patient is with low likelihood of
electrical or structural heart.

If initial evaluation is unrevealing and concern for heart
disease remains, or if the initial 12-lead ECG is abnormal,
advanced testing may be indicated. In such patients, a trans-
thoracic echocardiogram is advised. Exertional symptomol-
ogy should raise concern for ischemic heart or structural
heart disease. In this setting as well as in athletes, stress
testing is indicated in addition to echocardiography. More
advance cardiac imaging such as cardiac magnetic reso-
nance imaging should be considered based on suspected
diagnoses and in conjunction with expert consultation [3].

External ambulatory ECG monitoring typically follows the
above evaluation when palpitations are unexplained,
severe, and frequent. Options include telemetry (for those
warranting hospitalization otherwise), Holter monitor, or
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event recorders with selection based on frequency of symp-
toms. Electrophysiologic study should usually follow ambu-
latory ECG monitoring at the end of evaluation. Exceptions
include patients at high risk for adverse outcome (those
presenting with or with substantial structural heart disease)
owing to expedited diagnosis and therapeutic intervention.
If the above evaluation remains non-diagnostic, implanted
loop recorders may be considered [5].

Clinical Pearl

In 50% of patient, an initial evaluation of history, exam,
and ECG leads to probable diagnosis or excludes diag-
noses of important prognostic implication.

Management

e Management of palpitations is dictated by identified etiol-
ogy, culprit arrhythmia, severity of symptoms, and the
presence of structural heart disease.

e In most cases, management of palpitations follows the
management of the identified arrhythmia, psychosomatic
disorder, structural heart disease, or systemic condition.

e 24 or 48 hour Holter is important when symptoms are
related to PVCs as it will help determine the burden of
PVCs (>20% is considered high burden).

Clinical Pearl

For PVC- or PAC-mediated palpitations, elimination of
lifestyle triggers such as caffeine or tobacco is often
effective. Consideration is given to treatment with beta-
blockers, calcium channel blockers, antiarrhythmic
drugs, or catheter ablation if symptoms are unrespon-
sive to lifestyle changes and remain severe, extrasystole
burden exceeds 20%, or PVC-mediated cardiomyopa-
thy is identified.
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Key Learning Points

1. Most patients with palpitations can safely be evalu-
ated outpatient. Inpatient workup seeks to identify
or treat electrical and structural diseases in high-risk
populations.

2. History, physical examination, and standard 12-lead
ECG identify the source of palpitations or exclude
diagnoses of prognostic importance in most
patients.

3. Further evaluation should follow an algorithmic
approach based on risk of adverse outcome or salient
features.

4. Management is based on and flows from accurate
diagnosis of the underlying etiology of palpitations.
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AS Aortic stenosis

BP Blood pressure

CSp Carotid sinus pressure

CSS Carotid sinus syndrome

CT Computed tomography

CVA Cerebrovascular accident
ECG Electrocardiogram

ED Emergency department

ELR External loop recorder

ESC European Society of Cardiology
HCM Hypertrophic cardiomyopathy
ILR Implantable loop recorder

LVOT Left ventricular outflow tract
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MCOT  Mobile cardiac outpatient telemetry

MI Myocardial infarction

MRI Magnetic resonance imaging

MS Mitral stenosis

PCI Percutaneous coronary intervention
PE Pulmonary embolus

proBNP  Pro-brain natriuretic peptide

SSRI Selective serotonin reuptake inhibitor
TdP Torsades de pointes

TIA Transient ischemic attack

TLOC Transient loss of consciousness

Introduction to Syncope

Definition

Syncope is a transient, abrupt, and self-limited loss of
consciousness.

Resolves without any intervention and can be associated
with loss of postural tone.

The sentence refers to the fact that Syncope is a specific
form of transient loss of consciousness and should be dis-
tinguished from other types of transient loss of concious-
ness (TLOC) (Table 26.1).

Syncope should also be recognized as distinct from pre-
syncope, which can be caused by similar underlying
pathologies, but does not involve loss of consciousness.

Epidemiology

Syncope comprises 1-2% of hospital admissions from the
emergency department (ED). Annual cost of syncope-
related hospitalizations estimated as nearly 2.5 billion
dollars, rivaling that of asthma, HI'V, and COPD, individ-
ually [1].
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TaBLE 26.1 Causes of syncope

417

Other causes of TLOC
* Neurologic
* General tonic-clonic seizure
* Stroke/transient ischemic attack
Intoxications
Metabolic
* Hypoxia/hypercarbia
* Infection
* Uremia
* Hypoglycemia
* Traumatic
¢ Concussion
* Psychiatric
* Psychogenic non-epileptic
Seizure
* Cataplexy

Orthostatic syncope
Hypovolemia-mediated
Medlcanon induced

Angiotensin converting enzyme

inhibitors (ACEis)

*  Angiotensin receptor blockers
(ARBs)

® Alpha-1 antagonists

* Dihydropyridine calcium channel

blockers (CCBs)
Autonomic predispositions
* Diabetic neuropathy
* Parkinsonism
*  Multi-system atrophy
* Amyloidosis

Reflex syncope
* Situational syncope
* Micturition syncope
* Swallowing-associated
Post-exertional
Emotion-mediated
* Pain
* Fear
* Anxiety
Carotid sinus syndrome
Other stimuli-driven

Arrhythmogenic
Bradyarrhythmia and heart block
*  Sinus node dysfunction
® Tachy-brady syndrome
* Beta blocker toxicity
Tachyarrhythmlas in the setting of:

e CPVT

Cardiogenic syncope
Mechanical / obstructive
Severe systolic/diastolic
cardiomyopathies
Severe valvular disease
* Aortic or mitral stenosis

* Hypertrophic cardiomyopathy with

* Cardiomyopathies (ARVC)
Pacemaker malfunction

Channelopathies (LQTS) LVOT obstruction
* Pericardia effuslon/bampcnade
o iltrative disease L) ive pulmonary

Aortic dissection

Ischemic
Rarely manifests as syncope
Acute ischemic systolic/diastolic
dysfunction
i ventricular
Heart block/bradyarrhythmia
* Due to transient rise in vagal
tone (inferior ischemia) or
necrosis of local conduction
system (anterior infarction)

TLOC TransienT Loss OFfr Consciousness, LOTS Long QT
SYNDROME, CPVT CATECHOLAMINERGIC POLYMORPHIC VENTRICULAR
TacHycarpiA, ARVC ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY, LVOT LEFT VENTRICULAR OUTFLOW TRACT

Mechanisms and Causes of Syncope

e Syncope can be caused by a long list of specific conditions
(Table 26.1), although ~40% have no identifiable cause

[2,3].

¢ Primary mechanism of syncope is cerebral hypoperfusion

— Can result from inadequate cardiac output and/or inap-
propriately low peripheral vascular resistance.

— Can be further subdivided by physiologic categories,
outlined below and in Fig. 26.1.

¢ Orthostatic syncope:

— Can occur immediately following trigger (i.e., change in
position from supine to standing) or in delayed fashion
(i.e., following a period of prolonged standing).
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Non-syncopal TLOC By TLOC Syncope

Decreased cerebral blood flow

Decreased cardiac output Decreased vascular tone

Intrinsic cardiac disease Hypovolemia Autonomic dysregulation

Cardiogenic syncope Orthostatic syncope Reflex Syncope

Obstructive

FIGURE 26.1 Mechanism of syncope. Syncope is a specific form of
transient loss of consciousness (TLOC) resulting from a decrease in
cerebral blood flow. This can be due to impaired cardiac output,
which primarily results from hypovolemia and intrinsic cardiac dis-
ease, if present. Reduction in cerebral perfusion can also arise from
decreased vascular tone, typically a function of autonomic dysregu-
lation. Cardiogenic, orthostatic, and reflex syncope are predomi-
nantly caused by underlying intrinsic cardiac disease, hypovolemia,
and dysautonomia, respectively (solid arrows). However, there is
significant overlap in contributing pathophysiology underlying each
of these conditions (dashed lines). Cardiogenic and reflex causes of
syncope can further be sub-classified by mechanism

Arrhythmogenic Ischemic Cardio-inhibitory Vaso-depressive|

— Hypovolemia and autonomic insufficiency predispose
to orthostatic syncope. Commonly exacerbated by use
of diuretic and vasoplegic agents.

e Reflex (formerly vasovagal or neutrally mediated)
syncope:

— Most common form of syncope [4].

— Occurs in response to certain stimuli and characterized
by exaggerated shifts in autonomic balance toward pre-
dominance of vagal tone.

— Can be subdivided into three major categories:

¢ (Cardio-inhibitory: Characterized by a profound, neg-
ative chronotropic response leading to severe brady-
cardia and potentially asystole.



e Vaso-depressive: Dysregulated vasodilatory mecha-
nisms lead to low vascular resistance and inadequate
cerebral blood flow, despite effective augmentation

of cardiac output.

— Proposed mechanisms: Rapid withdrawal of sym-
pathetic tone and abnormal baroreceptor sensi-

e Mixed: Cardio-inhibition and vaso-depression both
present. Upregulation of endogenous adenosine may

tivity [5, 6].

Chapter 26. Syncope

play a pathophysiologic role [7].

— Reflex syncope occurs in response to an extensive list of
triggers, detailed in Table 26.2.

e Cardiogenic syncope:

— Arrhythmogenic:

e Most common cause of cardiogenic syncope, account-

ing for 26% of all syncope [3].

TaBLE 26.2 High- and low-risk features in history and exam

Low-risk features (favoring benign

etiology)

High-risk features (favoring
cardiogenic syncope)

Clinical
presentation

Prodome typical of reflex syncope (nausea,
vomiting, lightheadedness, diaphoresis,
flushing)
Syncope in response to discrete trigger
«  Abrupt change in position (orthostatic)
*  Prolonged standing (orthostatic or reflex)
* Strong emotion, unpleasant odor or sight
or pain (reflex)
* Head rotation or pressure on carotid
sinuses (reflex)
* Micturition, defecation, vomiting (reflex)
*  Syncope after exercise/during recovery
(reflex)
Prolonged period of fatigue during recovery
period (reflex)

- Severe associated physical injuries, particularly

with associated facial trauma

*  Short or absent prodrome
«  No clear triggger
+  Concurrent symptoms suggestive of:

Pulmonary embolus, gastrointestinal
bleeding, myocaridal infarction, aortic
dissection, pulmonary embolus

*  Sudden/rapid recovery following event
+ New onset syncope

«  Syncope from a supine position

«  Syncope during exercise

« History of cardiac disease

Prior history

No known cardiac risk factors
History recurrent syncope over long period of
time (reflex)

* History of known cardiac disease

Severe valvular disease
Hypertrophic cardiomyopathy
Coronary artery disease
Cardiomyopathy

+ Family history of sudden cardiac death

Exam

Onthostatic vital signs
Presence of carotid hypersensitivity

*  Persistenly abnormal vital signs

Systolic BP <90 mmHg
Heart rate <40 bpm

« New systolic murmur

ADAPTED FROM BRIGNOLE ET AL. [16]
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e Arrhythmias result from wide range of pathologies.
Presence of structural cardiac abnormalities should
raise suspicions (Table 26.1).

— Mechanical/obstructive:

e Reduction in cardiac output due to:

— Primary systolic and diastolic failure.
— Physical obstruction of blood flow from heart into

systemic circulation.

e Structural cardiac pathologies: Severe aortic

stenosis (AS) and mitral stenosis (MS), and
hypertrophic cardiomyopathy (HCM) with
left ventricular outflow tract (LVOT)
obstruction.

Extrinsic conditions: Pericardial effusion/tam-
ponade and sub/massive pulmonary embolism
(PE).

Aortic dissection.

— Potentially via complications of cardiac tam-

ponade or massive stroke (proximal dissec-
tion extending into carotid arteries) [8].

— Ischemic:

Acute coronary ischemia is rare in patients present-
ing with syncope (~7%) [9].
Potential mechanisms:

Acute mechanical dysfunction

Malignant ventricular arrhythmias

Heart block (more likely increased vagal tone
with inferior ischemia and myocardial necrosis
with anterior MIs) [10, 11].
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Clinical Pearl

Acute stroke and transient ischemic attack (TTA) infre-
quently cause syncope. Given that cerebral blood sup-
ply is deliberately redundant, with ample collateral
circulation, syncope due to cerebrovascular accidents
(CVA) occurs only in the presence of severe, chronic
multi-vessel occlusions. Vertebro-basilar insufficiency
can manifest as “drop attacks,” which mimic the loss of
postural tone and physical collapse often associated
with syncope, but do not involve any loss of
consciousness.

Diagnosis of Syncope
Initial Evaluation

e Initial diagnostic evaluation (Fig. 26.2) should include
thorough history, physical exam, and electrocardiogram
(ECG).

e Primary goals:

— Differentiate between cardiogenic and non-cardiogenic
etiologies

— Risk stratify patients by identifying high- and low-risk
features (Table 26.2)

History

e Obtaining a clear and accurate history is critical in work-
up of syncope. Seek out collateral information from
bystanders and witnesses

— Contfirm the presence of true syncope:

e Distinguish syncope from other causes of TLOC,
given significant management implications
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— Elicit potential triggers:

e Provoking events can shed light into mechanism of
syncope and underlying condition (Table 26.2).

— Assess for prodrome (and post-drome):

e Absence or brief duration increases concern for sig-
nificant injury and sudden death. Potential
explanations:

— Sudden onset of lethal arrhythmias
— Inability to recognize and protect against impend-
ing loss of consciousness and subsequent fall

e Characteristic prodromes (nausea, vomiting,
diaphoresis, flushing) carry considerable diag-
nostic value for more benign causes

Clinical Pearl

Reflex syncope is the most common form of syncope
and can be distinguished from other forms of syncope
by the presence of an often prolonged period of fatigue
and feeling “washed out,” which is in direct contrast to
the brisk recovery seen typically in arrhythmogenic
syncope [12].

Obtain full past medical, social, family, medication, and
allergy histories to identify important predisposing
factors

History of autonomic insufficiency (i.e., diabetic neu-
ropathy or Parkinsonism) increases odds of orthostatic/
reflex syncope.

Recurrent syncopal episodes over many years suggests
against malignant cause [13].

High-risk features supporting cardiogenic syncope:

— Significant personal cardiac history [14]
— Family history of sudden or unexplained death, par-
ticularly at a young age
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— Elucidate other “red-flags” (Table 26.2):

¢ Presence of significant physical injury (i.e., facial trauma

or motor vehicle accident)

— Suggests insufficient time and/or awareness to pro-
tect oneself

Syncope from supine position suggestive of arrhythmo-
genic cause

Concomitant chest pain, dyspnea, or limb weakness
consistent with other medical conditions warranting
urgent assessment

Clinical Pearl

Syncope while driving is particularly concerning given
risk for severe/fatal injury. This can be due to increased
pressure on carotid baroreceptors with head turning
against seatbelts or underlying arrhythmia. However,
falling asleep while driving should be an important con-
sideration. This can be supported by descriptions of skid
marks on the road (often gathered as collateral infor-
mation) as drivers who fall asleep often have sufficient
time to recover and engage the brakes, in contrast to
those who suffer true syncope [15].

Physical Exam

e In addition to complete set of vital signs and standard
physical evaluation, particular attention should be paid to
the following.

— Abnormal vital signs:

e Persistent bradycardia (heart rate <40 beats/minute)
may reflect underlying conduction disease/heart

block [16]
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e Systolic blood pressure (BP) <90 mmHg is an inde-
pendent predictor of adverse outcomes [17, 18]

— Orthostatic challenge:

e Definition: Fall in systolic BP >20 mmHg or diastolic
BP >10 mmHg, measured >2 minutes after position
change [19].

— 2018 European Society of Cardiology (ESC)
guidelines added systolic BP <90 mmHg to
criteria.

Reproduction of pre-/syncope during challenge
enhances post-test probability of orthostatic
syncope [16].

Presence of orthostatic hypotension does not
preclude simultaneous cardiogenic or other
cause of syncope. Red-flag features still must
be assessed.

— In one study, 10-25% of patients in the ED
diagnosed with cardiogenic syncope also
met criteria for orthostatic hypotension
[20].

— New cardiac murmur:

Should evaluate for structural cardiac
pathology

— Carotid sinus pressure (CSP):

Indicated in patients >40 years old to evaluate
for carotid sinus syndrome (CSS) [16, 21].
Diagnosing CSS requires (Fig. 26.3):

— Ventricular pause lasting >3 seconds and/or
decrease in systolic BP >50 mmHg following
CSP

— Reproduction of pre-/syncopal symptoms
(typically requires pauses of >6 seconds)
[22].



426  S. Yang and P. Zimetbaum

FiGure 26.3 Carotid sinus syndrome. A 70 year-old man with a his-
tory of recurrent syncope of unclear etiology and unrevealing prior
work-up including cardiovascular imaging, ischemic evaluation, and
multiple rounds of ambulatory ECG monitoring. He had one prior
episode of syncope while driving, following which he was not per-
mitted to drive by state law. Upon reinstatement of his license, he
had a second episode of syncope while driving (resulting in motor
vehicle accident the week prior to planned implantable loop
recorder placement). This telemetry strip was obtained during appli-
cation of carotid sinus pressure, which promptly resulted in an
8.8 second pause and reproduction of syncope, making the diagnosis
of carotid sinus syndrome. He was subsequently treated with
implantation of a dual chamber pacemaker
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e Contraindications to CSP [16]:

— Significant carotid bruit/carotid stenosis
— Recent MI
— Prior ventricular arrhythmia

Electrocardiogram

e Resting 12-lead ECG should be obtained in all patients
presenting with syncope.
e Evaluate for presence/absence of:

— Acute cardiac ischemia, arrhythmia, or conduction
disease

— Evidence of chronic structural heart disease, cardiomy-
opathies, or channelopathies [16, 21].

— Detailed list of high-risk electrocardiographic features
outlined in Table 26.3.

TaBLE 26.3 High-risk features on ECG

Concerning electrocardiographic (ECG) findings

* Heart rates <40 bpm
¢ Sinus rhythm or otherwise
¢ Changes consistent with acute ischemia
« Evidence of prior infarction-asociated ECG changes
¢ Evidence of infranodal conduction disease
¢ Bundle branch blocks, intraventricular conduction delays
* ECG evidence of structural heart disease
* Left/right ventricular hypertrophy, hypertrophic cardiomyopathy, infiltrative disease
* Atrioventricular block
* Mobitz type Il, high gradem and complete heart block
Ventricular arrhythmias
¢ Sustained and non-sustained ventricular tachycardia (VT)
* Risk factors for ventricular arrhythmias
* Brugada pattern
* Pre-excitation pattern
e LongQTc
e Short QTc
*  Arrhythmogenic right ventricular cardiomyopathy (ARVC)
« Presence of dysfunctional cardiac implantable electronic device (CIED)
¢ Including permanent pacemakers (PPMs) or implantable cardioverter-defibrillators (ICD)

ADAPTED FROM SHEN ET AL. [21] AND BRIGNOLE ET AL. [10]
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Clinical Pearl

QT prolongation (>450 ms in men, >460 ms in women)
is associated with increased risk for arrhythmogenic
syncope, specifically from Torsades de pointes (TdP).
Long QT can be hereditary or acquired — latter largely
due to use of numerous classes of medications (namely
anti-arrhythmics, antipsychotics, anti-infectives, and
anti-depressives). Incidence of TdP with medication-
induced long QT is not well-defined, but likely low.
Threshold for discontinuing QT-prolonging medica-
tions and increased risk of TdP is >500 ms, extrapolat-
ing from studies performed with the anti-arrhythmic,
dofetilide [23].

Further Evaluation

e Additional testing may be considered if:

— No diagnosis reached with routine evaluation
— Syncope recurs after initial diagnosis/treatment
— High-risk features identified

Laboratory Studies

e Start with basic chemistry panel, complete blood cell
count to assess for metabolic abnormalities, anemia, or
infection

e If clinically indicated, cardiac biomarkers, pro-brain natri-
uretic peptide (proBNP), d-dimer, coagulation studies,
liver function tests, and targeted culture studies can be
performed
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Continuous Electrocardiographic monitoring
(Fig. 26.4)

e Inpatient telemetry:

— Diagnostic yield reported as <3% and sensitivity/speci-
ficity 73%/86%, but may be justifiable to employ in
high-risk patients [16, 24, 25].

e External ambulatory monitors:
— Holter monitors:

e Continuous ECG monitors, typically for
24-72 hours.

— Arrhythmias, syncopal episodes unlikely to recur
during monitoring period

— Holter monitors only identify arrhythmias in 2%
of patients with unexplained syncope [26].

— One study reported diagnostic yield of 15% for
arrhythmias, but only 1/51 patients reported
concurrent symptoms [27].

e Holter’s may be useful if symptoms occurring near-
daily to exonerate arrhythmia as underlying cause.

— External loop recorders (ELR):

e Used for longer timeframes (up to a month), with
improved diagnostic yield over Holter monitors

e Reported diagnostic yields (25-88%), but include
rates of arrhythmias correlating with symptoms;
asymptomatic arrhythmias; and reported symptoms
associated with normal ECG [28, 29].

e Reasonable to use for symptoms occurring at a
weekly frequency
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— Mobile cardiac outpatient telemetry (MCOT) systems:

Continuous ECG monitors similar in size to ELRs
linked via cellular (as opposed to analog for ELRs
and Holter’s) technology to centralized monitoring
units, staffed 24 hours/day by trained technicians

Do not require patient activation to transmit events
(in contrast to Holter and ELR); occurs in
real-time

Particularly useful when high-risk arrhythmias are
suspected.

Diagnostic yield similar to, if not better than, that of
ELRs [30, 31].

— External patch monitors (i.e., Zio XT patch):

Being used more frequently for ambulatory ECG
monitoring

Smaller and convenient for patients

Allow for continuous ECG recording over a 2-week
period, during which time the diagnostic yield has
been reported to be roughly 74% [32].

No real-time transmission of data to ordering
clinician

Clinical Pearl

Holter monitors and ELRs are capable of transmitting
recorded ECG data remotely, but require the patient to
trigger transfer (over an analog phone). MCOTS do not
require patient activation and can relay information in
real-time over cellular technology. This is particularly
useful if malignant arrhythmias are suspected and/or
detected, allowing for timely therapeutic intervention
and response. Patch monitors such as the Zio XT patch
do not possess this functionality and results can take
weeks to return.
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e Implantable loop recorders (ILR):

— Subcutaneously implanted, leadless devices, allowing
long-term (up to 2-3 years) rhythm monitoring

— More invasive and expensive than external monitors,
but useful in patients with recurrent but infrequent epi-
sodes of syncope.

— Diagnostic yield in patients with syncope of unclear
etiology range from 83-88% [33, 34].

Imaging Studies

e Echocardiography:

— Very low diagnostic utility in the absence of history,
exam, or ECG findings suggestive of underlying cardiac
disease.

— Should not be used routinely in evaluation of syncope,
but can provide useful information when structural
heart disease is suspected [21].

e (Cardiac computed tomography (CT) and magnetic reso-
nance imaging (MRI):

— May be useful in very specific disease states, but should
not be routinely pursued

Clinical Pearl

The diagnostic yield of echocardiogram has been esti-
mated to be only about 3% and the cost per diagnosis
made of echocardiography is over $34,000 [34, 35].

Tilt Table Testing
e Can be considered in individuals with suspected, but
unproven, reflex syncope

— Reported sensitivity and specificity ranges from 26-80%
and 90%, respectively [36].
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e Can be positive in cases of reflex, unexplained, and proven
cardiac syncope [37]

— Limited ability to distinguish between syncopal
etiologies

— Can identify individuals with high susceptibility to
orthostatic stress [16].

Ischemic Evaluation

¢ Exercise stress testing:

— Exertional syncope can be risky given association with
dangerous underlying causes (severe AS, severe MS, or
HCM with LVOT obstruction, sympathetically stimu-
lated ventricular arrhythmias, and rarely heart block)
[21].

— Can provide useful information, but must be done with
extreme caution in an appropriately equipped
environment

e Coronary angiography:

- Reasonable to pursue + percutaneous coronary
intervention (PCI) if patients present with symptoms
of acute coronary syndrome or ischemia-induced
arrhythmia, but adds no value with respect to syn-
cope [38].

Management of Syncope

Risk Stratification and Patient Triage

e Risk stratification and triage should be initial goal of
assessment using history, physical, and ECG (Fig. 26.2)
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Treatment

e For orthostatic and reflex syncope, primary goal to improve
symptoms and avoid complications from falls, other
injuries

— Non-pharmacologic interventions should be tried first
[21,39].

Increased oral intake of fluids and salt (in absence of
medical contraindications)

Lower extremity compression garments and abdomi-
nal binders to prevent venous pooling

Avoid vasoplegic medications

Use of counter-pressure maneuvers and adaptive
behaviors (changing positions more slowly)
Increased exercise and physical therapy

— Pharmacologic therapies:

Fludrocortisone and midodrine used in treatment of
orthostatic and reflex syncope. Both effectively
increased BP and reduced symptoms [40-42].

— Both carry significant adverse effects

e Additional condition-specific therapies:

— Orthostatic syncope:

Droxidopa (pro-drug of norepinephrine) can be used
as well to address autonomic insufficiency with
potential benefits in functional status, although can
cause supine hypertension as well [43].

Consider pyridostigmine as third line agent [44].

— Reflex syncope:

Beta blockers and selective serotonin reuptake inhib-
itors (SSRIs) may benefit certain populations [21].

Pacemaker placement indicated for patients with
cardioinhibitory syncope and CSS, especially for
patients with prolonged spontaneous sinus pauses



Chapter 26. Syncope 435

and recurrent symptoms refractory to non-invasive
therapies [45].

— Cardiogenic syncope: Treatments be tailored to specific
diagnoses

e Driving after syncope:

— Driving following syncopal event — particularly one
without significant prodrome, obvious avoidable trig-
ger, and treatable cause — poses significant risk to self
and others

— State laws frequently impose driving restrictions in this
circumstance

e Can interfere with personal, family, occupational
obligations

— Clinicians should be aware of local policies and engage
in conversation with patients incorporating state-spe-
cific, occupational-specific, and individual factors [21].

Key Learning Points

e Syncope is a common and costly problem. It is often
conflated with non-syncopal causes of transient loss
of consciousness, for which diagnostic and manage-
ment strategies are completely different.

e Transient cerebral hypoperfusion leads to syncope.
Mechanistically, this is caused by some permutation
of decreased cardiac output and vascular tone.

e Routine work-up of syncope should include a com-
plete and thorough history (utilizing the patient and
collateral report), physical exam, and electrocardio-
gram. The evaluation should focus on identifying
high-risk features and patients, who require more
aggressive and timely management.

e Inpatient telemetry in the hospital has very low diag-
nostic value. Ambulatory rhythm monitoring is much
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more effective. Optimal monitor choice depends on
frequency of symptoms, suspicion for malignant eti-
ology of syncope, and urgency, with which study
results are needed.

e Treatment of syncope depends heavily on the under-
lying cause. When possible, non-pharmacologic inter-
ventions should be tried first, then pharmacologic
therapies, followed by invasive measures (such as
pacemaker implantation). Clinicians should also rec-
ognize and address pre-emptively the matter of driv-
ing restrictions following syncope given the
potentially enormous personal, societal, legal, and
occupational ramifications.
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ACS Acute coronary syndrome
AV Arteriovenous

BNP Brain natriuretic peptide

CHF Congestive heart failure

COPD  Chronic obstructive pulmonary disease
CXR Chest X-ray

DKA Diabetic ketoacidosis

GERD Gastroesophageal reflux disease

JVP Jugular venous pressure
LE Lower extremity

LV Left ventricle

OSA Obstructive sleep apnea
PE Pulmonary embolism
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PEFR  Peak expiratory flow rate
PND Paroxysmal nocturnal dyspnea
RV Right ventricle

Definition and Epidemiology

Dyspnea is a subjective experience of breathing discom-
fort that consists of qualitatively distinct sensations that
vary in intensity [1]
Dyspnea is a subjective entity — can be experienced by
patients who have compromise of their cardiac or respira-
tory status that prompts a physiologic change, or by
patients who do not have any objective evidence of physi-
ologic compromise
— «Clinical Pearl: Dyspnea is a symptom, so providers
should distinguish from signs like tachypnea, wheezing,
cyanosis, lung hyperinflation, use of accessory respira-
tory muscles, and intercostal retractions [1]
In patients > age 65 who present with dyspnea and signs of
respiratory distress (increased respiratory rate, decreased
oxygenation, acidosis), the top five diagnoses are decom-
pensated congestive heart failure (CHF), pneumonia,
chronic obstructive pulmonary disease (COPD), pulmo-
nary embolism (PE), and asthma [2]
Dyspnea is more closely associated with mortality (cardiac
or all-cause) than angina in patients referred for stress
testing [3]

Pathophysiology

The sensation of dyspnea can be linked to specific cardio-
pulmonary physiologic mechanisms, but can also be affected
by conscious thought, anxiety, cultural background, etc.
(see Fig. 271). For example, the sense of air hunger may
originate in the brainstem, the sense of chest tightness may
be secondary to stimulation of vagal irritant receptors, and
dyspnea in the setting of PE may be related to stimulation
of pressure receptors in the pulmonary vasculature [4]
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—
For example...
PHYSIOLOGIC Hypoxia Airway collapse
—_— Hypercapnia Irritant
IMPAIRMENT Exercise Vascular congestion
Acidosis Muscle weakness
—
J—
For example...
Motor cortex Pulmonary C-fibers
STIMULATION OF Carotid body Metaboreceptors in
— Aortic body respiratory muscles
PULMONARY AND Pulmonary Vascular receptors
EXTRAPULMONARY stretch receptors
AFFERENTS

SUBJECTIVE SENSATION
CEREBRAL CORTEX——> OF DYSPNEA

EMOTIONAL OR PSYCHIATRIC
STIMULUS

FIGURE 27.1 Physiology of Dyspnea. Dyspnea is a complicated sub-
jective symptom that is caused by input from many different afferent
receptors and emotional inputs

e Dyspnea can occur with or without an underlying issue
with gas exchange and/or an impaired pump, which high-
lights the contribution of supratentorial factors

e The respiratory motor system has both automatic (brain-
stem) and voluntary (cortical) sources of input

History

e The language patients use to describe their dyspnea can
often give clues as to the underlying etiology (see
Table 271).

— «xClinical Pearl: Ethnic and social differences exist with
respect to the descriptors that patients use to character-
ize their symptoms. For example, one study showed that
African American and white patients with asthma used
significantly different descriptors when bronchocon-
striction was induced — African American patients used
primarily upper airway word descriptors (e.g.: tight
throat, voice tight), whereas Caucasian patients used
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TaBLE 27.1 Patient descriptors of dyspnea. How patients describe
their dyspnea may provide a clue as to the underlying etiology.
However cultural differences exist in how patients describe their
dyspnea [5-8]

Dyspnea descriptor Potential underlying etiology

Tightness Bronchoconstriction

E.g.: “My chest feels

tight”

Need or urge to Increased central drive (i.e., stimulation
breathe of brainstem respiratory neurons by

E.g.: “I feel hunger for  exercise, hypoxia, hypercapnia, metabolic
more air” acidosis)

Limited tidal volume

Suffocating sensation LV failure
E.g.: “I feel that
I am suffocating/

smothering”

Increased work or Difficulty with respiratory pump, i.e.,
effort of breathing muscle weakness, increased airway
E.g.: “My breathing resistance

requires effort”

Depth and frequency Increased exertion

of breathing Hyperinflation due to obstructive lung
E.g.: “My breathing is disease

shallow” or “I feel that ~ Hyperventilation syndrome

I am breathing more”

lower airway or chest wall descriptors (out of air, hurts
to breathe) [9]. Furthermore, non-English-speaking
patients may describe their symptoms in a way that
does not translate perfectly into the descriptors typical
of English speakers. Non-native English speakers have
often been excluded from studies that examine the lan-
guage of dyspnea.
e Ifapatient reports difficulty with exertion, explore whether
something other than dyspnea (i.e., chest pain, leg pain, leg
weakness, joint pain) is limiting their exertion
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e Ask about prior intubation, as these patients are at higher
risk for severe disease

e More than one physiologic process can be contributing to
a patient’s symptoms, which helps contribute to diagnostic
uncertainty

e Historical elements to clarify:

Chronicity (acute, subacute, chronic, acute on chronic):
this may be the most useful initial clinical branchpoint,
as the differential diagnosis for acute dyspnea is limited
(see Table 272)

Intermittent vs. persistent/progressive: intermittent symp-
toms are likely due to a reversible cause
(bronchoconstriction, CHF, pleural effusion, PE) as
opposed to a chronic condition [5].

Exertional vs. at rest: If dyspnea is not worsened with
exertion, it is unlikely to be due to cardiopulmonary
disease. If feasible, consider ambulating the patient in
the hallway to see how exertion affects their symptoms
and vital signs.

Nocturnal dyspnea may indicate asthma, CHF, GERD,
OSA, or nasal obstruction.

Orthopnea (worse with lying flat) may indicate CHF,
ascites, diaphragmatic dysfunction.

TaBLE 27.2 Causes of acute dyspnea. The differential for acute dys-
pnea is somewhat limited, and acute dyspnea is typically secondary
to a cardiac or pulmonary cause

Causes of acute dyspnea

Pulmonary Cardiac Other
Pneumonia Acute heart failure with Anaphylaxis
Pulmonary Embolism  pulmonary edema (can Angioedema
Bronchospasm be due to various causes)  Poisoning
Pneumothorax Myocardial Ischemia Psychogenic
Upper airway Tamponade

obstruction Arrhythmia

(aspiration, mucous

plug)




446

S. Mcllvaine and E. V. Gelfand

— Platypnea (worse when upright) may indicate cirrhosis

(hepatopulmonary syndrome), pulmonary AV malfor-
mations, interatrial shunting.

Diagnostic Approach

Initial steps involve the evaluation of the acuity and sever-
ity of the dyspnea (i.e., is the patient hypoxemic? Is there
impending respiratory failure?), and whether there is an
urgent or emergent need for clinical intervention, such as
mask ventilation or tracheal intubation. The physical exam
can provide some clues (see Table 27.3).

The differential for acute severe dyspnea is relatively nar-
row. Such symptoms are typically (though not always) due
to an underlying pulmonary or cardiac etiology.
Underlying pathology causes dyspnea via:

1. increase in the respiratory drive, via hypoxia,
increased dead space, hypercapnia, metabolic acidosis
2. mechanical constraint, muscle weakness, or airway
obstruction

3. psychologic processes

Some causes of dyspnea fall into more than one of these

categories (see Table 274).

e Diagnostic tests to help distinguish the cause of dyspnea:

— BNP or NT-proBNP may be helpful in identifying heart

failure as the cause/contributor, especially in those
patients in whom physical exam for signs of volume
overload is difficult. Familiarity with the local assays
and normal ranges is critical for interpretation. Prior
BNP/NT-proBNP values in a particular patient with a
history of heart failure may be useful when combined
with other clinical parameters to suggest volume over-
load over prior “baseline”

«Clinical Pearl: BNP < 100 has a negative predictive

value of >90% for acute heart failure, and > 500 has

a positive predictive value of >90% [10]. BNP may
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TaBLE 27.3 Physical exam findings. Attention to certain features
of the physical exam can provide clues as to the underlying etiology

(or etiologies) of dyspnea

Physical exam findings

Possible underlying etiology

Pursed lip breathing,
accessory muscle use

Retractions

Cough with deep
breaths

Diffusely poor air
movement

Wheezing

Crackles

Localized decreased
breath sounds

RV heave

Systolic murmur

S3 or S4

Loud P2

Distant heart sounds

Elevated JVP

Clubbing

Symmetric LE edema

Asymmetric LE edema

COPD

Airway obstruction: asthma, COPD,
foreign body aspiration

Asthma, interstitial lung disease

Emphysema, bronchoconstriction

Obstruction below trachea (asthma,
anaphylaxis, mainstem bronchus
foreign body, acute CHF)

Interalveolar fluid: pneumonia, CHF, or
pulmonary fibrosis

Pneumonia, pleural effusion,
diaphragmatic paralysis, airway
obstruction, pneumothorax

Pulmonary hypertension

Aortic stenosis or mitral regurgitation
Left or right ventricular dysfunction
Pulmonary hypertension

Pericardial effusion, COPD

R- or L-sided heart failure, pericardial
tamponade

COPD, bronchiectasis, other intrinsic
lung pathology

CHF

Deep venous thrombosis/PE
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be falsely low/normal in patients with flash pulmo-
nary edema and in the obese [11]. Other factors caus-
ing distention of the cardiac chambers such as fluid
overload from renal failure or pulmonary hyperten-
sion can also elevate BNP.
D-Dimer: sensitivity is much greater than specificity.
Check a d-dimer only in patients with a low pretest
probability for PE (according to modified Wells criteria,
PERC rule) [12].
Hemoglobin/Hematocrit: anemia of any cause can con-
tribute to dyspnea. Polycythemia can indicate chronic
hypoxemia.
Procalcitonin can be used as a biomarker for a bacterial
infection such as pneumonia. In dyspneic patients
judged to be at high risk for heart failure, sensitivity of
procalcitonin to rule out pneumonia is high. In dyspneic
patients judged to be at low risk for heart failure, ele-
vated procalcitonin is highly specific for pneumonia
[10].
Elevated Troponin: can indicate ACS, but can also be
elevated with PE, sepsis, CHF, pericarditis, myocarditis,
renal failure, and in other situations where there is myo-
cardial oxygen supply-demand mismatch.
ECG: useful to evaluate for ACS, pericardial effusion,
or right heart strain (possibly indicating PE).
Transthoracic echocardiography: helps identify valvular
disease, reduced ejection fraction, RV strain in the set-
ting of PE or pulmonary hypertension. Doppler analy-
sis of mitral inflow pattern is more accurate in diagnosing
heart failure than BNP, especially in patients with flash
pulmonary edema [11]. Even if systolic function is nor-
mal, consider diastolic dysfunction as a cause of exer-
tional dyspnea, as this diagnosis is easy to miss. Focused
ultrasound at the bedside can be useful to detect pulmo-
nary edema, tamponade, pneumothorax, pleural effu-
sion, and cardiac wall motion abnormalities. Assessment
of IVC compressibility can be a more reliable estimate
of right atrial pressure or volume status than visual
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inspection of JVP in patients in whom assessment of
volume status is challenging [13]. As technology
advances, bedside ultrasound is becoming a tool that
will prove to be feasible for the internist to use to
improve diagnostic accuracy.
Lung Ultrasound showing B-lines is more sensitive than
CXR in diagnosing acute cardiogenic pulmonary edema
[7].
Chest radiography: useful in evaluating for pulmonary
edema, pneumonia, pneumothorax, and signs of
COPD. However, ~20% of the patients admitted with
acute decompensated heart failure have a nondiagnos-
tic CXR [14].
Peak flow: can help distinguish cardiac from pulmonary
causes of dyspnea. Peak expiratory flow rate is gener-
ally higher in patients with a cardiac cause of dyspnea.
PEFR less than 25% of normal or 200 L/minute can
indicate the presence of hypercapnia.
Chest CT: should not be used as a screening test, but
CTA is standard for evaluation for PE. In patients with
a low clinical probability of PE (according to Wells
score) and a normal D-Dimer, CTA does not need to be
performed to rule out PE [12].
V/Q Scan: cannot be used in patients with an abnormal
chest X-ray or known lung disease
JAMA Rational Clinical Exam: Does this Dyspneic
Patient in the Emergency Department Have Congestive
Heart Failure? [15]
Features that best increased the probability of heart
failure: past history of heart failure, PND, S3 gallop,
CXR with pulmonary venous congestion, ECG with
AFib
Features that best decreased the probability of heart
failure: ABSENCE of — prior history of heart failure,
DOE, rales, CXR with cardiomegaly, any ECG
abnormality
Most useful test: low (<1000 pg/mL) BNP (negative
LR =0.11)
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Key Learning Points

Dyspnea is a subjective experience of breathing dis-
comfort that consists of qualitatively distinct sensa-
tions that vary in intensity [1]. It can be experienced
by patients who have compromise of their cardiac or
respiratory status that prompts a physiologic change,
or by patients who do not have any objective evi-
dence of physiologic compromise

The pathophysiology of dyspnea is complex, and
dyspnea can often be multifactorial

Underlying pathology causes dyspnea via: (1)
increase in the respiratory drive, via hypoxia,
increased dead space, hypercapnia, metabolic acido-
sis; (2) mechanical constraint, muscle weakness, or
airway obstruction; and/or (3) psychologic
processes.

The descriptors patients use to describe their dys-
pnea can give clues as to its underlying etiology, but
language and cultural differences exist that may limit
the extent to which providers can rely on these
descriptors to map to a specific etiology

The differential for acute severe dyspnea is relatively
narrow. Such symptoms are typically (though not
always) due to an underlying pulmonary or cardiac
etiology
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Risk Assessment [Table 28.1]

Goldman Revised Cardiac Index (for Noncardiac
Surgery) [2]

High-risk procedure [Table 28.3]

Peritoneal, thoracic, suprainguinal vascular
History of ischemic heart disease
MI, (+) stress test, angina, using NTG, Pathologic Q
History of CABG or PTCA or stent does not count
History of heart failure
History of cerebrovascular disease (TIA or CVA)

Diabetes mellitus treated with insulin

Serum creatinine >2.0

Selected Clinical Predictors of Risk [3]

e Heart failure: Particularly if currently decompensated
e Aortic stenosis: Perioperative mortality of 13% (compared
with 1.6% without AS) in RCRI cohort
— With modern anesthetic approaches, moderate-severe
AS: 2.1% 3-day mortality (compared with 1.0% in pro-
pensity-matched patients without AS) [4]

TaBLE 28.1 Goldman risk factors and complication rate

Risk factors Complication rate
No risk factors 0.4%
1 risk factor 0.9%
2 risk factors 6.6%
3+ risk factors 11.0%

Major cardiac complications: M1, VF, cardiac arrest, complete
heart block, pulmonary edema
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e Severe pulmonary hypertension: 4-26% mortality
e Coronary artery disease: 2.9% 30-day postoperative
mortality
* Functional capacity [Tables 28.2 and 28.3]
— Less than 4 METs: >5% complication rate
— 4-10 METs: 1-5% complication rate
— Greater than 10 METs: <1% complication rate

TaBLE 28.2 Duke Activity Status Index [5]

Activity METs
Walk indoors 1
Eating, dressing, bathing 2
Dusting, washing dishes 3
Climb 1 flight of stairs 4
Vacuuming, sweeping 5
Playing golf, doubles tennis 6
Scrubbing floors, lifting furniture 7
Swimming, singles tennis >10

TaBLE 28.3 Selected types of operations and associated risk [6]
(because there are so many different types of operations, a surgical
risk calculator should likely be used.)

High risk Intermediate risk Low risk
(MACE > 5%) (MACE 1-5%) (MACE < 1%)
Emergency major Intraperitoneal Endoscopic
operations, particularly and intrathoracic procedures

in the elderly Carotid Superficial
Aortic, major vascular, endarterectomy biopsy

and peripheral vascular Head and neck Cataract surgery
surgery surgery Breast surgery
Extensive operations Orthopedic

with large volume shifts/  surgery
and or blood loss Prostate surgery
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Clinical Pearl

Perioperative mortality is more often due to underly-
ing medical conditions than surgical error or
anesthesia.

Approach to the Patient Undergoing Non-
cardiac Surgery

Definitions of Surgical Urgency [3]

Urgent/Emergent: Life or limb is threatened if not in the
operating room between 6 and 24 hours.

Time-sensitive: A delay of 1-6 weeks would negatively
affect outcome.

Elective: Procedure could be delayed for up to 1 year.

Management Algorithm [3]

1

Urgent/Emergent surgery? Proceed to surgery.
Very low risk surgery? Proceed to surgery.

Time-sensitive or elective procedure? If optimization is
needed, delay surgery.
(a) Acute coronary syndrome: Delay surgery and manage
per AHA guidelines
(b) Calculate risk of major adverse cardiac event (MACE,
defined as death, MI, or revascularization)
Low risk (<1% MACE): Proceed to surgery
Elevated risk (>1% MACE)
1. Good functional capacity (>4 METs): Proceed to
surgery.
2. Poor functional capacity (< 4 METS)
(c) If valvular intervention is indicated on the basis of
symptoms and severity of lesion, this should be per-
formed before elective surgery (Class I, evidence C)
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Clinical Pearl
Climbing one flight of stairs requires 4 METs.

Pre-operative Optimization
Indications for Pre-Operative Diagnostics

e Indications for ECG [3]
— Never needed in patients undergoing low-risk surgery
— Known CAD, arrhythmia, PAD, CVD, structural heart
disease (Ila, Evidence B)
— Can be considered in asymptomatic patients with no
cardiac history (IIb, Evidence B)

e Indications for TTE [3]

— Dyspnea of unknown origin (Class Ila, Evidence C)

— History of heart failure and change in clinical status
since last TTE (Class I1a, Evidence C)

— History of heart failure and > 1 year since last TTE
(Class IIb, Evidence C)

— History of at least moderate stenosis or regurgitation
and > 1 year since last TTE or change in clinical status
(Class I, Evidence C)

e Indications for stress testing [3]

— With elevated surgical risk (>1% MACE) and unknown
functional capacity, it may be reasonable to perform
exercise testing to assess functional capacity if it will
change management (Class IIb, Evidence B)

— With elevated surgical risk and poor functional capacity,
it may be reasonable to perform exercise testing OR
pharmacological stress with cardiac imaging if it will
change management (Level IIb, Evidence C)

No studies compare dobutamine stress echo with
nuclear imaging and are considered equivalent

— Impact on management [3]
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Moderate to large areas of myocardial ischemia
means increased risk of MI and/or death.
A normal study has a very high negative predictive
value.
The presence of an old MI identified on rest imaging
is of little predictive value.
The benefit of revascularization is unclear in this set-
ting and is controversial. The CARP trial (see below
“Relevant Studies”) showed no benefit of pre-op
revascularization prior to vascular surgery.
e Indications for cardiac catheterization
— Preoperative intervention is rarely necessary simply to
lower the risk of surgery unless such intervention is
indicated irrespective of the preoperative context [9].
— Situations in which we consider pre-operative cardiac

catheterization:
Active ischemia
Large territory of ischemia on stress testing (e.g.
“large reversible perfusion defect” on nuclear
imaging.)
Newly depressed ejection fraction

Clinical Pearl
Routine pre-operative cardiac catheterization and
revascularization do not decrease mortality or peri-
operative MI.

Pre-Operative Medications

e Beta blockers [3]
— Beta blockers should be continued for patients who
have been on them chronically (Class I, Evidence B)
— Beta blockers in naive patients can be considered if
intermediate-high risk of ischemia on stress test (Class
1Ib, Evidence C)
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— In patients with 3+ RCRI risk factors, it may be reason-
able to begin beta blocker (Class IIb, Evidence B)

— In patients with a compelling long-term indication for
beta blocker but no other RCRI risk factors, initiating
beta blockers in the perioperative setting is of uncertain
benefit (Class IIb, Evidence B)

e Statins [3]
— Continue in patients already taking (Class I, Evidence
B)
— Initiate in patients undergoing vascular surgery (Class
IIa, Evidence B)
— Initiate in patients when otherwise indicated (Class IIb,
Evidence C)

ACE inhibitors [3]
— Continue in patients already taking (Class Ila,
Evidence B)
Increases intraoperative hypotension but reduces
postoperative hypertension. Unclear impact on
MACE.
e Antiplatelet agents [3]
— Within 4-6 weeks after stenting (BMS or DES), DAPT
should be continued (Class I, Evidence C)
— With no coronary stent, aspirin should still be continued
where possible (Class IIb, Evidence B)
e Pulmonary hypertension [3]
— Chronic pulmonary vascular therapy (e.g. PDES inhibi-
tors) should be continued (Class I, Evidence C)
— Pre-op evaluation by a pulmonary hypertension spe-
cialist is beneficial (Class Ila, Evidence C)

Relevant Studies
CARP Trial: Coronary Artery Revascularization Prophylaxis
(CARP) Trial [7]

o Sites: 18 VA medical centers (VA Co-op study) in 1997-
1998 (98% male patients)
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Inclusion criteria: Elective vascular operation of AAA or
PAD of legs

— Cardiology consultant felt patient was high risk

— Underwent angiography

— Included if stenosis >70%

Exclusion criteria:

— LMCA stenosis >50%

LVEF <20%

Severe AS

Emergent operation, severe coexisting illness, recent

revascularization

— Coronary anatomy not suitable for revascularization

Intervention: Then, randomized to revascularization

(CABG/PCI) vs. conservative management

Outcomes  (revascularization  vs.  conservative

management):

— All-cause mortality at 2.7 years 22% vs. 23% (RR 0.98;
95% CI 0.70-1.37, P = 0.92)

— Post-operative MI within 30 days (Positive enzymes):
11.6% vs. 14.3% (P = 0.37)

VISION Study: Vascular Events in Noncardiac Surgery

Patients Cohort Evaluation [§]

Purpose: To evaluate the value of post-operative TnT
measurement

Inclusion criteria: 45 years or older undergoing noncardiac
surgery with general or regional anesthetic

— Did not necessarily have to have CAD

Findings: Post-op peak TnT predicts 30 day mortality

— TnT < 0.01 ng/mL: 1% 30-day mortality

— TnT = 0.02 ng/mL: 4% 30-day mortality

— TnT between 0.03-0.29 ng/mL: 9.3% 30-day mortality
— TnT > 3.0 ng/mL: 16.9% 30-day mortality
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Key Learning Points

1. Preoperative intervention is rarely necessary simply
to lower the risk of surgery unless such intervention
is indicated irrespective of the preoperative context.

2. ECG and other cardiovascular diagnostics are not
indicated prior to low-risk (<1% MACE) surgery.

3. With contemporary anesthesia, patients with asymp-
tomatic moderate/severe aortic stenosis may gener-
ally undergo elective procedures.
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Approach to ECG
Interpretation

Geoffrey Southmayd and David Hirsh

Abbreviations

ACS Acute coronary syndrome
AV node Atrioventricular node

BPM Beats per minute

ECG Electrocardiogram

HR Heart rate

LAA Left atrial abnormality

LVH Left ventricular hypertrophy
MI Myocardial infarction

PE Pulmonary embolism

RAE Right atrial enlargement
RV Right ventricle

RVH Right ventricular hypertrophy
SA node Sinoatrial node

G. Southmayd (P<) - D. Hirsh
Division of Cardiology, Emory University, Atlanta, GA, USA
e-mail: gsouthm@emory.edu; david.hirsh@emory.edu

© Springer Nature Switzerland AG 2020
B.J. Wells et al. (eds.), Handbook of Inpatient Cardiology,
https://doi.org/10.1007/978-3-030-47868-1_29

®

Check for
updates

469


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47868-1_29&domain=pdf
https://doi.org/10.1007/978-3-030-47868-1_29#DOI
mailto:gsouthm@emory.edu
mailto:david.hirsh@emory.edu

470  G. Southmayd and D. Hirsh
Electrocardiogram (ECG) BASICS

Electrical Conduction System

¢ Sinoatrial node (SA node) = Atrioventricular node (AV
node) = His bundle = Left and Right bundle branches =
Purkinje fibers = Myocytes

e An action potential leads to myocyte depolarization,
which spreads quickly among adjoining cells. Summation
of the movement of this current through the myocardium
over time produces the surface ECG tracing.

Introduction to the 12-Lead ECG
(Standard Calibration)

e Limb leads: I, II, III, aVL, aVR, aVE. Measure electrical
activity in the frontal plane.

* Precordial leads: V, — V. Measure electrical activity in the
horizontal plane.

e Standard 12-lead ECG =10s

e Horizontal grid represents time: 1 mm small box = 0.04 s,
5 mm large box =0.2s

e Vertical grid represents voltage amplitude: 10 mm = 1 mV

The Normal ECG: (See Fig. 29.1)
e P wave: atrial depolarization

¢ QRS complex: ventricular depolarization
e T wave: ventricular repolarization

Standard Approach to ECG Assessment

Rate

* 300-150-100-75-60-50 rule (See Fig. 29.2)
e Tachycardia =rate > 100 bpm; Bradycardia = rate < 60 bpm;
Accelerated = rate > expected (For non-sinus rhythms. AV
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QRS Complex
<120 ms

=

R

ﬂ R-R Interval

=) J-point
VAN | \/

Q s
T-P segment
I T I T | (Isoelectric baseline)

PR interval QT interval
120 — 200 ms < 450 ms (M), < 460 ms (F)

FiGure 29.1 Normal ECG
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FIGURE 29.2 Heart rate assessment using ECG

node expected rate = 40-60 bpm, Ventricular expected
rate = 20-40 bpm)

e For irregular rhythms: Heart rate (HR) = (Total # QRS
complexes on 10-second ECG) x 6

e Atrial and ventricular rates may differ from one another
(AV block, AV dissociation)
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Rhythm

Important considerations:

— Is the rhythm regular or irregular?

— Are P waves present? What is the P wave relationship
with QRS?

— Is the QRS complex wide or narrow?

— Are there premature or dropped beats?

— How did an arrhythmia begin or terminate?

See Table 29.1 for common rhythm abnormalities.

The reader is directed to the corresponding chapters else-

where in the text for details on the diagnosis and manage-

ment of various rhythm disturbances.

Clinical Pearl

A narrow complex tachycardia with ventricular rate
near 150 bpm should be considered atrial flutter until
proven otherwise. Look closely for flutter waves that
may be buried in the tracing.

Axis

Represents cumulative current vector at any point in time

during cardiac cycle.

Depolarization current foward the positive electrode will

cause an upward deflection in the ECG tracing. Similarly,

depolarization direction away from the positive electrode

will cause a downward deflection, and depolarization per-

pendicular to the electrode will not cause any deflection

(isoelectric).

Approach to QRS axis determination (See Fig. 29.3):

1. Examine QRS complex in leads I and aVF to determine
vector quadrant.

2. Find isoelectric limb lead. QRS axis is perpendicular to
this lead in the selected quadrant.

3.1f no isoelectric lead is present, keep narrowing the
scope of vectors by analyzing additional leads.
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-150°

-90°

-30°
aVR
180° 0°
Normal Axis
-30° to +105°
+150° +30°

+120° aVF +60°

+90°

FIGURE 29.3 Axis

e Normal QRS axis = -30° to 105°
o Left axis deviation (—30° to —90°): Causes include LAFB,

LBBB, LVH, ostium primum ASD, inferior MI, horizontal
heart (pregnancy, ascites)

Right axis deviation (105° to 180°): Causes include LPFB,
RBBB, RVH, ostium secundum ASD, vertical heart,
chronic lung disease, pulmonary embolism, lateral MI,
dextrocardia

Extreme axis deviation (180° to —90°): Causes include
ventricular rhythm, limb lead reversal, inferolateral MI
Normal P wave axis = 0-75°

Normal T wave axis = 0-60°

Clinical Pearl
If QRS is positive in leads I and II, then the QRS vector is
located between —30° and 90° and QRS axis is normal.
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Intervals: (See Fig. 29.1)

e PR interval: normal 120-200 ms
e QRS duration: normal <120 ms
e QT interval:

Normal QTc < 450 ms (male) or < 460 ms (female)
Use the single lead with the longest QT interval

If the T and U waves are superimposed, measure the
QT in leads which do not have an obvious U wave and/
or draw a tangent from the steepest part of the T wave
to the TP segment

Widened QRS (> 120 ms): consider using the J-T inter-
val (QT interval-QRS duration)

QT interval must be adjusted for HR. Bazett’s formula
has been wused classically: Corrected QT
(oTc) = or . Currently, other linear regression

- RRinterval

formulae are recommended.
When estimating QTc on ECG, in general, the QT
interval should be < %5 RR interval [1]

Chamber Enlargement: (See Fig. 29.4)

e Right atrial enlargement (RAE): P wave > 2.5 mm in lead
ILor>1.5mminV /V,

e [Left atrial abnormality (LA A): Terminal portion of P wave
in V, > 0.04 sec duration and > 1 mm deep; P wave dura-
tion >0.12 sec in leads II, III, or aVF.

Hypertrophy

e Left ventricular hypertrophy (LVH) [2]:

Criteria:
S (V,) + R (V,orV,) >35mm (Sokolow Lyon)
R (aVL) + S (V,) > 28 mm (male) or > 20 mm
(female) (Cornell criteria)
R (aVL) > 11 mm
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I V1

RAE o |>15mm

A

or |>0.04 sec wide
_"": > 1 mm deep

>0.12 sec[ v

FiGURE 29.4 Chamber enlargement

LAA

.2
|

— Supporting features on ECG: LAA, repolarization
abnormality, Q waves in anterior precordial leads
(pseudo-infarct pattern)

e Right ventricular hypertrophy (RVH):

— Ciriteria less well defined. Look for R/S ratio >1inV,,
R/Sratio<1inV,R (V,)>7mm,or R (V,)+S (V,or
V,) > 10.5 mm

— Supporting features: Right axis deviation, right ventri-
cle (RV) strain pattern (ST depression and T wave
inversion in V -V,), incomplete/complete right bundle
branch block, RAE
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Clinical Pearl

The differential diagnosis for tall R waves in V, (R > S)
includes: Right bundle branch block, RV hypertrophy
or strain pattern, Posterior MI, WPW syndrome,
Dextrocardia, and Muscular dystrophy

ST Segment and T Wave Changes

ST segment: Represents time between ventricular depolar-
ization and repolarization. Usually isoelectric. Depression

or elevation >1 mm is considered abnormal.
ST depression:

— Subendocardial ischemia: flat or down-sloping ST
depressions + T wave abnormalities.

Posterior acute MI: Can be difficult to recognize. Look
for tall R waves with ST depressions and upright T
wavesin V,V, (Inverse of changes seen in anterior MI).
LVH with repolarization abnormality: ST-T wave
changes opposite to the direction of major QRS deflec-
tion. Typically mild ST depressions in I, V, V, and mild
ST elevations in anterior precordial leads.

Other causes: Bundle branch blocks, drug/electrolyte
effects.

ST elevation:
— Early repolarization: upwardly concave ST elevation

with elevated take-off of the ST-segment, large upright
T waves, and no reciprocal ST depressions, typically in
precordial leads.

Myocardial injury: upwardly convex ST elevation
(“tombstone” pattern) often with reciprocal ST depres-
sions, T wave abnormality, QT prolongation.

Acute Pericarditis: diffuse ST elevation without recipro-
cal ST depressions, PR segment depressions.

Other causes: Coronary vasospasm, ventricular aneu-
rysm, takotsubo cardiomyopathy.
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Clinical Pearl

You cannot localize ischemic ST depressions on ECG to
a particular region of the myocardium. This is in con-
trast to ST elevations from myocardial injury, which we
can use to predict the culprit vessel in ACS.

e T wave inversion: consider myocardial ischemia/infarct,
repolarization abnormality in LVH/RVH (strain pattern),
bundle branch block, metabolic abnormality, or normal
variant in V-V, in children (Juvenile T waves)

e Tall T waves: early acute MI, hyperkalemia

Conduction Abnormalities: (See Fig. 29.5)

e Right bundle branch block (RBBB) [3]:
— 1SR patternin V,, V_; Wide, slurred S wave in I, V, V,
— T wave inversion +/— ST depressionin V, V,
— Complete (QRS > 120 ms) or incomplete (QRS
100-120 ms)
— Does not interfere with diagnosis of acute MI or
hypertrophy
e Left bundle branch block (LBBB) [3]:
— QS or 1S complex in V|, V,; Broad monophasic R waves
in,V,,V,
— Secondary ST-T wave changes in direction opposite to
major QRS deflection
— QRS > 120 ms
— LBBB interferes with ability to diagnose acute MI and
LVH. Use Sgarbossa criteria to assess for ischemia, and
echo to assess for LVH.
e Left anterior fascicular block (LAFB):
— gR complex in I, aVL; 1S complex in III, aVF
— Left axis deviation for diagnosis (—45 to —90 deg)
— QRS narrow or borderline wide
e Left posterior fascicular block (LPFB):
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FIGURE 29.5 Bundle branch blocks

— 1S complex in I, aVL; qR complex in III, aVF
— Right axis deviation (100 to 180 deg)
— QRS narrow or borderline wide
¢ Bifascicular block = RBBB + LAFB/LPFB
e Trifascicular block = first degree AV block + RBBB +
LAFB/LPFB

Clinical Pearl

In patients with RBBB, you should use only the first
60 ms of QRS complex for axis assessment, since the
latter half of the QRS complex represents primarily RV
depolarization.
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O Waves: Significant when >30-40 ms wide in 2 contiguous
leads.

Low-Voltage ECG: QRS amplitude (R + S) <5 mm in limb
leads, < 10 mm in precordial leads

Clinical ECG Patterns

Electrolytes

e Hyperkalemia: Peaked T waves = QRS widening, PR pro-
longation = Sine wave pattern

e Hypokalemia: T wave flattening, prominent U waves, sag-
ging ST depressions. prolonged QT.

e Hypercalcemia: QT shortening — limited to ST-segment

e Hypocalcemia: QT prolongation — limited to ST-segment

Drugs

e Digoxin:

— Common effects: Scooping ST depressions (Digitalis
effect), mild PR prolongation. Findings do not imply
toxicity.

— Toxicity: Numerous possible arrhythmias. High suspi-
cion for toxicity if atrial tachycardia with variable AV
block, or bidirectional VT.

e Tricyclic antidepressant toxicity: QRS widening, QT
prolongation.

e Common QT prolonging meds: Antiarrhythmics, antipsy-
chotics, TCA, macrolides, fluoroquinolones, methadone,
ondansetron.

— Full list can be found at https://www.crediblemeds.org
(AZCERT, Inc.)


https://www.crediblemeds.org
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Systemic/Metabolic Abnormalities

e Acute Pulmonary Embolism (PE): RAD, RBBB (incom-
plete or complete), T wave inversions in anterior precordial
leads, S1Q3T3 pattern. Most common ECG finding in
acute PE = sinus tachycardia

e Pericardial Tamponade: Tachycardia, electrical alternans, +
low voltage

e Hypothermia: bradycardia, prolongation of PR/QRS/QT
intervals, J point elevation (“Osborn wave”)

e Central Nervous System disorder: classically with large,
deeply inverted T waves in precordial leads and marked
QT prolongation.

Key Learning Point

1. The approach to ECG assessment should include a
systematic evaluation of the rate, rhythm, axis, inter-
vals, chamber enlargement, and any associated ST-T
wave changes.

2. Rhythm interpretation requires careful evaluation of
the P-QRS-T relationship. Remember to distinguish
the atrial rate from the ventricular rate, as these may
differ and provide clues to rhythm identification.

3. The beginning and end of a tachyarrhythmia provide
the best clues to determine etiology. Pay attention to
events that trigger or terminate the rhythm.

4. Maintain a high index of suspicion for atrial flutter
for any narrow complex tachycardia with ventricular
rates near 150 bpm.
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Chapter 30

Basic Principles
of Echocardiography

Bryan Kindya and Byron Robinson Williams III

Assessment of Left Ventricle (LV) Function

Systolic Assessment

e LV systolic function is quantified by the amount of blood
ejected from the ventricle during systole. This is expressed
as an absolute value (stroke volume) or as a percentage
(ejection fraction) [1].

e Assessment of LV function is accomplished with five tradi-
tional views: (parasternal long axis (PLAX), parasternal
short axis (PSAX), apical four chamber (A4C), apical two
chamber (A2C), and subcostal) [Fig. 30.1].

e E-point septal separation can be used to quickly assess LV
function as normal or abnormal [2]. To calculate this, mea-
sure the distance between the anterior mitral leaflet and
the septum during early diastole.

e E-point septal separation greater than 7 mm is generally
associated with a reduced ejection fraction [3]
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Highlights and Clinical Pearls

e EF less than 50% defines systolic dysfunction and is
diagnosed by echo. This aids in diagnosis of Heart
Failure with Reduced Ejection Fraction.

e The severity of EF reduction helps guide medical
therapy for heart failure treatment.

Assessment of Right Ventricular (RV)
Function

Due to the RV’s complex shape, it is difficult to assess size
and function in the traditional cardiac windows [1].

FiGure 30.1 Traditional echocardiographic windows
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RV Size

e RV size is best assessed in the subcostal or A4C view. To
estimate RV size, compare it to the LV and estimate how
much of the cardiac apex it comprises.

— Normal — RV is smaller than the LV and makes up little
to none of the cardiac apex.

— Mildly enlarged — Smaller than the LV but contributes
to the cardiac apex.

— Moderately enlarged — Equal in size to the LV and
makes up about half of the cardiac apex.

— Severely enlarged — Bigger than the LV and makes up
more than half of the cardiac apex.

Function

e RV dysfunction is classified as mild, moderate, or severe.
Though this is often a subjective assessment, there are
objective means to classify RV function. One is Tricuspid
Annular Planar Systolic Excursion, or TAPSE [4]. In the
A4C view, use M-mode to view the lateral RV wall at the
level of the tricuspid annulus. Measure the distance the
tricuspid annulus moves during systole. Normal movement
is greater than 14 mm. Movement less than this indicates
RV dysfunction.

McConnell’s Sign

e McConnell’s sign may indicate acute pulmonary embolism
and should not be overlooked [5]. In the A4C view, hyper-
kinesis of the RV apex, akinesia of the mid lateral RV free
wall, and septal flattening or bowing of the septum into the
LV are seen. These findings signify acute RV pressure
overload, commonly seen in large pulmonary embolism,
and should prompt immediate consultation.
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Highlights and Clinical Pearls

e Assess RV size in the subcostal or A4C view.

e RV dysfunction can be due to LV failure or intrinsic
pulmonary pathology. RV dysfunction in the setting
of a normal LV suggests pulmonary pathology.

e Acute RV dysfunction should raise concern for large
pulmonary embolism.

Assessment of Valves

Valve disease is typically characterized by stenosis (narrow-
ing, decreased forward flow) or regurgitation (insufficiency,
increased backward flow).

Stenosis is defined by small valve area, high flow velocities,
and high-pressure gradients.

Regurgitation is characterized by increased regurgitant
volumes and large regurgitant orifice areas. Regurgitation is
classified as acute or chronic. Acute regurgitation occurs due
to rapid change in valve function, which may be caused by a
ruptured papillary muscle, whereas chronic regurgitation
occurs more slowly. Enlarged cardiac chambers can be seen
in chronic regurgitation, as cardiac remodeling happens over
time and is not usually seen in acute regurgitation.

Aortic Valve Disease

Aortic Stenosis (AS)

e AS can be due to congenital unicuspid or bicuspid valve,
especially in patients younger than 70, or due to age-
related calcification. Symptoms of severe disease include
chest pain, dyspnea, and syncope.

e The severity of stenosis is measured in the A4C view with
the left ventricular outflow tract brought into view by
angulating the transducer anteriorly toward the patient’s
chest wall.
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TaBLE 30.1 Markers of severe valve stenosis

Aortic Tricuspid
valve Mitral valve valve
Mean pressure 40 10 5
gradient (mm
Hg)
Valve area (cm?) 1.0 1.0 1.0
Peak flow 4.0 - -
velocity (m/s)
Pressure half - 150 190
time (ms)
Other findings - Pulmonary artery -
pressure above
50 mm Hg

e Severe disease is defined by:
— Maximum flow velocity > 4 m/s
— Mean pressure gradient >40 mm Hg
— Calculated aortic valve area of <1.0 cm? [Table 30.1]
[6] [7].

e Low flow — low gradient AS should be suspected when the
calculated aortic valve area is less than 1 cm? but mean
pressure gradient is less than 40 mm Hg [6]. This finding
should prompt cardiology consultation.

e Severe, symptomatic AS requires cardiology consultation
for procedural intervention.

Aortic Regurgitation (AR)

e AR is typically caused by aortic disease (dilation, dissec-
tion) or primary leaflet disease (endocarditis, etc.). Chronic
AR leads to a LV volume overload and subsequent LV
dilation followed by a reduction in EF [Fig. 30.2].

e Severe disease is defined by:

— Regurgitant volume > 60 mL/beat
— Regurgitant fraction >50%
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FIGURE 30.2 Severe aortic regurgitation with diastolic backflow into
the left ventricle

— Effective regurgitant orifice area > 0.3 cm?
— Diastolic flow reversal (backward flow) in the abdomi-
nal aorta suggests severe disease [Table 30.2] [6, 8]
e Severe disease requires cardiology consultation.

Highlights and Clinical Pearls

e AS is characterized by high gradients, high velocities,
and low valve areas. Severe or symptomatic disease
requires cardiology consult.
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e AR s characterized by high regurgitant volumes and
large orifice areas. Acute severe regurgitation usually
warrants emergent or urgent intervention. Chronic,
severe regurgitation requires monitoring by a
cardiologist.

Mitral Disease

The mitral valve is seen in the PLAX, PSAX, and A4C, but
objective measurement is best accomplished in the A4C view.

Mitral Stenosis (MS)

e MS is usually caused by rheumatic disease, but can also be
caused by mitral annular calcification. MS causes atrial
arrhythmias, pulmonary hypertension, LV diastolic dys-
function, and left atrial enlargement.

e Severe disease requires cardiology consultation and is
defined by:

— Mitral valve area < 1.0 cm?
— Mean diastolic gradient above 10 mm Hg
— Pressure half time of >150 ms [Table 30.1] [6] [7].

TaBLE 30.2 Markers of severe valve regurgitation

Aortic valve Mitral valve

Regurgitant volume 60 60

(mL)

Regurgitant fraction 50 50

(%)

Effective regurgitant 0.3 0.4

orifice area (cm?)

Other findings Abdominal aortic Pulmonic vein
diastolic flow systolic flow

reversal reversal
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Mitral Regurgitation (MR)

MRischaracterized byitsunderlyingetiology. Degenerative

MR refers to diseases of the leaflet apparatus itself.

Functional MR refers to remodeling of the valve, usually

due to LV dysfunction and/or dilation. MR causes atrial

dilation, arrhythmias, pulmonary hypertension, and dilated

cardiomyopathy. Subjective assessment of MR severity

can be accomplished in the A4C view using color Doppler

across the mitral valve.

— Mild MR - small, central, often brief jets

— Moderate MR — variable in size, longer in duration than
mild

— Severe MR - Holosystolic, often more than 50% of the
LA is filled by regurgitation [Fig. 30.3] [6].

Severe disease is defined by:

— Regurgitant volume > 60 mL/beat

— Regurgitant fraction >50%

— Effective regurgitant orifice area > 0.4 cm? [Table 30.2]
[6.8]

Severe disease requires cardiology consultation to deter-

mine if valve repair/replacement is indicated.

FiGURE 30.3 Severe mitral regurgitation
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Tricuspid Disease

Tricuspid Stenosis (TS)

e TS is rare and seen in rheumatic disease or other clinical
conditions such as carcinoid syndrome. TS always requires
cardiology consultation [Table 30.1].

Tricuspid Regurgitation (TR)

e TR occurs secondary to RV disease, pulmonary hyperten-
sion, or primary leaflet pathology. It leads to RA and RV
volume overload and dilatation. Assess in the A4C view
with color doppler across the tricuspid valve.

— Mild TR — Narrow jet

— Moderate TR — Intermediate-sized jet

— Severe TR — Large jet encompassing more than half the
RA

— Systolic reversal of flow in the hepatic veins suggests
severe TR

e Severe disease requires cardiology consultation.

Pulmonic Disease

Pulmonic Stenosis (PS)

e PS is rare and usually seen in congenital heart disease
(Tetralogy of Fallot, Noonan’s syndrome). Evaluation of
the pulmonic valve requires special windows and requires
cardiology evaluation.

Pulmonic Regurgitation (PR)

e PR is usually benign. If there is concern for severe or
symptomatic disease, a cardiology referral for specialized
imaging is indicated.
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Great Vessel Assessment
Aorta

e Assessment of the aorta is important when evaluating
for aneurysm or dissection. In the PLAX view, angulate
the probe toward the patient’s right shoulder to bring
the proximal aorta into view. Measure during end dias-
tole [1].

Ascending Aortic Aneurysms

e Aneurysms are caused by hypertension or genetic disor-
ders (bicuspid valve, Marfan syndrome). Ascending
aorta diameters >3.5 cm are considered dilated and
require serial echocardiography and cardiology consul-
tation. Indications for repair include diameter > 5.5 cm
(5.0 cm in Marfan syndrome), or growth greater than
0.5 cm/year.

Aortic Dissection

e TTE is not a sensitive test for dissection. Assessment of
aortic dissection involves PLAX for the proximal aorta,
the suprasternal notch window for the aortic notch, and
the proximal descending aorta via the subcostal window.
A dissection flap may be visualized in the aorta [Fig. 30.4].
Other indicators of dissection include differences in color
flow across the dissection flap or a dilated aorta. Assessment
for AR in the PLAX or A4C view is important in patients
going for surgery to determine if concurrent aortic valve
intervention is indicated.
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FIGURE 30.4 Aortic dissection with dissection flap present

Highlights and Clinical Pearls

e Aortic aneurysms weaken wall integrity and are at
risk of rupture. Serial monitoring is necessary, and
indications for repair are based on size.

e Dissection can be acute or chronic. Ascending aortic
dissection requires surgical repair, and assessment of
aortic valve disease is essential before surgery.

Inferior Vena Cava (IVC)

IVC assessment assists in the evaluation of a variety of car-
diac conditions including heart failure and cardiac tampon-
ade. Assess the IVC in the subcostal view with the transducer
positioned longitudinally. Then, angulate the probe side to
side to bring the IVC into view. Ensure IVC is being viewed
and not the descending aorta by angulating the probe toward
the patient’s head to view the junctions of the hepatic vein
and IVC, and the IVC and RA. Estimate the RA pressure
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based on diameter of the IVC and its collapsibility when the
patient “sniffs” [9].

IVCsize >2.1 cm and IVC collapsibility <50% = 10-20 mm
Hg
IVCsize >2.1 cm and IVC collapsibility >50% = 5-10 mm
Hg
IVC size <2.1 cm and IVC collapsibility >50% = 0-5 mm
Hg

Highlights and Clinical Pearls

e A dilated IVC that does not collapse >50% with
“sniff” suggests elevated RA pressures. This may be
seen in decompensated heart failure, pericardial tam-
ponade, TS, and severe TR.

Pericardial Disease

Pericardial Effusion

Effusions occur due to various etiologies (malignancy, viral
pericarditis, autoimmune, trauma).

Assess for pericardial effusion in all five standard views, as
it may present in any location in the pericardium and may
not be visible in all views.

Tamponade Assessment

Cardiac tamponade occurs when the pressure in the peri-
cardial space exceeds that of the chambers of the heart,
causing impaired filling and collapse. Echo findings sug-
gesting tamponade include sustained systolic collapse of
the RA, diastolic collapse of the RV [Fig. 30.5], and a
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FiGure 30.5 Cardiac tamponade with diastolic collapse of the right
ventricle

dilated IVC with respiratory variation less than 50% [1]. In
normal physiology, inspiration causes a drop in thoracic
pressure, increased RV filling, and decreased LV filling. In
tamponade, this finding is accentuated. Assess in the A4C
view by measuring Doppler inflow across the mitral valve.
Greater than 25% variation in peak flow velocity between
inspiration and expiration across the mitral valve suggests
tamponade physiology. Concern for tamponade should
prompt emergent cardiology consultation to determine
further management.
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Key Learning Points

1.

Complete assessment of ventricular function requires
visualization of the heart in all views. Obtaining these
views requires practical experience and practice, and
skill doing so varies from person to person.

. Assessment of valve regurgitation and stenosis use

both qualitative and quantitative parameters. Severe
disease, especially when acute, requires cardiac
consultation.

. Acute aortic dissection is a medical emergency with

high mortality when not detected. Despite this, trans-
thoracic echocardiography has low sensitivity and is
not an accurate diagnostic test to assess for dissec-
tion. Once dissection has been diagnosed, echocar-
diography is useful for aortic valve assessment to
determine if valve repair is indicated at the time of
surgery.

. Cardiac tamponade is a medical emergency.

Abnormal collapse of any cardiac chamber (atrial,
ventricular, left sided, or right sided) indicates tam-
ponade  physiology and  warrants  urgent
consultation.

. Inferior vena cava assessment can play an important

role in volume assessment and can be used to esti-
mate cardiac filling pressures.
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Abbreviation

ABI Ankle-brachial pressure index

ARVC Arrhythmogenic Right Ventricular
Cardiomyopathy

AVB Atrioventricular block

CAC Coronary Artery Calcium Score

CAD Coronary artery disease

CCT Cardiac CT

CCTA Coronary CT angiography

DTS Duke Treadmill Prognostic Score

ECG Electrocardiogram

EGE Early gadolinium enhancement

EIBBB Exercise-induced BBB

EMB Endomyocardial biopsy

FFRCT Fractional flow reserve CT

HHR Heart Rate Recovery
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HR Heart rate

ICA Intracoronary angiogram

LBBB Left bundle branch block

LGE Late gadolinium enhancement
LVEF Left ventricular ejection fraction
LVH Left ventricular hypertrophy
MET Metabolic Equivalent of Task

MI Myocardial infarction

PAD Peripheral Arterial Disease

Pt Patient

Qp/Qs Pulmonary-to-systemic shunt ratio
RV Right ventricular

SBP Systolic blood pressure

SE Stress Echocardiography

SSFP Steady-state free precession
V-paced Ventricular paced rhythm

WMA Wall motion abnormality

WPW Wolff-Parkinson-White syndrome
Stress Test

Stress testing is performed using either standardized exercise

protocols or a pharmacological agent.

Exercise Stress Test

Generally preferred if able to exercise. Modalities include
treadmill (most common), stationary cycle, or arm ergometry.
The goal peak HR is 85% age predicted maximal HR to

ensure adequacy of exercise.

Pharmacologic Stress Test

e Use if unable to exercise or unable to achieve goal HR.

e Must be paired with nuclear imaging or echo.

e Similar sensitivity and specificity to exercise stress with
imaging but without the hemodynamic and symptomatic

information.



Chapter 31.

Stress Testing, Nuclear Imaging, CT Angiography...

505

e Preferred in LBBB or V-paced due to false positive exer-
cise imaging (artefactual septal perfusion defect).

e Types of pharmacological stress:

— Coronary vasodilator: causes coronary arteriolar vasodi-

lation, diseased vessels do not dilate while normal vessels
have increased flow, causing coronary flow heterogeneity.
Agents available are adenosine, dipyridamole (increases
circulating adenosine), or regadenoson (selective A2A
receptor agonist). Side effects: flushing, AVB, and bron-
chospasm. Contraindications: allergy, theophylline within
36 h, uncontrolled asthma, significant AVB, caffeine
within 12 to 24h. Caution in those with seizure disorders.
Chronotropes/inotropes: dobutamine, which is more

physiologic but can
arrhythmogenic.

induce

ischemia and be

Indications/Contraindications: See Table 31.1

TABLE 31.1 Summary of indications and contraindications to

exercise stress testing

Indication

Contraindication

Coronary Artery Disease

Asymptomatic Pt with chest pain and
intermediate likelihood of obstructive CAD,
management of Pt with stable CAD, following
myocardial infarction, limited usefulness in Pt
post PCL.

Peripheral Arterial Disease

Assessment of questionable PAD, functional
assessment in known PAD, evaluation of post-
surgical or endovascular revascularization
procedures.

Valvular Heart Disease

Assessing functional capacity in patients with
valvular heart disease.

Absolute

Acute myocardial
infarction (within 2 days).
High-risk unstable
angina.

Uncontrolled arrhythmia
with hemodynamic
compromise.

Active endocarditis.
Symptomatic severe
aortic stenosis.
Decompensated heart
failure

Acute pulmonary
embolism

Acute myocarditis or
pericarditis

(continued)
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TaBLE 31.1 (continued)

Indication Contraindication

Hypertrophic Cardiomyopathy Relative

Risk stratification and functional assessment. Known left main
coronary artery stenosis

Heart Rhythm Disorders Hypertrophic

cardiomyopathy with a
severe resting gradient
Severe hypertension
High-grade AV block

Evaluation of Pt with exercise-induced
arrhythmias, evaluate with medical or ablative
therapy.

Adult Congenital Heart Disease

Functional assessment of Pt with congenital
heart disease associated with pulmonary
hypertension.

Assessment of Coronary Arterial Disease

e Sensitivity of 68% and specificity of 77%. Exercise test has
a higher sensitivity with triple-vessel disease than in those
with single-vessel disease.

e Exercise capacity is the most important prognostic vari-
able; Pt able to perform >10 METs are in general at low
risk for cardiovascular events.

e Hemodynamic Response:

— Maximum Heart rate: an adequate study is defined by
achieving 85% of the age-predicted maximum heart
rate [HRmax = 220 - age, for Pt with coronary artery
disease CAD on B-Blocker HRmax = 164 — (0.7x age)].

— Systolic Blood Pressure: Exaggerated SBP Response
>210 mmHg in men and > 190 mmHg in women indica-
tive of the future development of hypertension in nor-
motensive Pt. Exercise-Induced Hypotension SBP
during exercise falling below resting systolic pressure is
predictive of a poor prognosis typically due to severe
multivessel CAD with left ventricular dysfunction, also
seen in Pt with cardiomyopathy, left ventricular outflow
tract obstruction, enhanced vagal tone, hypovolemia,
antihypertensive medications, and arrhythmias.
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Heart Rate Recovery HRR: Normal recovery is defined
as >12 beats/min after 1 min with post exercise cool
down or > 18 beats/min after 1 min with immediate ces-
sation of movement. HRR of 12 beats or less predicts
an increased relative risk of sudden cardiac death and
all-cause mortality independent of CAD severity.

e FElectrocardiographic Responses:

ST-segment evaluated 80 ms after the J point.

ST depression does not localize ischemia, whereas ST-
segment elevation localizes the vascular region; Lead
V5 is the most sensitive.

Downsloping or horizontal ST depression (>1 mm) is
more predictive of CAD, whereas upsloping ST depres-
sion is less specific.

Presence of ventricular ectopy during exercise recovery
is an indicator of worse prognosis.

Exercise-induced BBB EIBBB suggests CAD (espe-
cially at lower HR <125 bpm) or conduction disease.
ST-segment changes before onset of the EIBBB are still
interpretable.

e Multivariable Score:

Duke Treadmill Prognostic Score (DTS):

DTS = Exercise time on Bruce protocol — (5 x ST devia-
tion [mm]) — (4 x Angina index [0 for no chest pain, 1
for chest pain, 2 for chest pain that stops the test])
(>10 low risk, 10 to —5 intermediate risk, <—5 high risk)
Does not include clinical variables (age, HR, etc.)
Cleveland Clinic Prognostic Score. Includes most clini-
cal and exercise prognostic variables.

Assessment of Peripheral Arterial Disease (PAD)

Evaluate functional limitations caused by PAD and the
response to therapy. Post exercise ankle brachial index ABI:
in Pt with PAD will show a decrease in ABI (greater than a
5% drop in post exercise ABI from resting levels) and a pro-
longed recovery time.
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Exercise Stress Testing in Women: Exercise stress testing
without imaging is less sensitive and specific in women, while
still providing valuable information in evaluating symptom-
atic patients.

Clinical Pearl

Beta-blockers may be held for modalities that rely on
chronotropic response, e.g., exercise or dobutamine
stress. Whereas, beta-blockers should not be held in Pt
with known CAD when attempting to assess the quality
of medical management.

Stress Echocardiography SE

Evaluation of CAD: Typically performed with exercise or
dobutamine stress. Echocardiography performed at peak
stress to assess for stress-induced wall motion abnormalities.
SE has sensitivity of 84% and specificity of 82% in detecting
CAD.

e Negative SE test has a low risk of subsequent events (<
1% per year), whereas a positive study indicates increased
risk of MI, revascularization, or death.

e For Pt undergoing major noncardiac surgery, a negative
dobutamine SE is associated with a high negative predic-
tive value of death and MI.

Viability Assessment: Viable myocardium is defined as an
increase in wall thickening at low-dose dobutamine (5 pg/kg/
min). Viable segments may show a biphasic response
(improvement at low dose and then worsening at high dose)
due to ischemia present with higher dose dobutamine.
Limitations: Images need to be obtained as close to peak
stress as possible to accurately assess ischemia; image quality
limited in those with poor echo windows.
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Nuclear Cardiology

Evaluation of CAD: Myocardial perfusion imaging typically
performed using SPECT with Tc-99 m based tracers. PET is
more expensive and less available, but may be more accurate.
Reversible defects (abnormal perfusion with stress and nor-
mal at rest) are consistent with ischemia, while fixed defects
are consistent with infarction. SPECT has a sensitivity of 88%
and a specificity of 76% in detecting CAD.

e Normal myocardial perfusion implies an excellent progno-
sis with <1% mortality or MI rate at 1 year. Abnormal
perfusion implies high risk, with increasing risk with sever-
ity and extent of perfusion defects.

e For Pt undergoing major noncardiac surgery, normal myo-
cardial perfusion is associated with a high negative predic-
tive value of death and ML

Myocardial viability: Often assessed with metabolic PET
imaging using FDG, with mismatched PET defects (normal
FDG uptake with abnormal perfusion) indicating viability.
Resting T1-201 and Tc-99 m SPECT are also used, with pre-
served perfusion indicating viability.

LV function: LV function routinely assessed with SPECT
and PET imaging. MUGA can assess LV and RV function,
but rarely used in current practice.

Limitations: Attenuation (breast, diaphragmatic), LBBB if
performed with exercise (vasodilator preferred), rarely bal-
anced ischemia, radiation exposure.

Clinical Pearl

Important signs of the presence of left main or multi-
vessel CAD are transient ischemic dilation TID of the
left ventricle, reversible right ventricular uptake, and/or
a decline in the LVEF after stress.
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Cardiac CT (CCT)

Indications/Contraindications/Safety:

See Table 31.2

Coronary CT angiography (CCTA) vs. functional testing led
to more radiation, coronary angiography, and revasculariza-
tion, but no difference in clinical outcomes [(PROMISE

NEJM 2015;372:1291)].

TaBLE 31.2 Summary of indications, contraindications, and safety
considerations for Cardiac CT

Indication Contraindication® Safety

Chest pain Renal insufficiency, Radiation
Acute or chronic (GFR <30 ml/min) exposure
low-intermediate risk Contrast allergy Contrast
chest pain syndromes (pretreat with steroid induced
with equivocal stress and diphenhydramine.  nephropathy

test. Coronary artery

anomalies. Graft patency.

Cardiac Masses
Congenital heart disease
Pericardial disease
Constrictive pericarditis,
mass, surgical
complication.

Aortic

Dissection, aneurysm,
prior surgery or EVS.
Pulmonary embolism
Pre-interventional
planning

Surgical, TAVR, TMVR,
EP ablation procedures,
LAA closure device
Intracardiac thrombus

Hx of anaphylaxis

is an absolute
contraindication.)
Recent IV contrast
(should avoid contrast
CT for 24 h)
Hyperthyroidism
(iodine may
precipitate
thyrotoxicosis).
Irregular heart rhythm
due to suboptimal
ECG gating.

Inability to breath-
hold >10 sec
(respiratory motion
artifact)

Risk factors:
Renal
insufficiency,
DM, volume
of contrast

2Are considered relative contraindication, and risk-benefit should

be evaluated
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CCT has a high NPV and may be used as a method to
exclude CAD among patients of low/intermediate risk pre-
senting with acute chest pain to the emergency department,
which leads to more rapid triage/discharge times. An approach
including cardiac CT leads to identification of more coronary
atherosclerosis and higher frequency of invasive testing and
revascularization, with more contrast and radiation.

Physiologic Evaluation of Coronary Artery
Disease

Fractional flow reserve (FFR) can be estimated from the CT
images without the need for a coronary vasodilator to deter-
mine the hemodynamic significance of a coronary stenosis.
When applied to coronary stenosis of intermediate severity,
FFRCT may correctly identify hemodynamically significant
lesions to better determine the need for invasive angiography
and revascularization.

Coronary Artery Calcium (CAC) Score

CAC is sensitive (91%) but not specific (49%) for detecting
obstructive CAD with high NPV. CAC assessment is useful
for risk stratification and is reasonable in asymptomatic
patients with intermediate risk (10-20% 10-y Framingham
risk) to determine the need for statin therapy. Radiation
exposure for CAC is lower than for CCTA.

Cardiac MRI CMR

MRI provides high spatial resolution images; quantitative
assessment of ventricular function; myocardial viability;
quantification of intra- and extracardiac shunts; measure-
ments of valvular velocities and gradients; and contrast-
enhanced angiography without the use of ionizing radiation.
See Table 31.3 for common applications of CMR.
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Clinical Pearl

Avoid gadolinium when there is impaired renal func-
tion (eGFR <30) to avoid nephrogenic systemic
fibrosis.

TaBLE 31.3 Common clinical application of cardiac MRI

CMR clinical application:
Coronary artery disease

Myocardial infarction:

Assess ventricular function, late gadolinium enhancement LGE
for myocardial infarction and infarct size, complications of MI.
Assessment of myocardial viability: Presence and extent of
LGE involvement (< 50% transmurality cutoff) typically used
to determine probability of contractile recovery. Dobutamine-
induced systolic wall thickening of >2 mm or improved wall
motion also predicts recovery.

Myocardial ischemia: Stress CMR imaging can be performed
using vasodilator agents to assess myocardial perfusion or with
dobutamine to assess for inducible wall motion abnormalities.
Normal stress CMR predicts an annualized cardiac event rate of
less than 1%.

Cardiomyopathy

Hypertrophic Cardiomyopathy: Gold standard for
determination of LVH and LV mass. Max wall thickness

(>30 mm) is specific for predicting SCD. Detects the presence
of LGE, systolic anterior motion (SAM) of the mitral valve, and
apical aneurysms.

Arrhythmogenic Right Ventricular Cardiomyopathy ARVC:
Assessment of RV size and function, myocardial fibrofatty
infiltration, localized aneurysms. CMR has been shown to have a
sensitivity of 96% and a specificity of 78% in detecting ARVC.
Myocarditis: Using the modified Lake Louise criteria, CMR
assessment of T2-weighted imaging for myocardial edema, early
gadolinium enhancement (EGE) for regional hyperemia and
capillary leak, and LGE imaging for myocardial fibrosis (usually
subepicardial and/or mid-myocardial). T2 mapping showed the
most benefit in patients with chronic symptoms.
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TaBLE 31.3 (continued)

Cardiac Sarcoidosis: Assesses ventricular function, LGE for
scar/fibrosis (usually patchy involvement). Presence of LGE has
been associated with major arrhythmias, guide endomyocardial
biopsy (EMB) (if septal LGE noted). Higher sensitivity in
identifying cardiac sarcoidosis than the modified Japanese
Ministry of Health guidelines.

Cardiac Amyloidosis: Assessment of LV systolic function,
presence of concentric increase in LV wall thickness, diffuse
EGE and/or LGE of the LV (may involve the RV).

Other cardiomyopathies: Iron Overload Cardiomyopathy,
preserved systolic LV function in most cases, T2« technique for
quantifying myocardial iron deposition (myocardial T2x < 10 ms
highest risk of heart failure within 1 year). Left Ventricular
Noncompaction, measuring diastolic noncompacted-to-
compacted thickness ratio of >2.3 has been used to diagnose LV
noncompaction.

Valvular heart disease

In aortic valve disease, CMR can measure the aortic valve
orifice by direct planimetry of the valve orifice. CMR phase-
contrast imaging is used to measure blood and to quantify
regurgitant valvular lesions.

Pericardial disease

Assessment of pericardial thickness, LGE imaging to assess for
active inflammation or pericardial fibrosis. Real-time imaging
during free breathing for the detection of cardiac constriction.
Myocardial tagged (CSPAMM) imaging may be useful to
identify any regional tethering caused by adhesions. CMR can
help in differentiating constrictive pericarditis from restrictive
cardiomyopathy.

Congenital heart disease
Atrial septal defect: Presence of an atrial septal defect, assess
suitability for transcatheter ASD closure, quantify right heart

size and function, measure pulmonary-to-systemic shunt ratio

(Qp/Qs).

(continued)
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TaBLE 31.3 (continued)

Ventricular septal defect: Presence of a ventricular septal
defect, quantify ventricular size and function, measure
pulmonary-to-systemic shunt ratio (Qp/Qs), LGE imaging may
help to determine if a VSD developed as a complication of MI.
Coarctation of the Aorta: Assess the aortic anatomy, the degree
of obstruction, and aortic valvular dysfunction. Phase-contrast
imaging can estimate pressure gradient across the coarctation.
Detection of collateral formation

Tetralogy of Fallot: 1dentifying pulmonary blood flow.
Quantitation of the severity of infundibular or pulmonary
stenosis, assessment of RV function, presence of an anomalous
coronary artery. Post-surgical RV outflow aneurysm evaluation,
pulmonary regurgitation, biventricular size and function, and
residual shunt.

Key Learning Points

e Multiple imaging options exist for the evaluation of
cardiac disease. It is important to be aware of the
wide array of choices available.

e Stress testing, whether exercise or pharmacologic,
provides a functional evaluation of ischemia.

e The addition of imaging (either echo or nuclear)
increases the diagnostic accuracy of stress testing for
the detection of CAD, particularly in women.

e CCT provides an anatomic evaluation of CAD and is
particularly useful in the exclusion of disease in low-
risk patients.

e Cardiac MRI has broad capabilities that are impor-
tant across many specific cardiac disorders.
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Left and Right Heart
Catheterization

Mistyann-Blue Miller and Duane Pinto

Cardiac Catheterization

General Principles

Cardiac catheterization includes a combination of diag-
nostic coronary angiography, percutaneous coronary inter-
vention (PCI), left ventricular and aortic angiography,
right heart catheterization, hemodynamic pressure mea-
surements, blood oximetry, evaluation and treatment of
valvular heart disease, or diagnostic and therapeutic
removal of pericardial fluid.

Left heart catheterization (LHC) involves invasive percu-
taneous techniques that require arterial access, i.e., coro-
nary angiography and/or left ventricular angiography.
Right heart catheterization (RHC) involves the hemody-
namic assessment of right-sided (venous) cardiac cham-
bers and pulmonary arterial vasculature using
balloon-tipped catheters to measure pressure and obtain
blood oximetry samples.
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FIGURE 32.1 Diagnostic coronary angiograms depicting an RAO
cranial projection of the left main coronary artery (a) and LAO
cranial projection of the right coronary artery (b). Note the serial
stenotic lesions (arrows) of the mid-left anterior descending artery

e Cardiac catheterization should be performed as a confir-
matory or diagnostic complement to noninvasive testing.

e Small catheters of various sizes and shapes are used for
invasive hemodynamic measurements and for injection of
radiopaque contrast that allows visualization of coronary
arteries and cardiac chambers under fluoroscopic X-ray
imaging (Fig. 32.1).

LHC and Coronary Angiography

e Coronary angiography is the mainstay of diagnostic and
therapeutic cardiac catheterization laboratory procedures.

e Coronary angiography should be performed to identify
the presence, extent, and severity of coronary artery
disease.

e Indications for cardiac catheterization are listed in
Table 32.1. A complete list of indications can be reviewed
in the ACC/AHA guidelines [1-4].

e Adjunctive procedures to coronary angiography include
functional and physiologic assessment of stenotic coronary
lesions using fractional flow reserve (FFR) or instanta-
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TaBLE 32.1 Indication for Coronary Angiography
Acute coronary syndrome

Preoperative valve surgery for patients older than 35 years of age

When the presence of clinically relevant coronary artery disease
remains unclear despite noninvasive testing and imaging

Differentiation between ischemic versus non-ischemic
cardiomyopathy

Cardiogenic shock

When clinical history and noninvasive testing suggest high
likelihood of significant ischemic heart disease

FiGure 32.2 Left ventriculography demonstrating an apical LV
aneurysm (arrows) in (a) diastole, (b) mid-systole, (¢) end-systole

neous wave-free ratio (IFR); assessment of coronary
lumen compromise, calcium density, or plaque characteris-
tics using intravascular ultrasound (IVUS) or optical
coherence tomography (OCT); or measurement of myo-
cardial and coronary blood flow.

e Left ventricular (LV) angiography (i.e., left ventriculogra-
phy) is helpful in the assessment of LV systolic function,
regional wall motion abnormalities, VSD and mitral regur-
gitation (Fig. 32.2).
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Periprocedural Considerations for Cardiac
Catheterization

Informed Consent and Contraindications

Informed consent, full history and physical exam, medica-
tion reconciliation, and review of basic labs (i.e., CBC,
BMP, coagulations studies) are obtained prior to any elec-
tive cardiac catheterization procedure.

The only absolute contraindication to cardiac catheteriza-
tion is the refusal of a competent patient (or healthcare
proxy if the patient does not have decision-making capac-
ity) to undergo the procedure.

Relative contraindications should be reviewed in
Table 32.2.

Preparation of the Patient

The patient should be NPO at least 6 hours prior to the
procedure, except in the case of urgent or emergent
indications.

Clinical Pearl

e Patients with documented contrast (or iodine) aller-
gies should be premedicated with steroids and diphen-
hydramine. Protocols for pre-medication may vary
among institutions, but in general the patient should
receive 50 mg Prednisone PO (or 100 mg
Hydrocortisone IV) 12 hours prior to the procedure
and an additional dose immediately before the proce-
dure. Intravenous methylprednisolone can also be
used. Premedication also includes the use of H2 block-
ers — either cimetidine, ranitidine, or famotidine — and
diphenhydramine 25 mg or 50 mg IV given once.

e Shellfish allergy does not warrant premedication
with steroids, diphenhydramine, or H2-blockers.
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TABLE 32.2 Rélative Severe hypokalemia
Contraindications to )
Cardiac Catheterization Severe anemia

Active blood loss
Acute stroke
Severe coagulopathy

Significant acute kidney injury
(AKTI) or acute renal failure

Digoxin toxicity

Untreated infection

e Patients should receive pre- and post-procedure hydration
with normal saline wunless patients are volume
overloaded.

e Sodium bicarbonate has not been proven to be superior to
normal saline in the prevention of contrast-induced
nephropathy in patients with renal insufficiency [3].

e Metformin should be discontinued the morning of the
procedure and should not be restarted until renal function
has remained stable 48 hours post-procedure.

e Systemic anticoagulation should be held for elective cath-
eterization procedures requiring arterial access.

e Direct oral anticoagulants should be held for 2-4 doses
prior to the procedure.

e Heparin for acute coronary syndrome, DVT, or atrial
fibrillation, can be held 1-4 hours prior to the scheduled
catheterization.

e For mechanical heart valves, systemic anticoagulation
should be continued as close to the procedure as reason-
ably accepted and may require discussions with the physi-
cian operator.

e INR goals for femoral artery and radial artery access
should be <1.8 and 2.2, respectively.

e Procedures that involve only venous access (i.e., RHC) do
not require cessation of anticoagulation and can safely be
performed with an INR < 3.
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Vascular Access

e Routine vascular access sites for cardiac catheterization
procedures include femoral and transradial arterial access.

e Transradial access has become increasingly prevalent for
routine, urgent, and emergent procedures with fewer vas-
cular complications [5]. Time to ambulation is also signifi-
cantly reduced with transradial access.

e The common femoral vessels are used for procedures that
require large-bore access, including placement of mechani-
cal circulatory support devices (e.g. Impella, intra-aortic
balloon pump), or structural interventions including balloon
aortic valvuloplasty, transcatheter aortic valve replacement
(TAVR), or percutaneous mitral valve interventions.

e Alternative vascular access sites include the distal radial
artery (via anatomical snuffbox), ulnar artery, brachial
artery, axillary artery, or subclavian artery.

Post-procedure Care

e Common femoral artery hemostasis is achieved with
either manual compression or with the use of active or
passive vascular closure devices (VCD).

e Patients should remain flat without bending of the ipsilat-
eral leg typically 2—4 hours after hemostasis is achieved
with manual compression and 1-2 hours with VCDs.

e Longer bedrest times are required for larger sheath sizes
(6Fr and larger).

e Femoral artery occlusion may occur with the use of VCDs,
but the incidence is low [6].

e Radial artery hemostasis is achieved with the use of a com-
pression band that provides hemostasis while still allowing
radial artery patency, which reduces the risk of radial
artery occlusion [7].

e After most routine catheterization procedures without
vascular complications, anticoagulation can generally be
restarted 4-6 hours after documented hemostasis. Protocols
may vary by institution.
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Pharmacotherapy During Cardiac
Catheterization

e Antiplatelet and anticoagulants are required for any per-
cutaneous coronary, peripheral, or structural intervention.

Clinical Pearl

Patients with unexplained anemia should be evaluated
for sources of bleeding, bleeding diatheses, or coagu-
lopathy prior to referring for cardiac catheterization
procedure.

e Unfractionated heparin (UFH) is the most commonly
used anticoagulant in cardiac catheterization procedures.
UFH is administered in weight-based boluses and its
therapeutic effects are monitored by measuring the acti-
vated clotting time (ACT).

e Diagnostic transradial procedures also require the use of
heparin to reduce the risk of radial artery occlusion.

e Low molecular weight heparin (LMWH) is less frequently
used, but can be administered subcutaneously or
intravenously.

e Other anticoagulants or antiplatelets used during cardiac
catheterization may include GP IIb/IIla inhibitors (tirofi-
ban, eptifibatide, abciximab) and direct thrombin inhibi-
tors (argatroban and bivalirudin).

e Moderate sedation (conscious sedation) is the desired
level of sedation for most cardiac catheterization proce-
dures. This induces a depressed consciousness that still
permits the patient to respond to verbal commands with-
out respiratory or cardiovascular compromise. This is most
commonly achieved with an intravenous short-acting ben-
zodiazepine (e.g., midazolam) and an opiate, typically
fentanyl [7].
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Right Heart Catheterization

e RHC can be performed via the internal jugular vein, femo-
ral vein, subclavian vein, or antecubital vein.

e Indications for RHC can be reviewed in Table 32.3.

e A balloon-tipped PA catheter is advanced through the
right atrium, right ventricle, pulmonary artery (PA), and
pulmonary capillary bed where pressure measurements
are recorded in each chamber.

e Pulmonary capillary wedge pressure is used as a surrogate
for left atrial pressure.

e Cardiac output (CO) is calculated using the Fick equation
(Fig. 32.3) or using the thermodilution (TD) technique.

e The Fick principle is based on the concept that uptake or
release of oxygen in blood by an organ is the product of
the arteriovenous concentration difference of oxygen and
the blood flow to that organ.

TaBLE 32.3 Indications for Right Heart Catheterization
Assessment of pulmonary hypertension and response to
therapy: Epoprostenol, nitric oxide

Assessment of volume status when clinically ambiguous
Differentiation of cardiogenic shock from other forms of shock

Leave-in swan-Ganz catheters for continuous hemodynamic
monitoring and tailored inotrope or diuretic therapy

Evaluate for constrictive or restrictive pathophysiology
Intracardiac shunt assessment

Assessment of RV failure

Determine severity of valvular disease

0, Consumption (VO2) mL/min
AVO, Difference x 10

* O, consumption is typically calculated as 3mL O2/kg
* A VO, = The arteriovenous oxygen difference calculated from arterial - mixed venous (PA) O2 content, where
O2 content= saturation x 1.36 x hemoglobin.

FiGure 32.3 Fick equation for calculating cardiac output
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FIGURE 32.4 Swan Ganz catheter with thermistor port

e The Fick method is the most widely used technique to
calculate CO in the catheterization lab.

e The thermodilution technique is performed using a
balloon-tipped PA catheter with a distal thermistor
(Fig. 32.4). Cold (4 ° C) or room temperature normal
saline is injected into the right atrium which mixes with
and cools the blood. Change in temperature of the indica-
tor (mixed saline and blood) is calculated and plotted over
time. The area under this curve is the cardiac output.

e Accuracy of the thermodilution technique decreases with
lower CO and severe tricuspid regurgitation.

e Patients with primary pulmonary arterial hypertension
may undergo invasive hemodynamic response testing in
the catheterization lab with intravenous pulmonary vaso-
dilators (e.g., epoprostenol or inhaled nitric oxide).

e Protocols for vasodilator response testing vary among
institutions.
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Combined RHC and LHC Hemodynamic
Assessments

Invasive assessment of any valve disease is performed
when noninvasive assessment remains ambiguous.

Most valvular assessments require combined left and right
heart catheterization techniques.

The assessment of valvular stenosis involves invasive mea-
surement of right heart pressures, cardiac output, and
transvalvular gradients which are then used to calculate
valve area.

Mitral and aortic insufficiency are assessed angiographi-
cally with power injection of contrast into the left ventricle
and aortic root, respectively.

Severity of regurgitation is graded from 0 (no regurgita-
tion) to 4+ (severe, wide-open regurgitation).

Pulmonic and tricuspid insufficiency are assessed using PA
catheters and similar angiographic techniques described
above.

Complications of Cardiac Catheterization

Due to relatively low complication rates, percutaneous
catheterization procedures are safe for the majority of
patients.

The risk of any adverse event is less than 1%. The risk of
mortality is about 0.08% while the risk of stroke or peri-
procedural MI are 0.2% and 0.5%, respectively [7].
Bleeding, vascular injury, acute kidney injury, allergic reac-
tions, arrhythmias, and heart failure occur at risks <1%.
Arterial access site hematomas are the most common
post-procedural complications.

If a hematoma is detected, immediately apply manual
pressure and notify the physician or staff involved in the
initial procedure.
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¢ Duplex ultrasound studies may be needed to evaluate the
presence of a pseudoaneurysm. These can be treated with
ultrasound-guided compression or direct injection of
thrombin.

Clinical Pearl

If a patient becomes hypotensive and tachycardic post-
cardiac catheterization, particularly with femoral arte-
rial access, retroperitoneal hematomas should be
suspected and these patients should undergo urgent CT
or ultrasound of the abdomen, pelvis, and groin, in addi-
tion to serial CBCs and cessation of systemic anticoagu-
lation. With high index suspicion or an unstable patient,
immediate angiography is often preferred over diagnos-
tic imaging to allow for more prompt identification and
initiation of catheter-based treatment.

Key Learning Points

1. The decision to proceed with cardiac catheterization
is based on a risk-benefit model and should be per-
formed as a confirmatory or diagnostic complement
to noninvasive testing.

2. Informed consent is obtained prior to any elective
cardiac catheterization procedure. This is paired with
a full history and physical, medication reconciliation,
and review of basic labs including CBC, BMP, and
coagulation studies.

3. Premedication with steroids, diphenhydramine, and
H, blockers is required for patients with documented
contrast or iodine allergy.

4. Shellfish allergy does not warrant premedication with
steroids, diphenhydramine, or H2-blockers.

5. In patients who become hypotensive and tachycardic
post-cardiac catheterization, retroperitoneal hemato-
mas should be highly suspected.
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