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We wrote the first edition of Step-Up to Medicine during our third year of medical school
because we could not find a review book that was concise, yet covered the breadth of pathol-
ogy encountered during the internal medicine clerkship and the corresponding NBME shelf
examinations. Our goal was to create a single “study tool” to spare medical students the hassle
and expense of trying to extract pertinent information from multiple sources.

Now in its fourth edition, Step-Up to Medicine has been completely revised based on exten-
sive feedback by both faculty and students. In addition, we welcomed an Advisory Board
of students and residents to the team that worked collaboratively to enrich the content and
ensure that the most tested topics were covered. And, since we know that medical students
and interns have no time to waste, we retained and enhanced the high-yield outline format,
Quick Hits, and Clinical Pearls. Finally, to pull it all together, we added a new 100-question,
clinically-oriented practice exam at the end of the book for self-assessment. Before looking at
the answers, take time to answer these questions because these are the questions you will be
faced with in clinical practice.

We hope that the new edition of Step-Up to Medicine continues to be a valuable tool for
students during the clinical years of medical school. However, we recognize the changing
nature of science and medicine and encourage you to send comments or suggestions to www.
lww.com.

We would like to thank the Advisory Board, and all the reviewers for their efforts in
improving the content for this edition. In particular, we would like to give special thanks
to Stacey Sebring, with whom we worked for the last eight years, for her tireless efforts and
dedication in bringing this and previous editions of Step Up to Medicine to fruition.

Steve and Liz Agabegi
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DISEASES OF THE
CARDIOVASCULAR

SYSTEM

@@ Ischemic Heart Disease

e e Stahle Angina Pectoris
A. General characteristics

1.

3.

Stable angina pectoris is due to fixed atherosclerotic lesions that narrow the major
coronary arteries. Coronary ischemia is due to an imbalance between blood supply
and oxygen demand, leading to inadequate perfusion. Stable angina occurs when
oxygen demand exceeds available blood supply.
Major risk factors
Diabetes mellitus (DM)—worst risk factor
. Hyperlipidemia—elevated low-density lipoprotein (LDL)
Hypertension (HTN)—most common risk factor
. Cigarette smoking
Age (men >45 years; women >55 years)
Family history of premature coronary artery disease (CAD) or myocardial
infarction (MI) in first-degree relative: Men <55 years; women <65 years
g. Low levels of high-density lipoprotein (HDL)
Minor risk factors (less clear significance) include obesity, sedentary lifestyle (lack
of physical activity), stress, excess alcohol use.

s a0 o

4. Prognostic indicators of CAD

a. Left ventricular function (ejection fraction [EF])
e Normal >50%
e If <50%, associated with increased mortality
b. Vessel(s) involved (severity/extent of ischemia)
* Left main coronary artery—poor prognosis because it covers approximately
two-thirds of the heart
* Two- or three-vessel CAD—worse prognosis

B. Clinical features

1.

Chest pain or substernal pressure sensation

a. Lasts less than 10 to 15 minutes (usually 1 to 5 minutes)

b. Frightening chest discomfort, usually described as heaviness, pressure,
squeezing, tightness; rarely described as sharp or stabbing pain

c. Pain is often gradual in onset

Brought on by factors that increase myocardial oxygen demand, such as exertion

or emotion

Relieved with rest or nitroglycerin

Note that ischemic pain does NOT change with breathing nor with body posi-

tion. Also, patients with ischemic pain do not have chest wall tenderness. If any of

these are present, the pain is not likely to be due to ischemia

. \/
Quick {31k}
CAD can have the following
clinical presentations:
* Asymptomatic
» Stable angina pectoris
e USA pectoris
* Ml—either NSTEMI or
STEMI
* Sudden cardiac death

Quick

In a patient with CAD, goal of
LDL s less than 100 mg/dL.
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Typical Anginal Chest Pain
e Substernal
* Worse with exertion
¢ Better with rest or nitro-
glycerin
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Quick

Best initial test for all forms
of chest pain is ECG.

. \7

Quick [,/ h)

Stress testing is used in the

following situations:

* To confirm diagnosis of
angina

¢ To evaluate response of
therapy in patients with
documented CAD

¢ To identify patients with
CAD who may have a
high risk of acute coro-
nary events

Quick

Exercise stress ECG is

ideal initial test if able to
exercise and normal resting
ECG (readily available and
relatively inexpensive).

Quick

A stress test is generally
considered positive if the
patient develops any of the
following during exercise:
ST segment depression,
chest pain, hypotension, or
significant arrhythmias.

cowen. PEARL v+

There Are Two Conditions Termed Syndrome X

1. Metabolic Syndrome X
e Any combination of hypercholesterolemia, hypertriglyceridemia, impaired glucose tolerance, diabetes,
hyperuricemia, HTN.
e Key underlying factor is insulin resistance (due to obesity).
2. Syndrome X
e Exertional angina with normal coronary arteriogram: Patients present with chest pain after exertion but
have no coronary stenoses at cardiac catheterization.
¢ Exercise testing and nuclear imaging show evidence of myocardial ischemia.
e Prognosis is excellent.

C. Diagnosis (of CAD)

1. Note that physical examination in most patients with CAD is normal (see Clinical
Pearl 1-1)

2. Resting ECG
a. Usually normal in patients with stable angina
b. Q waves are consistent with a prior MI
c. If ST segment or T-wave abnormalities are present during an episode of chest

pain, then treat as unstable angina (USA)

3. Stress test—useful for patients with an intermediate pretest probability of CAD
based upon age, gender, and symptoms.
a. Stress ECG

* Highest sensitivity if patients have normal resting ECG, such that changes
can be noted.

¢ Test involves recording ECG before, during, and after exercise on a treadmill.

¢ 75% sensitive if patients are able to exercise sufficiently to increase heart rate
to 85% of maximum predicted value for age. A person’s maximum heart rate
is calculated by subtracting age from 220 (220—age).

e Exercise-induced ischemia results in subendocardial ischemia, producing ST
segment depression. So the detection of ischemia on an ECG stress test is
based on presence of ST segment depression.

¢ Other positive findings include onset of heart failure or ventricular arrhyth-
mia during exercise or hypotension.

* Patients with a positive stress test result should undergo cardiac catheterization.

b. Stress echocardiography

¢ Performed before and immediately after exercise. Exercise-induced ischemia
is evidenced by wall motion abnormalities (e.g., akinesis or dyskinesis) not
present at rest.

* Favored by many cardiologists over stress ECG. It is more sensitive in detect-
ing ischemia, can assess LV size and function, can diagnose valvular disease,
and can be used to identify CAD in the presence of pre-existing ECG abnor-
malities (see Clinical Pearl 1-2).

e Again, patients with a positive test result should undergo cardiac catheterization.

cmews PEARL vz

Types of Stress Tests

Test Method of Detecting Ischemia

Exercise ECG ST segment depression

Exercise or dobutamine echocardiogram Wall motion abnormalities

Exercise or dipyridamole perfusion study (thallium/ Decreased uptake of the nuclear isotope during

technetium) exercise
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c¢. Information gained from a stress test can be enhanced by stress myocardial per-
fusion imaging after IV administration of a radioisotope such as thallium 201
during exercise.

* Viable myocardial cells extract the radioisotope from the blood. No radioiso-

tope uptake means no blood flow to an area of the myocardium.

It is important to determine whether the ischemia is reversible, that is, whether

areas of hypoperfusion are perfused over time as blood flow eventually equal-

izes. Areas of reversible ischemia may be rescued with percutaneous coronary
intervention (PCI) or coronary artery bypass graft (CABG). Irreversible isch-
emia, however, indicates infarcted tissue that cannot be salvaged.

Perfusion imaging increases the sensitivity and specificity of exercise stress

tests, but is also more expensive, subjects the patient to radiation, and is

often not helpful in the presence of a left bundle branch block.

4. 1If the patient cannot exercise, perform a pharmacologic stress test.

a. IV adenosine, dipyridamole, or dobutamine can be used. The cardiac stress
induced by these agents takes the place of exercise. This can be combined with
an ECG, an echocardiogram, or nuclear perfusion imaging.

b. IV adenosine and dipyridamole cause generalized coronary vasodilation. Since
diseased coronary arteries are already maximally dilated at rest to increase
blood flow, they receive relatively less blood flow when the entire coronary sys-
tem is pharmacologically vasodilated.

¢. Dobutamine increases myocardial oxygen demand by increasing heart rate,
blood pressure, and cardiac contractility.

5. Holter monitoring (ambulatory ECG) can be useful in detecting silent ischemia
(i.e., ECG changes not accompanied by symptoms). The Holter monitor is also
used for evaluating arrhythmias, heart rate variability, and to assess pacemaker and
implantable cardioverter-defibrillator (ICD) function.

a. Continuously examines patient’s cardiac rhythm over 24 to 72 hours during
normal activity

b. Useful for evaluating unexplained syncope and dizziness as well

6. Cardiac catheterization with coronary angiography (see Clinical Pearl 1-3, Figure 1-1)
a. Coronary angiography—definitive test for CAD. Often performed with concur-

rent PCI or for patients being considered for revascularization with CABG.

cumont PEARL i

Cardiac Catheterization

1. Most accurate method of determining a specific cardiac diagnosis.

2. Provides information on hemodynamics, intracardiac pressure measurements, cardiac output, oxygen
saturation, etc.

3. Coronary angiography (see below) is almost always performed as well for visualization of coronary arteries.

4. There are many indications for cardiac catheterization (generally performed when revascularization or other
surgical intervention is being considered):

e After a positive stress test.

e Acute Ml with intent of performing angiogram and PCI.

e |n a patient with angina in any of the following situations: When noninvasive tests are nondiagnostic,
angina that occurs despite medical therapy, angina that occurs soon after MI, and any angina that is a
diagnostic dilemma.

e |f patient is severely symptomatic and urgent diagnosis and management are necessary.

e For evaluation of valvular disease, and to determine the need for surgical intervention.

Coronary Arteriography (Angiography)

1. Most accurate method of identifying the presence and severity of CAD; the standard test for delineating
coronary anatomy.

2. Main purpose is to identify patients with severe coronary disease to determine whether revascularization
is needed. Revascularization with PCl involving a balloon and/or a stent can be performed at the same time
as the diagnostic procedure.

3. Coronary stenosis >70% may be significant (i.e., it can produce angina).

3

=
(]
(1=}
QD
(7]
(1=}
w
(=]
—
et
—a
(1=}
()
QD
—
=3
(—]
=
QD
()
(o)
[ —
QD
—
w
~
(]
—
(1=}
3




(c) ketabton.com: The Digital Library
® STEP-UP TO MEDICINE

=
(=F]
e
(=
—
w
-
oo
—]
(]
(]
(1=
=
(—]
- —}
S
(1~
(-
(=~
- —
h—
[ ra—
(—]
(]
D
(7]
(1=
D
=
(=]

Standard of care for stable
angina is aspirin and a
B-blocker (only ones that
lower mortality), and
nitrates for chest pain.

\\.l/
Side effects of nitrates:
¢ Headache
Orthostatic hypotension

¢ Tolerance
¢ Syncope

FIGURE
11

b.

Coronary angiogram. Injection of the right coronary artery shows a stenosis in the midportion
of the vessel, indicated by the arrow.

(From Lilly LS. Pathophysiology of Heart Disease. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2011:152,
Figure 6.8; Courtesy of Dr. William Daley.)

. Contrast is injected into coronary vessels to visualize any stenotic lesions. This

defines the location and extent of coronary disease.
Angiography is the most accurate test for detecting CAD.

. If CAD is severe (e.g., left main or three-vessel disease), refer patient for surgical

revascularization (CABG).

D. Treatment
1. Risk factor modification
a.

Smoking cessation cuts coronary heart disease (CHD) risk in half by 1 year
after quitting.

HTN—yvigorous BP control reduces the risk of CHD, especially in diabetic
patients.

Hyperlipidemia—reduction in serum cholesterol with lifestyle modifications
and HMG-CoA reductase inhibitors (statins) reduce CHD risk.

. DM—type 1I diabetes is considered to be a cardiovascular heart disease equiva-

lent, and strict glycemic control should be strongly emphasized.

e. Obesity—weight loss modifies other risk factors (diabetes, HTN, and hyperlip-

g.

idemia) and provides other health benefits.

Exercise is critical; it minimizes emotional stress, promotes weight loss, and
helps reduce other risk factors.

Diet: Reduce intake of saturated fat (<7% total calories) and cholesterol (<200 mg/
day).

Medical therapy

a.

Aspirin
¢ Indicated in all patients with CAD
¢ Decreases morbidity—reduces risk of MI

. B-Blockers—block sympathetic stimulation of heart. First-line choices include

atenolol and metoprolol.

¢ Reduce HR, BP, and contractility, thereby decreasing cardiac work (i.e.,
B-blockers lower myocardial oxygen consumption)

¢ Have been shown to reduce the frequency of coronary events

Nitrates—cause generalized vasodilation

¢ Relieve angina; reduce preload myocardial oxygen demand

¢ May prevent angina when taken before exertion



(c) ketabton.com: The Digital Library
DISEASES OF THE CARDIOVASCULAR SYSTEM e 5

* Effect on prognosis is unknown; main benefit is symptomatic relief
¢ Can be administered orally, sublingually, transdermally, intravenously, or in
paste form. For chronic angina, oral or transdermal patches are used. For
acute coronary syndromes (see below), either sublingual, paste, or IV forms
are used
d. Calcium channel blockers
* Cause coronary vasodilation and afterload reduction, in addition to reducing
contractility.
* Now considered a secondary treatment when f-blockers and/or nitrates are
not fully effective. None of the calcium channel blockers have been shown .
to lower mortality in CAD. In fact, they may increase mortality because they z >
raise heart rates. Do not routinely use these drugs in CAD. au,ck H IT
e. If congestive heart failure (CHF) is also present, treatment with ACE inhibitors X
and/or diuretics may be indicated as well. 11 LOILREA e i e
T essentially no difference
3. Revascularization in all cause mortality and

a. May be preferred for high-risk patients, although there is some controversy nonfatal Mls between
whether revascularization is superior to medical management for a patient with patients with stable angina
stable angina and stenosis >70% treated with maximal medi-

b. Two methods—PCI and CABG—see Clinical Pearl 1-4 G 5y L B VS

medical therapy with PCI

c. Revascularization does not reduce incidence of MI, but does result in signifi- and bare metal stenting.

cant improvement in symptoms
4. Management decisions (general guidelines)—risk factor modification and aspirin
are indicated in all patients. Manage patients according to overall risk z s
a. Mild disease (normal EF, mild angina, single-vessel disease) au,ck
* Nitrates (for symptoms and as prophylaxis) and a B-blocker are appropriate
e Consider calcium channel blockers if symptoms continue despite nitrates and PCl s referred to as angio-
B-blockers plasty.
b. Moderate disease (normal EE moderate angina, two-vessel disease)
« If the above regimen does not control symptoms, consider coronary angiogra-
phy to assess suitability for revascularization (either PCI or CABG)
c. Severe disease (decreased EF, severe angina, and three-vessel/left main or left
anterior descending disease)
e Coronary angiography and consider for CABG

cuwea PEARL 4 I

Percutaneous Coronary Intervention

¢ Consists of both coronary angioplasty with a balloon and stenting.

e Should be considered in patients with one-, two-, or three-vessel disease. Even with three-vessel
disease, mortality and freedom from MI have been shown to be equivalent between PTCA with stenting
and CABG. The only drawback is the higher frequency of revascularization procedures in patients who
received a stent.

e Best if used for proximal lesions.

e Restenosis is a significant problem (up to 40% within first 6 months); however, if there is no evidence of
restenosis at 6 months, it usually does not occur. New techniques and technologic improvements such as
drug-eluting stents are attempting to reduce this problem.

Coronary Artery Bypass Grafting

¢ While CABG remains the standard of care at some institutions for patients with high-risk disease, the
PRECOMBAT and SYNTAX trails have shown that PTCA with stenting may be as good as CABG even in
patients with left main CAD. CABG is still used as the primary method of revascularization in a small num-
ber of patients with STEMI. In addition, it may be indicated in patients with cardiogenic shock post-MI, after
complications with PCl, in the setting of ventricular arrhythmias, and with mechanical complications after
acute MI.

e Main indications for CABG: Three-vessel disease with >70% stenosis in each vessel. Left main coronary
disease with >50% stenosis, left ventricular dysfunction.
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ee lnstable Angina Pectoris

alli(,‘k A. General characteristics

1. Pathophysiology

Acute C Synd
e ooy SYECEOMe a. With USA, oxygen demand is unchanged. Supply is decreased secondary to

¢ The clinical manifesta-

tions of atherosclerotic reduced resting coronary flow. This is in contrast to stable angina, which is
plaque rupture and coro- due to increased demand.
nary occlusion b. USA is significant because it indicates stenosis that has enlarged via thrombosis,

e Term generally refers to

USA. NSTEMI, or STEMI hemorrhage, or plaque rupture. It may lead to total occlusion of a coronary vessel.

2. The following patients may be said to have USA:
a. Patients with chronic angina with increasing frequency, duration, or intensity of

S chest pain
auick b. Patients with new-onset angina that is severe and worsening

c. Patients with angina at rest
Stress testing only detects 3. The distinction between USA and NSTEMI is based entirely on cardiac enzymes.
flow-limiting high-grade The latter has elevation of troponin or creatine kinase-MB _(CK-MB). Both USA

:\;Tlggzblzunsé ; : t[i]vztls"trheasvse and NSTEMI lack ST segment elevations and pathologic Q waves.

test because mechanism of ) . ]
Ml is acute plaque rupture B. Diagnosis (see stable angina)

onto a moderate lesion. 1. Perform a diagnostic workup to exclude MI in all patients.
2. Patients with USA have a higher risk of adverse events during stress testing. These
patients should be stabilized with medical management before stress testing or

e
= should undergo cardiac catheterization initially.
Quick

USA and non-ST segment C. Treatment
elevation Ml are often con- 1. Hospital admission on a floor with continuous cardiac monitoring. Establish IV
sidered together because it access and give supplemental oxygen. Provide pain control with nitrates (below)

is very difficult to distin-
guish the two based on
patient presentation. If car-

and morphine.
2. Aggressive medical management is indicated—treat as in MI except for
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diac enzymes are elevated, fibrinolysis.
then the patient has non-ST a. Aspirin
segment elevation MI. b. Clopidogrel—shown to reduce the incidence of MI in patients with USA

compared with aspirin alone in the CURE trial. This benefit persists whether
the patient undergoes revascularization with PCI or not. Patients presenting

\7
a u i c k with USA should generally be treated with aspirin and clopidogrel for 9 to
12 months, in accordance with the CURE trial. This may be altered however,
The ESSENCE trial showed according to the bleeding risk of each patient
that in USA and non-ST c. PB-Blockers—first-line therapy if there are no contraindications
segment elevation MI, risk d. Low—molecular-weight heparin (LMWH) is superior to unfractionated heparin.

of death, MI, or recurrent
angina was lower in the
enoxaparin group than

Goal is to prevent progression or development of a clot
¢ Should be continued for at least 2 days

in the heparin group at * Enoxaparin is the drug of choice based on clinical trials (see Quick Hit on
14 days, 30 days, and 1 year. ESSENCE trial).
The need for revasculariza- e. Nitrates are first-line therapy

tion was also lower in the
enoxaparin group.

lmal

Oxygen if patient is hypoxic

g. Glycoprotein ITb/Il1a inhibitors (abciximab, tirofiban) can be helpful adjuncts
in USA, especially if patient is undergoing PTCA or stenting

h. Morphine is controversial—provides good pain relief but may mask worsening

OUick ~ symptoms

i. Replacement of deficient electrolytes, especially K* and Mg**

Thrombolytic therapy 3. Cardiac catheterization/revascularization
(fibrinolysis) has not been a. More than 90% of patients improve with the above medical regimen within 1 to
L P P g
proven to be beneficial in 2d
" T ays.
USA. This is only indicated b. The choi fi . (earl h Zation/ larizati
in STEMI when no access - The choice of invasive managemer.lt early catheterizatio revascu arization
to urgent catheterization within 48 hours) versus conservative management (catheterization/revascular-
for PCI. ization only if medical therapy fails) is controversial.

¢ No study has shown a significant difference in outcomes between these two
approaches.
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* If patient responds to medical therapy, perform a stress ECG to assess need
for catheterization/revascularization. Many patients with USA that is con-
trolled with medical therapy eventually require revascularization.

¢ If medical therapy fails to improve symptoms and/or ECG changes indicative
of ischemia persist after 48 hours, then proceed directly to catheterization/
revascularization. Additional indications for PCI include hemodynamic insta-
bility, ventricular arrhythmias, and new mitral regurgitation (MR) or new
septal defect.

e The TIMI risk score can be used to guide the decision on conservative versus
more aggressive treatment.

4. After the acute treatment
a. Continue aspirin (or other antiplatelet therapy), B-blockers (atenolol or
metoprolol), and nitrates
b. Reduce risk factors

* Smoking cessation, weight loss

* Treat diabetes, HTN

e Treat hyperlipidemia—patients with any form of CAD (stable angina, USA,
NSTEMI, STEMI) should be started on an HMG-CoA reductase inhibitor
regardless of LDL level. Clinical trials of statins have shown the efficacy of
such therapy for secondary prevention in CAD (see Quick Hit on CARE trial)

o e Variant (Prinzmetal) Angina

Involves transient coronary vasospasm that usually is accompanied by a fixed athero-
sclerotic lesion but can also occur in normal coronary arteries.

Episodes of angina occur at rest and are associated with ventricular dysrhythmias,
some of which may be life threatening. The angina classically occurs at night.
Hallmark is transient ST segment elevation (not depression) on ECG during chest
pain, which represents transmural ischemia.

Coronary angiography is a definitive test—displays coronary vasospasm when the
patient is given IV ergonovine or acetylcholine (to provoke vasoconstriction).
Vasodilators—calcium channel blockers and nitrates have been proven to be helpful.
Risk factor modification including smoking cessation and lipid lowering is also indi-
cated where appropriate.

e e Myocardial Infarction

A. General characteristics

1. MI is due to necrosis of myocardium as a result of an interruption of blood supply
(after a thrombotic occlusion of a coronary artery previously narrowed by athero-
sclerosis).

a. Most cases are due to acute coronary thrombosis: Atheromatous plaque rup-
tures into the vessel lumen, and thrombus forms on top of this lesion, which
causes occlusion of the vessel.

b. MI is associated with a 30% mortality rate; half of the deaths are prehospital.

c. Most patients with MI have history of angina, risk factors for CAD, or history
of arrhythmias.

B. Clinical features

1. Chest pain
a. Intense substernal pressure sensation; often described as “crushing” and “an
elephant standing on my chest.”
b. Radiation to neck, jaw, arms, or back, commonly to the left side.
¢. Similar to angina pectoris in character and distribution but much more severe and
lasts longer. Unlike in angina, pain typically does not respond to nitroglycerin.
d. Some patients may have epigastric discomfort.
2. Can be asymptomatic in up to one-third of patients; painless infarcts or atypical
presentations more likely in postoperative patients, the elderly, diabetic patients,
and women.

< \/
Quick

The CARE trial: Patients
with prior history of Ml were
randomized to treatment
with statins or placebo. The
statin group had a reduced
risk of death (by 24%), a
reduced risk of stroke (by
31%), and a reduction in
need for CABG or coronary
angioplasty (by 27%).
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.
% 3. Other symptoms
The combination of subster- - Diaphoresis
nal chest pain persisting Weakness, fatigue
for longer than 30 minutes . Nausea and vomiting
and diaphoresis strongly Sense of impending doom
suggests acute MI. Syncope

4. Sudden cardiac death—usually due to ventricular fibrillation (VFib)

: G. Diagnosis

1. ECG (Figure 1-2; see also Table 1-1 and Clinical Pearl 1-5)
Right ventricular infarct a. Markers for ischemia/infarction include:
will present with inferior * Peaked T waves: Occur very early and may be missed

8 GEITEIERY et o, ¢ ST segment elevation indicates transmural injury and can be diagnostic of an
elevated jugular venous .
acute infarct

pressure, hepatomegaly,

-e o o

and clear lungs. Preload ¢ Q waves: Evidence for necrosis (specific)—Q waves are usually seen late;
dependent—do NOT admin- typically not seen acutely
ister nitrates or diuretics as » T-wave inversion is sensitive but not specific

will cause cardiovascular
collapse.

¢ ST segment depression: Subendocardial injury

Yz ANTERIOR INFARCTION
ST segment elevation
indicates an infarction 75%
of the time. ST segment
depression indicates an

infarction only 25% of the
time.
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FIGURE
1-2 ECG showing anterior wall myocardial infarction—all 12 leads.

(From Davis D. Quick and Accurate 12-Lead ECG Interpretation. 3rd ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2000:203.)
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Location of Infarct  ECG Changes

Anterior

ST segment elevation in V1-V4 (acute/active)
Q waves in leads V1-V4 (late change)

Posterior

Large R wave in V1 and V2
ST segment depression in V1 and V2
Upright and prominent T waves in V1 and V2

Lateral

Q waves in leads | and aVL (late change)

Inferior

Q waves in leads I, ll, aVF (late change)

Note: Augmented ECG leads from aVL indicate the left arm, and from aVF indicate the left foot.

Categories of infarcts

* ST segment elevation infarct: Transmural (involves entire thickness of wall);
tends to be larger

* Non-ST segment elevation infarct: Subendocardial (involves inner one-third
to one-half of the wall); tends to be smaller, and presentation is similar to
USA—cardiac enzymes differentiate the two

2. Cardiac enzymes—currently the diagnostic gold standard for myocardial injury
(Figure 1-3)

a.

Troponins (Troponin I and T)—most important enzyme test to order

* Increases within 3 to 5 hours and returns to normal in 5 to 14 days; reaches a
peak in 24 to 48 hours.

* Greater sensitivity and specificity than CK-MB for myocardial injury.

* Obtain serum levels of either troponin T or troponin I on admission, and
again every 8 hours for 24 hours.

¢ Troponin I can be falsely elevated in patients with renal failure; thus following
trend of levels is important.

. CK-MB—Iless commonly used

e Increases within 4 to 8 hours and returns to normal in 48 to 72 hours; reaches
a peak in 24 hours.

* When measured within 24 to 36 hours of onset of chest pain, has greater
than 95% sensitivity and specificity.

* Levels of total CK and CK-MB should be measured on admission and every
8 hours thereafter for 24 hours.

* Most helpful in detecting recurrent infarction given quicker return to baseline
than troponin.

cumont PEARL s

Cardiac Monitoring for a Patient With an Acute M|

BP and HR: HTN increases afterload and thus oxygen demand, whereas hypotension reduces coronary and
tissue perfusion. Both nitrates and morphine can cause hypotension.

Rhythm strip with continuous cardiac monitor: Watch for dysrhythmias. Note that PVCs can lower stroke
volume and coronary artery filling time. A high frequency of PVCs may predict VFib or VT.

Auscultate the heart (third and fourth heart sounds, friction rub, and so on) and lungs (crackles may indicate
LV failure, pulmonary edema).

Hemodynamic monitoring (CVP, PCWP, SVR, cardiac index [CI]) with a pulmonary artery catheter is indicated
if the patient is hemodynamically unstable. Monitoring is helpful in assessing the need for IV fluids and/or
Vasopressors.

Quick

Cardiac enzymes are drawn
serially—once on admis-
sion and every 8 hours until
three samples are obtained.
The higher the peak and
the longer enzyme levels
remain elevated, the more
severe the myocardial
injury and the worse the
prognosis.

Quick

In M, aspirin, B-blockers,
and ACE inhibitors are
the only agents shown to
reduce mortality.
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FIGURE

1-3  Evolution of serum biomarkers in acute MI. Curve M indicates the detection of myoglobin
in the serum before other biomarkers. Serum CK (or CK-MB isoenzyme) begins to increase
3 to 8 hours after the onset of the acute infarct and peaks at 24 hours. Cardiac troponins
are highly sensitive for myocardial injury and remain detectable in the serum for many
days after the acute infarct.
(From Lilly LS. Pathophysiology of Heart Disease. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2011:175,
Figure 7.9.)

D. Treatment
1. Admit patient to a cardiac monitored floor (CCU) and establish IV access. Give
supplemental oxygen and analgesics (nitrates, morphine—see below).
2. Medical therapy
a. Aspirin
* Antiplatelet agent reduces coronary reocclusion by inhibiting platelet aggrega-
tion on top of the thrombus
¢ Has been shown to reduce mortality and should be part of long-term main-
tenance therapy
b. B-Blockers
¢ Block stimulation of HR and contractility to reduce oxygen demand and
decrease the incidence of arrhythmias
¢ Reduce remodeling of the myocardium post-MI
* Have been shown to reduce mortality and should be part of maintenance
therapy
c. ACE inhibitors
¢ Initiate within hours of hospitalization if there are no contraindications
* Have been shown to reduce mortality and should be part of long-term
maintenance therapy
d. Statins
¢ Reduce risk of further coronary events
« Stabilize plaques and lower cholesterol
¢ The PROVE IT-TIMI 22 trial showed the superiority of starting atorvastatin
80 mg over other statins before discharging a STEMI patient
¢ Should be part of maintenance therapy
e. Oxygen
¢ May limit ischemic myocardial injury
f. Nitrates
¢ Dilate coronary arteries (increase supply)
¢ Venodilation (decrease preload and thus demand)
¢ Reduce chest pain, although not as effective as narcotics
g. Morphine sulfate
e Analgesia
e Causes venodilation, which decreases preload and thus oxygen requirements
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h. Heparin

* Initiate in all patients with MI; prevents progression of thrombus; however,
has not been shown to decrease mortality

* LMWH, specifically enoxaparin, is preferred over unfractionated heparin,
as shown in the EXTRACT TIMI 25 trial as well as a recent meta-analysis.
Enoxaparin was shown to decrease the risk of another MI versus unfraction-
ated heparin

3. Revascularization
a. Benefit highest when performed early (within 90 minutes of hospital arrival).
b. Should be considered in all patients.
c¢. Revascularization options include thrombolysis, PCI, or CABG—see Clinical

Pearl 1-6.

* Several studies have shown enhanced survival and lower rates of recurrent MI
and intracranial bleeding when PCI performed by skilled personnel is chosen
over thrombolysis. For patients with a delayed presentation, fibrinolysis alone
may be a better option.

* Urgent/emergent CABG is typically performed only in the setting of mechani-
cal complications of an acute MI, cardiogenic shock, life-threatening ventric-
ular arrhythmias, or after failure of PCIL. It is almost never performed in the
acute setting on a stable patient.

d. Clopidogrel—evidence suggests that benefits of clopidogrel is additive to the
effects of aspirin. Clopidogrel therapy should be initiated in all patients who

cument PEARL v

Methods of Revascularization
Percutaneous Coronary Intervention

e This is the preferred treatment for STEMI as long as it can be performed expeditiously (door to balloon time
less than 90 minutes) and by skilled personnel.

e Also preferred in patients with contraindications for thrombolytic therapy; no risk of intracranial hemorrhage.

e PAMI trial showed that PTCA reduces mortality more than t-PA.

Thrombolytic Therapy

e Thrombolytic therapy remains an important treatment modality since PCl is still available only at specialized
centers. It is useful for patients who present later, and for those in whom PCl is contraindicated.

e Farly treatment is crucial to salvage as much of the myocardium as possible. Administer as soon as possible
up to 24 hours after the onset of chest pain. Outcome is best if given within the first 6 hours.

e |ndications: ST segment elevation in two contiguous ECG leads in patients with pain onset within 6 hours
who have been refractory to nitroglycerin.

o Alteplase has been shown to have the best outcomes amongst thrombolytic medications, and is the first
choice in many centers, despite its high costs. Alternatives include streptokinase, tenecteplase, reteplase,
lanoteplase, and urokinase.

e |n ED setting, the main reason to initiate therapy with thrombolytics/angioplasty is whether there is
ST segment elevation on ECG.

Absolute Contraindications to Thrombolytic Therapy

¢ Trauma: Recent head trauma or traumatic CPR
® Previous stroke

e Recent invasive procedure or surgery

e Dissecting aortic aneurysm

¢ Active bleeding or bleeding diathesis

Coronary Artery Bypass Grafting

e | ess often used than the other two in the acute setting.

o Benefits of CABG include low rates of event-free survival and reintervention-free survival.

e |t remains the procedure of choice in patients with severe multivessel disease and complex coronary
anatomy.

Quick

The CAPRICORN trial
showed that the 3-blocker
carvedilol reduces risk of
death in patients with post-
MI LV dysfunction.

Quick

The following are indicated
in patients with Ml:

¢ Oxygen

* Nitroglycerin

* [-Blocker

e Aspirin

* Morphine

¢ ACE inhibitor

¢ |V Heparin

Quick

Remember that patients can
have a recurrent infarction
on same hospital admis-
sion. CK-MB is most helpful
laboratory test to detect
this if patient develops
recurrent chest pain.
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Mi
Ventricular } Contractility <€ » Tissue necrosis Electrical
thrombus /V instability
Emboli tIschemia | Cardiogenic Hypotension Arrhythmi
WIS shock, CHF rrhythmias
¥ Coronary
perfusion ¢ ¢ 4 ¢ ¢
Expansion Papillary muscle Ventricular Ventricular Pericardial
of infarct infarction/ septal rupture  inflammation
ischemia defect l
l Pericarditis
Mitral l
regurgitation
Cardiac tamponade
- CHF or
"l shock
FIGURE
1-4  Complications of MI.

(Adapted from Lilly LS. Pathophysiology of Heart Disease. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins,

2011:183, Figure 7.12.)

~ 4
Quick
Heparin is used for USA
and Ml (both NSTEMI and
STEMI). It is NOT used for
stable angina.

< \7
Quick [k}

All patients initially treated
conservatively for UA/
NSTEMI should have a
stress test before leaving
the hospital to determine
the need for angiography
(which in turn determines

the need for angioplasty or
CABG).

-v
Patients who suffer an
acute Ml have a high risk
of stroke during the next
5 years. The lower the EF

and the older the patient,
the higher the risk of stroke.

undergo PCI and receive a stent. Dual antiplatelet treatment with aspirin and
clopidogrel should continue for at least 30 days in patients who receive a bare
metal stent, and at least 12 months in patients who receive a drug-eluting
stent.

4. Rehabilitation

a.

b.

Cardiac rehabilitation is a physician-supervised regimen of exercise and risk
factor reduction after ML
Shown to reduce symptoms and prolong survival.

E. Complications of acute M|
1. Pump failure (CHF) (Figure 1-4)

a.
b.

C.

Most common cause of in-hospital mortality

If mild, treat medically (ACE inhibitor, diuretic)

If severe, may lead to cardiogenic shock; invasive hemodynamic monitoring
may be indicated (see Cardiogenic Shock on page 64)

2. Arrhythmias

a.

Premature ventricular contractions (PVCs)—conservative treatment (observa-
tion) indicated; no need for antiarrhythmic agents

b. Atrial fibrillation (AFib)

Ventricular tachycardia (VT)-sustained VT requires treatment: If patient is
hemodynamically unstable, electrical cardioversion is indicated. If patient is
hemodynamically stable, start antiarrhythmic therapy (IV amiodarone)—see
treatment of VT

. VFib—immediate unsynchronized defibrillation and CPR are indicated (see

Arrhythmias on page 22)

Accelerated idioventricular rhythm does not affect prognosis; no treatment
needed in most cases

Paroxysmal supraventricular tachycardia (PSVT)—for treatment, see
Arrhythmias
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\/
g. Sinus tachycardia -
e May be caused by pain, anxiety, fever, pericarditis, medications, etc. alll Gk H IT

* Worsens ischemia (increases myocardial oxygen consumption) Most common cause of

e Treat underlying cause (analgesics for pain, aspirin for fever, etc.) death in first few days after
h. Sinus bradycardia Ml is ventricular arrhythmia
» A common occurrence in early stages of acute MI, especially right-sided/ (either VT or VFib).

inferior M1

* May be a protective mechanism (reduces myocardial oxygen demand) N
* No treatment is required other than observation. If bradycardia is severe a = k H IT
or symptomatic (hemodynamic compromise), atropine may be helpful in uic
increasing HR After an M|, all patients
i. Asystole should be discharged home
* Very high mortality. with aspirin, B-blocker,

* Treatment should begin with electrical defibrillation for VFib, which is more com- statins, and an ACE inhibitor.

mon in cardiac arrest and may be difficult to clearly differentiate from asystole.

« If asystole is clearly the cause of arrest, transcutaneous pacing is the appropri-

ate treatment.
j- AV block

e Associated with ischemia involving conduction tracts.

¢ First-degree and second-degree (type I) blocks do not require therapy.

¢ Second-degree (type 1I) and third-degree blocks: Prognosis is dire in the set-
ting of an anterior MI—emergent placement of a temporary pacemaker is
indicated (with later placement of a permanent pacemaker). In inferior MI,
prognosis is better, and IV atropine may be used initially. If conduction is not
restored, a temporary pacemaker is appropriate.

3. Recurrent infarction (extension of existing infarction or reinfarction of a new area)
a. Both short-term and long-term mortality are increased.
b. Diagnosis is often difficult.

e Cardiac enzymes are already elevated from the initial infarction. Troponin lev-
els remain elevated for a week or more, so are not useful here. CK-MB returns
to normal faster, and so a reelevation of CK-MB after 36 to 48 hours may be
due to recurrent infarction.

o If there is repeat ST segment elevation on ECG within the first 24 hours
after infarction, suspect recurrent infarction.

c. Treatment: Repeat thrombolysis or urgent cardiac catheterization and PCI.

Continue standard medical therapy for ML

4. Mechanical complications
a. Free wall rupture

e A catastrophic, usually fatal event that occurs during the first 2 weeks after
MI (90% within 2 weeks, most commonly 1 to 4 days after MI)

¢ 90% mortality rate

¢ Usually leads to hemopericardium and cardiac tamponade

¢ Treatment: Hemodynamic stabilization, immediate pericardiocentesis, and
surgical repair

b. Rupture of interventricular septum

e Greater potential for successful therapy than with a free wall rupture,
although this is also a critical event; emergent surgery is indicated

¢ Occurs within 10 days after MI

e Likelihood of survival correlates with size of defect

c. Papillary muscle rupture

* Produces MR (presents with new murmur)

* If suspected, obtain an echocardiogram immediately

* Emergent surgery is needed (mitral valve replacement is usually necessary),
as well as afterload reduction with sodium nitroprusside or intra-aortic bal-
loon pump (IABP)

d. Ventricular pseudoaneurysm
e Incomplete free wall rupture (myocardial rupture is contained by pericardium)
* Bedside echocardiogram may show the pseudoaneurysm
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Quick

If you suspect a cardiac
cause of the pain, sublin-
gual nitroglycerin is appro-
priate. Also give aspirin if
the patient does not have
a bleeding disorder.

Quick

Gastrointestinal disorders
are the most common
cause of noncardiac chest
pain that presents in the ED.

\s
Quick
If nitroglycerin relieves
the pain, a cardiac cause
is more likely (although

esophageal spasm is still a
possibility).

Quick

If pain changes with respi-
ration (pleuritic), changes
with body position or if
there is tenderness of chest
wall, cardiac cause of pain
is highly unlikely.

5.

6.

w

5.
6.

2.
3.

e Surgical emergency because ventricular pseudoaneurysms tend to become a
free wall rupture
e. Ventricular aneurysm
e Rarely rupture (in contrast to pseudoaneurysms)
¢ Associated with a high incidence of ventricular tachyarrhythmias
¢ Medical management may be protective
¢ Surgery to remove aneurysm may be appropriate in selected patients
Acute pericarditis
a. The incidence has decreased sharply since the introduction of revascularization
techniques.
b. Treatment consists of aspirin (which is already standard in treatment of MI).
c. NSAIDs and corticosteroids are contraindicated (may hinder myocardial scar
formation).
Dressler syndrome (“postmyocardial infarction syndrome”)
a. Immunologically based syndrome consisting of fever, malaise, pericarditis,
leukocytosis, and pleuritis, occurring weeks to months after an MI
b. Aspirin is the most effective therapy. Ibuprofen is a second option

ee (Chest Pain

A. Differential diagnosis
1.

Heart, pericardium, vascular causes

a. Stable angina, USA, variant angina

b. MI

c. Pericarditis

d. Aortic dissection

Pulmonary: Pulmonary embolism (can have pain with pulmonary infarction),

pneumothorax, pleuritis (pleural pain), pneumonia, status asthmaticus

GI: Gastroesophageal reflux disease (GERD), diffuse esophageal spasm, peptic
ulcer disease, esophageal rupture

Chest wall: Costochondritis, muscle strain, rib fracture, herpes zoster, thoracic
outlet syndrome

Psychiatric: Panic attacks, anxiety, somatization

Cocaine use can cause angina or MI

. Approach to treating a patient with chest pain
1.

Rule out any life-threatening causes. These include acute MI, USA, aortic dissec-
tion, pulmonary embolus, tension pneumothorax, and esophageal rupture
Assess vital signs

Develop a focused history

Character of the pain (pressure, squeezing, tearing, sharp, stabbing, etc.)

. Location of pain
Severity of pain

. Duration of pain
Setting in which pain occurred (during exertion, at rest, after meal)

Radiation of pain

. Aggravating or alleviating factors (e.g., meal, exertion, rest, respiration)

. Does the patient have a cardiac history? Ask about results of previous stress tests,
echocardiograms, cardiac catheterization, or of any procedures (PCI or CABG)
If the patient has a history of angina, ask how this episode differs from previous
ones (more severe? longer duration?)

Perform a focused physical examination, with attention to cardiopulmonary,

abdominal, and musculoskeletal examination

Order ancillary tests

. Obtain ECG in almost all cases

b. Cardiac enzymes (CK, CK-MB, troponin) depending on clinical suspicion

c. Obtain chest radiograph (CXR) in almost all cases

d. Under appropriate clinical setting, work up the patient for pulmonary embo-

lism (PE) (see pulmonary section)

= gioa e AN o
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Develop a diagnosis

a. It can be difficult to distinguish between GI causes of chest pain and angina. The
decision of whether to initiate a cardiac workup is dependent on a patient’s over-
all risk of CAD and the clinical presentation. If patient is young and without risk
factors, treat for GERD and follow up if pain recurs. (Anxiety may be a cause but
is difficult to diagnose and usually only considered after ruling out cardiac causes
first.) An older patient with risk factors should undergo a cardiac workup.

b. There is no fail-proof algorithm for approaching chest pain. In general, have a
greater index of suspicion for ischemic causes in the elderly, diabetic popula-
tions, and those with a history of CAD (see MI section).

@@ Congestive Heart Failure

A. General characteristics

1.

CHEF is a clinical syndrome resulting from the heart’s inability to meet the body’s
circulatory demands under normal physiologic conditions. It is the final common
pathway for a wide variety of cardiac diseases (see also Clinical Pearl 1-7).
Pathophysiology (Figure 1-5)
a. Frank-Starling relationship
* In a normal heart, increasing preload results in greater contractility.
* When preload is low (at rest), there is little difference in performance
between a normal and a failing heart. However, with exertion a fail-
ing heart produces relatively less contractility and symptoms occur
(Figure 1-6).
Systolic dysfunction
a. Owing to impaired contractility (i.e., the abnormality is decreased EF)
b. Causes include:

¢ Ischemic heart disease or after a recent MI—infarcted cardiac muscle does not

pump blood (decreased EF)
* HTN resulting in cardiomyopathy
e Valvular heart disease
* Myocarditis (postviral)
¢ Less common causes: Alcohol abuse, radiation, hemochromatosis, thyroid
disease
Diastolic dysfunction
a. Owing to impaired ventricular filling during diastole (either impaired relax-
ation or increased stiffness of ventricle or both). Diastolic dysfunction is less
common than systolic dysfunction.
b. Echocardiogram shows impaired relaxation of left ventricle.

cumont PEARL_Ji7

High-output Heart Failure

1.

2.

In high-output heart failure, an increase in cardiac output is needed for the requirements of peripheral
tissues for oxygen.

Causes include:

e Chronic anemia

e Pregnancy

e Hyperthyroidism

o AVfistulas

e \Wet beriberi (caused by thiamine [vitamin B1] deficiency)

e Paget disease of bone

e MR

e Aortic insufficiency

. The conditions listed above rarely cause heart failure by themselves. However, if these conditions develop
in the presence of underlying heart disease, heart failure can result quickly.

~ 'z
Quick /1)
A common presentation is a
patient with chronic stable
angina who presents with
symptoms suggestive of
USA. The following are the
initial steps:
¢ Obtain ECG and cardiac
enzymes
¢ Give aspirin
* Begin IV heparin

Quick

Often, both systolic and
diastolic dysfunctions are
present simultaneously.
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yCardiac output

Y

Activation of
renin—angiotensin—
aldosterone system

Y

Activation of
sympathetic
nervous system

Systemic vasoconstriction
and volume retention

'

AvVenous return, resulting inA
preload. This maintains CO.
However, in severe CHFA

preload does not result
infcardiac output (see

Frank—Starling mechanism).

v

ALVEDV causesALVEDP,
which is transmitted back to
pulmonary veins and leads to
symptoms of pulmonary
congestion.

FIGURE
1-5 Pathophysiology of CHF.

c. Causes include:

¢ HTN leading to myocardial hypertrophy—most common cause of diastolic

dysfunction

¢ Valvular diseases such as aortic stenosis (AS), mitral stenosis, and aortic

regurgitation

¢ Restrictive cardiomyopathy (e.g., amyloidosis, sarcoidosis, hemochromatosis)

B. Clinical features

1. Symptoms of left-sided heart failure (see also Clinical Pearl 1-8)
a. Dyspnea—difficulty breathing secondary to pulmonary congestion/edema

b. Orthopnea—difficulty breathing in the
tion of the head with pillows

Stroke volume

recumbent position; relieved by eleva-

Normal heart

Failing heart

Preload

FIGURE
1-6 Frank-Starling relationship.
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New York Heart Association (NYHA) Classification

e NYHA class I: Symptoms only occur with vigorous activities, such as playing a sport. Patients are nearly
asymptomatic.

e NYHA class II: Symptoms occur with prolonged or moderate exertion, such as climbing a flight of stairs or
carrying heavy packages. Slight limitation of activities.

e NYHA class Ill: Symptoms occur with usual activities of daily living, such as walking across the room or
getting dressed. Markedly limiting.

e NYHA class IV: Symptoms occur at rest. Incapacitating.

c. Paroxysmal nocturnal dyspnea (PND)—awakening after 1 to 2 hours of sleep
due to acute shortness of breath (SOB)

d. Nocturnal cough (nonproductive)—worse in recumbent position (same patho-

physiology as orthopnea)

e. Confusion and memory impairment occur in advanced CHF as a result of inad-

equate brain perfusion
f. Diaphoresis and cool extremities at rest—occur in desperately ill patients
(NYHA class IV)
2. Signs of left-sided heart failure
a. Displaced PMI (usually to the left) due to cardiomegaly
b. Pathologic S; (ventricular gallop)
* Rapid filling phase “into” a noncompliant left ventricular chamber
* May be normal finding in children; in adults, usually associated with CHF
* May be difficult to hear, but is among the most specific signs of CHF
 Heard best at apex with bell of stethoscope
¢ The sequence in the cardiac cycle for S;: S; follows S, (ken-tuck-Y)
c. S; gallop
* Sound of atrial systole as blood is ejected into a noncompliant, or stiff, left
ventricular chamber
 Heard best at left sternal border with bell of stethoscope
* The sequence in the cardiac cycle for S;: S, precedes S; (TEN-nes-see)
d. Crackles/rales at lung bases
* Caused by fluid spilling into alveoli; indicates pulmonary edema

e Rales heard over lung bases suggest at least moderate severity of left ventricu-

lar heart failure
e. Dullness to percussion and decreased tactile fremitus of lower lung fields
caused by pleural effusion
f. Increased intensity of pulmonic component of second heart sound indicates
pulmonary HTN (heard over left upper sternal border)
3. Symptoms/signs of right-sided heart failure
a. Peripheral pitting edema—pedal edema lacks specificity as an isolated finding.
In the elderly, it is more likely to be secondary to venous insufficiency
. Nocturia—due to increased venous return with elevation of legs
Jugular venous distention (JVD)
. Hepatomegaly/hepatojugular reflux
Ascites
. Right ventricular heave
4. Given enough time, left-sided heart failure will always lead to right-sided heart
failure and vice versa
a. Patients may present with sign/symptoms of both right- and left-sided HF

mean o

C. Diagnosis
1. Chest x-ray (CXR) (Figures 1-7 and 1-8)
a. Cardiomegaly
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Quick

Tests to order for a new

patient with CHF:

e Chest x-ray (pulmonary
edema, cardiomegaly,
rule out COPD)

e ECG

¢ Cardiac enzymes to rule

out Ml

CBC (anemia)

Echocardiogram (esti-

mate EF, rule out pericar-

dial effusion)
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Symptoms suggestive of heart failure: I

+» Paroxysmal nocturnal dyspnea
+ Orthopnea
= Dyspnea on exertion or at rest

Patient presents with
symptoms of heart failure

= Lower extremity edema

« Decreased exercise tolerance

* Unexplained confusion, altered mental status, or fatigue
in an elderly patient

« Abdominal symptoms associated with ascites and/or
hepatic engorgement (e.g., nausea, abdominal pain,
bloating, loss of appetite)

Indications for hospitalization:

Physical findings that support a diagnosis of

heart failure:

+ Elevated jugular venous pressure or positive
abdominal-jugular reflux

+ A third heart sound

= Laterally displaced cardiac apical impulse

» Hypotensive with organ hypoperfusion

= Severely dyspneic or periodic respirations
« Profound fluid retention states

» Substantive renal or hepatic insufficiency

Physical exam and
intitial testing

» Pulmonary rales that do not clear with cough

» Peripheral edema not due to venous
insufficiency

+ Narrow pulse pressure

» Hemodynamic instability requiring IV inotropes

« Dysrhythmias requiring I'V antidysrhythmic Tx or malignancy

« Decompensated HF with refractory angina

» Complication after cardiac transplantation including rejection
with hemodynamic instability

+ Elevated CPK and CPK-MB and/or 12-lead ECG obtained in ED

reflects diagnosis of myocardial ischemia/injury or new necrosis

= Stage of syndrome (NYHA Functional Class)
« Ejection fraction determination

Ejection fraction <45-® ¢ )

jection fraction >45%

If CAD:
« Evaluate risk factors such as
hypertension, diabetes mellitus,
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(systolic dysfunction)
L

(diastolic dysfunction
|

v

Determine etiology

= Evaluate ETOH use
= Obtain diet history

smoking, obesity ¢

Angiography
ginafischemia?

Yes No, or unable to

l revascularize

Y

Systolic dysfunction

= ACE inhibitors
= Digoxin

Revascularize and
“statins”

—>

3 * B-Blockers
= Diuretics
« Nitrates

General nonpharmacological management:
* 2-g sodium diet

» Low animal fat diet (ischemic etiology)

» Fluid restriction

+ Weight control (BMI <27)

+ Avoidance of alcohol/nicotine

intensity—30 min
» Stress management

* Yearly flu shot

* Regular aerobic physical activity—3 times/wk, moderate

= Self-management, education, and compliance monitoring
« Avoid NSAIDs, decongestants, licorice, and ginseng

v

Diastolic dysfunction

Y

Consider infiltrative
cardiomyopathies (amyloid,
sarcoid, etc.), heart biopsy,
hypertension, hypertrophic
cardiomyopathy

If ACE inhibitor intolerance

» Hydralazine/isosorbide
dinitrate combination

= Angiotensin II receptor blockers

Treatment based on specific
etiology and symptoms

FIGURE
1-7

Diagnosis and management of CHF.

(Modified from Topol EJ. Textbook of Cardiovascular Medicine. 2nd ed. Philadelphia, PA: Lippincott Williams &

Wilkins, 2002:1874, Figure 92.4.)
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A B

FIGURE
1-8 A: Chest radiograph showing cardiogenic pulmonary edema. B: Another example of
cardiogenic pulmonary edema; note cardiomegaly (patient had CHF).
(A from Mergo PJ. Imaging of the Chest—A Teaching File. Philadelphia, PA: Lippincott Williams & Wilkins, 2002:50,
Figure 24A.) (B from Stern EJ, White CS. Chest Radiology Companion. Philadelphia, PA: Lippincott Williams & Wilkins,
1999:38, Figure 5-4.)

b. Kerley B lines are short horizontal lines near periphery of the lung near the cos- e
tophrenic angles, and indicate pulmonary congestion secondary to dilation of
pulmonary lymphatic vessels

c. Prominent interstitial markings BNP is released from the

d. Pleural effusion ventricles in response to
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ventricular volume expan-
sion and pressure overload.
¢ BNP levels >150 pg/mL

2. Echocardiogram (transthoracic)
a. Initial test of choice—should be performed whenever CHF is suspected based

on history, examination, or CXR. correlate strongly with
b. Useful in determining whether systolic or diastolic dysfunction predominates, the presence of decom-
and determines whether the cause of CHF is due to a pericardial, myocardial, pensated CHF. (Unit of

measurement varies.)
¢ BNP may be useful in
differentiating between

or valvular process.
c. Estimates EF (very important): Patients with systolic dysfunction (EF <40%)

should be distinguished from patients with preserved left ventricular function dyspnea caused by CHF
(EF >40%). and COPD.
d. Shows chamber dilation and/or hypertrophy. * N-terminal pro-BNP (NT-

proBNP) is a newer assay
with similar predictive
value as BNP. The normal

3. ECG is usually nonspecific but can be useful for detecting chamber enlargement
and presence of ischemic heart disease or prior MI.

4. Radionuclide ventriculography using technetium-99m (“nuclear ventriculogra- range for this value
phy”). Also called multigated acquisition (MUGA) scan. depends on the age of the
5. Cardiac catheterization can provide valuable quantitative information regarding patient, but a NT-proBNP

<300 virtually excludes

diastolic and systolic dysfunction, and can clarify the cause of CHF if noninvasive ! :
the diagnosis of HF.

test results are equivocal. Consider coronary angiography to exclude CAD as an
underlying cause of CHE
6. Stress testing
Ny

a. ldentifies ischemia and/or infarction

b. Quantitates level of conditioning
c¢. Can differentiate cardiac versus pulmonary etiology of dyspnea

HTN is a common cause of

CHF and should be treated.

D. Treatment Goal is to reduce preload
and afterload.

d. Assesses dynamic responses of HR, heart rhythm, and BP

1. Systolic dysfunction
a. General lifestyle modification:
* Sodium restriction (less than 4 g/day)
* Fluid restriction (1.5 to 2.0 L daily)
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Quick

The RALES trial showed
that spironolactone reduces
morbidity and mortality in
patients with class Il or [V
heart failure. It is contrain-
dicated in renal failure.

Quick

Monitoring a patient with

CHF:

* Weight—unexplained
weight gain can be an
early sign of worsening
CHF

e Clinical manifestations
(exercise tolerance is
key); peripheral edema

e Laboratory values
(electrolytes, K, BUN,
creatinine levels; serum
digoxin, if applicable)

Quick

Standard treatment of CHF
includes a loop diuretic,
ACE inhibitor, and p-blocker.
Depending on severity and
patient factors, other medi-
cations such as digoxin,
hydralazine/nitrate, spirono-
lactone may be added.

Quick

Most common cause of
death from CHF is sudden
death from ventricular
arrhythmias. Ischemia
provokes ventricular
arrhythmias.

Quick

The COMET trial com-
pared two 3-blockers in
the treatment of CHF and
showed that carvedilol led
to significant improvement
in survival compared with
metoprolol.

* Weight loss

¢ Smoking cessation

¢ Restrict alcohol use

* Exercise program

e All patients should monitor weight daily to detect fluid accumulation
¢ Annual influenza vaccine and pneumococcal vaccine recommended

. Diuretics

¢ Most effective means of providing symptomatic relief to patients with moder-
ate to severe CHF

¢ Recommended for patients with systolic failure and volume overload

¢ Have not been shown to reduce mortality or improve prognosis, just for
symptom control. Goal is relief of signs and symptoms of volume overload
(dyspnea, peripheral edema)

¢ Loop diuretics: Furosemide (Lasix)—most potent, usually used

e Thiazide diuretics: Hydrochlorothiazide—modest potency

. Spironolactone (aldosterone antagonist)

¢ Prolong survival in selected patients with CHF

¢ Monitor serum potassium and renal function

e Spironolactone is proven effective only for more advanced stages of CHF
(classes III and IV)

* Eplerenone is an alternative to spironolactone (does not cause gynecomastia)

. ACE inhibitors

e Cause venous and arterial dilation, decreasing preload and afterload.

e Indicated for left ventricular systolic dysfunction (LV EF less than 40%).

* The combination of a diuretic and an ACE inhibitor should be the initial
treatment in most symptomatic patients.

* ACE inhibitors reduce mortality (Cooperative North Scandinavian Enalapril
Survival Study [CONSENSUS] and Studies of Left Ventricular Dysfunction
[SOLVD] trials), prolong survival, and alleviate symptoms in mild, moder-
ate, and severe CHE

* All patients with systolic dysfunction should be on an ACE inhibitor even if
they are asymptomatic.

* Always start at a low dose to prevent hypotension.

* Monitor BP, potassium, BUN, and creatinine.

. Angiotensin II receptor blockers (ARBs)

e Used in patients unable to take ACE inhibitors due to side effect of
cough, but should not replace ACE inhibitors if patient tolerates an ACE
inhibitor

. B-Blockers

¢ Proven to decrease mortality in patients with post-MI heart failure.

¢ Reported to improve symptoms of CHF; may slow progression of heart fail-
ure by slowing down tissue remodeling. The decrease in heart rate leads to
decreased oxygen consumption. B-Blockers also have antiarrhythmic and
anti-ischemic effect.

e Should be given to stable patients with mild to moderate CHF (class I, II, and
I1I) unless there is a noncardiac contraindication.

* Not all B-blockers are equal. There is evidence only for metoprolol, bisoprolol,
and carvedilol.

. Digitalis

¢ Positive inotropic agent.

¢ Useful in patients with EF <40%, severe CHF, or severe AFib.

¢ Provides short-term symptomatic relief (used to control dyspnea and will
decrease frequency of hospitalizations) but has not been shown to improve
mortality.

¢ For patients with EF <40%, who continue to have symptoms despite opti-
mal therapy (with ACE inhibitor, B-blocker, aldosterone antagonist, and a
diuretic).

e Serum digoxin level should be checked periodically.
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h. Hydralazine and isosorbide dinitrates

e Can be used in patients who cannot tolerate ACE inhibitors.

* The combination of hydralazine and isosorbide dinitrate has been shown to
improve mortality in selected patients (African Americans) with CHE But not
as effective as ACE inhibitors and require inconvenient dosing schedules.

i. The following medications are contraindicated in patients with CHF:

e Metformin—may cause potentially lethal lactic acidosis

¢ Thiazolidinediones—causes fluid retention

* NSAIDs may increase risk of CHF exacerbation

 Some antiarrhythmic agents that have negative inotropic effects

j. The following devices have been shown to reduce mortality in select patients:

¢ An ICD lowers mortality by helping prevent sudden cardiac death (which
is the most common cause of death in CHF). It is indicated for patients at
least 40 days post-MI, EF <35%, and class II or III symptoms despite optimal
medical treatment.

e Cardiac resynchronization therapy (CRT): This is biventricular pacemaker—
indications are similar to ICD except these patients also have prolonged QRS
duration >120 msec. Most patients who meet criteria for CRT are also candi-
dates for ICD and receive a combined device.

k. Cardiac transplantation is the last alternative if the above do not control symptoms.
2. Diastolic dysfunction: Few therapeutic options available; patients are treated

symptomatically (NO medications have proven mortality benefit)

a. B-Blockers have clear benefit and should be used

b. Diuretics are used for symptom control (volume overload)

c. Digoxin and spironolactone should NOT be used.

d. ACE inhibitors and ARBs—benetfit is not clear for diastolic dysfunction
3. General principles in treatment of CHF (see Clinical Pearls 1-9 and 1-10)

® Acute Decompensated Heart Failure

A. Acute dyspnea associated with elevated left-sided filling pressures, with or without
pulmonary edema.
B. Most commonly due to LV systolic or diastolic dysfunction.

cumont PEARL i

General Principles in the Treatment of CHF

No one simple treatment regimen is suitable for all patients.
The following is a general guideline, but the order of therapy may differ among patients and/or with
physician preferences.

Mild CHF (NYHA Classes I to ll)

o Mild restriction of sodium intake (no-added-salt diet of 4 g sodium) and physical activity.
e Start a loop diuretic if volume overload or pulmonary congestion is present.
e Use an ACE inhibitor as a first-line agent.

Mild to Moderate CHF (NYHA Classes Il to Ill)

o Start a diuretic (loop diuretic) and an ACE inhibitor.
e Add a B-blocker if moderate disease (class Il or Ill) is present and the response to standard treatment is
suboptimal.

Moderate to Severe CHF (NYHA Classes Il to IV)

e Add digoxin (to loop diuretic and ACE inhibitor).

¢ Note that digoxin may be added at any time for the relief of symptoms in patients with systolic dysfunction.
(It does not improve mortality.)

® |n patients with class IV symptoms who are still symptomatic despite the above, adding spironolactone can
be helpful.

Quick

Medications that have been

shown to lower mortality in

systolic heart failure:

* ACE inhibitors and ARBs

* [-Blockers

* Aldosterone antagonists
(spironolactone)

* Hydralazine, plus nitrate

Medications that do NOT

decrease mortality

¢ Loop diuretics

* Digoxin

Quick

Signs of digoxin toxicity:

¢ GI: Nausea/vomiting, ano-
rexia

e Cardiac: Ectopic (ven-
tricular) beats, AV block,
AFib

e CNS: Visual disturbances,
disorientation

\/

Quick ;1)
Calcium channel block-
ers (CCB) play no role in
treatment of CHF and some
may actually raise mortality.
However, amlodipine and
felodipine are safe to use
in CHF if CCBs are needed
for another indication (e.g.,
hypertension or angina).

Quick

The overall 5-year mortality
for all patients with CHF is
about 50%.
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e Ventricular assist device (VAD). Work on these devices has been occurring for the past five decades,
and most of the products on the market now represent research that was done 30 years ago. There is great
potential for these devices as more research is conducted and clinicians become more experienced in their
advantages and drawbacks.

e VADs may be used to support the left ventricle (LVAD), right ventricle (RVAD, or both ventricles [BiVAD]).

e The pump is implanted in the abdeminal cavity with cannulation to the heart. The system controller and
battery are worn externally.

e These devices may allow for a patient requiring continuous hospitalization to eventually be discharged with
relatively straightforward outpatient follow-up. Patients may live with these devices for a year or more.

e |ifelong anticoagulation with heparin or warfarin is essential without exceptions as these devices are very
thrombogenic.

e VADs may also be used for hemodynamic support related to the acute treatment of a STEMI or other cardiac
pathology (i.e., while recovering from a severe case of myocarditis)

C. Flash pulmonary edema refers to a severe form of heart failure with rapid accumu-
lation of fluid in the lungs.

D. Differential includes pulmonary embolism, asthma, and pneumonia, all of which
can cause rapid respiratory distress.

E. Diagnostic tests include ECG, chest x-ray, ABG, B-type natriuretic peptide (BNP),

echocardiogram, and possible coronary angiogram if indicated.
Hospital admission is indicated.
. Daily assessment of patient weight is a good method of documenting effective diuresis.
. Treatment
1. Oxygenation and ventilatory assistance with nonrebreather face mask, NPPV, or
even intubation as indicated.
2. Diuretics to treat volume overload and congestive symptoms—this is the most
important intervention. Decreases preload.

. Dietary sodium restriction.

4. Nitrates—IV nitroglycerin (vasodilator) in patients without hypotension.
Decreases afterload.

5. Patients who have pulmonary edema despite use of oxygen, diuretics, and
nitrates may benefit from use of inotropic agents (dobutamine). Digoxin takes
several weeks to work and is not indicated in an acute setting.

6. There is limited evidence for use of morphine sulfate.

T o m
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@@ Arrhythmias

oo Premature Complexes

A. Premature atrial complexes

1. This early beat arises within the atria, firing on its own.

2. Causes include adrenergic excess, drugs, alcohol, tobacco, electrolyte imbalances,

ischemia, and infection.

3. On ECG, look for early P waves that differ in morphology from the normal sinus

P wave (because these P waves originate within the atria and not the sinus node).

4. QRS complex is normal because conduction below the atria is normal. There is

usually a pause before the next sinus P wave.

5. Premature atrial complexes (PACs) are found in more than 50% of normal adults
who undergo Holter monitoring and are of no significance in a normal heart, but
may be a precursor of ischemia in a diseased heart.

May cause palpitations or give rise to PSVTs.
7. Usually asymptomatic and do not require treatment. Monitor for increased fre-
quency. If symptomatic (e.g., palpitations), B-blockers may be helpful.

o
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E
Normal sinus rhythm with premature ventricular contraction.

(From Nettina SM. The Lippincott Manual of Nursing Practice. 9th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2010:433, Figure 13-14.)

B. Premature ventricular complexes

1.

This early beat fires on its own from a focus in the ventricle and then spreads to
the other ventricle (Figure 1-9).

PVCs can occur in patients with or without structural heart disease. Causes
include hypoxia, electrolyte abnormalities, stimulants, caffeine, medications, and
structural heart disease.

Since conduction is not through normal conduction pathways, but rather through
ventricular muscle, it is slower than normal, causing a wide QRS.

Wide, bizarre QRS complexes followed by a compensatory pause are seen; a

P wave is not usually seen because it is “buried” within the wide QRS complex.
PVCs appear in more than 50% of men who undergo 24-hour Holter monitoring.
Most patients are asymptomatic. Some patients may have palpitations and dizzi-
ness related to PVCs. If symptomatic, B-blockers may be used.

Presence of PVCs in patients with normal hearts is associated with increased
mortality.

If a patient is found to have frequent PVCs, workup for underlying structural
heart disease should be initiated which may require specific treatment.

Patients with frequent, repetitive PVCs and underlying heart disease are at
increased risk for sudden death due to cardiac arrhythmia (especially VFib). Order
an electrophysiologic study because patients may benefit from an ICD.

O Tachyarrhythmias

oo [trial Fibrillation
A. General characteristics

1.

Multiple foci in the atria fire continuously in a chaotic pattern, causing a totally
irregular, rapid ventricular rate. Instead of intermittently contracting, the atria
quiver continuously.

Atrial rate is over 400 bpm, but most impulses are blocked at the AV node so ven-
tricular rate ranges between 75 and 175.

Patients with AFib and underlying heart disease are at a markedly increased risk
for adverse events, such as thromboembolism and hemodynamic compromise.

B. Causes

Uk W =

Heart disease: CAD, MI, HTN, mitral valve disease
Pericarditis and pericardial trauma (e.g., surgery)
Pulmonary disease, including PE
Hyperthyroidism or hypothyroidism

Systemic illness (e.g., sepsis, malignancy, DM)

Quick

The Cardiac Arrhythmia
Suppression Trial (CAST) |
and CAST Il studies showed
that the use of antiarrhyth-
mic drugs to suppress PVCs
after Ml increases the risk
of death.
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PVCs

¢ Couplet: Two successive
PVCs

¢ Bigeminy: Sinus beat
followed by a PVC

* Trigeminy: Two sinus
beats followed by a PVC

Quick

Patients with AFib in the
presence of underlying
heart disease have an
especially high risk of
embolization and hemody-
namic compromise.
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Quick

The treatment of AFib and

atrial flutter are similar.

There are three main goals:

e Control ventricular rate

¢ Restore normal sinus
rhythm

¢ Assess need for antico-
agulation

Stress (e.g., postoperative)

Excessive alcohol intake (“holiday heart syndrome”)
Sick sinus syndrome

Pheochromocytoma

© X N

. Clinical features

1. Fatigue and exertional dyspnea

2. Palpitations, dizziness, angina, or syncope may be seen

3. An irregularly irregular pulse

4. Blood stasis (secondary to ineffective contraction) leads to formation of intramural
thrombi, which can embolize to the brain.

1. ECG findings: Irregularly irregular rhythm (irregular RR intervals and excessively
rapid series of tiny, erratic spikes on ECG with a wavy baseline and no identifiable
P waves)

. Treatment

1. Acute AFib in a hemodynamically unstable patient: Immediate electrical cardiover-
sion to sinus rhythm (Figure 1-10; see Clinical Pearl 1-11)
2. Acute AFib in a hemodynamically stable patient
a. Rate control
¢ Determine the pulse in a patient with AFib. If it is too rapid, it must be treat-
ed. Target rate is 60 to 100 bpm.
* B-Blockers are preferred. Calcium channel blockers are an alternative.

AFib

v

Hemodynamically

stable? |

Yes I\I)
Rate control Immediate electrical

cardioversion

v

Duration of AFib
>48 hr?

Yes or unknown

|
v v

TEE Anticoagulate

r) for 3 wk No
l Yes
|

Thrombus in
left atrium?

[ v
No 9 Cardioversion

FIGURE
1-10 Acute management of atrial fibrillation.
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Cardioversion Versus Defibrillation

Cardioversion

e Delivery of a shock that is in synchrony with the QRS complex: Purpose is to terminate certain dysrhyth-
mias such as PSVT or VT, an electric shock during T wave can cause Vfib, so the shock is timed not to hit the
T wave.

e |ndications: AFib, atrial flutter, VT with a pulse, SVT

Defibrillation
e Delivery of a shock that is net in synchrony with the QRS complex: Purpose is to convert a dysrhythmia to

normal sinus rhythm.
e |ndications: VFib, VT without a pulse.

Automatic Implantable Defibrillator
e Device that is surgically placed: When it detects a lethal dysrhythmia, it delivers an electric shock to defi-

brillate. It delivers a set number of shocks until the dysrhythmia is terminated.
e |ndications: VFib and/or VT that is not controlled by medical therapy.

o If left ventricular systolic dysfunction is present, consider digoxin or amioda-
rone (useful for rhythm control).

b. Cardioversion to sinus rthythm (after rate control is achieved)

* Candidates for cardioversion include those who are hemodynamically unsta-
ble, those with worsening symptoms, and those who are having their first
ever case of AFib.

e Electrical cardioversion is preferred over pharmacologic cardioversion.
Attempts should be made to control ventricular rate before attempting DC
cardioversion.

* Use pharmacologic cardioversion only if electrical cardioversion fails or is not
feasible: Parenteral ibutilide, procainamide, flecainide, sotalol, or amiodarone
are choices.

c. Anticoagulation to prevent embolic cerebrovascular accident (CVA)

o If AFib present >48 hours (or unknown period of time), risk of embolization
during cardioversion is significant (2% to 5%). Anticoagulate patients for
3 weeks before and 4 weeks after cardioversion.

e An INR of 2 to 3 is the anticoagulation goal range.

* To avoid waiting 3 weeks for anticoagulation, obtain a transesophageal echo-
cardiogram (TEE) to image the left atrium (LA). If no thrombus is present,
start IV heparin and perform cardioversion within 24 hours. Patients still
require 4 weeks of anticoagulation after cardioversion.

3. Chronic AFib
a. Rate control with a B-blocker or calcium channel blocker
b. Anticoagulation

e Patients with “lone” AFib (i.e., AFib in the absence of underlying heart disease
or other cardiovascular risk factors) under age 60 do not require anticoagula-
tion because they are at low risk for embolization (aspirin may be appropriate).

* Treat all other patients with chronic anticoagulation (warfarin).

oo Atrial Flutter

A. General characteristics
1. Pathophysiology
a. One irritable automaticity focus in the atria fires at about 250 to 350 bpm
(typically very close to 300 bpm), giving rise to regular atrial contractions.
b. Atrial rate between around 300 bpm. The long refractory period in the AV
node allows only one out of every two or three flutter waves to conduct to
the ventricles.

- \£
Quick {;14}
The AFFIRM trial showed
that rate control is superior

to rhythm control in treat-
ment of AFib.

Quick

Risk of CVA in Patients

with AFib

¢ Patients with “lone AFib”:
1%l/yr

¢ Patients with heart dis-
ease: 4%/yr
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FIGURE

1-11 Atrial flutter.
(From Nettina SM. The Lippincott Manual of Nursing Practice. 9th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2010:431, Figure 13-12.)

2. Causes
a. Heart disease: Heart failure (most common association), rheumatic heart dis-
ease, CAD
b. COPD
c. Atrial septal defect (ASD)

B. Diagnosis
1. ECG provides a saw-tooth baseline, with a QRS complex appearing after every
second or third “tooth” (P wave). Saw-tooth flutter waves are best seen in the infe-
rior leads (11, III, aVF). (Figure 1-11)

G. Treatment
1. Similar to treatment for AFib
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® Multifocal Atrial Tachycardia

¢ Usually occurs in patients with severe pulmonary disease (e.g., COPD).

* ECG findings: Variable P-wave morphology and variable PR and RR intervals. At least
three different P-wave morphologies are required to make an accurate diagnosis
(Figure 1-12).

* The diagnosis of wandering atrial pacemaker is identical except that the heart rate is
between 60 and 100 bpm (i.e., not tachycardic).

¢ Can also be diagnosed by use of vagal maneuvers or adenosine to show AV block
without disrupting the atrial tachycardia.

¢ Treatment directed at the underlying disease, improving oxygenation and ventilation
(strong association between MAT and lung disease). If left ventricular function is pre-
served, acceptable treatments include calcium channel blockers, B-blockers, digoxin, ami-
odarone, IV flecainide, and IV propafenone. If LV function is not preserved, use digoxin,
diltiazem, or amiodarone. Electrical cardioversion is ineffective and should not be used.

o Paroxysmal Supraventricular Tachycardia

A. General characteristics
1. Pathophysiology (most often due to reentry) (Figure 1-13)
a. AV nodal reentrant tachycardia

¢ Two pathways (one fast and the other slow) within the AV node, so the reen-
trant circuit is within the AV node

* Most common cause of supraventricular tachyarrhythmia (SVT)

¢ Initiated or terminated by PACs

¢ ECG: Narrow QRS complexes with no discernible P waves (P waves are bur-
ied within the QRS complex). This is because the circuit is short and conduc-
tion is rapid, so impulses exit to activate atria and ventricles simultaneously
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FIGUR

1-12 ECG of multifocal atrial tachycardia with different P-wave configurations, varying PR

intervals, and an irregular rate. Visible ectopic P waves are indicated by arrows.

(From Davis D. Quick and Accurate 12-Lead ECG Interpretation. 3rd ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2000:414.)
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b. Orthodromic AV reentrant tachycardia

* An accessory pathway between the atria and ventricles that conducts retro-
gradely

e Called a “concealed bypass tract,” and is a common cause of SVTs

e Initiated or terminated by PACs or PVCs

¢ ECG: Narrow QRS complexes with P waves which may or may not be dis-
cernible, depending on the rate. This is because the accessory pathway is at
some distance from the AV node (reentrant circuit is longer), and there is a
difference in the timing of activation of the atria and ventricles

2. Causes

a. Ischemic heart disease
b. Digoxin toxicity—paroxysmal atrial tachycardia with 2:1 block is the most
common arrhythmia associated with digoxin toxicity

o Eee
FIGURE
1-13 ECG showing PSVT.

(From Harwood-Nuss A, Wolfson AB, Linden CL, et al. The Clinical Practice of Emergency Medicine. 5th ed.
Philadelphia, PA: Lippincott Williams & Wilkins, 2010:483, Figure 84.1.)
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Quick

In accordance with the
electrical conducting
system of the heart (SA
node, atria, AV node, bundle
of His, bundle branches,
Purkinje fibers) tachycar-
dias can be quickly sepa-
rated into two categories
based on the width of the
QRS complex.
¢ Narrow QRS complexes
suggest that the arrhyth-
mia originates at or
above the level of the AV
node.
¢ Wide QRS complexes
suggest that the arrhyth-
mia originates outside
of the normal conduct-
ing system or there
is a supraventricular
arrhythmia with coexist-
ing abnormality in the
His-Purkinje system.

A
Quick {11}
Side Effects of Adenosine
¢ Headache
* Flushing
S0B

L]
¢ Chest pressure
* Nausea

c. AV node reentry

d. Atrial flutter with rapid ventricular response

e. AV reciprocating tachycardia (accessory pathway)
f. Excessive caffeine or alcohol consumption

B. Treatment

1.

Maneuvers that stimulate the vagus delay AV conduction and thus block the reen-
try mechanism: The Valsalva maneuver, carotid sinus massage, breath holding, and
head immersion in cold water (or placing an ice bag to the face)
Acute treatment
a. Pharmacologic therapy
¢ IV adenosine—agent of choice due to short duration of action and effective-
ness in terminating SVTs; works by decreasing sinoatrial and AV nodal activity.
* IV verapamil (calcium channel blocker) and IV esmolol (B-blocker) or digoxin
are alternatives in patients with preserved left ventricular function.
¢ DC cardioversion if drugs are not effective or if unstable; almost always suc-
cessful.
Prevention
a. Pharmacologic therapy: Verapamil or B-blockers.
b. Radiofrequency catheter ablation of either the AV node or the accessory tract
(depending on which is the accessory pathway) is preferred if episodes are
recurrent and symptomatic.

oo \Wolff—Parkinson—White Syndrome

A. General characteristics
1. An accessory conduction pathway from atria to ventricles through the bundle of

Kent causes premature ventricular excitation because it lacks the delay seen in the
AV node.
May lead to a paroxysmal tachycardia, which can be produced by two possible
mechanisms:
a. Orthodromic reciprocating tachycardia
* The impulse travels through the AV node (anterograde limb) and depolarizes
the ventricles. Then it travels back through the accessory pathway (the retro-
grade limb) and redepolarizes the atria, creating a reentry loop.
* No delta waves because conduction occurs retrograde over the accessory
pathway.
b. Supraventricular tachycardias (AFib or atrial flutter)
¢ Usually, AV node only allows certain impulses to get to ventricles. With an
accessory pathway, all or most of the impulses may pass to the ventricles. A
fast ventricular rate may occur and cause hemodynamic compromise.

B. Diagnosis
1. ECG: Narrow complex tachycardia, a short PR interval, and a delta wave (upward

deflection seen before the QRS complex)

C. Treatment
1. Radiofrequency catheter ablation of one arm of the reentrant loop (i.e., of the

accessory pathway) is an effective treatment. Medical options include procain-
amide or quinidine.

2. Avoid drugs active on the AV node (e.g., digoxin, verapamil, B-blockers) because

they may accelerate conduction through the accessory pathway. Type 1A or IC
antiarrhythmics are better choices.

o e \entricular Tachycardia

A. General characteristics
1. Defined as rapid and repetitive firing of three or more PVCs in a row, at a rate of

between 100 and 250 bpm
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AV dissociation is present, that is, sinus P waves continue with their cycle, unaf-
fected by the tachycardia
Originates below the bundle of His
Causes
CAD with prior MI is the most common cause
Active ischemia, hypotension
Cardiomyopathies
. Congenital defects
Prolonged QT syndrome
. Drug toxicity
Sustained versus nonsustained VT
a. Sustained VT (persists in the absence of intervention)
* Lasts longer than 30 seconds and is almost always symptomatic
* Often associated with marked hemodynamic compromise (i.e., hypotension)
and/or development of myocardial ischemia
* A life-threatening arrhythmia
e Can progress to VFib if untreated
b. Nonsustained VT
e Brief, self-limited runs of VT
e Usually asymptomatic
e When CAD and LV dysfunction are present, it is an independent risk factor
for sudden death. Therefore, patients with nonsustained VT should be thor-
oughly evaluated for underlying heart disease and LV dysfunction
Prognosis depends on the presence of heart disease and on whether VT is sus-
tained or nonsustained. VT after an MI usually has a poor prognosis, especially
if it is sustained. In patients with no underlying heart condition, the prognosis is
good

me s T

B. Clinical features

1.

Rl el

Palpitations, dyspnea, lightheadedness, angina, impaired consciousness (syncope
or near-syncope)

May present with sudden cardiac death

Signs of cardiogenic shock may be present

May be asymptomatic if rate is slow

Physical findings include cannon A waves in the neck (secondary to AV dissocia-
tion, which results in atrial contraction during ventricular contraction) and an S1
that varies in intensity

1.

ECG: Wide and bizarre QRS complexes (Figure 1-14).

Quick

VT or VFib causes 75% of
episodes of cardiac arrest.

Quick

Torsades de pointes is a
rapid polymorphic VT. Itis a
dangerous arrhythmia that
often can lead to VFib.

e |tis associated with
many factors that prolong
the QT interval (e.g., con-
genital QT syndromes,
tricyclic antidepres-
sants, anticholinergics,
electrolyte abnormalities,
ischemia).

¢ |V magnesium provides
cardiac stabilization.

* Address the underlying
cause.
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Quick §;14I
In sum, the presence of ven-
tricular irritability (frequent
PVCs, VT) is especially
worrisome in patients with
underlying heart disease
and left ventricular dysfunc-
tion. These patients are at a
high risk for sudden death.
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FIGURE
1-14 Ventricular tachycardia.

(From Nettina SM. The Lippincott Manual of Nursing Practice. 9th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2010:434, Figure 13-16.)
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- 2. QRS complexes may be monomorphic or polymorphic.
QU’ Ck H IT a. In monomorphic VT, all QRS complexes are identical.
p p
b. In polymorphic VT, the QRS complexes are different.

Always suspect VT in a . .
patient with a wide (>0.12 3. Unlike PSVT, VT does not respond to vagal maneuvers or adenosine.

second) QRS tachycardia.
D. Treatment

1. Identify and treat reversible causes
2. Sustained VT

z »* a. Hemodynamically stable patients with mild symptoms and systolic
au,ck H- BP >90—pharmacologic therapy

¢ New advanced cardiac life support (ACLS) guidelines recommend IV amioda-
rone, IV procainamide, or IV sotalol
b. Hemodynamically unstable patients or patients with severe symptoms

e |tisimportantto distin-
guish monomorphic VT
from SVT with aberrant

conduction. ¢ Immediate synchronous DC cardioversion
¢ Wide complex tachy- ¢ Follow with IV amiodarone to maintain sinus rhythm
cardia in adults with a c. Ideally, all patients with sustained VT should undergo placement of an ICD,

h!story O.f structural heart unless EF is normal (then consider amiodarone)
disease is much more

likely to be due to VT than 3. Nonsustained VT
SVT with aberrancy. a. If no underlying heart disease and asymptomatic, do not treat. These patients
are not at increased risk of sudden death.
b. If the patient has underlying heart disease, a recent MI, evidence of left ven-
T4 tricular dysfunction, or is symptomatic, order an electrophysiologic study: If it
au ic k shows inducible, sustained VT, ICD placement is appropriate.
c. Pharmacologic therapy is second-line treatment. However, amiodarone has the

If a patient with underlying best results of all of the antiarrhythmic agents.
heart disease is found to
have nonsustained VT, an

implantable defibrillator has o o Ventricular Fibrillation
been shown to be the most ..
effective treatment. A. General characte"stlcs
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1. Multiple foci in the ventricles fire rapidly, leading to a chaotic quivering of the
ventricles and no cardiac output.

Mg 2. Most episodes of VFib begin with VT (except in the setting of acute ischemia/
QUi Ck infarction).

3. Recurrence
Cardiac arrest and sudden a. If VFib is not associated with acute MI, recurrence rate is high (up to 30%
cardiac death are not within the first year). These patients require chronic therapy: Either prophy-

Eﬁ?g?}? :rl::;t- Sudden lactic antiarrhythmic therapy (amiodarone) or implantation of an automatic
loss of cardiac output; defibrillator.
potentially reversible if b. If VFib develops within 48 hours of an acute MI, long-term prognosis is favor-
circulation and oxygen able and the recurrence rate is low (2% at 1 year). Chronic therapy is not

delivery are promptly
restored.

Sudden cardiac death:
Unexpected death within

required in these patients.
4. Fatal if untreated

1 hour of symptom onset B. Causes
secondary to a cardiac 1. Ischemic heart disease is the most common cause
gause. 2. Antiarrhythmic drugs, especially those that cause torsades de pointes (prolonged

QT intervals)
3. AFib with a very rapid ventricular rate in patients with Wolff—Parkinson-White

- s syndrome
Quick .

. Clinical features

Narrow complex tachy-
o i 1. Cannot measure BP; absent heart sounds and pulse

cardias originate above

ventricles. Wide complex 2. Patient is unconscious

tachycardias originate 3. If untreated, leads to eventual sudden cardiac death
within ventricles and are

more ominous because they D. Diagnosis

are more likely to progress . . . .

t0 VFib P 1. ECG: No atrial P waves can be identified (Figure 1-15)

2. No QRS complexes can be identified
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FIGURE

1-15 Ventricular fibrillation.
(From Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins, 2000:499, Figure 76.24.)

3. In sum, no waves can be identified; there is a very irregular rhythm

. Treatment

1. This is a medical emergency! Immediate defibrillation and CPR are indicated.
a. Initiate unsynchronized DC cardioversion immediately. If the equipment is not
ready, start CPR until it is.
b. Give up to three sequential shocks to establish another rhythm; assess the
rhythm between each.
2. If VF persists:
a. Continue CPR.
b. Intubation may be indicated.
c. Epinephrine (1 mg IV bolus initially, and then every 3 to 5 minutes)—this increas-
es myocardial and cerebral blood flow and decreases the defibrillation threshold.
d. Attempt to defibrillate again 30 to 60 seconds after first epinephrine dose.
3. Other options if the above procedures fail (refractory VFib):
a. IV amiodarone followed by shock—new ACLS guidelines recommend the use
of amiodarone over other antiarrhythmic agents in refractory VFib.
b. Lidocaine, magnesium, and procainamide are alternative second-line treatments.
4. 1f cardioversion is successful:
a. Maintain continuous IV infusion of the effective antiarrhythmic agent. IV amio-
darone has been shown to be the most effective.
b. Implantable defibrillators have become the mainstay of chronic therapy in
patients at continued risk for VE Long-term amiodarone therapy is an alternative.

O Bradyarrhythmias

L]

ee Sinus Bradycardia

Sinus rate <60 bpm: Clinically significant when rate is persistently <45 bpm

Causes include ischemia, increased vagal tone, antiarrhythmic drugs; may be a normal
finding in trained athletes

Can be asymptomatic; patients may complain of fatigue, inability to exercise, angina,
or syncope

Atropine can elevate the sinus rate by blocking vagal stimulation to the sinoatrial
node. A cardiac pacemaker may be required if bradycardia persists

ee Sick Sinus Syndrome

Sinus node dysfunction characterized by a persistent spontaneous sinus bradycardia.
Patients usually elderly.

Symptoms include dizziness, confusion, syncope, fatigue, and CHE

Pacemaker implantation may be required (see Clinical Pearl 1-12).

oo AV Block

A. First-degree AV block

1. PR interval is prolonged (>0.20 second) (Figure 1-16).
2. A QRS complex follows each P wave.

Quick

* Drugs cannot convert
VFib by themselves. Defi-

brillation is key, along with

CPR and epinephrine.

» Defibrillation generally
does not work for asys-
tole. Perform CPR and
administer epinephrine.

Quick

Pulseless Electrical

Activity (PEA)

¢ Occurs when electrical
activity is on the monitor
but there are no pulses
(even with Doppler), and

carries a grim prognosis.

¢ Treat possible causes
(hypoxia, hypovolemia,
hypotension, hyper-
kalemia, tamponade,
tension pneumothorax,
massive PE, and so on)
and medicate according
to ACLS guidelines.
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Cardiac Pacemakers

1. Device that delivers direct electrical stimulation to the heart when the heart’s natural pacemaker is unable
to do so
2. There are three types:
e Permanent implantable system for long-term treatment
e Temporary systems—either transcutaneous (with electrode pads over chest) or transvenous—hboth use
an external pulse generator that patient can secure to waist with straps
3. On ECG, cardiac pacing is noted by presence of a “spike.”
4. Indications
e Sinus node dysfunction is most common indication
e Symptomatic heart block—Mobitz Il second-degree block and complete heart block (even if asympto-
matic)
e Symptomatic bradyarrhythmias
e Tachyarrhythmias to interrupt rapid rhythm disturbances

T
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FIGURE

1-16 A:First-degree AV block. B: Type | second-degree AV block. C: Type Il second-degree AV
block. D: Type lll block.
(A from Nettina SM. The Lippincott Manual of Nursing Practice. 9th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2010:436, Figure 13-18.) (B from Humes DH, DuPont HL, Gardner LB, et al. Kelley's Textbook of Internal
Medicine. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2000:500, Figure 76.25.) (C from Humes DH, DuPont
HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2000:501, Figure 76.27.) (D from Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th
ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2000:502, Figure 76.30.)
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3. Delay is usually in the AV node.
4. Benign condition that does not require treatment.

B. Second-degree AV hlock (includes Mobitz type I and 1)
1. Mobitz type I (Wenckebach)
a. Characterized by progressive prolongation of PR interval until a P wave fails to
conduct
b. Site of block is usually within the AV node
c. Benign condition that does not require treatment
2. Mobitz type 11
a. P wave fails to conduct suddenly, without a preceding PR interval prolongation;
therefore, the QRS drops suddenly
b. Often progresses to complete heart block
c. Site of block is within the His-Purkinje system
d. Pacemaker implantation is necessary

C. Third-degree (complete) AV block

1. Absence of conduction of atrial impulses to the ventricles; no correspondence
between P waves and QRS complexes

2. A ventricular pacemaker (escape rhythm) maintains a ventricular rate of 25 to 40 bpm
a. Characterized by AV dissociation
b. Pacemaker implantation is necessary.

)
@ Diseases of the Heart Muscle

o e Dilated Cardiomyopathy

A. General characteristics
1. Most common type of cardiomyopathy
2. An insult (e.g., ischemia, infection, alcohol, etc.) causes dysfunction of left ven-
tricular contractility
3. Poor prognosis—many die within 5 years of the onset of symptoms

B. Causes
1. Up to 50% of cases are idiopathic
2. Other causes include:
a. CAD (with prior MI) is a common cause
b. Toxic: Alcohol, doxorubicin, Adriamycin
c. Metabolic: Thiamine or selenium deficiency, hypophosphatemia, uremia
d. Infectious: Viral, Chagas disease, Lyme disease, HIV
e. Thyroid disease: Hyperthyroidism or hypothyroidism
f. Peripartum cardiomyopathy
g. Collagen vascular disease: SLE, scleroderma
h. Prolonged, uncontrolled tachycardia
i. Catecholamine induced: Pheochromocytoma, cocaine
j. Familial/genetic

C. Clinical features
1. Symptoms and signs of left- and right-sided CHF develop.
2. S;, S;, and murmurs of mitral or tricuspid insufficiency may be present.
3. Cardiomegaly is commonly seen.
4. Many patients with DCM will have a coexisting arrhythmia (atrial or ventricular)

related to the dilated ventricle.
5. Sudden death.

D. Diagnosis
1. ECG, CXR, and echocardiogram results consistent with CHE
2. Genetic testing may be warranted if there is a family history of DCM and no other
cause can be identified.

Quick

Second-degree Mobitz
type Il and third-degree AV
blocks require pacemaker
implantation.
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E. Treatment
1. Similar to treatment of CHF: Digoxin, diuretics, vasodilators, and cardiac trans-
plantation.
2. Remove the offending agent if possible.
3. Anticoagulation should be considered because patients are at increased risk of
embolization.

ee Hypertrophic Cardiomyopathy

A. General characteristics
1. Most cases are inherited as an autosomal-dominant trait. However, spontaneous
mutations may account for some cases.
2. Pathophysiology
a. The main problem is diastolic dysfunction due to a stiff, hypertrophied ven-
tricle with elevated diastolic filling pressures.
b. These pressures increase further with factors that increase HR and contractility
(such as exercise) or decrease left ventricular filling (e.g., the Valsalva maneuver).
c. Patients may also have a dynamic outflow obstruction due to asymmetric
hypertrophy of the interventricular septum.

B. Clinical features
1. Symptoms
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a. Dyspnea on exertion
b. Chest pain (angina)
c. Syncope (or dizziness) after exertion or the Valsalva maneuver
Dis d. Palpitations
a u i c k H IT e. Arrhythmias (AFib, ventricular arrhythmias)—due to persistently elevated
atrial pressures
« Standing, the Valsalva, f. Cardiac failure due to increased diastolic stiffness
and leg raise maneuvers g. Sudden death—sometimes seen in a young athlete; may be the first manifesta-
diminish the intensity of tion of disease
all murmurs except MVP h. Some patients may remain asymptomatic for many years
and hypertrophic cardio- 2. Signs
myopathy (HCM). These
maneuvers decrease left a. Sustained PMI
ventricular volume. b. Loud S,
* Squatting increases the c. Systolic ejection murmur
intensity of all murmurs * Decreases with squatting, lying down, or straight leg raise (due to decreased
except MVP and HCM. .
o ShsEnied FEnekE outflow obstruction)
dfiiiehes (he e ¢ Intensity increases with Valsalva and standing (decreases LV size and thus
sity of HCM murmur. increases the outflow obstruction)
Sustained handgrip * Decreases with sustained handgrip (increased systemic resistance leads to

increases systemic

_ decreased gradient across aortic valve)
resistance.

* Best heard at left lower sternal border (LLSB)
d. Rapidly increasing carotid pulse with two upstrokes (bisferious pulse)

C. Diagnosis
1. Echocardiogram establishes the diagnosis
2. Clinical diagnosis and family history

D. Treatment
1. Asymptomatic patients generally do not need treatment, but this is controversial.
No studies have shown any alteration in the prognosis with therapy, so treatment
generally focuses on reducing symptoms.
2. All patients should avoid strenuous exercise, including competitive athletics.
3. Symptomatic patients
a. f-Blockers should be th