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CHAPTER 2

Hypertension

GREGORY P. PROKOPOWICZ, MD, MPH

Hypertension is present in nearly 30% of the general popu-
lation, and with the aging of the population and the increase
in obesity, its prevalence is expected to increase. Hyperten-
sion is an important risk factor for many common diseases
including stroke, end-stage renal disease, heart failure, and
myocardial infarction, and is the most common modifiable
cardiovascular disease risk factor. Aggressive control of
elevated blood pressure (BP) results in a significant decline
in morbidity and mortality.

Basic Information

® Hypertension definition

BP 140/90 mm Hg or higher (i.e., a systolic BP

2140 mm Hg, a diastolic BP 290 mm Hg, or both)

(Table 2-1).

® The classification of BP applies to patients not
taking antihypertensives and without acute illness
(which may raise or lower BP); patients taking
antihypertensive medication are considered to
have hypertension

BP of 140 to 159/90 to 99 mm Hg is designated as

Stage 1 hypertension, and BP 160/100 mm Hg or

higher as Stage 2 hypertension

= [f the systolic and diastolic BPs fall in different
stages, the higher stage is used (e.g., a BP of
182/95 mm Hg is categorized as Stage 2)

BP of 120 to 139/80 to 89 mm Hg is designated

as prehypertension

® Prehypertension is a risk category, not a disease;
patients with prehypertension are at high risk of
progressing to actual hypertension and should be
targeted for lifestyle modification

Hypertensive urgency refers to severe

hypertension without acute end-organ

dysfunction

= There is no agreed-upon BP that defines
hypertensive urgency, although some sources use
180/120 mm Hg

® Headache, anxiety, or medication nonadherence
often contribute to elevated BP in patients with
hypertensive urgency

Hypertensive emergency implies elevated BP

with acute end-organ dysfunction (Table 2-2)

= Although hypertensive emergency is not defined
by any specific level of BP, most patients have BPs
180/120 mm Hg or higher

® Epidemiology

Hypertension affects more than 60 million

Americans and is the most common modifiable

cardiovascular disease risk factor

REVIEW

Hypertension is more prevalent among African

Americans, who also experience more end-organ

damage

There is a graded relationship between BP level and

the incidence of stroke, end-stage renal disease, heart

failure, and ischemic heart disease

® Younger than age 50, diastolic BP is the most
important predictor of adverse cardiovascular
outcomes; older than age 50, systolic BP is the
most important predictor

The prevalence of hypertension rises with age

(Fig. 2-1).

= Systolic BP rises continuously; diastolic BP
rises until approximately age 50 years and then
declines

® Jsolated systolic hypertension (i.e., systolic BP
>140 mm Hg and diastolic BP <90 mm Hg) is
common among the elderly and is an important
cardiovascular risk factor

® Patients with prehypertension have an increased
risk of progression to hypertension

® Pathophysiology

Most patients (>90%) do not have an identifiable

cause of hypertension; this is commonly referred

to as essential hypertension

BP is the product of cardiac output and peripheral

vascular resistance; increased cardiac output can play

a role in the initiation of hypertension; however,

most patients with long-standing hypertension have

increased peripheral resistance with normal or

diminished cardiac output

In some “salt sensitive” patients, BP responds

strongly to changes in sodium intake and

extracellular fluid; salt sensitivity occurs more

commonly among African Americans and the

elderly

End-organ damage from hypertension can affect the

kidneys, heart, vasculature, brain, and eyes (Table 2-3)

Clinical Presentation

® Most patients are asymptomatic

® Some have evidence of target organ damage at first
presentation (see Table 2-3)

m Occasionally, patients may present with hypertensive
urgencies or emergencies (see Table 2-2)

Diagnosis and Evaluation

® Measurement of BP
Allow patient to relax and sit quietly for more than 5
minutes



Classification of Blood Pressure

Systolic BP Diastolic BP
Category (mm Hg) (mm Hg)
Normal <120 and <80
Prehypertension 120 to 139 or 80 to 89
Hypertension
Stage 1 140 to 159 or 90 to 99
Stage 2 =160 or >100

BP, Blood pressure.

Modified from The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. JAMA. 2003;289:2560-2572.

TABLE 2.2 Manifestations of Acute End-Organ
Damage in Hypertensive Emergency

Hypertensive Headache
encephalopathy Altered mental status
Seizures

Nausea, vomiting
Papilledema (see Fig. 2-2)
Abnormalities on brain imaging

Intracranial hemorrhage Headache
Altered mental status
Focal neurologic abnormalities
Hemorrhage on brain imaging

Unstable angina Chest pain
ECG abnormalities
Acute myocardial Chest pain
infarction ECG abnormalities
Cardiac enzyme elevation
LV failure with Dyspnea
pulmonary edema Hypoxia
Pulmonary congestion on chest
imaging
Acute aortic dissection Chest pain
Syncope
End-organ ischemia
Eclampsia Proteinuria
Seizures

ECG, Electrocardiographic; LV, left ventricular.

® The patient should also refrain from smoking or
consuming caffeine for more than 30 minutes
before BP measurement

Use an appropriate sphygmomanometer cuff

size; the bladder of the cuff should encircle 80%

or more of the arm without overlapping; using a

smaller cuff may yield falsely elevated readings

The arm in which BP is being measured should be

supported and relaxed at the level of the heart

BP should be measured in both arms, and the higher

of the two readings used

At each clinical visit, the BP preferably should be

taken at least twice in the arm with the higher BP

measurement

® The average BP should guide management

Blood pressure —>»

TABLE 2-3

Heart

Brain

Eyes

Vasculature

Kidneys
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Systolic T

Pulse
pressure

v

Diastolic 50s

Age —>»

FIGURE 2-1 Blood pressure and age.

Clinical Manifestations of Chronic
Target Organ Damage in
Hypertension

Left ventricular hypertrophy

1) Enlarged PMI or S, gallop

2) Evidence of LVH on ECG or ECHO

Left ventricular dysfunction

1) Signs/symptoms of CHF

2) Enlarged PMI or S; gallop

3) Systolic or diastolic dysfunction on ECHO
Coronary artery disease

1) Angina

2) History of MI, PCl, or CABG

Cerebrovascular disease
1) History of stroke
2) Carotid bruit

Retinovascular disease

1) Arteriolar narrowing
2) Arteriovenous nicking
3) Hemorrhage

4) Exudates

Atherosclerosis

1) Claudication

2) Diminished or absent pulses
3) Renal or femoral bruits

Hypertensive nephrosclerosis, ESRD

1) Proteinuria or microalbuminuria
2) Elevated serum creatinine

CABG, Coronary artery bypass graft; CHF, congestive heart failure;
ECG, electrocardiography; ECHO, echocardiography;
ESRD, end-stage renal disease; LVH, left ventricular hypertrophy;
MI, myocardial infarction; PMI, point of maximum impulse;
PCl, percutaneous coronary intervention.

Two methods to assess BP:

= Auscultatory method: Systolic BP is defined as the
first appearance of Korotkoff sounds, and diastolic
pressure is defined as the disappearance of
Korotkoff sounds

® QOscillometric method: used by electronic BP
measuring devices, which detect pressure
fluctuations in the cuff. This method is often
preferred over the auscultatory method because it
is not subject to human bias or error.

Elevated BP readings on two separate clinical visits

should be obtained before classifying a patient as

hypertensive; however, if BP is very high (systolic

BP >180 mm Hg) on multiple readings at the initial
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visit, it is reasonable to start antihypertensive
medications at that time
# In elderly patients, or when orthostatic hypotension
is suggested, standing BP measurements should be
taken
" Some patients may have a marked discrepancy
between BP measurements obtained at home and in
the clinic
= Elevated BP in clinic with normal out-of-office
readings is referred to as white-coat
hypertension
= Elevated out-of-office BP with normal clinic
readings is referred to as masked
hypertension
® |n either case, home BP readings and/or 24-hour
ambulatory BP monitoring should be obtained and
used to guide management.
» For daytime home BP monitoring, hypertension is
defined as an average BP greater than 135/85 mm Hg
# For 24-hour BP monitoring (which includes readings
taken during sleep), an average BP greater
than130/80 mm Hg is considered hypertensive
® Goals in initial evaluation of the hypertensive patient:
m Assess for target organ damage (Fig. 2-2; see also
Table 2-3)
® Requires comprehensive physical examination,
including assessing vital signs, body mass index,
and cardiopulmonary systems, and auscultation of
the major blood vessels to identify bruits in the
eyes, neurologic system, and limbs

FIGURE 2-2 Papilledema in hypertension. (From Yanoff M.
Ophthalmology. 2nd ed. Philadelphia: Mosby; 2004, Fig. 113-7.)

» Identify comorbidities
= Diabetes mellitus (DM)
= Chronic kidney disease (CKD)
® [schemic heart disease and cardiomyopathy

m Identify other cardiovascular disease risk factors:
cigarette smoking, dyslipidemia, older age, obesity,
physical inactivity, family history
® Assess for identifiable (secondary) causes of

hypertension (see later discussion)

® Recommended laboratory tests for initial evaluation

" Serum creatinine, sodium, potassium, fasting glucose
Urinalysis with microscopic examination
Electrocardiogram (or echocardiogram)
Fasting lipid profile
Optional: serum calcium, thyroid-stimulating
hormone

m Screen for identifiable (secondary) causes of
hypertension (Table 2-4)

® Consider secondary hypertension in the following
scenarios:

" Sudden onset of hypertension in a previously
normotensive patient

" Age, history, physical examination, severity of
hypertension, or initial laboratory findings
suggestive of a specific cause (see Table 2-4)

" Recurrence of hypertension in a previously
well-controlled patient (nonadherence should
also be considered)

" Hypertension resistant to three or more drugs,
including a diuretic

® Substances that may cause or worsen hypertension

= Alcohol (use or withdrawal)

# Amphetamines, cocaine

# Over-the-counter medications (decongestants,
diet pills, nonsteroidal antiinflammatory drugs
[NSAIDs])

® Prescription medications (NSAIDs, oral
contraceptives, cyclosporine, erythropoietin)

# Supplements (ephedra)

u Licorice (inhibits metabolism of endogenous cortisol
to cortisone)

® Other correctable causes of hypertension

® Acute pain or stress in hospitalized or
institutionalized patients

u Obstructive sleep apnea

u Hyperthyroidism or hypothyroidism

m CKD (caused by renin oversecretion and impaired
sodium excretion)

» Co-arctation of the aorta (very uncommon in adults)
® Delayed femoral pulses, diminished leg BP, and rib

notching on chest radiograph suggest this

diagnosis, which is confirmed with computed

tomography or magnetic resonance imaging
® Treatment is either surgery or angioplasty

Treatment (Essential Hypertension):

B Management requires close BP follow-up:
u Table 2-5 suggests follow-up intervals, depending on
the degree of elevation
" Suggested follow-up intervals should be shorter if
important risk factors (e.g., DM) or target organ
damage is present



Major Causes of Secondary Hypertension

Pathophysiology
Renal Artery Stenosis

Underperfused kidney
produces excess renin,
which increases angiotensin
Il (vasoconstriction) and
aldosterone (sodium
retention and volume
expansion)

Usually caused by
atherosclerosis, especially in
older patients

May also be caused by FMD,
which usually occurs in
young female patients

Pheochromocytoma

Tumors that originate in the
adrenal medulla or
sympathetic ganglia and
release catecholamines
periodically

Most are sporadic

Familial forms (20% to 35%)
are associated with:

(1) Multiple endocrine
neoplasia IIA and IIB

(2) Neurofibromatosis
(3) von Hippel-Lindau
disease (with retinal
angiomas, cerebellar
hemangioblastomas,

and renal cell carcinoma)

Clinical Presentation Diagnosis

Sudden onset of significant
hypertension at older (>55
years) or younger (<30
years) age

Abdominal bruits

Patient with peripheral
vascular disease

Unexplained deterioration in
renal function

Consider FMD in young
females

Unusually large drop in BP
with ACEIl or ARB treatment

Magnetic resonance
angiography: highly
sensitive, no contrast
required

CT angiography: highly
sensitive, contrast required

Doppler ultrasound: sensitivity
dependent on operator
skill, no contrast required

Captopril radionuclide scan:
less sensitive, requires
discontinuation of
antihypertensive
medications before test

Renal artery angiography:
gold standard, invasive,
may be performed with
CO, to avoid use of
iodinated contrast

Headache Screen with plasma free-
Sweating metanephrines, confirm
Palpitations with 24-hour urine
Pallor collection for

Anxiety catecholamines, VMA,
Weight loss metanephrines

Orthostatic hypotension
HTN may be episodic or
sustained

Certain drugs may cause
false-positive or false-
negative screens

If screen is positive, localize
with MRI (or MIBG scan if
MRI negative)

Hyperaldosteronism (see Chapter 42)

Most common cause of
secondary hypertension

Can be caused by an
adenoma that produces
aldosterone (Conn
syndrome) or bilateral
adrenal hyperplasia (zona
granulosae)

Rarely can be caused by an
aldosterone-producing
carcinoma

Spontaneous hypokalemia in
a hypertensive patient (may
cause cramps and muscle

Screen with plasma
aldosterone and renin
serum: ratio of aldosterone

weakness) to renin >20 suggests
Severe hypokalemia induced disease
by diuretics Confirm by measuring 24-h

urine aldosterone after 3
days of salt loading: >12 ug
confirms disease

If screen positive, localize
with CT or MRI; adrenal
vein sampling

Mild metabolic alkalosis

Hypercortisolism (see Chapter 42)

Several possible causes:

(1) ACTH-secreting pituitary
tumor (Cushing disease)

(2) Adrenal adenomas

(3) Ectopic ACTH secretion

(4) latrogenic steroid
administration

Truncal obesity
Moon facies

Screen with 24-h urinary free
cortisol, salivary cortisol, or

Purple striae 1 mg overnight

Proximal weakness dexamethasone suppression

Hirsutism test

Hyperglycemia If positive, perform high-dose

Osteoporosis dexamethasone suppression
test and measure plasma
ACTH

Localize with imaging of
adrenals or pituitary
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Treatment

Goal is to improve HTN
control and measures to
preserve renal function

Revascularized patients
usually still require
medication for BP control

Statin therapy decreases
progression

The longer stenosis has been
present, the less likely
intervention will help
(kidney becomes atrophic)

Interventional options:

(1) Angioplasty + stent
(lesions at ostia of renal
arteries are often not
amenable to angioplasty)

(2) Surgical bypass

(3) Surgical excision of
kidney if size <8 cm

Medical therapy usually best
if recovery of renal
function is unlikely

Surgical resection

Preoperatively, patients
should receive
phentolamine or
phenoxybenzamine to
prevent crisis

Surgical resection of
adenoma

Treat with spironolactone for
patients with hyperplasia

Surgical resection of tumor
or discontinuation of
steroid therapy

ACTH, Adrenocorticotropic hormone; ACEls, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BP, blood pressure;
CO,, carbon dioxide; CT, computed tomography; HTN, hypertension; FMD, fibromuscular dysplasia; MIBG, iodine-131 metaiodobenzylguanidine;
MRI, magnetic resonance imaging; VMA, vanillylmandelic acid.
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® Target BP goal is 140/90 mm Hg for all patients
(including those with DM or CKD), except patients
aged 60 or older without DM or CKD, who should
be treated to a goal BP of 150/90 mm Hg
® Therapy choice depends on hypertension stage and
the presence of risk factors or target organ damage
(Table 2-6)
® Management recommendations:
Always start with lifestyle modification even if
drug therapy is also needed
® Recommend weight reduction of 10 pounds or
more
® Encourage 30 minutes or more of moderately
intense physical activity (e.g., brisk walking) four
or more times a week

Initial Management of Blood
Pressure

INITIAL BLOOD PRESSURE (mm Hg)

Recommended
Systolic Diastolic Follow-up
<120 <80 Recheck in 2 years
120 to 139 80 to 89 Recheck in 1 year*
140 to 159 90 to 99 Confirm within 2
months*
160 to 179 100 to 109 Evaluate or refer
within 1T month
>180 >110 Evaluate and treat

immediately or
within 1 week,
depending on
clinical situation
and complications

*Provide advice about lifestyle modification.

Modified from Chobanian AV, Bakris GL, Black HR, et al. The seventh
report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. JAMA.
2003;289:2560-2571.

® Counsel moderate alcohol intake (1 ounce or less
per day in men, /4 ounce in women)
® Recommend diet modifications:
m Advise low sodium intake (100 mmol/day, i.e.,
6 g NaCl or 2.4 g Na’, or less)
® Recommend a diet high in fruits, vegetables,
and low-fat dairy products: Dietary Approaches
to Stop Hypertension (DASH) eating plan
® Recommend smoking cessation, although not
demonstrated to cause chronic hypertension
No strong recommendations for altering caffeine
intake; chronic caffeine intake not shown to
correlate with elevated BP
Relaxation therapy and stress management are of
uncertain benefit
® Drug therapy:
See Figure 2-3 for suggested therapeutic algorithm
and Table 2-7 for a list of medications
General principles: initial therapy
= |n the general population, including those with
DM, start either a thiazide-type diuretic,
calcium channel blocker (CCB), angiotensin-
converting enzyme inhibitor (ACEI), or
angiotensin receptor blocker (ARB), either
alone or in combination (exception: do not use
ACEls and ARBs in combination)
= |n the general black population, including
patients with DM, start either a thiazide-type
diuretic or CCB
® |n patients with CKD, start either an ACEI
or ARB
® [n most cases, choose agents with 24-hour duration
of action and once-daily dosing
General principles: subsequent therapy
= Monotherapy is successful in approximately 40%
of patients; in approximately 60%, consider using
two or more drugs to attain goal BP, especially in
patients with a BP higher than 160/100 mm Hg
® If there is a partial but inadequate response to the
first antihypertensive drug, either increase the dose
or add a second agent from a different class

Treatment Recommendations by Risk Group

Blood Pressure (BP) Lifestyle

Classification Modification

Normal (<120/80 mm Hg) Encourage None

Prehypertension (120 to Yes None
139/80 to 89 mm Hg)

Stage 1 (140 to 159/90 to Yes
99 mm Hg)

Stage 2 (2160/>100 mm Hg) Yes

No Compelling Indication

Thiazide diuretic for most;
may consider other drug
classes

Two-drug combination for
most, including thiazide
diuretic

INITIAL DRUG THERAPY
Compelling Indication(s) Present
None

Appropriate drug(s) for DM, CKD, or
CAD if BP >130/80 mm Hg, for HF
if BP >120/80 mm Hg

Appropriate drug(s) for compelling
indication

Two-drug combination for most,
usually including appropriate
drug(s) for compelling indication

CAD, Coronary artery disease; HF, heart failure; CKD, chronic kidney disease; DM, diabetes mellitus.
Modified from The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

JAMA. 2003;289:2561.



Does the
patient have |Yes
diabetes

?
@GN0k BP goal is
¥ No >140/90
Is the patient  |Yes {
?
IR B Does the patient |Ye
; No have CKD?
BP goal is
>150/90 No
[
Is the patient  |Yes
African American?

‘ No
Use diuretic, ACEI/
ARB,* or CCB,
alone orin
combination

Include ACEI
or ARB in
regimen

(2

Start with
diuretic
and/or CCB

*Use either ACE or ARB,
but not both

‘ If not at goal

Increase dose(s) or | Note: consider white coat effect
add from above and reinforce medication and
drugs lifestyle adherence at all visits

* If still not at goal

Add B-blocker,
aldosterone
antagonist,

a-blocker, or others

* If still not at goal

Refer to
hypertension
specialist

FIGURE 2-3 Hypertension treatment algorithm. ACElI,
Angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BP, blood pressure; CCB, calcium channel
blocker; CKD, chronic kidney disease. (Modified from James PA,
Oparil S, Carter BL, et al. 2014 evidence-based guideline for the
management of high blood pressure in adults: report from the
panel members appointed to the Eighth Joint National Committee
[JNC 8]. JAMA. 2014;311:507-520.)

= [f there is no response to the first drug or if the
drug is not tolerated, substitute a drug from a
different class
= Always consider a diuretic in any patient
needing three or more drugs
® Consider using low-dose combination therapy
instead of higher doses of a single agent, to
minimize dose-dependent side effects
® Formulations combining two or more drugs may
offer improved convenience or lower cost,
examples include:
Low-dose diuretics and ACEIs, ARBs, or
B-blockers
Thiazides with potassium-sparing diuretics
CCBs with ACEIs or ARBs
Three-drug combinations containing a CCB,
an ACEI or ARB, and a diuretic
Comorbidities can help guide choice of
antihypertensive medication:

= CKD: ACEI or ARB

HYPERTENSION 11

® Heart failure: ACEI or ARB, B-blocker,
aldosterone antagonist, diuretics

® Myocardial infarction: B-blocker, ACEI,
aldosterone antagonist

® Migraines: B-blockers, CCBs

® Benign prostatic hypertrophy: o-blockers

n

n

Essential tremor: B-blockers
Hyperthyroidism: B-blockers (nonselective)
Contraindications to certain antihypertensives with
conditions/disease states:
® Pregnancy: ACEls and ARBs are absolutely
contraindicated
= Asthma, chronic obstructive pulmonary disease,
peripheral vascular disease: use caution with
B-blockers
= Gout: avoid or minimize dose of diuretics
® First- or second-degree heart block: avoid
B-blockers, verapamil, and diltiazem
® Uncomplicated hypertension:
® B-Blockers: Unless there is a specific indication,
such as coronary artery disease or heart failure,
avoid B-blockers unless diuretic, CCB, and
ACEI or ARB therapy have all been tried
® Loop diuretics: Should be used only when
thiazide diuretics are likely to be inadequate
(i.e., congestive heart failure or Stage 4 CKD).
Short-acting loop diuretics (furosemide,
bumetanide) should be taken twice daily, or
replaced with a long-acting diuretic (e.g.,
torsemide).

Treatment (Hypertensive Urgency
and Emergency)

® Hypertensive urgency (severely elevated BP without
acutely progressive end-organ damage):

Need prompt but gradual control of BP using oral
agents

Outpatient follow-up is appropriate, but needs BP
assessment at least weekly

Rapidly acting oral agents, such as clonidine, are not
usually needed

® Hypertensive emergency (severely elevated BP with
acutely progressive end-organ damage):

BP must be brought down rapidly but in a controlled
fashion in an intensive care unit by administering
intravenous antihypertensive medications, which
have a rapid effect and are easily titratable

(Table 2-8)

Initial goal is to lower mean arterial BP by
approximately 25%, but not more, within

2 hours

Subsequent goal is to lower BP to approximately
160/100 mm Hg over the next 2 to 24 hours (if
aortic dissection is also present, reduce BP further as
tolerated)

Prevention

® Provide counseling to patients with prehypertension
(BP <140/90 mm Hg and >120/80 mm Hg) on lifestyle
modifications to decrease their risk of progression to
hypertension
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Antihypertensive Agents

Class

Thiazide diuretics

Loop diuretics

Potassium-sparing
diuretics

B-Adrenergic
antagonists
(B-blockers)

ACEls

ARBs

o-Adrenergic
antagonists

Nondihydropyri-
dine CCBs

Dihydropyridine
CCBs

Direct
vasodilators

Examples

Hydrochlorothiazide
Chlorthalidone
Indapamide

Furosemide
Torsemide
Bumetanide

Distal tubule sodium
channel blockers:
triamterene, amiloride

Aldosterone antagonists:
spironolactone,
eplerenone

B;-selective: atenolol,
metoprolol

Non-f;-selective:
propranolol, nadolol

oy and B blockade:
carvedilol, labetalol

Benazepril
Captopril
Enalapril
Fosinopril
Lisinopril
Moexipril
Perindopril
Quinapril
Ramipril
Trandolapril

Azilsartan
Candesartan
Eprosartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan

Doxazosin
Prazosin
Terazosin

Verapamil
Diltiazem

Amlodipine
Felodipine
Isradipine
Nicardipine
Nifedipine
Nisoldipine
Minoxidil
Hydralazine

Side Effects

Hypokalemia
Hyponatremia
Alkalosis
Hyperuricemia
Dehydration
Hypercalcemia

As for thiazide diuretics,
except for hypercalcemia

Hyperkalemia
Hyponatremia
Dehydration

Bradycardia

Fatigue

Insomnia

Erectile dysfunction

Bronchospasm in asthma and
COPD patients

Cough

Angioedema

Hyperkalemia

Use cautiously if CKD,
renovascular disease, CHF,
or dehydration is present

Hyperkalemia

Orthostatic hypotension

Bradycardia, heart block
Decreased cardiac contractility
Constipation

Headache
Flushing
Tachycardia
Pedal edema

Headache

Tachycardia

Fluid retention

Minoxidil: hirsutism,
pericardial effusion

Hydralazine: drug-induced
lupus

Comments

Thiazides not effective if GFR <30 mL/min
Side effects rarely a problem at low doses

Furosemide and bumetanide have short
half-lives; dose twice a day for HTN
Sodium restriction should accompany diuretics

Often given in combination with thiazides (to
prevent hypokalemia)
Avoid or use with caution in renal insufficiency

May mask hypoglycemic symptoms in
diabetics

Do not use alone in cases of catecholamine
excess (cocaine intoxication,
pheochromocytoma) as unopposed o,
vasoconstriction without 8, vasodilation may
increase BP precipitously

Inhibit the renin-angiotensin-aldosterone
system by blocking conversion of
angiotensin | to angiotensin I

Dilate renal efferent arterioles

Also inhibit degradation of bradykinin, which
may lead to cough

Do not use in pregnant patients; teratogenic

Inhibit the renin-angiotensin-aldosterone
system by blocking the angiotensin Il
receptor

Do not use in pregnant patients; teratogenic

Block postsynaptic o, receptors, causing
vasodilation

Favorable effect on lipid profile and glucose
level

May increase CHD mortality if used as a single
agent

Verapamil may increase cyclosporine and
digoxin levels

Dilate arterioles

Possibly increase heart rate

Short-acting nifedipine and nicardipine cause
marked reflex tachycardia and are not
recommended for HTN

Nifedipine increases cyclosporine levels

Considered third-line agents



Antihypertensive Agents (Continued)

Class

Central
adrenergic
inhibitors

ACEls, Angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BP, blood pressure; CCBs, calcium channel blockers;

Examples

Clonidine
Guanfacine
Methyldopa
Reserpine

Side Effects

Clonidine, guanfacine:
Sedation, dry mouth,
Withdrawal hypertension

Methyldopa:

Coombs-positive hemolytic
anemia

Liver toxicity

HYPERTENSION

Comments

Inhibit sympathetic outflow from CNS
Clonidine also available in patch
Methyldopa safe in pregnancy

13

CHD, coronary heart disease; CHF, congestive heart failure; CKD, chronic kidney disease; CNS, central nervous system; COPD, chronic obstructive
pulmonary disease; GFR, glomerular filtration rate; HTN, hypertension.

TABLE 2-8

Drug
Nitroprusside
Nitroglycerin
Nicardipine
Labetalol
Fenoldopam

Enalaprilat

Esmolol

Drugs Used in Treatment of
Hypertensive Emergency

Indication

Most emergencies
Angina, Ml

Most emergencies
Most emergencies
Most emergencies
CHF

Perioperative,
aortic dissection

Precaution
Thiocyanate toxicity
Headache, tolerance
Tachycardia

CHF, bradycardia
Tachycardia

Rapid, unpredictable
BP drop

Nausea

BP, Blood pressure; CHF, congestive heart failure; MI, myocardial

infarction.

Review Questions

For review questions, please go to ExpertConsult.com.

SUGGESTED READINGS
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Kaplan NM. Clinical Hypertension. 11th ed. Baltimore: Lippincott
Williams & Wilkins; 2014.

Weber MA, Schiffrin EL, White WB, et al. Clinical practice guidelines
for the management of hypertension in the community: a statement
by the American Society of Hypertension and the International
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CHAPTER 3

Lipid Disorders

ALl REZA KERAMATI, MD; THURA T. ABD, MD; ROGER S. BLUMENTHAL, MD;
PARAG H. JOSHI, MD, MHS; and NEIL J. STONE, MD, MACP, FACC, FAHA

Lipid disorders (dyslipidemias) increase the risk of athero-
sclerotic vascular disease. Many are a result of both genetic
and environmental factors. In 2013, the American College
of Cardiology/American Heart Association (ACC/AHA)
released new guidelines for the evaluation and management
of dyslipidemias, which provide a useful resource for
clinicians.

Basic Information
® Cholesterol

Vital for cell membrane biogenesis, steroid synthesis,
and bile acid formation

The liver is the primary producer of endogenous
cholesterol and is the main processor of dietary
cholesterol

Cholesterol is produced when 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) is
converted to mevalonic acid by HMG-CoA
reductase

® Lipoproteins

Spherical complexes consisting of a lipid core and an
outer protein monolayer that transport lipids, such as
cholesterol and triglyceride, in the circulation
Lipoprotein particles are classified according to
increasing density; a patient’s cholesterol levels are
most commonly expressed as the concentration of
cholesterol in each of the listed individual
lipoprotein particle groups:

® Chylomicrons

® Very-low-density lipoprotein (VLDL)

= [ntermediate-density lipoprotein (IDL)

= Low-density lipoprotein (LDL)

= High-density lipoprotein (HDL)

® Chylomicrons

Triglyceride-rich lipoproteins responsible for
transporting dietary fat and cholesterol into the
body

Synthesized by intestinal epithelial cells from dietary
fatty acids absorbed via the NPCIL1 transporter
Increased fat consumption leads to increased
chylomicrons in the blood

Lipoprotein lipase releases free fatty acids from
chylomicrons, leaving chylomicron remnants

= VLDL

14

Synthesized in the liver from free fatty acids
(obtained from chylomicrons [dietary fat]) and from
endogenously produced triglycerides (generated from
excess dietary protein and carbohydrates)

REVIEW

Hydrolyzed by lipoprotein lipase and converted to
smaller particles (IDL) and then into LDL

= DL

Principal cholesterol-containing lipoprotein and a

major atherogenic lipoprotein

The peripheral tissues clear 25%, and the liver

takes up 75% of serum LDL, primarily via LDL

receptors. LDL transports cholesterol to peripheral

tissues

Cholesterol homeostasis is regulated by hepatic LDL

receptor expression:

® Decreased hepatocyte cholesterol levels leads to an
increase in LDL receptor expression, causing a
greater clearance of serum LDL

® Increased dietary saturated fatty acids decreases
hepatic LDL receptors and leads to increased
serum LDL levels. Dietary cholesterol inhibits the
production of endogenous cholesterol, but once
endogenous cholesterol production is fully
suppressed, additional dietary cholesterol may also
result in increased serum cholesterol

= HDL

Small lipoprotein that transports cholesterol from the
arteries back to the liver (reverse cholesterol
transport)

Increased HDL is generally inversely associated
with atherosclerotic vascular disease

HDL is potentially atheroprotective because it is
instrumental in reverse cholesterol transport and has
intrinsic antiinflammatory, antithrombotic,
antiapoptotic, antioxidative, and endothelial
function-enhancing properties

® Apolipoproteins

Major component embedded in the lipoprotein

surface monolayer

Affect lipoprotein metabolism by activating different

enzymes and mediating cellular uptake through

interactions with cell-surface receptors

Apoproteins are divided into five classes (apo A—

apo E):

® Apo A-containing lipoproteins are associated with
reduced atherosclerosis (major protein component
of mature HDL)

= Apo B-containing lipoproteins are associated with
increased atherosclerosis (and major protein
component of LDL)

= Apo Cll-containing lipoproteins are on the surface
of VLDL and activate lipoprotein lipase to



promote triglyceride hydrolysis, although apo CIII
inhibits lipoprotein lipase
m Lipoprotein(a) [Lp(a)]
Lp(a) is an LDL-like particle with apo B covalently
linked to apo A
Elevated Lp(a) levels are associated with an
increased risk of atherosclerotic events, especially
in those with a personal or family history of
premature atherosclerotic cardiovascular
disease (ASCVD)
In a large prospective study of women older than 45
years of age, increased Lp(a) levels correlated with
higher coronary events when LDL-cholesterol
(C) levels were above average levels

Clinical Presentation
® Most patients are asymptomatic until the development

of ASCVD
® Physical signs
A few patients with lipid disorders have associated
physical signs (Table 3-1 and Figures 3-1 and 3-2),
including:

Characteristics of Various Lipid Disorders

Abnormal

Name Group Lipid

Familial lipoprotein lipase | T Chylomicrons

deficiency

Familial lla T LDL
hypercholesterolemia

Combined hyperlipidemia Ib T VLDL, LDL
Familial 1] T VLDL, IDL
dysbetalipoproteinemia
Familial \% T VLDL
hypertriglyceridemia
\% T VLDL,

chylomicrons

Tangier disease N/A J HDL

Gain of function of N/A T LDL
proprotein convertase
subtilisin-like kexin type
9 (PSCK9)
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Tendinous xanthoma
= Nontender, firm nodules on the extensor
surfaces of various tendons, including
Achilles, hand extensor, and patellar
tendons
® Highly suggestive of familial hypercholesterolemia
(if LDL-C =190 mg/dL)
Xanthelasma (palpebral xanthomas)
® Soft, off-white plaques near the eyelids

® Associated with any type of hyperlipidemia; not

specific to familial hypercholesterolemia (FH)

Corneal arcus (arcus cornealis)

= White circumferential peripheral corneal rings
® Increased prevalence with advanced age

® Diagnostic for FH when seen in white individuals

younger than age 45 (along with tendon

xanthomas)j; it is not diagnostic in older adults
Tuberous xanthomas
= Raised, yellowish nodules about 0.5 to 1 cm in

diameter

® Found in areas susceptible to pressure, such as
elbows and knees

Possible Clinical Risk of
Defect Findings CHD
Lipoprotein lipase Eruptive xanthomas, 0
deficiency Lipemia retinalis,
Abdominal pain,
Hepatosplenomegaly
Defective LDL Tendinous xanthomas T
receptor or apo Xanthelasma planar
B-100 Xanthomas
Corneal arcus
T Secretion of apo Often asymptomatic ™
B-containing except for CHD
particles
Apo E Tuberoeruptive ™
polymorphism xanthomas
Hyperuricemia
Glucose intolerance
Corneal opacities
Yellow-orange
discoloration of
palmar creases
1 Activity of Often asymptomatic T
lipoprotein lipase
Acquired Often asymptomatic T
lipoprotein lipase
dysfunction, and
chylomicronemia
1 Ability to esterify Corneal opacities T
cholesterol Polyneuropathy
Orange tonsils
T LDL receptor None 0

degradation

Apo, Apolipoprotein; CHD, coronary heart disease; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density
lipoprotein; N/A, not available; VLDL, very low-density lipoprotein; T, increase; |, decrease.
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FIGURE 3-1 Physical findings of hyperlipidemia. A, Xanthelasma. B, Lipemia retinalis. €, Achilles tendon xanthomas. Note the
marked thickening of the tendons. D, Tendon xanthomas. E, Tuberous xanthomas. F, Palmar xanthomas. G, Eruptive xanthomas.

(A and B, Courtesy of Dr. Mark Dresner and Hospital Practice [May 1990, p 15]. € to F, Courtesy of Dr. Tom Bersot. G, Courtesy of Dr.

Alan Chait. From Larsen PR, Kronenberg HM, Melmed S, et al: Williams Textbook of Endocrinology. 10th ed. Philadelphia: Saunders; 2003
[Fig. 34-26].)
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» Low HDL-C differential diagnosis: tobacco use,
diabetes mellitus, obesity, sedentary lifestyle,
hypertriglyceridemia, medications (progestins,
anabolic steroids, corticosteroids)

® Type B pattern

" Apo B numerically nearly equal to or greater than
LDL-C, indicating the presence of small, dense
atherogenic particles

u Associated with impaired fibrinolysis, endothelial
dysfunction, and accelerated ASCVD

" Associated with metabolic syndrome (see later)

m ASCVD risk assessment
# Clinical ASCVD is diagnosed when patients have

FIGURE 3-2 Corneal arcus (arcus senilis). Corneal arcus in an
elderly man. (From Yanoff M, Fine BS: Ocular Pathology. 5th ed.
St. Louis: Mosby; 2002 [Fig. 60-4].)

Lipemia retinalis

® Creamy and/or pink discoloration of both
arterioles and venules in the retina

® Seen on fundoscopic examination in patients with
severe hypertriglyceridemia

Eruptive xanthomas

® Small, light yellow papules on a reddish base

® May be present on arms, thighs, dorsal neck, and
buttocks; can be missed if a patient is examined
when supine

® May occur diffusely in those with severe
hypertriglyceridemia

Diagnosis and Evaluation
® Phenotypes: describing the clinical lipid profile

had acute coronary syndrome, myocardial infarction
(MI), stable or unstable angina, coronary or other
arterial revascularizations, stroke, transient ischemic
attack, or peripheral arterial disease

In patients older than age 20 years and without
clinical ASCVD, fasting lipoprotein levels (total
cholesterol [TC], LDL-C, HDL-C, and triglycerides)
should be checked at least once every 5 years
In nonfasting samples, only TC, HDL-C,

and non-HDL-C (total cholesterol/HDL-C) levels
are accurate. Both TC and HDL-C (not LDL-C)
levels are used in the 2013 ACC/AHA risk
estimator; hence, nonfasting lipid levels are
acceptable in determining 10-year (ages 40 to 79
years) and lifetime (ages 20 to 59 years) global
ASCVD risk

2013 ACC/AHA guidelines emphasize lifestyle
modification for ASCVD risk reduction, before and
in conjunction with medications. For patients aged
20 to 59 years, the lifetime risk estimator should be
primarily used to emphasize lifestyle modification to
reduce ASCVD risk

2013 ACC/AHA guidelines identify four major

® Primary dyslipidemias can be classified into groups who have favorable risk/benefit ratios when
Fredrickson types I through V based on levels of treated with statin medications in preventing
LDL, normal and abnormal VLDL, and fasting ASCVD events
chylomicrons (see Table 3-1) = The four high-risk groups include
® Secondary dyslipidemias are caused by a concomitant patients with:
disorder; for example, severe hypertriglyceridemia is ® Clinical ASCVD
associated with an underlying genetic lipid disorder ® Primary elevation of LDL 190 mg/dL or
exacerbated by excessive alcohol consumption, higher
diabetes, or pregnancy ® Diabetics aged 40 to 75 years with an LDL of 70
# The most common cause of dyslipidemia in to 189 mg/dL
industrialized countries is caused by a sedentary m LDL of 70 to 189 mg/dL and an estimated
lifestyle, caloric excess, excessive consumption of 10-year ASCVD risk greater than 7.5% (see
saturated and trans—fatty acids, and low consumption later for risk calculation). (This category is at
of foods rich in fiber and nutrients (fruits, vegetables, lower risk for ASCVD events compared with
whole grains) and monounsaturated and the first three groups.)
polyunsaturated fatty acids (fish, nuts, seeds, olive Group 4 patients at lower risk should not be treated
and canola oil) with a statin without a clinician—patient risk
» Elevated LDL-C differential diagnosis: discussion, addressing other risk factors such as
hypothyroidism, chronic liver disease, cholestasis, cigarette smoking and hypertension, lifestyle,
nephrotic syndrome, and pregnancy potential benefits and adverse effects of drug—drug
u Hypertriglyceridemia differential diagnosis: alcohol interactions, and informed patient preference

consumption, obesity, pregnancy, diabetes mellitus,
hypothyroidism, chronic renal failure, and
medications (nonselective B-blockers, high-dose
diuretics, oral estrogen replacement therapy, and oral
contraceptives)

Of note, previous guidelines (Adult Treatment Panel
III) used the modified Framingham risk score (FRS)
to set thresholds for lipid management. The new
guideline uses a different global risk equation derived
from pooled National Heart, Lung, and Blood
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Institute (NHLBI) cohorts larger than the
Framingham original cohort.

m NHLBI Pooled Cohort Equations (PCEs):

PCEs identify the risk of fatal and nonfatal coronary

heart disease (CHD) and strokes

PCE risk factors include age, sex, race (African

American vs non-African American), TC, HDL-C,

systolic blood pressure, treatment for hypertension,

and cigarette smoking status

PCE lipid risk factors include untreated cholesterol

and HDL-C, and are used for both short-term (10

years) and long-term (30 years or lifetime) risk

estimations; thus, the 2013 AHA/ACC guidelines

emphasize non—-HDL-C (TC minus HDL-C) and do

not use LDL-C in risk estimation. Non-HDL-C

correlates much more strongly than LDL-C with

atherogenic apo B and other LDL particles.

The PCE 10-year risk calculation should be

performed every 4 to 6 years in individuals aged

40 to 75 years without diabetes or ASCVD with

LDL-C 70 to 189 mg/dL

Other factors should be considered in evaluating the

need for drug therapy:

® Family history of premature ASCVD: onset at
younger than 55 years of age in a first-degree male
relative or younger than 65 years of age in a
first-degree female relative

® LDL-C 160 mg/dL or higher: especially useful in
younger patients when the 10-year risk score is low
and there is FH

® High-sensitivity C-reactive protein (hsCRP)
2 mg/dL or higher: Associated with a 30% to
40% increase in predicted risk (JUPITER trial). If
elevated, statin therapy can be considered in men
older than 50 years of age or women older than 60
years of age with a LDL-C greater than 130 mg/dL
who are not on lipid-lowering, hormone
replacement, or immunosuppressant therapy, and
who do not have clinical CHD, diabetes, chronic
kidney disease, severe inflammatory conditions, or
contraindications to statins

= Coronary artery calcium (CAC) score greater
than 300 Agatston units or greater than the
74th percentile for age, sex, and ethnicity:
CAC is highly specific for atherosclerosis. A high
score is associated with higher ASCVD rates, and
can be used to reclassify risk upward. 2013 ACC/
AHA guidelines specifically favor CAC greater
than or equal to 300 as the cutoff for high-risk
status, but there is strong observational data that
supports a cutoff of CAC greater than or equal to
100. In contrast, a CAC score of 0 is associated
with low short-term event rates and reclassifies risk
downwards

= Ankle to brachial index greater than 0.9

The following risk factors are of uncertain benefit in

assessing the risk for future ASCVD:

® Carotid artery intimal-medial thickness without
assessment of the presence of carotid plaque: no
longer considered reasonable

® Lipoproteins, apolipoproteins, and particle size and
density measurements: not recommended in

Metabolic Syndrome Criteria*

Risk Factor Defining Level

1) Abdominal obesity (waist
circumference)

In men >40 inches
In women >35 inches
2) Triglycerides >150 mg/dL
3) High-density lipoprotein
In men <40 mg/dL
In women <50 mg/dL
4) Blood pressure >130/85 mm
Hg
5) Fasting glucose 2100 mg/dL

*Three or more risk factors are required for the diagnosis.

asymptomatic patients. Can be used to follow

non—-HDL-C in those with metabolic syndrome. Of

note, lifestyle changes can improve non-HDL-C

® Glomerular filtration rate, albuminuria, or
cardiorespiratory fitness measurements: No data
show improvement in net ASCVD risk
reclassification. In clinical practice, these
parameters are important for other reasons

® Metabolic Syndrome (Table 3-2)

Associated with a constellation of factors related to

insulin resistance, including:

= Abdominal obesity

® Atherogenic/type B dyslipidemia (low HDL,
elevated triglycerides, non-HDL-C, or small LDL
particles)

® Increased blood pressure

® Glucose intolerance

Metabolic syndrome is not as good as a global risk

score for predicting ASCVD risk, but it does indicate

a group who are prone to develop diabetes as well as

cardiovascular disease; all these factors improve with

adherence to a healthy lifestyle that leads to modest
weight loss

Developing metabolic syndrome should warrant
reevaluation of a person’s 10-year risk of ASCVD;
the PCE results can guide a discussion emphasizing

lifestyle modification to improve waist circumference,
TG, HDL, and treatment of individual metabolic risk

factors with medications, if necessary
® Dyslipidemia treatment (to decrease ASCVD risk)

Statins

® Inhibit HMG-CoA enzyme and up-regulate
hepatic surface LDL receptors

= Options: atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, simvastatin, and
rosuvastatin; all are generic except rosuvastatin
and pitavastatin

= Lower LDL-C by 20% to 60% (more than most
other agents), raise HDL-C by 3% to 12%, and
lower triglyceride levels by 10% to 35%.

= 2013 AHA/ACC guidelines emphasize the use
of statin therapy for ASCVD prevention;

compared with previous guidelines, nonstatin



therapies for the initial management of
hypercholesterolemia are no longer
recommended
® The 2013 guidelines classify statins into high-,
moderate- and low-intensity groups (see Table 3-3)
® High-intensity statin therapy on average lowers
LDL by approximately greater than 50%
® Moderate-intensity statin therapy lowers LDL by
approximately 30% to less than 50%
® Lower-intensity statin therapy lowers LDL by
less than 30%
® Figure 3-3 suggests an algorithm for considering
moderate- versus high-intensity statin therapy
= 2013 cholesterol treatment guidelines no
longer recommend treating to defined LDL
targets; rather, they recommend globally
lowering LDL and non-HDL with proven
therapy to reduce ASCVD

. High Intensity vs Moderate
Intensity Statin Therapy*

High-Intensity Statin Therapy

Daily dose lowers LDL cholesterol level by approximately
>50% on average

Recommended: atorvastatin, 40 to 80 mg; rosuvastatin,
20 to 40 mg

Moderate-Intensity Statin Therapy

Daily dose lowers LDL cholesterol level by approximately
30% to 50% or less on average

Recommended: atorvastatin, 10 to 20 mg; rosuvastatin, 5 to
10 mg; simvastatin, 20 to 40 mg; pravastatin, 40 to
80 mg; lovastatin, 40 mg; extended-release fluvastatin,
80 mg; fluvastatin, 40 mg twice a day; pitavastatin, 2 to
4 mg

*According to 2013 American College of Cardiology-American Heart
Association Cholesterol Guidelines.

From Keaney JF, Curfman GD, Jarcho JA. A pragmatic view of the new
cholesterol treatment guidelines. N Engl | Med. 2014;370:275-278.

® Side effects:
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® This is controversial: Some experts recommend
aiming therapy to an LDL goal

® The 2013 guideline recommends considering
nonstatin therapy for certain “high-risk” patients if
they are unable to tolerate statin therapy. In
addition, nonstatin therapy should be considered
for those with a suboptimal response (i.e., less than
the expected LDL-C response to that prescribed
statin). Also, greatly elevated triglycerides
(500 mg/dL or higher) should be treated with
nonstatins such as fibrates, omega 3 fatty acids,
and/or niacin to prevent pancreatitis.

Less than 3% risk of myositis or increased liver

enzymes; often resolve without intervention or dose

reduction

Myalgias are more common (as high as 15%); the

risk depends on a person’s age and the number of and

type of concomitant medications

Very modest risk of new-onset diabetes (i.e., 0.1

excess cases per 100 individuals treated for 1 year

with moderate-intensity statin therapy and

approximately 0.3 excess cases per 100 individuals

treated for 1 year with high-intensity therapy); the

benefits of statin therapy are believed to outweigh

the risks of new-onset diabetes

Rhabdomyolysis is very rare (<1%) but potentially

fatal; there is increased risk when statins are used in

combination with gemfibrozil and macrolide

antibiotics (e.g., erythromycin or clarithromycin)

Increased adverse effects in patients with:

= Multiple or serious comorbidities, including
impaired renal or hepatic function

® History of statin intolerance or muscle disorders

® Genetic polymorphisms (e.g., SLCO1B1) or

concomitant use of drugs affecting statin

metabolism

Age older than 75 years

Asian ancestry

Screen for cardiovascular risk factors
Measure LDL cholesterol

Patients >21 yr of age without heart failure (NYHA class II, llI, or IV)
or end-stage renal disease (undergoing hemodialysis)

' Y

Y 1

Clinical Diabetes mellitus (type 1 or
atherosclerotic CVD type 2) and age of 40-75 yr and
LDL cholesterol 70—189 mg/dL

No diabetes mellitus
and age of 40-75 yr and
LDL cholesterol 70—189 mg/dL

| LDL cholesterol =190 mg/dL‘

{

Calculate 10-yr risk of
atherosclerotic CVD

{

High-intensity
statin therapy

f

Calculate 10-yr risk of
atherosclerotic CVD

| High-intensity statin therapy ‘

{

If risk <7.5%, moderate-
intensity statin therapy

If risk =7.5%, moderate-to-
high-intensity statin therapy

If risk =7.5%, high-intensity
statin therapy

FIGURE 3-3 Approach to the patient. CVD, Cardiovascular disease; LDL, low-density lipoprotein; NYHA, New York Heart Association.
(From Keaney JF, Curfman GD, Jarcho JA. A pragmatic view of the new cholesterol treatment guidelines. N Engl | Med.

2014;370:275-278.)
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= History of hemorrhagic stroke

® Monitoring

Initial fasting lipid panel, followed by a repeat lipid
panel 4 to 12 weeks after statin initiation to
determine patient’s response and adherence. Repeat
testing should be considered every 3 to 12 months.
Beneficial changes in values could be because of
statin therapy and lifestyle modifications. Conversely,
a 10% increase in LDL may be caused by statin
nonadherence or weight gain.

Baseline hepatic function panel. No need to monitor
hepatic function after initiating therapy; however, it
should be rechecked if symptoms suggesting
hepatotoxicity develop.

Creatine kinase (CK). This should not be routinely
measured; however, baseline measurement is
reasonable for individuals at increased risk for
adverse muscle events because of a personal or family
history of statin intolerance or muscle disease, or in
whom concomitant drug therapy that might increase
the risk of myopathy. It is also reasonable to measure
CK in those who develop muscle symptoms,
including pain, tenderness, stiffness, cramping,
weakness, or generalized fatigue

® Bile acid sequestrants (BASs) (e.g., cholestyramine,
colestipol, and colesevelam)

This medication group binds to certain bile
components within the gastrointestinal

tract to disrupt enterohepatic cholesterol

circulation

Lower LDL by 10% to 25%

Can decrease the absorption of other drugs, which
should be taken at least 90 minutes before or 4 hours
after BAS administration

Can raise triglycerides; 2013 ACC/AHA guidelines
discourage BAS therapy in patients with TG 300 mg/
dL or higher and caution if TG is greater than or
equal to 250 mg/dL

Absolute contraindications: TG greater than 500 mg/
dL, history of TG-induced pancreatitis, history of
bowel obstruction

Side effects: gastrointestinal symptoms (bloating,
cramping, flatulence)

BASs are useful in lowering LDL in individuals with
FH at highest dose statin therapy, as well as in
individuals with ASCVD and partial or complete
statin intolerance. Colesevelam is especially useful in
those with diabetes because it helps control blood
glucose via improved B-cell function.

® Ezetimibe

Inhibits cholesterol absorption in the small

intestine through inhibition of the NPCI1L1

transporter

® Decreases delivery of cholesterol to the liver,
thereby reducing hepatic cholesterol stores and
increasing hepatic LDL receptors and serum LDL
uptake by the liver

Lowers LDL by 15% to 25%

Given as monotherapy or in conjunction with a

statin to lower LDL

Side effects (uncommon): transaminitis, abdominal

and back pain, diarrhea, fatigue

A recent study showed a modest decrease in CVD
events in patients with acute coronary syndrome
when ezetimibe was added to simvastatin

m Fibrates (gemfibrozil, fenofibrate)

Lower triglycerides by 25% to 50% (more than
most other agents)

Raise HDL-C by 10% to 20%

Lower LDL-C by 5% to 20%

Reduce CHD events but do not reduce CHD
mortality rates; especially useful in patients with
type 2 diabetes

Not a substitute for statins to lower LDL-C (statins
lower mortality rates)

Gemfibrozil should not be used with
atorvastatin, simvastatin, or lovastatin as all
compete for the glucuronidation pathway, leading to
supratherapeutic levels and increased risk for muscle
symptoms and rhabdomyolysis. Of note, fenofibrate
can be used in conjunction with statins.

Side effects: dyspepsia, myalgias, gallstones

Unclear role for fibrates in the management of
hyperlipidemia and ASCVD risk management. The
2013 guidelines recommend use in high-risk patients
who are either intolerant or have a suboptimal
response to statins. Some experts, however, favor
fibrate therapy in addition to statin therapy in
diabetic patients with low HDL and high
triglycerides levels.

® Nicotinic acid (niacin)

Lowers LDL by 5% to 25%

Raises HDL by 15% to 35%

Lowers triglyceride levels by 20% to 40%

Modest long-term decrease in mortality rates in
post-MI patients in the prestatin era

No benefits when used with concomitant statin
therapy. Extended-release niacin has been shown to
slow carotid intimal-medial thickness progression but
has no ASCVD benefits and is associated with
possible higher risks compared with statin therapy
Side effects: flushing, hyperuricemia, hyperglycemia
(in high doses), gastrointestinal distress, and
hepatotoxicity

® Flushing ameliorated with aspirin premedication
Uncertain role for niacin therapy in management of
hyperlipidemia and ASCVD risk management. The
2013 guidelines recommend use in high-risk patients
who are either intolerant or have a suboptimal
response to statins. Patients treated with statins
should not also be given niacin because two large
scale clinical trials have documented no incremental
benefits in patients with low levels of LDL. This is
despite further decreases in already low baseline
levels of LDL and non-HDL and elevations in HDL.
Some experts recommend niacin therapy if there are
residual elevations in non-HDL despite maximum
dose statin therapy; however, this has not been
confirmed yet in a clinical trial.

® Lifestyle modification

Critically important in lipid and cardiovascular risk
management

Comprises diet and physical activity
recommendations and management of obesity



Diet: Emphasize vegetables, fruits, and whole

grains; include low-fat dairy products, poultry,

fish, legumes, nontropical vegetable oils, and

nuts, while limiting sweets and sugar-sweetened

beverages

® This dietary pattern can be achieved by plans
such as the Dietary Approaches to Stop
Hypertension (DASH) diet, the United States
Department of Agriculture (USDA) Food Pattern,
or the AHA Diet.

Physical activity: can consist of 150 minutes per

week of moderate-intensity physical activity or

75 minutes per week of vigorous-intensity aerobic

physical activity, or an equivalent combination of

moderate-and vigorous-intensity aerobic physical

activity. Aerobic activity should be performed in

episodes of at least 10 minutes, preferably spread

throughout the week

Obesity management: Weight and body mass index

(BMI) should be measured at every clinic visit

® Definitions: overweight (BMI 25.0 to 29.9 kg/m?),
class I obesity (BMI 30 to 34.9 kg/m?), class II
obesity (35.9 to 39.9 kg/m?), and class III obesity
(=40 kg/m?)

® Modest sustained weight loss of 3% to 5% in
overweight or obese adults with cardiovascular risk
factors (high blood pressure, hyperlipidemia, and
hyperglycemia) can result in meaningful health
benefits (greater weight losses can produce even
greater benefits)

Approach to the Patient

B Measurement of lipids
Fasting lipid profile beginning at age 21 years
If nonfasting, TC and HDL values remain accurate
and are adequate for ASCVD risk estimation with
the ACC/AHA PCE risk estimator
If normal, repeat measurement at approximately
every 5 years
If abnormal, pursue intensive lifestyle modification
therapy first
All patients hospitalized for an ASCVD event
should have a lipid profile checked within
24 hours
Do not routinely measure emerging risk factors:
Lp(a), hs-CRP, apo B, LDL particle number, and
other prothrombotic and proinflammatory factors
Consider recommending diet therapy for 4 to 6
months in most patients with moderately elevated
LDL and no known ASCVD. In patients at higher
risk (as determined by PCE calculation), consider
medication therapy.

® Management of triglyceride disorders
Classification
= Normal triglycerides: greater than 150 mg/dL

Borderline high: 150 to 199 mg/dL

High: 200 to 499 mg/dL

® Very high: greater than 500 mg/dL

Treatment

® Lifestyle modification: weight reduction, increased

physical activity, and decreased alcohol intake
= Medications:
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® Omega-3 fatty acids: can lower TG, not LDL,
and can help reduce markedly elevated TG and
help prevent pancreatitis

® Fibrate therapy: Initial therapy if TG levels are
greater than 500 mg/dL

® Management of low HDL
Defined as less than 40 mg/dL
Exercise, weight loss, and tobacco cessation may raise
HD
Niacin is the most effective drug for raising HDL,
but the 2013 ACC/AHA Guidelines do not
recommend niacin therapy; instead, statin
therapy should be used in patients with low HDL
and an ASCVD risk greater than 7.5%
The pharmacologic raising of HDL has not been
shown to reduce ASCVD events to date
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Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 4 JQ\\ REVIEW

Coronary Artery Disease

KLITOS KONSTANTINIDIS, MD; and SAMMY ZAKARIA, MD, MPH

In the United States, over 17 million people have coronary ~ ® Pathophysiology of chronic CAD and chronic stable

artery disease (CAD), and the cost of caring for these angina

patients is over $150 billion per year. Despite great advances The fundamental problem is an imbalance

in treatment, CAD remains the leading cause of death for between myocardial oxygen supply and demand
both men and women, affecting approximately 1 million per Anginal symptoms occur during periods of exercise or
year; roughly 25% of these deaths occur suddenly. stress when increased myocardial oxygen demand

(e.g., from an increase in heart rate, contractility,
afterload, or wall stress) is not met because of
impaired coronary blood flow

Insufficient coronary blood flow occurs when:

Chronic Coronary Artery Disease

Basic Information ® A plaque leads to arterial stenosis

= Atherogenesis ® There is endothelial dysfunction preventing
The endothelial cells lining the coronary arteries adequate vasodilation during exercise, which can
have two major roles: occur in the absence of severe luminal narrowing

® Regulate vascular tone: vasodilation (e.g., nitric

oxide) and vasoconstriction (e.g., endothelin, Clinical Presentation

angiotensin-converting enzyme [ACE]) = Risk factors for coronary atherosclerosis
® Prevent intravascular thrombosis (e.g., (Table 4-1)
prostacyclin, plasminogen) ® Special considerations

Factors that can impair endothelial function (in both

epicardial vessels and microvessels) include:

®= Hemodynamic (e.g., shear stress, hypertension
[HTN])

® Chemical (e.g., low-density lipoprotein [LDL],
modified LDL, homocysteine)

= Biologic (e.g., viruses, bacteria, immune complexes)

Atherosclerotic plaque formation

® Begins with disruption of endothelial cell integrity

® |eukocytes, mostly macrophages, are then
attracted to the site of disruption, where they
collect lipids and coalesce to form a fatty streak

® Fartty streaks mostly consist of lipid-laden
macrophages containing cholesterol ester droplets
(atheroma)

® Chemoattractants (e.g., platelet-derived growth
factor) then cause smooth muscle cells to migrate
to the atheroma, where they produce collagen and
fibrous tissue that contribute to plaque formation,
covered by a layer of connective tissue called the
fibrous cap

= Most acute coronary syndromes (ACSs) occur
when the fibrous cap ruptures, leading to thrombus
formation (see later section on Acute Coronary
Syndromes)

B Note: Plaque characteristics, not size,
determine its vulnerability to rupture; a large,
fibrotic plaque with a thick cap is more stable
and less prone to rupture than a small plaque
with a soft lipid core and a thin fibrous cap

A low high-density lipoprotein (HDL) level is an

independent risk factor for CAD (see Chapter 3)

Small, dense LDL has the lowest affinity for the

LDL receptor and is therefore cleared to the least

degree from plasma by the liver; it may be the

most atherogenic type of LDL

Homocysteinuria: rare homozygous genetic disorder

impairing homocysteine metabolism, leading to

severe premature atherosclerosis

® 1% to 2% of population are heterozygous, which
may account for up to 30% of cases of premature
atherosclerosis

® Treatment of elevated homocysteine levels with
folate, vitamin Bg, and vitamin B;; does not reduce
the risk of myocardial infarction (MI) or death

Elevated lipoprotein(a) [Lp(a)]: Increased number of

LDL particles that contain the large glycoprotein

apoprotein (a), which has a higher density than LDL

and is more atherogenic

= Higher levels are associated with CAD

® Niacin, estrogen, fenofibrate, and bezafibrate all
reduce Lp(a) levels; however, none of these
treatments have been shown to reduce
cardiovascular events

Elevated C-reactive protein (CRP) and fibrinogen

levels: associated with MIs and CAD. Unclear if they

cause CAD or are simply markers of an associated

inflammatory process.

Chlamydia pneumonia: This bacterium has been

isolated from atheromas and may contribute to

23
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Ri;k Factors for Coronary Artery
Disease

Strong Moderate Mild
Epidemiologic Epidemiologic Epidemiologic
Evidence Evidence Evidence
Older age High triglycerides Lipoprotein(a)
Male Small dense LDL Chlamydia
Postmenopausal Elevated pneumoniae
females homocysteine
Elevated LDL Stress or
Low HDL depression
Cigarette Inflammatory
smoking markers
Hypertension (C-reactive
Diabetes mellitus protein,
Obesity or fibrinogen)
sedentary
lifestyle
Family history of
early CAD

CAD; Coronary artery disease; HDL, high-density lipoprotein;
LDL, low-density lipoprotein.

plaque inflammation. However, patients hospitalized

with an ACS had no reduction in cardiovascular

events when treated with long-term gatifloxacin.

® Clinical symptoms

Symptoms typically occur during physical exertion

and gradually resolve with exercise cessation

Symptoms can also occur in conditions that increase

oxygen demand (e.g., anemia, fever, sepsis,

thyrotoxicosis)

Typical symptoms:

® Substernal chest pressure or burning (less common
to have sharp pain)

® Pain may radiate to the upper extremities (left arm
more often than right arm), neck, jaw, or face

= Associated symptoms include dyspnea, diaphoresis,
palpitations, and lightheadedness

® Women, diabetics, and the elderly are more likely
to have atypical symptoms

Diagnosis and Evaluation

® The Framingham Risk Score
Scoring system used to calculate a patient’s risk
for having a coronary event
Uses the following risk factors to assess cumulative
risk: age, smoking status, systolic blood pressure (BP),
treatment for HTN, total cholesterol, and HDL
cholesterol
The cumulative score classifies patients as:
5 Low risk (<10% coronary heart disease [CHD]
risk at 10 years)
® Intermediate risk (10% to 20% risk of coronary
event at 10 years)
® High risk (>20% risk of coronary event at 10
years)
® The Pooled Cohort Equations (PCEs)
A new risk estimator that assesses 10-year and
lifetime risk of cardiovascular events using multiple
risk factors (race, sex, systolic BP, total cholesterol,
HDL, presence of diabetes, smoking status)

The most recent ACC/AHA guidelines use this

risk score to guide lipid-lowering treatment for
primary and secondary cardiovascular disease

prevention (see Chapter 3)

® Resting electrocardiogram (ECG)

Approximately 50% of patients with chronic stable
angina have a normal resting ECG

Pathologic Q waves and conduction system
abnormalities (e.g., left bundle branch block [LBBB],
left anterior fascicular block) increase the likelihood
of having CAD

® Stress tests

The presence of CAD can never be definitively ruled
in or out through stress testing alone, because stress
testing can yield both false-negative and false-positive
results (the sensitivity of an exercise treadmill test is
approximately 70%, the specificity is approximately
80%)

B Stress testing can help risk-stratify patients:
The information obtained from the test can
help determine the patient’s risk for future
cardiovascular events and death (see the
following examples):

Need to know pretest probability for having CAD

® The likelihood of a patient having CAD increases
with age, having CAD risk factors (e.g., diabetes
mellitus [DM]), and presenting with a history
typical for exertional angina
® The clinician should be able to determine from

history and physical examination alone whether

a patient has a low, medium, or high pretest

probability of CAD:
Example 1: A 25-year-old woman with
atypical symptoms and no risk factors for
CAD has a very low pretest probability
Example 2: A 75-year-old man with
exertional angina and a history of HTN, DM,
high cholesterol, and cigarette use has a high
pretest probability

® Pretest probability helps stress test result
interpretation:
® Example 1: A healthy 25-year-old woman

presents with atypical symptoms of chest pain
and no CAD risk factors. She exercises for 15
minutes on a Bruce protocol and has no
symptoms, but her stress ECG shows 1- to 2-mm
ST-segment depression in some leads, and the
test is read as positive.
Interpretation: This patient has a very low
pretest probability of having CAD. This is
reinforced by her high treadmill performance
without symptoms. The ECG changes almost
certainly represent a false-positive result.
® Example 2: For the past several months, a
75-year-old man with DM, HTN;, and high
cholesterol has been having substernal chest
pain when he walks up a hill. His symptoms
resolve quickly with rest. On a treadmill, he
exercises for 6 minutes on a Bruce protocol and
develops chest pain at peak exercise. The ECG
shows only nonspecific changes, and the test is
read as negative.



Interpretation: This man is older, has a classic
story for exertional angina, and has several
major risk factors. His pretest probability is
very high, and it is almost a certainty that he
has CAD. The stress test is likely a
false-negative result.
® Stress tests add little diagnostic information
for patients with either high or low pretest
probabilities for CAD
® Stress tests are most useful for diagnosing
CAD in patients with intermediate pretest
probability
Determining risk with stress testing
® Stress test results should be categorized as:
® Inadequate
= Negative
m Positive low risk
® Positive high risk
® Features of a stress test that make it high risk
(Box 4-1):
® Duke Treadmill Score (a scoring system that can
be used to assess long-term risk)
® Score = (duration of exercise in minutes) —
(5 x maximal ST-segment depression in
millimeters) — (4 X treadmill angina index)
Treadmill angina index: 0 = no symptoms,
1 = angina that does not limit exercise,
2 = angina that limits exercise
® Score: less than —10: 79% 4-year survival; =10
to +4: 95% 4-year survival; +5 or greater: greater
than 99% 4-year survival
= Patients with positive stress tests without
high-risk features are often treated medically
= Patients with positive tests and high-risk
features are more likely to have high-risk
coronary anatomy (e.g., left main disease,
proximal left anterior descending [LAD] artery
disease, three-vessel disease); the best
approach usually requires cardiac
catheterization and revascularization
Types of stress tests (Table 4-2):
= To decide which stress test is best for a given
patient, ask two questions:
® Can the patient exercise?
If yes, a treadmill test is the best choice;
allows for assessment of a patient’s functional
capacity, which correlates with overall
long-term survival.

O CEBEN  Features of a High-Risk Stress Test

Exercise-induced hypotension

Angina or ischemic ECG changes at a low workload
(<6 min or <4 METS on Bruce protocol)

ST-segment depression >2 mm

ST-segment depression persisting >6 min into recovery
period

Any ST-segment elevation

Ventricular arrhythmias

Imaging reveals reversible defects in multiple territories or
left ventricular cavity dilation

ECG, Electrocardiogram; METS, metabolic equivalents.
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If the patient cannot exercise (e.g., severe
chronic obstructive pulmonary disease
[COPD)], peripheral vascular disease,
arthritis), pursue pharmacologic stress
(e.g., regadenoson, dobutamine) with
accompanying imaging modality.

® Does the resting ECG have ST-segment

abnormalities?

If there are baseline ST-segment abnormalities
(e.g., left ventricular hypertrophy with strain,
paced thythm, LBBB, ST-segment depression
on resting ECG, accessory pathways), the
ECG alone may not permit an accurate
diagnosis of ischemia, and an imaging
modality will be required.

Stress testing is very safe

1 to 2 deaths per 10,000 tests

Should be avoided in patients with active
symptoms of unstable angina (UA), severe
aortic stenosis, possible aortic dissection,
severe HTN, tachyarrhythmias or
bradyarrhythmias, hypertrophic
cardiomyopathy, and other forms of outflow
tract obstruction

Pharmacologic testing with adenosine agonists
should be avoided in patients with severe
COPD and active wheezing

® Computed tomography (CT)
Noninvasive assessment of coronary arteries
Calcium score screening CT

Noninvasive and quantitative assessment of

coronary artery calcification

Higher coronary artery calcium scores are

associated with increased risk of MI and

death

Only obtain in asymptomatic patients:

= Coronary artery calcium scores >75th
percentile for age and sex identify higher
risk patients who would benefit from
aggressive lipid-lowering therapy

" A coronary artery calcium score of 0 is
associated with excellent survival, with
all-cause, 10-year mortality risk less than
1% or less than 0.1% per year)

Calcium scoring, when added to PCE risk score,
further risk stratifies patients; coronary artery calcium
greater than 300 or greater than 75th percentile for
age, sex, and ethnicity is associated with higher risk
for cardiovascular events and can identify patients
who would most benefit from aggressive risk
reduction/statin treatment

Coronary CT angiography (CCTA)

Can also measure coronary calcification
CCTA allows for direct coronary artery
visualization of a beating heart with little

motion artifact

Most accurate noninvasive modality in ruling out
CAD with a very high negative predictive value
(>95%)

Less accurate in differentiating degrees of coronary
artery stenosis greater than 50%; the positive
predictive value varies between 60 and 90



26 CARDIOLOGY

Types of Stress Tests

Agent
Options for Stress

Exercise N/A

Dobutamine: B-agonist that T heart rate and
myocardial contractility (and thus O,
demand)

Adenosine agonists: (adenosine, dipyridamole
and regadenoson) vasodilate coronary
vascular bed and T myocardial blood flow;
dilation greater in normal arteries than
diseased arteries resulting in steal
phenomenon from diseased
vascular beds

Pharmacologic

Options for Imaging

Nuclear isotope Thallium-201: potassium analogue taken up
by myocardial cells; hypoperfused
myocardium initially shows decreased
uptake; tracer redistributes over several
hours

Technetium-99m (sestamibi): also taken up by
myocardial cells but binds irreversibly; no
late washout makes it ideal for imaging Ml
and unstable angina

Echocardiography N/A

Advantages

Mimics physiologic
increases in O, demand
Provides useful clinical
information (e.g.,
exercise capacity)
Inexpensive

Helpful in patients who
cannot exercise

Helpful in distinguishing
ischemia from infarcted
myocardium

Technetium-99m has
higher proton energy;
better agent for
imaging obese patients

Increases sensitivity and
specificity of test

Direct visualization of
ventricular function

Can quantify and localize
ischemia

Noninvasive

Disadvantages

Not all patients can exercise
adequately

ECG alone without imaging
modality has higher rates
of false positives and false
negatives

More expensive

Drugs can cause chest pain,
nausea, and hypotension,
making test interpretation
more difficult

More expensive
More invasive
Requires radiation

More expensive

Imaging may be limited in
obese patients

Can yield false positives in
patients with LBBB

Increases sensitivity and
specificity of test

ECG, Electrocardiogram; LBBB, left bundle branch block; MI, myocardial infarction; N/A, not available.

Coronary angiography
Considered the gold standard for diagnosing CAD
Refer for cardiac catheterization if:
= Need to confirm or exclude CAD
= Medical therapy fails to relieve anginal symptoms
= History and noninvasive testing suggest high-risk
coronary anatomy

TREATMENT OF CHRONIC CAD

Address modifiable risk factors (e.g., lipid lowering,
cigarette cessation)
Correct illnesses that can precipitate or exacerbate
angina (e.g., anemia, infection, thyroid disease)
Consider the following medications that can relieve
angina:
B-Blockers
® First-line therapy
® Reduce myocardial oxygen (O,) demand by
decreasing heart rate, BP, and contractility
® Does not reduce MI or death in patients with
chronic stable angina without history of MI or HF;
in patients with recent MI or HF with CAD,
B-blockers reduce both morbidity and mortality

Nitrates

B First-line therapy

® Major effect stems from venodilation, which
decreases cardiac preload, thereby decreasing wall
stress and O, demand

B Very good at relieving angina and improving
exercise tolerance but does not affect
mortality

® Contraindicated in patients using sildenafil

Calcium channel blockers

® Second-line therapy

® Improve myocardial oxygen supply by decreasing
coronary vascular resistance and augmenting
epicardial conduit vessel and systemic arterial
blood flow; myocardial demand is decreased
by a reduction in myocardial contractility,
systemic vascular resistance, and arterial
pressure

= Do not use short-acting dihydropyridines, which
increase mortality rates in patients with ACS (see
later discussion); however, long-acting agents are
safe and effective in treating patients with chronic
stable angina



Ranolazine
® Second-line agent
® Inhibits the late inward sodium current, indirectly
reducing the sodium-dependent calcium current
during ischemic conditions and leading to
improvement in ventricular diastolic tension and
O, consumption
= Reduces the frequency of angina, improves
exercise performance, and delays the development
of exercise-induced angina and ST-segment
depression
® Medications that decrease morbidity and mortality
Aspirin
® Reduces risk of MI and death
= All patients with CAD should be on aspirin
unless there is a clear contraindication
Lipid-lowering agents
= 3-Hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors (statins)
reduce risk of Ml and death
® The 2013 AHA/ACC guidelines recommend
high-intensity statin therapy in patients with CAD
if age older than 75 years and moderate-intensity
therapy in patients older than 75 years or patients
who are not candidates for high-intensity therapy
(see Chapter 3)
® [f statins are not tolerated, other agents (e.g.,
ezetimibe, fibrates) could be used but they are
without strong evidence in the literature
ACE inhibitors
® Clear decrease in mortality and morbidity
rates in patients with left ventricular (LV)
dysfunction (ejection fraction [EF] <40%)
® Revascularization of chronic CAD
The major indication for revascularization in chronic
CAD is for relief of angina symptoms in patients on
optimal medical management.
Two methods of revascularization:
® Percutaneous coronary intervention (PCI)
® Two components: Percutaneous transluminal
coronary angioplasty (PTCA), in which a
balloon is used to split the atheromatous plaque
and stretch the artery, and stent deployment,
which provides a metal scaffold to help
maintain artery patency
® There are two types of stents:
Bare metal stents (BMSs)
Drug-eluting stents (DESs): Stents are coated
with a drug that blocks cell proliferation, thus
decreasing prolific neointimal hyperplasia and
restenosis
The drug also inhibits reendothelialization
of the stent, so there is increased risk of
metallic material being exposed to
thrombotic factors, leading to an increased
risk of in-stent thrombosis
To decrease this risk, patients should be
treated with lifetime aspirin and at least 1
year of thienopyridine therapy
® Major benefits: highly successful (>90%);
decreases the need for coronary artery bypass
surgery
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® Deciding between a BMS and a DES:

No survival differences, but a DES reduces
risk of repeat target-vessel revascularization
and reinfarctions

BMS should be used in patients who cannot
tolerate long-term dual-antiplatelet therapies

= Antiplatelet agents commonly used during PCI

Aspirin: An irreversible cyclooxygenase

inhibitor

Thienopyridines:
Clopidogrel: Inhibits adenosine
diphosphate (ADP)-mediated platelet
activation; helps to prevent acute stent
thrombosis; side effects include rash and
gastrointestinal (GI) upset; can rarely
cause thrombotic thrombocytopenic
purpura
Prasugrel: Mechanism of action is similar to
clopidogrel but has a more rapid onset of
action and more effective inhibition of
platelet activation; lower rate of death and
reinfarction in patients treated with
prasugrel compared with clopidogrel but a
slightly higher rate of bleeding (risk of
bleeding is higher in patients with previous
stroke/transient ischemic attack [TIA],
body weight less than 60 kg, and age older
than 75 years)
Ticagrelor: Similar to clopidogrel and
prasugrel but does not require activation by
CYP enzymes in the liver; compared with
clopidogrel, it is a more effective and
faster inhibitor of platelet activation,
leading to lower rates of death and
ischemic events, with a slightly higher rate
of bleeding
Ticlopidine: Rarely used, because of
association with thrombotic
thrombocytopenic purpura and
neutropenia

Glycoprotein 1Ib/Il1a inhibitors: Abciximab

and eptifibatide; reduce cardiovascular

complications of PCI in the acute setting

® Risks and complications

Restenosis: Narrowing of the arterial lumen
following PCI; mechanism incompletely
understood but likely involves neointimal
thickening caused by smooth muscle cell
proliferation
Also, the dilated segment can shrink
because of elastic recoil
Incidence peaks between 3 and 6 months
after PCI but has significantly decreased
with DES use
Other: 1% to 2% risk of emergent bypass, 2%
to 4% risk of MI (i.e., thrombosis), 1% risk of
death; risks increase with complicated lesions,
which are often long, tubular, and eccentric,
as well as calcified lesions

® In patients with stable CAD, PCI is quite
effective in reducing angina, but it does not
reduce the risk of death or Mi
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= Coronary artery bypass grafting (CABG)
® Excellent for relieving anginal symptoms
® Benefits: decreased repeated revascularization
procedures compared with PCI
® Complications: sternal wound infection, MI,
stroke, postoperative arrhythmias, and death
® Characteristics of patients with stable CAD
who have lower mortality rates after CABG:
Left main disease
Three-vessel CAD and decreased LV
function
This is a weaker recommendation: A recent
study suggests no significant difference in
all-cause mortality between medical
management and CABG
Three-vessel CAD and ischemia at low
workload
Two-vessel or three-vessel disease with
proximal LAD involvement
Patients with DM: higher 5-year survival
with CABG than with PTCA
m Following CABG, use statin therapy, which can
help decrease graft vessel disease (even in
patients with only mild LDL elevation)
® How does multivessel PCI compare with CABG
in patients with left main or three-vessel CAD?
At 1 year, major adverse cardiac events
rates are higher in the PCI group, largely
caused by an increased rate of repeat
revascularization
At 1 year, rates of death and MI are the same
in both groups, but stroke is more likely to
occur with CABG
® Can consider calculating the SYNTAX score to
determine if CABG or PCI is preferable
SYNTAX is an angiographic scoring
system that uses various angiographic
parameters to assess the multivessel CAD
complexity
Patients with low SYNTAX scores have no
differences in outcomes when treated with
either multivessel PCI or CABG
Patients with a high SYNTAX score derive
greater benefit from CABG, which is
associated with less major cardiac events
(cardiac death and MI)

PRIMARY PREVENTION OF CORONARY
ARTERY DISEASE AND MYOCARDIAL
INFARCTION

® Risk factor modification

Smoking cessation

® Cessation decreases CHD event risk by 60%
within 3 years

= Both behavior and pharmacologic interventions
should be considered

Blood pressure control

® A 5- to 6-mm Hg reduction in BP results in a 16%
reduction in cardiovascular events

® Management should include lifestyle changes,
weight loss, exercise, and medical therapy

Cholesterol reduction

® Reduction in serum cholesterol by 10% reduces
cardiovascular events by 18% and cardiovascular
death by 10%

® Management should include dietary modification,
exercise, and lipid-lowering therapy (based on
ACC/AHA 2013 guidelines)

DM management

® DM increases risk of heart disease by twofold to
fourfold in men and threefold to sevenfold in
women

= Tight glycemic control reduces microvascular
disease and may reduce risk of cardiovascular
events

® Patients with metabolic syndrome are at increased
risk of cardiovascular disease; aggressive risk factor
modification is warranted in these patients (diet,
exercise, weight loss, and lipid and glucose
management)

Weight loss

m Obesity and physical inactivity are risk factors for
CAD

® Though data are limited, maintaining ideal body
weight and staying physically active may reduce

risk of MI by 50%

® Pharmacologic therapy

Aspirin

® In men, pooled data suggest a 33% reduction in
first MI

® [n women, aspirin reduces the risk of stroke in
those 65 years or older but has no effect on risk of
MI or death from cardiovascular causes

Statins

® Statins reduce the risk of first MI, even in patients
with only moderately elevated cholesterol

Hormone therapy

= Hormone therapy increases the risk of
cardiovascular disease in the first 2 years of use;
routine use for primary prevention of ASCVD
events should be avoided

® Diet

Fish consumption and omega-3 fatty acids are
associated with reduced CAD risk in both men and
women

Moderate alcohol intake (one drink per day)
decreases risk of MI by 30% to 50%; decision to
recommend moderate intake should be based on risk/
benefit ratio in setting of comorbidities (e.g., liver
disease, peptic ulcer disease)

Antioxidants do not decrease risk; in a large study
of patients with vascular disease, administration of
folic acid and vitamins By and B,; did not reduce
the risk of cardiovascular death, MI, or all-cause
mortality

Acute Coronary Syndromes

BASIC INFORMATION
® Epidemiology

More than 1 million people experience an MI in the
United States annually.
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# Leads to death in one third of patients, with 50% ® [nflammation can lead to plaque instability and
occurring within the first hour of a MI rupture; elevated serum levels of certain
® Pathophysiology inflammatory markers (e.g., CRP, fibrinogen,
u ACSs include unstable angina (UA), non— interleukin-6, tumor necrosis factor) correlate with
ST-segment elevation MI (NSTEMI), and increased ACS risk
ST-segment elevation MI (STEMI) ® Other factors can contribute to plaque
= All three syndromes occur when a vulnerable vulnerability, including shear stress and enzymatic
plaque ruptures, leading to platelet activation degradation, which both weaken the plaque cap
and aggregation, resulting in the formation of = Formation of thrombus
intracoronary thrombus (Fig. 4-1) ® Following plaque rupture, thrombotic factors from
# The vulnerable plaque within the lipid core are exposed to the bloodstream
® Larger, fibrotic plaques with thicker caps are less ® Activated platelets then adhere to the vessel wall
prone to rupture than smaller plaques, which have when platelet glycoprotein binds to the von
softer atherogenic lipid cores and thinner caps Willebrand factor
Adventitia Adventitia
Media Media
Intima ) Intima
_—m
Atherosclerosis / Lipids

Atherosclerotic plaque

Normal Fixed coronary obstruction
(typical angina)

Platelet
aggregate

_—m
Healing

Plaque disruption Severe fixed coronary
obstruction
(chronic ischemic heart disease)

Y

Thrombus

Thrombus

Mural thrombus with Occlusive thrombus
variable obstruction / ? emboli (acute transmural myocardial
(unstable angina or acute infarction or sudden death)

subendocardial myocardial
infarction or sudden death)

Acute coronary syndromes

FIGURE 4-1 Schematic representation of sequential progression of coronary artery lesion morphology, beginning with stable chronic
plaque responsible for typical angina and leading to the various acute coronary syndromes. (Modified from Schoen F|. Interventional and
Surgical Cardiovascular Pathology: Clinical Correlations and Basic Principles. Philadelphia: WB Saunders; 1989: 63; and from Zipes DP, Libby
P, Bonow RO, Braunwald E, eds. Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine. 7th ed. Philadelphia: Saunders; 2005:
Fig. 12-12.)
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= Tissue factor is also released from the lipid core, ® Symptoms can include chest pain or pressure (radiating
activating the coagulation cascade and leading to to the left arm, neck, or jaw), dyspnea, nausea,
thrombin formation, the most potent platelet vomiting, and diaphoresis
activator ® Symptoms can be atypical, particularly in women,

® Platelets stick to one another during the final diabetics, and the elderly
common pathway of platelet activation, when ® Of note, 20% to 30% of ACSs are clinically silent
platelets expose glycoprotein IIb/IIla receptors
that bind to fibrinogen DIAGNOSIS AND EVALUATION

® Definitions m ECG findings

UA: Characterized by angina at rest (usually
prolonged more than 20 minutes), new-onset
exertional angina of at least class III in severity (i.e.,
angina with only mild exertion), or preexisting
angina that has increased in frequency or duration

or that is now brought on with less exertion than
before

NSTEMI: Clinically similar to UA, but distinguished
by evidence of myocardial necrosis (i.e., an elevation
in serum cardiac enzymes); ECG does not show

UA and NSTEMI

® Variable ECG findings, including having no
abnormalities, ST-segment depression, T-wave
inversions, or nonspecific ST-segment and T-wave
changes

STEMI

® Characterized by greater than 1-mm ST-segment
elevation in two or more contiguous limb leads, or
greater than 2-mm ST-segment elevation in two or
more contiguous precordial leads

ST-segment elevation ® Cardiac enzymes used to diagnose NSTEMI and
STEMI: Defined by the presence of elevated cardiac STEMI

enzymes and ECG criteria that include greater than
[-mm ST-segment elevation in two or more
contiguous limb leads, or greater than 2-mm
ST-segment elevation in two or more contiguous
precordial leads.
= ST-segment elevation suggests total occlusion
of the infarcted artery by thrombus; in contrast,
most patients presenting with UA or NSTEMI
do not have a totally occluded infarct artery
= Of note, a new or presumed new LBBB is no
longer considered a STEMI equivalent, based
on the most recent 2013 AHA/ACC
guidelines; must employ other ECG criteria to

Troponin T and I: highest sensitivity and
specificity for detecting MI; appear within 4
hours; peak at 24 to 48 hours and decline
slowly; remain detectable for up to 7 to

10 days

Creatine phosphokinase myocardial band (CPK-MB):
first measurable in the bloodstream at 6 to 10 hours;
peaks at 24 hours; baseline by 48 to 72 hours
Lactate dehydrogenase: obsolete; increases at 24 to 48
hours and remains elevated for 10 days

Myoglobin: one of the earliest enzymes released in the
circulation during MI (2 to 3 hours), returns to
normal within 24 hours; very low specificity

diagnose MI in these cases m UA/NSTEMI risk stratification

Other differences between NSTEMI and STEMI are
shown in Table 4-3

CLINICAL PRESENTATION

® Unlike chronic stable angina, in which symptoms occur
with exertion, ACS is often characterized by abrupt
onset of symptoms while at rest

Determine if patient is at low, intermediate, or high
risk for adverse cardiac events
= Adverse risk factors:

m ECG: ST-segment depression greater than 1 mm
in two or more contiguous limb leads (or >2 mm
in two or more contiguous precordial leads)

® Troponins: elevated levels

Comparison of Non-ST-Segment Elevation MI and ST-Segment Elevation Ml

NSTEMI

ECG findings ST-segment depressions; T-wave inversions;
nonspecific ST-T changes

Vessel at time of Only 30%-40% totally occluded

catheterization

Type of clot Rich in platelets (white)

Extent of disease More likely multivessel with collateral formation

Treatment Thrombolysis not recommended; GP Ilb/llla
inhibitors can be useful

Hospital mortality Lower

Reinfarction rate Higher after hospital discharge

Long-term prognosis Higher 1-year mortality rate after discharge

STEMI

ST-segment elevation

>80% totally occluded

Rich in fibrin (red)
More commonly single vessel

Thrombolysis beneficial; GP lIb/Illa inhibitors usually not
indicated (unless PCl performed)

Higher
Lower after hospital discharge

Lower 1-year mortality rate after discharge

GP, Glycoprotein; MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST-segment elevation myocardial infarction; ST-T, ST segment and T wave.



BOX 4.2 TIMI Risk Score for Unstable Angina
and Non-ST-Segment Elevation MI
Risk Factors

Age >65 years

Three or more coronary artery risk factors
Prior coronary stenosis 250%

Two or more anginal events in past 24 hours
Aspirin use in past 7 days

ST-segment changes

Positive cardiac markers

TIMI Score = sum of applicable risk factors

Risk of Adverse Cardiac Event by TIMI Score
0-1: 4.7%

NP> =

Low Risk
2: 8.3%
3:13.2%
Intermediate Risk
4:19.9%
5:26.2%
High Risk
6 to 7: 41%

MI, Myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

® Patients with both ST-segment depression and
elevated cardiac enzymes are at highest risk;
those with one of the two factors are at
intermediate risk; patients with neither of the
two factors are at lower risk
® Calculate the Thrombolysis in Myocardial
Infarction (TIMI) risk score for UA/NSTEMI
(Box 4-2):
® Scoring system uses seven factors to predict the
risk of subsequent adverse cardiac events
(defined as MI, persistent ischemia, or cardiac-
related death)
A score of O to 2 is considered low risk, 3 to 4
is intermediate risk, 5 to 7 is high risk
® Calculate GRACE (Global Registry of Acute
Coronary Events) 2.0 risk score
® Incorporates age, heart rate, systolic BP, Killip
class, presence of cardiac arrest, ST-segment
change, and troponins
= Estimates 6-month mortality
As a general rule, it is most appropriate to treat
low-risk patients conservatively (i.e., noninvasive
testing, medical management); more aggressive
treatment (e.g., catheterization, PCI) is the best
choice for intermediate-risk and high-risk patients
m Risk stratification of STEMI
All patients who meet STEMI ECG criteria should
be considered for rapid reperfusion with either PCI or
thrombolytic therapy
Determine subsequent risk for adverse cardiac events:
= Calculate TIMI risk score for STEMI: Assesses risk
based on history, examination, and clinical
presentation; there is an increased risk in 30-day
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TIMI Risk Score for ST-Segment
Elevation Ml

Clinical Risk Factors Points
History

>75 years old 3
65 to 74 years old 2
History of diabetes, hypertension, or angina 1
Physical examination

Systolic blood pressure <100 mm Hg 3
Heart rate >100 beats/min 2
Killip class Il to IV 2
Weight <67 kg 1
Presentation

Anterior STEMI or left bundle branch block 1
Time to reperfusion therapy >4 hours 1
Total possible points 14

MI, Myocardial infarction; STEMI, ST-segment elevation myocardial
infarction; TIMI, Thrombolysis in Myocardial Infarction.

Data from Morrow DA, Antman EM, Parsons L, et al. Application of the
TIMI risk score for ST-elevation MI in the National Registry of
Myocardial Infarction 3. JAMA. 2001;286:1356-1359.

mortality rates, ranging from 1.1% to 30% for
scores ranging from O to greater than 8,
respectively (Table 4-4)
® Calculate GRACE 2.0 risk score:
= Same risk calculator used for UA/NSTEMI
® Estimates 6-month mortality
= Always consider other diagnoses that can
mimic ACS
Chest pain and ECG changes can occur with other
conditions, which require different management
strategies, including the following:
® Aortic dissection
® Findings include abrupt, severe, “tearing” chest
pain that radiates to the back or abdomen,
unequal pulses and BP in the upper extremities,
or a new murmur of aortic regurgitation
® ECG can reveal ST-segment elevations if the
dissection involves one or more of the coronary
arteries (typically affects the right coronary
artery first)
® Thrombolytics and anticoagulants are
contraindicated
® Acute pericarditis
® Findings include chest pain that may be
pleuritic or is relieved by sitting up; pericardial
friction rub may be present
= ECG may reveal diffuse ST-segment elevation
and PR interval depression
® Thrombolytics and anticoagulants are
contraindicated
® Pulmonary embolism (PE)
® Clinical clues include risk factors for PE (e.g.,
sedentary or immobile patient status, history of
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deep venous thrombosis, leg trauma, or oral
contraceptive use); symptoms include sudden-
onset chest pain and dyspnea

® ECG may show only sinus tachycardia, but

classic findings include an S wave in lead I, Q
wave in lead III, and T-wave inversion in lead

addition to aspirin; it should be continued for
at least 12 months if PCI with drug-eluting
stent is performed, 1 month if PCI with bare
metal stent is performed, and for at least 9
months if no PCI is done

Prasugrel: When compared with clopidogrel,
associated with lower rates of ischemic events

I1I; can also present with new right bundle

branch block or right axis deviation

TREATMENT OF ACUTE CORONARY
SYNDROMES
® Management of UA and NSTEMI (Fig. 4-2)

Medical therapy
= Antiplatelet therapy

® Aspirin: More than 50% relative reduction in
risk of Ml and death in patients with UA/
NSTEMI; aspirin should be continued

indefinitely
® Thienopyridines:

Clopidogrel: Reduces adverse cardiac events in
patients with UA/NSTEMI when given in

Chest pain

but also with a higher risk of bleeding and
should be avoided in patients who may be
potential candidates for CABG

Ticagrelor: Similar to clopidogrel and prasugrel
but does not require activation by CYP
enzymes in the liver; compared with
clopidogrel, it is a more effective and faster
inhibitor of platelet activation, leading to
lower rates of death and ischemic events with
a slightly higher rate of bleeding

® Glycoprotein 1Ib/111a inhibitors: Clear benefit

demonstrated in both UA and NSTEMI; the
greatest benefit is seen in patients who have
positive troponins and are treated with PCI

Suspected ACS

Initiate therapy

ASA, B-blocker, nitrate, heparin/LMWH

ECG

Non-ST elevation ACS
(UA or NSTEMI)

' Cardiac enzymes

Risk stratification

(ECG, cardiac enzymes, TIMI risk score)

/

TIMI risk score 5-7

High risk Intermediate risk Low risk
ST depression and positive enzymes ST depression or positive enzymes Normal ST segments and cardiac enzymes
or or or

TIMI risk score 3—4

TIMI risk score 0-2

!

| GP IIB/IIIA inhibitor |

GP IIB/IIIA inhibitor

\ \

or clopidogrel

High-risk features (see Box 4-1)

A /

| Medical management |

| Cardiac catheterization |

stest |
Stress test

4>| Secondary prevention and risk factor modification |<7

FIGURE 4-2 Approach to the patient with a non-ST-segment elevation acute coronary syndrome. The Thrombolysis in Myocardial
Infarction (TIMI) risk score calculation appears in Box 4-2. ACS, Acute coronary syndrome; ASA, aspirin; ECG, electrocardiogram; GP
IIB/INIA inhibitor, glycoprotein llb/llla inhibitor; LMWH, low-molecular-weight heparin; NSTEMI, non-ST-segment elevation myocardial
infarction; UA, unstable angina. (Modified from Yang EH, Ardehali H, Achuff SC. Acute coronary syndromes: non-ST elevation. In: Cheng

A, Zaas A, eds. The Osler Medical Handbook. St. Louis: Mosby; 2003: 95-110.)



Abciximab: Fab fragment of a monoclonal
antibody directed at the IIb/IIla receptor;
clear benefit for patients undergoing PCI; no
benefit seen in patients with UA/NSTEMI
who do not require PCI
Eptifibatide: A synthetic peptide; benefit
demonstrated in UA/NSTEMI and PCI
Tirofiban: A nonpeptide molecule; benefit
demonstrated in UA/NSTEMI

= Antithrombotic therapy

® Associated with lower rates of myocardial
infarction and death in patients with acute
coronary syndromes

® Unfractionated heparin (UFH)

B Low-molecular-weight heparin (LMWH):
Compared with UFH, has less nonspecific
binding and causes less thrombocytopenia; can
be dosed by body weight without need to follow
activated partial thromboplastin time (aPTT)

Enoxaparin: Superior to UFH in reducing
death, MI, and recurrent ischemic events in
UA/NSTEMI patients who are treated
conservatively; no difference compared with
UFH in patients treated invasively, and also
associated with higher rate of bleeding
Fondaparinux: Acts through antithrombin to
neutralize factor Xa; can be used both with
conservative strategy and as an invasive
strategy in patients with UA/NSTEMI;
preferable to UFH or enoxaparin in patients
with increased risk of bleeding

® Direct thrombin inhibitor

Bivalirudin: An option only in patients in
whom an early invasive approach is planned;
if high risk of bleeding exists, then bivalirudin
monotherapy can be considered instead of
heparin/glycoprotein IIb/Illa inhibition
combination

= (-Blockers:

= [n UA, B-blockers reduce ischemia and have
been shown to reduce subsequent infarction

® |n NSTEMI, they decrease ischemia, reduce
infarct size, help prevent reinfarction, and
decrease mortality

® Administer orally and only if there is no
evidence of concomitant acute heart failure

® Nitrates: Decrease O, demand; quite effective in
relieving anginal symptoms; have not been shown
to improve survival

® Calcium channel blockers:

® Not first-line treatment for UA or NSTEMI

m The short-acting dihydropyridines have been
associated with increased mortality in ACSs

® Nondihydropyridine calcium channel blockers
may be used to treat ischemia in patients
refractory or intolerant to B-blockers and
nitrates

® Do not use diltiazem, verapamil, or nifedipine in
patients with LVEF less than 40%

® Statins: In addition to lipid-lowering ability, these
agents have been shown to have antiplatelet and
antioxidant properties as well
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® There is evidence to support their use during
the acute presentation with UA/NSTEMI
® Should be administered even if lipid levels
are low
® Thrombolytics are not indicated in UA and
NSTEMI
Cardiac catheterization in UA/NSTEMI
® Emergent indications
B Persistent ischemia despite medical therapy
® Hemodynamic instability
® Ventricular tachycardia, ventricular fibrillation,
sudden death
® |ndications in patients stabilized with medication
therapy
B Stress test: positive—high-risk results
® ECG: ST-segment depression suggesting
ischemia in a large territory
® ST-segment depression on ECG and elevated
cardiac enzymes
Diabetes
Chronic kidney disease
Low EF
TIMI risk score: High or intermediate risk
GRACE score: Patients with high GRACE risk
scores (greater than 140) have less death,
Ml, and stroke events when treated with
early PCI (less than 24 hours) compared
with late intervention (more than 36 hours)

® Management of STEMI (Fig. 4-3)

Rapid recognition of a STEMI and immediate
initiation of reperfusion therapy are crucial; the
faster normal flow can be restored in the
occluded artery, the better the prognosis
Two major reperfusion strategies
® Thrombolytic therapy
® Approximately 60% successful
" Most effective when given in the first 6
hours, but can be given up to 12 hours after
onset of chest pain
= After 12 hours, the risk/benefit is
unfavorable because the benefit decreases
and the risk of myocardial rupture increases
= Between 12 and 24 hours, only consider
thrombolytics if there is no available PCI,
and the patient has hemodynamic
compromise or a large myocardial area at
risk
" Indications and contraindications: see
Table 4-5
® Associated with hemorrhagic stroke: Increased
risk in the elderly, women, hypertensives, and
diabetics, as well as in patients with a previous
stroke or treated with warfarin
® Commonly used thrombolytics
Streptokinase: derived from group C
streptococcus, inexpensive, can cause allergic
reactions
Tissue plasminogen activator (tPA): faster and
more clot-specific, more expensive, no allergic
potential
Latest generation thrombolytics (e.g.,
reteplase [recombinant tPA], tenecteplase
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Chest pain

Suspected ACS

Initiate therapy
ASA, B-blocker, nitrate, heparin/LMWH

ECG

Cardiac enzymes
ST elevation ACS

(ST elevation on ECG)

Immediate reperfusion
therapy required

Can PCI be performed within 90 minutes
of patient arrival at the hospital?

Consider thrombolytic therapy.
Are there contraindications? (See Table 4-6)

Perform PCI Yes No

Administer
thrombolytics

| Successful reperfusion?

Rescue PCI
be— Yes

Risk stratification, secondary
prevention, risk factor modification

FIGURE 4-3 Approach to the patient with ST-segment elevation
acute coronary syndrome. ACS, Acute coronary syndrome;

ASA, aspirin; ECG, electrocardiogram; LMWH, low-molecular-
weight heparin; PCl, percutaneous coronary intervention.

Thrombolytic Therapy in STEMI

Indication Absolute Contraindications
Duration of symptoms Any history of intracranial bleed
<12 hours Known cerebral vascular lesion (e.g.,
AVM)

Known malignant intracranial neoplasm

Ischemic stroke within 3 months

Suspected aortic dissection

Active bleeding or bleeding diathesis
(excluding menses)

Closed-head or facial trauma within 3
months

[TNK-tPA]): mutants of tPA; tend to be even
more clot-specific but no differences in
clinical outcomes between the latest
generation thrombolytics and tPA
= PCI
® Major advantages over thrombolytics:
Higher reperfusion rates (greater than 90%
success rate of opening the occluded artery)
Decreased incidence of stroke
More effective than thrombolytics in patients
with acute decompensated heart failure,
cardiogenic shock, and prior bypass surgery
® Major disadvantages:
Not available in all hospitals, and it may take
too much time to get the patient to the
appropriate facility
® Terminology:
Primary PCI: Patient with STEMI is taken
directly to the catheterization lab for PCI
instead of receiving thrombolytics
Rescue PCI: urgent PCI after failure to
reperfuse with thrombolytics
Pharmacoinvasive PCI: PCI after reperfusion
with thrombolytics
= Approximately 20% to 30% of patients
receiving thrombolytics fail to reperfuse and
have high mortality rates; they have better
outcomes if they then undergo rescue PCI
General management strategies
® Perform reperfusion therapy emergently with either
PCI or thrombolytics
® PCl is preferable if it can be performed in
less than 90 minutes after patient arrival
® If PCI cannot be performed within 90 minutes of
patient arrival, thrombolytics should be given if
there are no contraindications
® [f the patient receives thrombolytics, he or she
should be then considered for PCI (pharmaco-
invasive PCI)
® If a patient receives thrombolytics and fails to
reperfuse, he or she should be referred for
rescue PCI
= Of note, accelerated idioventricular rhythm
suggests successful reperfusion after
thrombolytic administration (or after PCl)
Other pharmacologic treatments

® Medication recommendations are similar to UA/
NSTEMI treatments

Relative Contraindications

Systolic BP >180 mm Hg or diastolic BP >110 mm Hg at
presentation

History of ischemic stroke >3 months

Prolonged CPR (>10 min)

Major surgery within <3 weeks

Recent internal bleeding (within 2-4 weeks)

Pregnancy

Active peptic ulcer disease

For streptokinase/anistreplase: prior exposure >5 days ago
or prior allergic reaction

AVM, Arteriovenous malformation; BP, blood pressure; CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; STEMI, ST-segment elevation

myocardial infarction.



® Aspirin, thienopyridines, antithrombotics,

glycoprotein IIb/Illa inhibitors, beta blockers,
nitrates, calcium channel blockers, and statins all
have similar benefits and risks when given to
patients with STEMI as compared with UA/
NSTEMI patients
Additional recommendations:
® ACE inhibitors: Proven benefit, particularly in
patients with heart failure and LVEF less than
40%; can prevent adverse remodeling in
patients with anterior wall Mls; angiotensin
receptor blockers (ARBs) should be used if there
is an ACE inhibitor intolerance
= Heparin:
Indicated for all patients going for PCI
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Administer concurrently with tPA and
continue for at least 48 hours

Start 6 hours after treatment with a
nonselective thrombolytic (e.g.,
streptokinase) once coagulation
factors have normalized and continue
for at least 48 hours

Medications not recommended for STEMI
treatment

Empirical antiarrhythmics: Prophylactic
antiarrhythmic use can actually increase mortality
in the peri-MI setting

Glycoprotein IIb/Illa inhibitors: Only useful if
undergoing PCI; not useful in conjunction with
thrombolytics

(unless using LMWH or bivalrudin)

® Monitor for complications of acute MI (see Table 4-6)

Complications of Myocardial Infarction

Complication

Bradyarrhythmias

Mobitz type | block
(Wenckebach)

Mobitz type Il block

Third-degree block
(complete heart block)

Bundle branch block

Premature ventricular
contractions

Ventricular tachycardia or
fibrillation

Papillary muscle rupture

Type of MI

Mobitz I: Usually seen with
IMI; caused by ischemia or
increased vagal tone;
conduction block usually in
AV node

Mobitz II: Usually AMI; block
typically infranodal

Third degree: AMI or IMI

Usually AMI

Any Ml

Any territory, but commonly
AMI

Usually IMI

Timing and Presentation

Usually in first 24-48 hours
for all types

Asymptomatic
Hypotension

Asymptomatic
Hypotension

First 24 to 48 hours

First 24-72 hours
Usually asymptomatic

VT in first 24 hours: usually
transient and benign

Late VT: consider recurrent
ischemia

Most VF occurs in first 48
hours

2-10 days after Ml

Sudden-onset CHF and
hypotension caused by
mitral regurgitation

Large V waves on Swan-Ganz

tracing

Treatment

Mobitz I: Responds to atropine
and usually resolves in 2 to 3
days

Mobitz II: Temporary pacer
because high risk for
progression to complete block;
many will require permanent
pacer

Third degree: Permanent pacer
usually required with AMI;
often resolves spontaneously
with IMI

Temporary pacer indicated for
alternating left and right BBB;
RBBB with alternating LAFB
and LPFB; LBBB or RBBB with
first degree AV block

BBB associated with higher
mortality

Treatment usually not required
Avoid lidocaine (can T mortality)
Can use B-blockers

Defibrillation for VF and
hemodynamically significant
VT

For hemodynamically tolerated
VT, medicines can be tried
before cardioversion (e.g.,
amiodarone, lidocaine,
procainamide)

B-blockers decrease incidence of
lethal VF

IABP to help stabilize
Urgent surgery required

Continued on following page
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Complications of Myocardial Infarction (Continued)

Complication Type of MI

Ventricular septal rupture Both AMI and IMI

Ventricular free wall Both AMI and IMI

rupture

Right ventricular infarct IMI

Pericarditis AMI or IMI

Timing and Presentation Treatment

1-20 days after Ml

Palpable thrill

Pansystolic murmur
Hypotension

Increased pulmonary artery
O, saturation by
Swan-Ganz

2-14 days after STEMI

Sudden PEA, tamponade, or
death

Elderly women at greatest risk

Classic triad: T JVP, clear
lungs, hypotension

ECG: ST T'in V, with
right-sided leads

IABP to help stabilize
Urgent surgery required

Emergency surgery
Very high mortality

Aggressive |V fluids to keep CVP
8-12 mm Hg

Avoid agents that decrease
preload (e.g., nitrates,
morphine)

May require inotrope support

2-14 days after Ml

“Dressler syndrome”

Pericardial rub

ECG may show diffuse
ST-segment elevation and
P-R interval depression

Nonsteroidal antiinflammatory
agents
Avoid anticoagulation

AMI, Anterior myocardial infarction; AV, atrioventricular; BBB, bundle branch block; CHF, congestive heart failure; ECG, electrocardiogram; IABP,
intraaortic balloon pump; IMI, inferior myocardial infarction; 1V, intravenous; JVP, jugular venous pressure; LAFB, left anterior fascicular block;

LBBB, left bundle branch block; LPFB, left posterior fascicular block; MI, myocardial infarction; PEA, pulseless electrical activity; RBBB, right bundle

branch block; STEMI, ST-segment elevation myocardial infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.

CARE FOLLOWING MYOCARDIAL
INFARCTION AND SECONDARY
PREVENTION

® Risk factor modification (e.g., diet and weight loss, BP
control, control of blood glucose, lipid lowering,
smoking cessation)
® Physical rehabilitation and exercise
Decreases hospitalizations, improves quality of life
and functional capacity
Refer for 36 cardiac rehabilitation sessions (3 times/
week)
B Long-term medications
Aspirin: Reduces rate of second Ml and improves
survival; should be taken indefinitely
Thienopyridines: Use in combination with aspirin for
at least 1 month, and ideally up to 12 months if
patient is not at high risk for bleeding; should be
used indefinitely in patients who have an intolerance
or allergy to aspirin
® In patients who undergo placement of a drug-
eluting stent at the time of infarct, thienopyridine
treatment should be used in combination with
aspirin for at least a year
B-Blockers: Improve survival; should be used
indefinitely in most patients following MI
ACE inhibitors (or ARBs): Decrease reinfarction rate
and improve survival; should be used in all patients
with LV dysfunction; help prevent remodeling in
patients with anterior wall infarcts

Aldosterone blockers: Decrease morbidity and
mortality; should be used long term for patients
who do not have significant renal dysfunction or
hyperkalemia, who are already on therapeutic
doses of ACE inhibitor or ARB, have an
LVEF less than 40%, and have either
symptomatic HF or DM
Statins: Reduce reinfarction rates and improve
survival in patients with both high and average
cholesterol levels; should be used indefinitely
Warfarin: May benefit patients with severe LV
dysfunction or apical thrombus; no survival
benefit

= Implantable defibrillators
Improve survival in patients with ischemic

cardiomyopathy and low EF (even in the absence

of ventricular arrhythmias)

Measure EF at least 40 days after MI in patients who

are being treated with goal-directed medical HF
therapy

ICD indicated if EF 30% or less with NYHA class |
symptoms or if EF less than 35% with NYHA Il or

Ill symptoms

Review Questions

For review questions, please go to ExpertConsult.com.


https://expertconsult.com
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CHAPTER 5

Arrhythmias

REVIEW

GRANT V. CHOW, MD; and JOSEPH E. MARINE, MD

Arrhythmias lead to significant morbidity and mortality and
affect all age groups. They are classified as bradyarrhythmias
or tachyarrhythmias based on heart rate. Bradyarrhythmias
(heart rates <60 beats/min) can result from abnormalities at
any point along the conduction path because of depressed
automaticity, conduction delay, or block. Tachyarrhyth-
mias (heart rates >100 beats/min) are typically classified as
supraventricular or ventricular based on their site of origin.
Treatment options for arrhythmias vary depending on the
underlying cause and may encompass pharmacotherapy,
electrical conversion, pacemaker or defibrillator insertion,
or catheter or surgical ablation.

Bradyarrhythmias

BASIC INFORMATION

Bradyarrhythmias arise from abnormalities in one or more
of three locations: sinoatrial node, atrioventricular node, or
infranodal (Table 5-1).
= Sinoatrial (SA) node
Sinus node dysfunction (two forms)
® Symptomatic sinus pauses (more than 2 seconds)
= Chronotropic incompetence: inability to attain
80% of the maximum predicted heart rate in
response to exercise associated with fatigue or
other symptoms
® Often coexists with atrial fibrillation (i.e., “tachy-
brady” syndrome)
= Brief, asymptomatic sinus pauses are common;
permanent pacemaker therapy is generally
indicated only in the presence of symptoms
® Atrioventricular (AV) node and His-Purkinje system
First-degree AV block
= PR interval prolongation more than 200 ms
Second-degree AV block
= Mobitz I (Wenckebach): progressive PR interval
prolongation followed by single blocked P wave;
most common site of block is in the AV node
= Mobitz II: No progressive PR interval prolongation
before blocked P wave; most common site of block
is in the His-Purkinje system
Third-degree (complete) AV block
= No association between P waves and QRS
complexes
= Narrow QRS (junctional) escape rhythm: usually
blocked in AV node
= Wide QRS (ventricular) escape rhythm: suggests
block in His bundle or below
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CLINICAL PRESENTATION

B Almost all patients with first-degree and most patients
with Mobitz I second-degree AV block are
asymptomatic

® Some patients with Mobitz Il second-degree and third-
degree AV block are asymptomatic; most present with
fatigue, dyspnea on exertion, presyncope, or syncope

m Often better tolerated than tachyarrhythmias because
they slowly progress, except for infranodal AV block,
which may present with syncope or cardiac arrest

DIAGNOSIS AND EVALUATION

® Diagnostic clues are typically obtained from an
electrocardiogram (ECG) (Table 5-2)

® Event recorders are useful in correlating symptoms with
a suspected bradyarrhythmia

TREATMENT

® Acute management of bradyarrhythmias (see Table 5-1)
® Permanent pacemaker implantation for chronic
management of bradyarrhythmias
Indications:
® Sinus node dysfunction and Mobitz | second-
degree AV block in the presence of symptoms
that correlate with the bradycardia
® Mobitz Il second-degree AV block and third-
degree AV block, even when asymptomatic
Device types:
® Dual-chamber pacemaker (DDD, senses and paces
right atrium and ventricle), unless permanent atrial
fibrillation is present, in which case single-chamber
ventricular (VVI) pacing is most appropriate
® Biventricular pacemaker, which provides cardiac
resynchronization therapy (CRT), increasingly
used for patients with chronic systolic heart failure
(ejection fraction [EF] 50% or less) who require
frequent ventricular pacing

Supraventricular
Tachyarrhythmias (SVTs)

AV NODAL REENTRANT
TACHYCARDIA (AVNRT)

Basic Information (Table 5-3)

® Mechanism of arrhythmia: re-entrant pathway within
the AV node complex (Fig. 5-1)
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Bradyarrhythmias

Location of

Arrhythmia Conduction Defect Features Acute Management
Sinus node Sinus node Common with advanced age, coronary Treat only if symptomatic
dysfunction artery disease, and atrial fibrillation Atropine
Very rare in young, healthy patients Isoproterenol

Rarely, temporary pacer
(if symptomatic)

First-degree AV block Slowed conduction PR interval 2200 msec None required
within AV node May limit medical therapy for other
cardiac conditions
Second-degree AV AV node dysfunction Progressive prolongation of the PR Rarely, temporary pacer
block: interval until a P wave is blocked (if symptomatic)
Mobitz | May occur with high vagal tone in
(Wenckebach) healthy individuals at rest or during
sleep
Usually progresses slowly
Second-degree AV Lower conduction Nonconducted P waves without Consider temporary pacemaker
block: system (His-Purkinje) progressive PR prolongation
Mobitz Il defect Often associated with LBBB or

bifascicular block

Often associated with prior Ml
cardiomyopathy, hypertension, or
diabetes mellitus

Third-degree Conduction system Complete dissociation of P waves and Level of urgency depends on
(complete) AV block defect either within or QRS complexes symptoms, QRS width, and
below the AV node escape rate.

If asymptomatic with narrow
QRS: atropine or observation

If symptomatic or with wide
QRS: temporary pacemaker

AV, Atrioventricular; LBBB, left bundle branch block; MI, myocardial infarction.

Electrocardiogram Examples of Common Bradyarrhythmias
First-degree AV block

Second-degree AV block
Mobitz |

Second-degree AV block
Mobitz I

Third-degree AV block

AV, Atrioventricular.
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Narrow QRS Complex Tachycardias

Atrial Rate

Arrhythmia (beats/min)
Sinus tachycardia 100-180
AVNRT 150-230
ORT* 150-250
Atrial flutter 240-320
Atrial fibrillation 350-500
Atrial tachycardia 100-250
Junctional tachycardia 60-150
MAT 100-180

Ratio of Number of
Atrial Waves (A) to
QRS Complexes (V)

1:1
1:1
1:1
A>V
A>V
A>V
1:1
A>V

P-Wave
Morphology

Sinus

Retrograde

Eccentric

Sawtooth flutter waves
Fib (F) waves

Eccentric

Retrograde

3 or more different

Response to Carotid
Sinus Pressure

Slowing
Termination
Termination

T AV block

| Ventricular rate
T AV block
Slight slowing

Usually none

types

*Orthodromic AVRT with or without Wolff-Parkinson-White syndrome (tachyarrhythmia with pre-excitation on baseline electrocardiogram).
AV, Atrioventricular; AVNRT, atrioventricular nodal reentrant tachycardia; MAT, multifocal atrial tachycardia; ORT, orthodromic reciprocating

tachycardia.

Atrium

Bundle
of
His
Typical Atypical
A B C D

FIGURE 5-1 Reentrant pathways in atrioventricular (AV) nodal
reentrant tachycardia (AVNRT). The AV node and perinodal tissue
have dual physiology: a slow-conducting pathway with a short
refractory period (S) and fast-conducting pathway with a long
refractory period (F). A, A normal sinus beat conducts through
the fast pathway, but conduction through the slow pathway is
blocked when it hits a refractory period of the fast pathway.

B, A premature atrial beat cannot traverse the fast pathway
because it remains refractory after the previous (normal) beat.
Rather, it conducts down the slow pathway. C, In the typical form
of AVNRT, conduction occurs down the slow pathway, then
retrograde up the fast pathway, with delivery of an echo beat
(retrograde P wave immediately following or buried in the QRS
complex on electrocardiogram) back up to the atrium. If the slow
pathway has recovered, the impulse reenters the AV node, and
reentrant tachycardia is established. D, In the atypical form of
AVNRT, conduction occurs antegradely down the fast pathway
and then retrogradely up the slow pathway. The echo atrial beat
appears significantly later than the QRS complex because of slow
retrograde conduction (RP > PR interval).

B Two functionally and anatomically distinct pathways
within the AV node (“dual nodal physiology”)
Slow-conducting path with short refractory period
Fast-conducting path with long refractory period
= Typical form (90%) conducts antegrade down slow
pathway; retrograde up the fast
B Atypical form conducts antegrade down fast
pathway; retrograde up the slow

® Although up to 10% of the general population may
have dual nodal physiology, only a small proportion will
experience AVNRT

Clinical Presentation

® Notable for abrupt onset and termination of rapid,
regular heart beat

m Heart rate usually 150 to 220 beats/min

Age of onset may range from childhood to old age

Occasionally associated with syncope or near-syncope,

but usually well tolerated

Diagnosis and Evaluation

B Event monitor may be useful in patients with
intermittent palpitations

® Typical AVNRT findings on ECG (Table 5-4)
1:1 relationship of P wave to QRS complex
RP interval less than PR interval (“short RP”
tachycardia), if P wave can be seen
Retrograde P wave at end of QRS complex
(pseudo-R” in lead V; pseudo-S in lead II)

® Atypical AVNRT findings on ECG
RP interval more than PR interval (“long RP”
tachycardia)

Treatment

® Acute management
May respond to vagal maneuvers
® Carotid sinus pressure
® Valsalva maneuver
IV adenosine (6 to 12 mg rapid push) is highly
effective (90% conversion)
IV verapamil (2.5 to 10 mg) is also highly effective
® Chronic management
Catheter ablation (AV node modification, with
ablation of slow AV nodal pathway)
® First-line treatment
B Cures arrhythmia in more than 95% of
patients
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Electrocardiogram Examples of Common Supraventricular Tachyarrhythmias
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AV, Atrioventricular.

# Medications if not a candidate for ablation (Table 5-5) ~ ® The accessory pathway is a congenital muscle fiber that

® Suppress AV node: verapamil, diltiazem, or connects the myocardium of the atrium to the ventricle
B-blockers outside of the AV node (Fig. 5-2)
® Slow conduction within the re-entrant circuit: ® The accessory pathway may be:
flecainide (sodium channel blocker) # Manifest: The accessory pathway conducts in the
antegrade direction (atrium to ventricle) and usually the
WOLFF-PARKINSON-WHITE retrograde direction (ventricle to atrium) as well; ECG
(WPW) SYNDROME shows pre-excitation (short P-R interval and delta wave)

and a slurred upstroke of the QRS complex (Table 5-4)

Basic Information (see Table 5-3) » Concealed: The accessory pathway conducts only in

B Definition: Patients with both pre-excitation on ECG the retrograde direction; baseline ECG appears normal
and an associated tachyarrhythmia m Age of symptom onset is childhood through middle age
# Most common tachyarrhythmia is AV reciprocating . .
tachycardia (AVRT) Clinical Presentation
® Atrial fibrillation is the next most common ® Some patients with accessory pathways may never
arrhythmia, and may be life-threatening in this develop symptomatic tachycardia (these patients
setting because of rapid conduction down the technically do not have WPW syndrome, but rather

accessory pathway have a WPW ECG)
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Common Antiarrhythmic Drugs

Class Action Examples

| Block sodium channels; Class IA: quinidine,
varying effects on maximal procainamide, disopyramide
velocity of depolarization Class IB: lidocaine, mexiletine
and duration of action phenytoin
potential Class IC: flecainide,

propafenone

Il B-Blockers; | SA node Propranolol, metoprolol
automaticity and | AV
node conduction

1l Prolong action potential Amiodarone, sotalol, dofetilide,
duration dronedarone, ibutilide

v Calcium channel blockers; 1 Verapamil, diltiazem

AV nodal conduction

Notable Side Effects

Class: nausea, vomiting

Quinidine: hemolytic anemia, thrombocytopenia,
tinnitus

Procainamide: drug-induced lupus

Lidocaine: dizziness, confusion, seizures, coma

Mexiletine: tremor, ataxia, rash

Flecainide: proarrhythmic toxicity, nausea, dizziness

CHF, bronchospasm, bradycardia, hypotension

Amiodarone: hepatitis, pulmonary toxicity,
hypo- and hyperthyroidism, peripheral
neuropathy

Sotalol: bronchospasm, polymorphic VT

Dofetilide: Polymorphic VT

Ibutilide: 1%-2.5% risk of inducing polymorphic
VT, requires telemetry during use and at least 4
hours afterward

AV block, hypotension, bradycardia, constipation

AV, Atrioventricular; CHF, congestive heart failure; SA, sinoatrial; VT, ventricular tachycardia.

Atria
AV
node
Accessory
pathway
Ventricles
Orthodromic Antidromic

FIGURE 5-2 Reentrant tachycardia in Wolff-Parkinson-White
syndrome. In orthodromic reentrant tachycardia (ORT), the
impulse conducts down the atrioventricular (AV) node and then
retrograde up the accessory pathway. Electrocardiography (ECG)
during tachycardia shows a narrow QRS complex without the
delta wave. In antidromic re-entrant tachycardia, the opposite
circuit is established (conduction down the accessory pathway and
up through the AV node). ECG shows a wide, bizarre QRS
complex.

® Patients may present with tachycardia: AVRT (70%) or
atrial fibrillation (30%)
® AVRT in WPW (see Fig. 5-2)
Classified into orthodromic or antidromic depending
on the direction of conduction over the AV node
® Orthodromic AV reciprocating tachycardia (ORT):
Tachycardia conducts antegrade down the AV
node and retrograde up the accessory pathway
® Most common form of AVRT (95%)
® May occur with manifest or concealed accessory
pathways
m ECG reveals a narrow-complex tachycardia
® Antidromic AV reciprocating tachycardia (ART):
Tachycardia conducts antegrade down the
accessory pathway and retrograde up the AV node
or a second accessory pathway

® Less common (5%)
® ECG reveals a wide-complex tachycardia; may
be mistaken for ventricular tachycardia (VT)
® Atrial fibrillation in WPW
Life-threatening
Accessory pathways often conduct rapidly with
short refractory periods; may result in extremely
rapid transmission of atrial fibrillation (AF)
impulses to the ventricles
ECG shows a wide, irregular QRS complex
morphology
May degenerate to ventricular fibrillation and
cardiac arrest

Diagnosis and Evaluation

m ECG findings with manifest accessory pathway (see
Table 5-4)

Short PR interval (<120 ms)

Delta wave with widened QRS complex

® Caused by dual ventricular activation through
both the accessory pathway and the normal AV
node/His-Purkinje conduction system, resulting in
fused QRS complexes.

Treatment

® Asymptomatic patients
Risk of sudden death is very low
Equivocal benefits from electrophysiologic (EP)
testing. Patients in high-risk occupations (e.g., pilot,
competitive athletes) may need EP testing for medical
clearance. Some studies support EP testing in younger
asymptomatic individuals (younger than 35 years) as
well. Older asymptomatic patients with a WPW ECG
can be followed expectantly, unless symptoms occur.
® Symptomatic patients
Acute management of AVRT: vagal maneuvers, IV
AV nodal blockers (adenosine, B-blockers,
verapamil)
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® Atrial flutter: palpitations, exertional dyspnea; may
present with syncope or presyncope with 1:1 AV
conduction

Acute management of atrial fibrillation with

pre-excitation

B First-line therapy: IV procainamide (slows
accessory pathway and AV nodal conduction)
or IV ibutilide (may convert acute-onset AF to
sinus rhythm)

= Avoid digoxin or calcium channel blockers,
which cause even more rapid ventricular rate 350 to 500 beats/min
response via selective AV nodal blockade and Irregularly irregular QRS complexes often at a
shortening of atrial refractoriness rapid rate

= Urgent/emergent electrical cardioversion if ® ECG in typical atrial flutter (see Table 5-4)
patient hypotensive or otherwise unstable “Sawtooth” P-wave pattern in inferior leads (ll,

® Chronic management 11, aVF)

Diagnosis and Evaluation

B ECG in AF (see Table 5-4)
Fibrillatory (F) waves instead of P waves; atrial

Catheter ablation: first-line therapy in symptomatic

patients

® 2- to 4-hour procedure to localize and ablate
(cauterize) the accessory pathway

Atrial rate typically is at 300 beats/min with 2:1
AV conduction

Carotid sinus massage or adenosine may slow AV
conduction and reveal previously hidden flutter

= 90% to 95% success rate depending on the site of waves
the accessory pathway 1:1 AV conduction can occur in younger patients
® Flecainide and B-blockers can be used to prevent when atrial flutter rate is relatively slow and
further episodes of AVRT in patients awaiting excellent AV conduction is present, leading to
catheter ablation, or if ablation is contraindicated significant discomfort
or not accepted by the patient
Treatment
® Acute management of AF and atrial flutter
Rate control with B-blocker, calcium channel blocker
(verapamil, diltiazem)
Digoxin less useful but can be used if concomitant
heart failure is present or if single-agent therapy
is inadequate; digoxin is not effective for
paroxysmal AF
Rate-controlling drugs generally do not terminate the
arrthythmia or prevent recurrence
Attempt cardioversion if hemodynamically unstable
(hypotension, congestive heart failure, angina, etc.)

ATRIAL FIBRILLATION AND
ATRIAL FLUTTER

Basic Information (see Table 5-3)
= Atrial fibrillation (AF) and atrial flutter (AFL) are

distinct arrthythmias that often occur in the same
patient population
Actrial fibrillation
® Most common sustained arrhythmia
® Sustained by multiple reentrant wavelets within
the atria; often triggered by atrial ectopy from the
pulmonary veins ® Chronic management options for AF
® [ncidence increases in older patients (older than Rate control (B-blockers, calcium channel blockers,
40 years of age) and in those with hypertension, digoxin)
diabetes, and structural heart disease If symptomatic despite rate-controlling agents,
® May be paroxysmal (episodes lasting less than 7 rhythm control with antiarrhythmic agents
days) or persistent (more than 7 days) ® Class IC antiarrhythmic agents (flecainide,
® Paroxysmal form initiated by premature atrial propafenone) are first-line in patients with
contractions (PACs) or by bursts of ectopic structurally normal hearts
atrial activity (frequently originating in the ® Amiodarone generally used in patients with
pulmonary veins); often no structural heart systolic heart failure and in patients with severe
disease present left ventricular (LV) hypertrophy

= Persistent form associated with one or more of ® Sotalol, dofetilide (class Il agents) are acceptable
the following: alternatives in patients with coronary disease
Structural heart disease (mitral stenosis and ® Dronedarone is a newer class III agent similar to
other valvular diseases, atrial enlargement, amiodarone

m Appears to be somewhat safer, though less
efficacious than amiodarone
® Should not be used in patients with systolic
heart failure or permanent AF
Can consider electrical cardioversion to achieve sinus

hypertension, or congestive heart failure)
Hyperthyroidism (1% of AF cases)
® Atrial flutter
Reentrant circuit usually confined to the right
atrium, typically proceeds counterclockwise around
the tricuspid valve annulus rhythm in symptomatic patients
Age of onset: Usually age 40 years or older, similar ® Before cardioversion, patients with AF or flutter
to AF for more than 36 to 48 hours should receive
either:
® Therapeutic anticoagulation treatment for at
least 3 weeks before and 4 weeks after
cardioversion

Clinical Presentation

® Atrial fibrillation: palpitations, fatigue, exertional
dyspnea, dizziness
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® Transesophageal echocardiography to exclude alternatives to warfarin for many patients with
atrial thrombus, followed by 4 weeks of nonvalvular AF (Box 5-2).
continuous anticoagulation after cardioversion # NOAG:s do not require INR checks.

“Ablate and pace”: In selected patients with ® Require dose-adjustment depending on renal
refractory symptoms caused by rapid ventricular function and not recommended for use with
response, AV node ablation prevents conduction end-stage renal disease
of rapid impulses to the ventricle and can ® Should not be used in patients with
decrease symptoms rheumatic valve disease or mechanical
5 Chronic anticoagulation remains necessary, prosthetic valves

because the atria still fibrillate ® Chronic management of atrial flutter
= Requires permanent ventricular pacemaker Cardioversion (electrical or chemical)

placement because of resulting complete AV Catheter ablation of re-entrant circuit: 90% to 95%

block permanent elimination
® Generally reserved for older patients with Anticoagulation

symptoms refractory to other therapies 5 Thromboembolic risk similar to AF; consider
Consider pulmonary vein isolation (a catheter anticoagulant therapy based on CHA,DS,-VASc
ablation procedure that does not involve AV node score and for all patients undergoing
ablation) in symptomatic individuals with cardioversion (same guidelines as for AF; see
paroxysmal or short-duration persistent AF who are Box 5-1)
refractory to or intolerant of antiarrhythmic
medications

Chronic anticoagulation prevents stroke in both

paroxysmal and persistent AF, and should be given OTHER SUPRAVENTRICULAR
depending primarily on the risk of stroke (CHA,DS,- TACHYCARDIAS

VASc risk score; see Box 5-1) ® Sinus tachycardia
= Cardioembolic stroke risk assessment and Almost always caused by physiologic stimulus (e.g.,
indications for antithrombotic agents: Box 5-1 fever, hypotension, infection, hemodynamic stress,
® Patients on warfarin therapy should have endocrine disorder)
international normalized ratios (INRs) checked Features: see Table 5-3
weekly until a stable INR level between 2 to 3 is Treatment
achieved ® [dentify and treat the underlying cause
= Novel, target-specific oral anticoagulants (NOACs: = [B-Blockade if caused by thyrotoxicosis,
dabigatran, rivaroxaban, apixaban, edoxaban) are inappropriate sinus tachycardia, or if

associated with cardiac ischemia
® Focal atrial tachycardia
Indications for Antithrombotic Agents Arrhythmia usually caused by enhanced atrial
in Atrial Fibrillation automaticity or triggered activity (rare)
May be caused by digoxin toxicity
Features: see Table 5-3
Acute management: rate control or suppression with

CHA,DS,-VASc risk score — 1 point for each of the
following, except stroke:
C = congestive heart failure (EF 40% or less)

H = hypertension B-blocker or verapamil

A = age > 65 years Chronic management: rate control; suppression with
D = diabetes flecainide, sotalol, or amiodarone; catheter ablation
S = history of stroke (embolic or ischemic; not can eliminate arrhythmia in most patients

hemorrhagic, 2 points)
V = peripheral vascular disease
A = age > 75 years
Sc = sex category (female gender)

‘ ‘ ‘ Mo d oy Novel, Target-Specific Oral
Low risk (score = 0): No antithrombotic therapy Anticoagulants for Atrial Fibrillation
Moderate risk (score = 1): Either no antithrombotic
therapy, aspirin alone, or anticoagulation with warfarin Dabigatran: 150 mg twice daily if creatinine clearance
or new oral anticoagulant is reasonable. (CrCl) >30 mL/min, 75 mg twice daily if CrCl 15 to
High risk (score = 2+): Full anticoagulation with warfarin 30 mL/min
to INR 2-3 or newer oral anticoagulant Rivaroxaban: 20 mg once daily with the evening meal if
Additional indications for full anticoagulation: CrCl >50 mL/min, 15 mg daily with the evening meal if
Mechanical heart valves CrCl 15 to 50 mL/min
Previous thromboembolism (stroke/TIA or systemic Apixaban: 5 mg twice daily; 2.5 mg twice daily if any 2/3
embolization) conditions present: age >80 years, serum creatinine >1.5,
Rheumatic mitral stenosis body weight <60 kg
Hypertrophic cardiomyopathy Edoxaban: 60 mg once daily if CrCl 51 to 95 mL/min;
30 mg once daily if CrCl 15 to 50 mL/min; do not use if
EF, Ejection fraction; INR, International Normalized Ratio; TIA, transient CrCl > 95 mL/min

ischemic attack.



Ventricular Tachyarrhythmias

Ventricular Rate

Arrhythmia (beats/min) QRS Morphology
Sustained 140-250 Any
monomorphic VT
Idiopathic RVOT VT 140-230 LBBB
Ventricular >300 Polymorphic
fibrillation
Torsades de pointes 200-300 Polymorphic
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Substrate Drug Therapy Ablatable
Post-MI, Amiodarone, Yes
cardiomyopathy Procainamide
Normal -Blockers, Yes
verapamil
Ischemia, Amiodarone, No
cardiomyopathy lidocaine
Long QTc interval Magnesium, No
lidocaine

LBBB, Left bundle branch block; MI, myocardial infarction; RVOT, right ventricular outflow tract; VT, ventricular tachycardia.

® Multifocal atrial tachycardia

Arises from multiple automatic or triggered atrial foci

Occurs with elevated sympathetic tone, pulmonary

disease (e.g., chronic obstructive pulmonary disease),

hypoxemia, stimulant, or theophylline use

Features: see Table 5-3

ECG: Three or more P-wave morphologies are

present, usually with varying PR intervals (see

Table 5-4)

Treatment: Treat underlying cause (e.g.,

hypoxemia); rate control with calcium channel or

B-blockers

= Generally not amenable to catheter ablation

® Junctional tachycardia

Automatic rthythm arising from the AV node

Occurs in situations of enhanced automaticity (i.e.,

elevated sympathetic tone), after cardiac surgery,

myocardial ischemia, or digoxin toxicity

Features: see Table 5-3

Acute management: Treat underlying cause

Chronic management: No therapy is usually required

® Rare symptomatic cases require antiarrhythmic
drug therapy; catheter ablation may lead to AV

block

Ventricular Tachyarrhythmias

VENTRICULAR TACHYCARDIA
Basic Information

® Characterized by a wide QRS complex (Table 5-6)
B Majority (85%) of wide-complex tachycardias are
ventricular; remainder are supraventricular with

aberrant conduction

® Box 5-3 shows distinguishing characteristics of
ventricular wide-complex tachycardias

® Several types of VTs (outlined in Table 5-6)

® VT may be nonsustained (3 beats to 30 sec) or
sustained (>30 sec); monomorphic or polymorphic

® Prognosis and therapeutic approach are dependent
on presence of underlying structural heart disease
(Fig. 5-3)

® Benign idiopathic VT may occur in otherwise
healthy patients with structurally normal hearts;

Wide-Complex Tachycardia
Characteristics Suggestive of Ventricular
Origin (vs. Supraventricular Origin)

BOX 5-3

History of structural or ischemic heart disease

Absence of an RS complex in all precordial leads (V;-V)

Peak of R wave to nadir of S interval >100 ms in one
precordial lead (V;-V)

Presence of AV dissociation (P waves unrelated to QRS
complexes)

Presence of fusion complexes (sinus QRS complex fuses
with VT beats) or capture beats (sinus QRS complex
appears between VT beats)

QRS duration >0.16 sec

AV, Atrioventricular; VT, ventricular tachycardia.

right ventricular outflow tract (RVOT) VT is the
most common

Clinical Presentation

® Nonsustained VT: May be asymptomatic or cause
occasional palpitations

® Sustained VT: More likely to cause palpitations,
lightheadedness, near-syncope, syncope, or cardiac
arrest

Diagnosis and Evaluation
m ECG findings (Table 5-7)

® Evaluation for structural heart disease: Should always
include echocardiography; additional studies can
include stress testing with imaging, computed
tomography or conventional coronary angiography, and
cardiac magnetic resonance imaging

® Monitoring: Depending on symptom frequency, may
include 24- to 48-hour Holter monitor, 30-day event
monitor, or long-term implantable loop recorder (ILR)

® Electrophysiologic study: Most useful in evaluation of
monomorphic (rather than polymorphic) VT

Treatment

® [f hemodynamically unstable, requires emergent
cardioversion/defibrillation

® Chronic treatment of most VTs depends on the
underlying presence of ischemic heart disease
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Ventricular
tachycardia
Sustained Nonsustained
Polymorphic Monomorphic Patient with Healthy patient
structural heart with no structural
disease (EF < 35%) heart disease
i
Look for reversible cause Structurally Structural heart disease Reassurance
(i.e., ischemia, hypokalemia, | | normal heart present (i.e., old Ml or
drugs/medications), cardiomyopathy)
cardiomyopathy, or
prolonged QT interval
/
Treat underlying Consider Consider ICD

cause, consider diagnosis of

ICD* triggered activity in
RV outflow tract \
If recurrent EP s_;tudy and
\ sustained VT [*| ablation versus
antiarrhythmic
drug

EP study and ablation

FIGURE 5-3 Approach to ventricular tachycardia. EF, Ejection fraction; EP, electrophysiology; ICD, implantable cardioverter-defibrillator;
MI, myocardial infarction; RV, right ventricular; VT, ventricular tachycardia.*Polymorphic VT caused by congenital long QT syndrome or

irreversible cardiomyopathy usually requires ICD implantation.

Electrocardiogram Examples of Common Ventricular Tachyarrhythmias
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® Patients with monomorphic VT and no underlying
structural heart disease (i.e., idiopathic VT) have a
good prognosis and have 80% to 90% cure rates with
catheter ablation
® Medications: see Table 5-6
Medical treatment: Depends on the etiology.
Consider B-blockers, amiodarone, lidocaine,
verapamil, sotalol, and others. Should be managed by
a cardiologist.
® Patients with underlying heart disease and depressed LV
function (EF <35%) are at increased risk of sudden
death
= Consider placing an implantable cardioverter-
defibrillator (ICD), which has been shown to
prolong survival in patients with:
® Ischemic heart disease with previous myocardial
infarction and LVEF 30% or less measured more
than 3 months after revascularization and
medical treatment
B Ischemic or nonischemic cardiomyopathy (LVEF
<35%), and New York Heart Association
(NYHA) class II or III heart failure despite at
least 3 months of guideline-directed medical
therapy with B-blockers and afterload-reducing
agents
= EP study may be useful for risk stratification in
some patients with milder forms of cardiomyopathy
who have nonsustained VT or symptoms possibly
related to VT (i.e., palpitations, syncope)
® Catheter ablation is a useful adjunctive therapy
for recurrent VT in patients with ICDs and can
help prevent symptoms and recurrent ICD

shocks

VENTRICULAR FIBRILLATION
Basic Information

® Characterized by irregular, chaotic, wide QRS
complexes (see Table 5-6) with rates greater than 300
beats/min
= Causes:
Acute myocardial infarction
Myocardial ischemia
Cardiomyopathy
Metabolic disturbance (i.e., hypokalemia, acidosis)
Drugs (i.e., digoxin, tricyclic antidepressants,
cocaine)

Clinical Presentation
® Cardiac arrest or sudden death

Diagnosis and Evaluation
® ECG findings: see Table 5-7

Treatment

= Immediate electrical defibrillation

® Medications: see Table 5-6

® Consider ICD placement for secondary prevention,
unless ventricular fibrillation caused by a transient or
reversible etiology (i.e., intoxication, acute myocardial
infarction)
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TORSADES DE POINTES
Basic Information

u A form of polymorphic VT associated
with prolonged ventricular repolarization,
manifesting on ECG as a prolonged QT
interval
m Associated with both congenital and acquired long QT
syndromes (LQTSs)
® Congenital LQTS usually results from mutations
in cardiac ion channels affecting ventricular
repolarization (most commonly potassium or sodium
channels)
A genetic mutation can be identified in 60% to 70%
of affected individuals/families
m Acquired LQTS is most commonly associated
with administration of certain medications
(see www.qtdrugs.org; Box 5-4) or electrolyte
disturbances (i.e., hypokalemia, hypomagnesemia)
® Polymorphic VT is usually precipitated by a premature
ventricular contraction occurring on the preceding T
wave (R-on-T wave)

Clinical Presentation

® Sudden death, syncope, presyncope, or may be
asymptomatic

Diagnosis and Evaluation

® ECG: polymorphic VT in patients with a prolonged
QT interval at baseline (see Tables 5-6 and 5-7)

Treatment

® Acute management
IV magnesium (2-g intravenous push, repeat as
necessary)
Correct underlying metabolic abnormality or
stop offending medication
Consider Class IB antiarrhythmic (e.g., IV lidocaine
(1 to 1.5 mg/kg over 2 min)
Increase heart rate to decrease QT duration:
= [V isoproterenol
® Place temporary pacer and overdrive pace to 90 to

100 beats/min

oy e Select Drugs Associated with Torsades
de Pointes™

Class IA antiarrhythmics (quinidine, procainamide,
disopyramide)

Class III antiarrhythmics (sotalol, dofetilide, ibutilide,
amiodarone)

Methadone

Erythromycin

Ketoconazole

Haloperidol

Cisapride

Pentamidine

*See www.qtdrugs.org.
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® Chronic management
Avoid QT-prolonging drugs
Avoid hypokalemia and hypomagnesemia
Use B-blockers in patients with congenital LQTS
Consider ICD placement in patients with
congenital LQTS and who have recurrent syncope
or Torsades de Pointes on B-blockers,
personal/family history of cardiac arrest,
or other high-risk markers

Syncope

BASIC INFORMATION

® Common (lifetime prevalence 20% to 25%)
® Etiologies categorized into cardiac, neurally mediated,
and orthostatic diagnoses (Box 5-5)
Cause not identified in approximately 25% to 40% of
cases

CLINICAL PRESENTATION

® Transient, involuntary loss of consciousness and
postural tone (lasting seconds to minutes) caused
by cerebral hypoperfusion, followed by full
spontaneous recovery
Does not include loss of consciousness caused by
seizure, hypoglycemia, cataplexy, etc.

DIAGNOSIS AND EVALUATION

® History and physical:
Ascertain history, symptoms, or signs of cardiac or
neurologic disease
Determine precipitating factors, prodromal and
recovery symptoms
Evaluate for possible offending medications
Obtain orthostatic vital signs

Causes of Syncope

Cardiogenic Syncope

Anatomic: aortic stenosis, atrial myxoma, acute myocardial
infarction, hypertrophic cardiomyopathy

Arrhythmic: bradycardia, tachycardia

Extracardiac obstructive: pericardial constriction or
tamponade, pulmonary embolism, aortic dissection

Neurally Mediated (Reflex) Syncope

Vagally mediated/vasovagal
Carotid sinus syncope
Situational: cough, sneeze, micturition, post-exercise

Orthostatic Syncope

Volume depletion

Drug-induced: antihypertensives, alcohol, antidepressants

Primary autonomic failure: idiopathic dysautonomia, Lewy
body dementia, multiple system atrophy, Parkinson
disease with autonomic involvement

Secondary autonomic failure: diabetes, amyloidosis, spinal
injury

Conditions with Altered Consciousness Commonly

Miscategorized as Syncope

Metabolic: hyperventilation, hypoglycemia, hypoxemia

Neurologic: seizures, migraines

A careful history and physical examination often

provide important clues

m ECG is essential in all patients

® Echocardiogram often useful to assess for structural
heart disease

® In the presence of structural heart disease,
arrhythmia is the most likely cause (often life
threatening)

Refer for EP evaluation

= |n the absence of structural heart disease,

vasovagal syncope is the most likely cause
Can consider tilt-table testing to evaluate autonomic
system in patients with recurrent episodes

TREATMENT

® Treat the underlying condition; remove nonessential
medications that may contribute to episodes

® Vasovagal syncope
Increase fluid and salt intake
Advise patients to stand slowly from a seated
position
Eliminate offending medications
Consider midodrine or selective serotonin reuptake
inhibitors (SSRIs) in refractory cases
Consider pacemaker placement in exceptional cases
associated with documented prolonged asystole

Sudden Cardiac Death
BASIC INFORMATION

8 Sudden cardiac death is defined as sudden unexpected
death that occurs within 1 hour of symptoms because of
a documented or presumed cardiac cause
® Ventricular fibrillation or pulseless VT is responsible for
30% to 60% of events, with a majority occurring in
patients with structural heart disease
May represent the first manifestation of ischemic
heart disease

DIAGNOSIS AND EVALUATION

m ECG for evidence of myocardial infarction or ischemia,
accessory pathway (WPW syndrome), prolonged QT
interval, Brugada syndrome

m Laboratory tests, including cardiac enzymes,
electrolytes, drug levels, and urine toxicology screens

® Continuous telemetry to monitor for recurrent events
until definitive treatment

® Echocardiogram to evaluate for structural heart
disease

m Coronary angiography in most cases to exclude
coronary artery disease or congenital coronary artery
anomalies

TREATMENT

B Treat underlying causes

® Eliminate proarrhythmic medications

® Coronary artery revascularization in patients with
ischemic heart disease

® [V amiodarone or lidocaine useful in acute management
of repeated arrhythmia




Indications for ICD Implantation

e Documented VT/VF cardiac arrest not caused by
transient or reversible causes (i.e., MI, intoxication)

e Documented familial or inherited conditions with high
risk of life-threatening arthythmia, such as LQTS, HCM

e Documented previous MI (>40 days), LVEF <40%,
inducible sustained VT or VF at EP study (MADIT-1
criteria)

e Documented previous MI, LVEF <30% either 40 days
following medically managed MI or 3 months following
revascularization (percutaneous coronary intervention or
bypass surgery)

e Patients with ischemic or nonischemic dilated
cardiomyopathy, measured LVEF <35%, and NYHA
class I or IIT CHF despite at least three months of
guideline-directed medical therapy

e Patients with NYHA class IV CHF who meet other
requirements for cardiac resynchronization therapy

CABG, Coronary artery bypass grafting; CHE congestive heart failure;
ED, electrophysiology; HCM, hypertrophic cardiomyopathy; LQTS,
long QT syndrome; LVEEF left ventricular ejection fraction; MADIT-1,
Multicenter Automatic Defibrillator Implantation Trial 1; MI, myocardial
infarction; NYHA, New York Heart Association; PTCA, percutaneous
transluminal coronary angioplasty; VE ventricular fibrillation; VT,
ventricular tachycardia.

® |CD placement in most patients with VT or ventricular
fibrillation causing cardiac arrest that is not caused by
transient or reversible causes (Box 5-6)

Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 6

Heart Failure

ROSANNE ROUF, MD

Heart failure (HF) is common and leads to significant mor-
bidity and mortality. In the United States, approximately 6
million people have HE and up to 550,000 cases are newly

REVIEW

® Can result from LV diastolic impairment because
of impaired relaxation as a result of thickened or
stiff ventricular walls due to:

diagnosed each year. Survival is poor, with only half of m Aging
patients surviving longer than 5 years. HF exists when the ® Hypertension
heart can no longer meet the metabolic needs of the body. ® Diabetes
It can result from any disorder that impairs the ability of the ® QObesity
ventricle to fill or pump blood. Identification of the cause, ® [schemia
followed by aggressive treatment, is crucial. m Constrictive pericarditis
m Infiltrative disease (amyloid, sarcoid,
BASIC INFORMATION hemochromatosis)
B Definition: HF is a complex clinical syndrome that ® Inherited/familial (hypertrophic cardiomyopathy
occurs when the heart or circulation is unable to [HCM])
meet the metabolic demands of peripheral tissue at ® Fibrosis (scleroderma, radiation therapy/
normal cardiac filling pressures; it can occur in chemotherapy)

patients with normal or depressed systolic
function

® Commonly divided into systolic (HF with reduced
ejection fraction, HFrEF) and nonsystolic HF (HF with
preserved EF, HFpEF) (Table 6-1)
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Systolic (HFrEF): The left ventricle (LV) contracts
poorly and empties inadequately, leading to
depressed systolic function and reduced ejection
fraction (EF)
® More common (60% of patients)
® Often leads to right ventricular failure
= Over time, the LV dilates, increasing wall stress
and oxygen demand. Can result from pressure or
volume overload causing abnormal hemodynamic
stress and pathologic remodeling. Causes include:
® Myocardial infarction, ischemia
= Hypertension
® Valvular heart disease (e.g., aortic stenosis,
mitral regurgitation)
® Intracardiac shunting (ventricular septal defect,
atrial septal defect, patent ductus arteriosus)
® Can also result from direct myocyte damage or
abnormalities, including:
Toxins (alcohol, cocaine)
Drugs (chemotherapeutic agents)
Infection/inflammation (myocarditis)
Inherited/familial (dilated cardiomyopathy,
muscular dystrophy, glycogen storage diseases)
Nonsystolic (HFpEF): elevated diastolic filling
pressures despite normal diastolic volumes and
preserved (normal or near-normal) systolic
function and EF
® Occurs in 40% of patients (and increasing in
prevalence)
® Poor LV filling can produce low cardiac output
state and poor perfusion

m Idiopathic (restrictive cardiomyopathy)
® Can also result from high left atrial filling pressures
with preserved LVEF from:
® Valvular disease (mitral regurgitation or stenosis)
® Can also result from high output caused by increased
metabolic demands or increased cardiac output
such as:
® Thyrotoxicosis, Paget disease, beriberi, liver
disease
Sepsis
Severe anemia
Arteriovenous fistula
B Persistent tachycardia (e.g., atrial arrhythmias)

® Clinical signs and symptoms:

Left heart failure: dyspnea, fatigue, pulmonary rales,
inadequate organ perfusion, and arrhythmias

Right heart failure: peripheral edema, increased
abdominal girth from ascites, enlarged liver,
elevated JVP

® Most common causes of HF

Coronary artery disease, myocardial ischemia
and/or infarction
Hypertension

m Causes of acute decompensated HF (ADHF)

Decompensation of preexisting chronic HF from a
precipitating factor

® Natural progression of underlying disease

Dietary indiscretion (excessive fluid or salt intake)
Medication nonadherence

Infection

New myocardial ischemia

Metabolic stress (e.g., anemia, hyperthyroidism)
Medication use (e.g., nonsteroidal
antiinflammatory medications that lead to sodium
retention)

Hypertensive crisis (e.g., hypertensive emergency)



Myocardial infarction or ischemia, especially if: (1) a
papillary muscle is involved, leading to severe mitral
regurgitation; (2) a massive anterior myocardial
infarction occurs; (3) a right ventricular infarct
results in a low cardiac output state

Acute tachyarrhythmia

Acute endocarditis (leading to severe

regurgitation)

Acute dilated cardiomyopathy (e.g., myocarditis,
cocaine, toxins)

Cardiac tamponade

High-output HF (e.g., Paget disease, thyrotoxicosis,
beriberi, sepsis)
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Most common type of cardiomyopathy
Common causes: coronary artery disease (most
common), idiopathic (second most common),
inherited/familial (up to 1/3 of cases)
Comprehensive list shown in Box 6-1

Usually presents as ADHF; can also see angina,
systemic emboli (from LV wall thrombus), syncope,
or death (from ventricular arrhythmias)

Most worsen after an initial period of compensation,
leading to eventual death or requiring advanced
heart failure therapies such as cardiac transplant
Prognosis depends on cause; some improve
spontaneously (25% to 30%)

® Cardiomyopathy: intrinsic heart muscle disease, ® The more symptomatic, the worse the prognosis

possibly affecting myocytes, nonmyocytes, or = New York Heart Association (NYHA) class IV
myocardial interstitium, leading to impaired (i.e., dyspnea at rest): 1-year mortality is 50%
diastolic and/or systolic function. Classified into ® For any given EF an ischemic cause always has a
three broad types: WOrse prognosis

Dilated cardiomyopathy (Fig. 6-1): Ventricular ® Predictors of poor prognosis: hyponatremia, high
dilation associated with decreased contractility cardiac filling pressures, low cardiac index, poor
(LVEF <45%); can result in HFrEF kidney function

Comparison of Systolic Versus Nonsystolic Heart Failure

Systolic Dysfunction (HFrEF) Nonsystolic Dysfunction (HFpEF)

Incidence 60% of heart failure patients 40% of heart failure patients
Mechanism Impaired ejection Impaired filling
Physical findings S; and/or S, S, more common

Weak carotid upstroke
Displaced apical impulse

Causes Coronary artery disease

Hypertension
Valvular heart disease
Myocarditis
Drug-induced
Toxin-induced
Systemic disease
Inherited/familial

Normal carotid upstroke
Forceful apical impulse

Hypertension

Diabetes mellitus

Coronary artery disease (ischemia)
Aging

Obesity

Pericardial disease

Restrictive cardiomyopathy
Hypertrophic cardiomyopathy
Infiltrative disease (amyloidosis)

FIGURE 6-1 Gross pathology of hypertrophic and dilated cardiomyopathies. A, Hypertrophic cardiomyopathy showing marked
hypertrophy, especially of the interventricular septum. B, Normal heart. €, Dilated cardiomyopathy with increased chamber size and
spherical shape of the left ventricle. (From Seidman ]G, Seidman C. The genetic basis for cardiomyopathy: from mutation identification to
mechanistic paradigms. Cell. 2001;104:557.)
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BOX 6.1 Selec!:ed Causes of Dilated
Cardiomyopathy

Coronary artery disease

Hypertension

Idiopathic

Inherited/familial

Infections (viral, Chagas disease)

Myocarditis

Drugs (doxorubicin, cyclophosphamide, cocaine)
Alcohol

Peripartum

Glycogen storage disease

Thyroid disease

Vasculitis (lupus)

Pheochromocytoma

Neuromuscular diseases (Duchenne muscular dystrophy)
Uremia

Hypertrophic cardiomyopathy (HCM) (Fig. 6-1):

Hypertrophy of left, right, or both ventricles

with reduced or preserved contractility. Can

result in HFpEF or rarely HFrEF.

® Hypertrophy may be generalized or regionally
limited

® Caused by gene mutations involved in contractile
apparatus; 3-myosin heavy chains (most common),
troponin T, tropomyosin, and others

B Histologically characterized by myofibril
disarray (also known as myocyte or
myofibrillar disarray)

= Differential diagnosis: hypertrophy resulting from
hypertension (called hypertensive HCM), renal
failure, or Fabry disease

® Hypertrophy almost always presents by age
30 years and symptoms by age 40 years

= All first-degree relatives should be undergo
screening with echocardiography and
electrocardiography (ECG)

= Symptoms: most asymptomatic, others with
dyspnea, palpitations, syncope, and sudden
death

= HCM types: obstructive or nonobstructive
(more common)

m Obstructive HCM: Hypertrophic tissue obstructs

the left ventricular outflow tract and can be
worse when there is increased contractility and
decreased preload
Diagnosed when there is a pressure difference
more than 30 mm Hg in the areas before and
after the obstruction
This can occur at rest or with inotropic
stimulation (exercise, postventricular
premature beat)
= Physical examination: Outflow murmur may be
present because of turbulent blood flow in the
obstructed left ventricular outflow tract
region; augmented with maneuvers that decrease
preload (Valsalva, squat-to-stand) or medications
that decrease afterload (amyl nitrite, vasodilators);
carotid upstroke is rapid (versus delayed in aortic
stenosis); parasternal heave may be present

® Prognosis: Variable
= Most are asymptomatic
® Sudden death can occur, and it is the leading
cause of death in competing young athletes
® Others develop HF; 5% will eventually develop
dilated cardiomyopathy
Restrictive cardiomyopathy: Characterized by
restrictive filling in the ventricles; typically
presents as HFpEF, but depending on the
etiology, can lead to reduced EF and HFrEF
® Least common form of cardiomyopathy
® Characterized by significant diastolic
dysfunction
® Ventricular wall thickness is normal or increased
but the ventricular cavity is not enlarged
® Atria typically are enlarged
Usually clinically presents as right-sided HF
= Etiologies:
® Usually unknown (idiopathic or primary)
® [nfiltrative diseases
Amyloid: Usually caused by primary (AL)
form; echocardiogram often shows a
refractile ground-glass myocardial
appearance (starry-night appearance), and
ECG is characterized by low voltages;
associated with arrhythmias
Sarcoid: Typically subclinical; cardiac
sarcoid can often lead to conduction
disturbances
Hemochromatosis: 15% have cardiac
involvement; associated with arrhythmias;
can rapidly lead to death if untreated
Danon and Fabry disease
m Loffler syndrome/endocarditis, occurs in
hypereosinophilic syndrome when eosinophils
infiltrate the myocardium
® Scleroderma
® Radiation therapy/chemotherapy exposure
® Prognosis depends on the cause
m Idiopathic variety almost always associated with
a slow, progressive decline
® Amyloid associated with high mortality in
symptomatic HF patients (approximately 90%
mortality at 6 months)

m HF Pathophysiology

Neurohormonal mechanisms
® Changes in norepinephrine, renin-angiotensin-
aldosterone (RAA), vasopressin, endothelin, atrial
natriuretic peptide, cytokines, nitric oxide, and
other hormones (Fig. 6-2)
= Alterations lead to vasoconstriction, increases
systemic and pulmonic vascular resistance, and
decreased renal blood flow
® Neurohormonal activation is often initially
compensatory but detrimental long term, leading
to further ventricular dysfunction
® Leads to ventricular hypertrophy, changes in
interstitium, ischemia, and possibly programmed
cell death (apoptosis)
® Left ventricle further dilates (i.e., remodels) and
becomes more spherical
= RAA-vasopressin system
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FIGURE 6-2 Pathophysiology of heart failure. Mechanism of
high-output and low-output heart failure leading to activation of
neurohormonal vasoconstrictor systems and renal sodium and
water retention. (From Schrier RW, Abraham WT. Hormones and
hemodynamics in heart failure. N Engl | Med. 1999;341:577.)

® Decreased renal blood flow activates the RAA
system, increasing sodium and water retention

® Angiotensin II stimulates:
Aldosterone: Enhances sodium resorption and
leads to myocardial collagen deposition and
fibrosis
Vasopressin: Decreases renal excretion of free
water, contributing to hyponatremia

CLINICAL PRESENTATION

= HF symptoms and signs usually caused by
fluid retention or poor cardiac output (or both)
(Table 6-2)
NYHA classification: A measure of functional
capacity (Table 6-3)
A to D staging system. An assessment of
structural heart disease and symptoms (Table 6-4).
Key symptoms and physical examination findings are
similar with most types of cardiomyopathy
Physical examination findings: Left heart findings
include bibasilar crackles, left ventricular heave with
S; or Sy, cool extremities (if poor cardiac output).
Right heart findings include elevated jugular venous
pressure, enlarged liver, peripheral edema.
® Findings associated with HCM:
® S, more common (because of atrial contraction
against a stiff ventricle)
® Pulse may be bisferiens (two humps)
= Qutflow murmur is harsh, crescendo—
decrescendo, located at lower sternal border, and
(1) increased by standing, post-extrasystole,
hypovolemia, Valsalva maneuver (during strain)
(decreased preload increases the obstruction), and
(2) decreased by squatting, isometric handgrip
(increased afterload decreases the obstruction)

Heart Failure

TABLE 6-2

Symptoms

Dyspnea

Cough (especially when
recumbent)

Orthopnea

Paroxysmal nocturnal
dyspnea

Peripheral edema

Poor appetite

RUQ abdominal pain
(hepatic congestion)

Fatigue and poor exercise
tolerance

Anorexia and weight loss
(end stage CHF)

RUQ, Right upper quadrant.

TABLE 6-3

Classification
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Symptoms and Signs of Congestive

Signs

Increased jugular venous
pressure

Crackles (rales)

Hepatojugular reflux

S; and/or S,

Pedal edema and/or ascites

Hepatomegaly

Tachycardia

Decreased pulse pressure

Cachexia

Hypotension

Cool extremities

New York Heart Association

Class Severity of Symptoms Description

| None to mild No symptoms

Il Mild to moderate Symptoms with
moderate
exertion

1] Moderate to severe Symptoms with
minimal exertion

I\ Severe Symptoms at rest

Stages of Heart Failure

Class Description
A Risk factors only
No structural heart disease
No symptoms
B Structural heart disease (MI, LVH, valvular heart
disease)
No symptoms
C Structural heart disease
Symptoms (previous or present)
D Structural heart disease

Symptoms (refractory,

end-stage)

LVH, Left ventricular hypertrophy; MI, myocardial infarction.

= Findings associated with

restrictive

cardiomyopathy and pericardial disease

(tamponade, constrictive pericarditis):

® Present with predominately right-sided findings

® Findings of infiltration often present in other
organs in systemic disorders (e.g., amyloid also
causes enlarged tongue and liver)

DIAGNOSIS AND EVALUATION

B HF is a strictly clinical diagnosis and requires a
careful history and physical examination

® Laboratory tests and other
evaluation

studies can assist in HF
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= ECG: Look for infarct and ischemia criteria,
arrthythmias (e.g., tachyarrhythmias), and complex
amplitude (suggesting either low voltage or
hypertrophy)

» Echocardiogram: Most cost-effective way to evaluate
systolic (HFrEF) versus nonsystolic (i.e., diastolic)
dysfunction (HFpEF)

u Laboratory tests:

m Electrolytes, liver profile, urinalysis to evaluate
possible renal or hepatic disease contributing to
fluid retention

® Brain natriuretic peptide (BNP) may be
especially useful in distinguishing between
cardiac and pulmonary causes of dyspnea

B Most patients with ADHF have BNP values
greater than 400 pg/mL, except for morbidly
obese HF patients, who usually have normal
BNP levels

= Thyroid function tests if patient is in atrial
fibrillation, is greater than 60 years of age, or has
thyroid disease symptoms

# Chest radiograph: Findings include cardiomegaly and
pulmonary venous redistribution; patients with

ADHEF can also have enlarged hilar vessels and
Kerley B lines (Fig. 6-3)

u Coronary artery disease evaluation: Consider stress
testing to evaluate for subclinical ischemia or
preferably coronary angiography, especially if the
patient has angina, shows evidence of ischemia or
infarction on ECG or stress test, or has multiple

ASCVD risk factors

TREATMENT
= ADHF treatment

» Reduce preload (preferably with loop diuretics)

» Oxygen (if hypoxemia is present)

# Reduce afterload (if systolic blood pressure >100 mm
Hg); can use intravenous agents if hypertensive crisis
is present (i.e., sodium nitroprusside)

" Increase inotropy if there are signs of hypoperfusion
(i.e., dobutamine, milrinone), but beware of increase
in ventricular arrhythmias with inotropic agents

® Chronic systolic HF (HFrEF) Treatment

" Goal: (1) If asymptomatic, delay onset of
symptoms, (2) if symptomatic, ameliorate
symptoms, (3) prevent sudden death

“Ground glass” Prominence Enlarged hilar
appearance of of upper lobe vessels
alveolar edema blood vessels

Septal or
“Kerley B” lines

Enlarged cardiac
silhouette

FIGURE 6-3 Radiologic features of heart failure. A, Chest radiograph of a patient with pulmonary edema. B, Enlargement of lung base
showing Kerley B lines (arrow). €, Schematic highlighting the radiologic features of heart failure. (From Haslett C, Chilvers ER. Davidson’s
Principles and Practice of Medicine, 19th ed., Philadelphia: Churchill Livingstone; 2003: Figs. 12.22A, 12.22B, and 12.22C.)



First line therapy: angiotensin-converting
enzyme inhibitors (ACEIls) and B-blockers
increase survival and decrease morbidity
ACEls
u All HFrEF patients should be considered for
ACEI therapy
= Any ACEI therapy can be used; effects are the
same for the entire class
® Start with a low dose and titrate upward to the
highest tolerated dose or doses used in clinical
trials; need to monitor potassium and creatinine
with each dose change
®= Do not stop increasing the dose unless creatinine
increases by more than 30% or hyperkalemia is
present; patients with hyponatremia, hypotension,
and diabetes are most prone to problems
® Side effects: cough, angioedema, renal dysfunction
= Contraindications: bilateral renal artery stenosis,
ACElI-associated angioedema; severe chronic
kidney disease (relative contraindication)
® Can consider angiotensin II receptor blocker
(ARB) therapy, especially if patient develops
cough with ACEIL clinical effects and side effects
are similar
B-Blockers
® All HFrEF patients should be considered for
B-blocker therapy
® Only carvedilol, long-acting metoprolol
(succinate), or bisoprolol have shown benefits in
patients with HFrEF
® Do not start when patient is in ADHF
® Start at low dose and titrate up to highest
tolerated dose or doses used in clinical trials
m Side effects: fatigue, bradycardia, heart block
Diuretics (if volume overload is present)
® Loop diuretics most effective
® Thiazides are synergistic, and can increase loop
diuretic effectiveness (but can cause severe
electrolyte disturbances and renal failure)
Aldosterone inhibitors (spironolactone or
eplerenone) have a mortality benefit in patients
with NYHA class II-1V HF, normal renal function,
and normal potassium
® Should be considered in most patients with HFtEF
m Carefully follow potassium levels because
hyperkalemia is common
Hydralazine and isosorbide dinitrate therapy
= Recommended for African American patients
who continue to be symptomatic on ACEI and
B-blocker therapy
® Should not be a substitute for ACEI or ARB
therapy
® Alternative if patient has a contraindication to
ACEI and ARB therapy
Digoxin
= Decreases morbidity (i.e., hospitalizations) but
has no effect on mortality
® Can use if symptomatic despite using ACEI,
ﬁ-blocker, and loop diuretic therapy
® Use a low dose (0.125 mg/dL) and be careful in

older adults, those with renal failure, and when

HEART FAILURE 55

starting amiodarone (amiodarone decreases
excretion)

m Toxicity symptoms include visual disturbances
(blurred or yellow vision), nausea, vomiting, and
dizziness. Patients can also have heart block and
atrial and ventricular tachycardias.

® Toxicity exacerbated by hypokalemia

® Toxicity treatments include digoxin immune
antibody, atropine, potassium, and temporary
pacing

Other treatments: low-salt diet (2 g daily), fluid
restriction (2 L daily), and flexibility in diuretic
regimen in response to daily weight changes and HF
symptoms
Avoid: nonsteroidal antiinflammatory agents, calcium
channel blockers (only vasoselective agents [e.g.,
amlodipine] are safe), antiarrhythmic drugs (only
amiodarone and dofetilide do not affect mortality),
alcohol, and tobacco
Consider warfarin for treatment of atrial fibrillation,
hypercoagulable state, or intracardiac thrombus
= Also helpful in those with a previous embolic
event
= Controversial in dilated cardiomyopathy without a
history of embolic events.
Cardiac resynchronization therapy (CRT or
biventricular pacing): Decreases morbidity (and
possibly mortality) if LVEF is less than 35%, and
ECG shows sinus rhythm with an LBBB with QRS
width greater than 150 ms, and if NYHA class is
Il or IV despite maximal medical therapy
Implantable cardioverter-defibrillator (ICD):
Prevents sudden cardiac death in patients with
LVEF 35% or less and NYHA class Il or Il HF
despite maximal medical therapy
Transplantation: Associated with 90% 1-year survival
and 70% 5-year survival rates
® Strict criteria for eligibility because of organ
shortage
® Major early problems are infection and rejection
® Major late problem is transplant-associated
coronary artery vasculopathy
Mechanical circulatory support: Can be used for
short-term support, “bridge” to transplantation, or
“destination” (permanent) therapy for patients who
are not candidates for transplantation

® Chronic nonsystolic HF (HFpEF) treatment:

No medication class (i.e., B-blockers, ACEI, ARBs,
or aldosterone antagonists) has been shown to
decrease morbidity or mortality
Recommendations:

® Treat hypertension aggressively

Avoid atrial fibrillation because it shortens
diastolic filling time, loses atrial kick

® Treat myocardial ischemia

® Use diuretics cautiously

® Avoid digoxin and other inotropes

® Treatment considerations for specific causes of
cardiomyopathy:

HCM: goal to ameliorate symptoms and prevent

sudden death
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For symptomatic patients, use negative inotropic
agents (B-blockers or verapamil) to slow heart rate
and decrease inotropy; if symptoms persist,
consider disopyramide

Avoid volume depletion and drugs that reduce
preload or afterload, which will worsen the LV
outflow gradient

Invasive septal reduction (preferably surgical
myomectomy rather than catheter-based alcohol
ablation) is rarely necessary; indicated with
drug-refractory symptoms and a gradient greater
than 50 mm Hg at rest or with provocation

ICD needed in patients with a history or family
history of sudden death or unexplained
syncope, sustained or nonsustained
ventricular tachycardia (on telemetry
monitoring), extreme hypertrophy (>30 mm) or
an abnormal systolic BP response to exercise,
or a high-risk genotype

Perform screening ECGs and echocardiograms
in family members

Treat HFrEF if patient eventually develops dilated
cardiomyopathy

Restrictive cardiomyopathy: goal to ameliorate
symptoms

Judicious diuretic use (the noncompliant ventricle
is preload dependent and will need higher filling
pressures)

Decrease heart rate

= Avoid digoxin and verapamil, especially in patients
with amyloid (high local cardiac digoxin levels
lead to increased arrhythmias, and verapamil leads
to an exaggerated decline in inotropy)

® Treat underlying cause

® Make sure the patient does not have
constrictive pericarditis, which is different and
surgically correctable

Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 7

REVIEW

Valvular Heart Disease

THOMAS A. TRAILL, FRCP

Valvular heart disease is recognized by finding a heart
murmur, thus highlighting the importance of physical find-
ings in making a diagnosis and assessing severity. Often,
physical examination findings trump the results of special
testing, such as echocardiography. Murmurs can be first
detected in an asymptomatic patient, perhaps a young
athlete at a routine physical, or they can be the diagnostic
clue in patients with heart failure, such as one with dyspnea
and fluid retention. An experienced ear will be able to
discern which murmurs require further investigation.

Aortic Stenosis

BASIC INFORMATION

m Causes and etiology
Congenital unicuspid valve
= Usually severe
= Symptoms present early in childhood
Congenital bicuspid valve
® Murmur present from childhood
= Common cause of aortic regurgitation (AR) and
aortic stenosis (AS)
® Calcific AS commonly starts developing in
patients in their 30s to 40s
Degenerative calcific disease
® Starts developing in patients aged 50 to 60 years
old or more in a previously normal, trileaflet valve
® 25% prevalence older than age 65 years
® Earliest manifestation is aortic sclerosis, defined
as thickening of the leaflets, presence of a heart
murmur, and gradient less than 25 mm Hg
® 20% of patients with aortic sclerosis develop
stenosis within 10 years
® Progression is biologically similar to
atherosclerosis and is linked to the same risk
factors
® However, lipid-lowering agents and other risk
factor treatments have not led to slower AS
progression

CLINICAL PRESENTATION

® Physical signs
Slow-rising carotid upstroke (parvus et tardus)
May be difficult to detect in older patients with stiff
vessels and wide pulse pressure; should be obvious in
patients younger than 70 years of age
Systolic ejection murmur
= Synonyms: crescendo-decrescendo,

diamond-shaped

® Intensity is no guide to severity

= Murmur of severe disease sounds
“late-peaking”

® May be conducted to the apex with a musical
quality (“Gallavardin murmur”)

Reduced intensity of A, (aortic closure sound) with

severe calcific disease (single S;)

Ejection sound (soon after S,) signals bicuspid valve

See Table 7-1 for effects of various maneuvers

® Natural history

Excellent prognosis in presymptomatic patients

50% 3-year mortality in patients with symptoms

® Classic symptoms: angina, dyspnea, dizziness/
syncope

= Qutflow tract velocity on Doppler echocardiography
helps to anticipate onset of symptoms

® [f velocity greater than 4 m/sec (i.e., peak gradient
>64 mm Hg), symptoms are likely within 3 years

Poor prognosis in patients with left ventricular (LV)

dysfunction (in whom the outflow velocity and

gradient may also be misleadingly low)

DIAGNOSIS AND EVALUATION

® Role of testing
Electrocardiogram (ECG):
® Usually shows LV hypertrophy
m Severe AS requiring operation is unusual in
patients with a normal ECG
® Echocardiography:
Shows morphology of the valve
Allows Doppler measurement of outflow tract
velocity
Can calculate gradient and valve area

TREATMENT

® No proven medical therapies
Nitrates relatively contraindicated (may be
dangerous to lower preload)
B Surgery or percutaneous interventions are the only
proven treatments
® Timing of interventions
Asymptomatic patients are followed, often for years
= [ntervention for a high gradient detected on
echocardiography in the absence of symptoms is
not routine
= Intervention is indicated if LV ejection fraction
(LVEF) is less than 50%
Symptomatic patients, such as those with
angina, dyspnea, fluid retention, syncope, or
exertional dizziness, require prompt intervention
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TABLE 7-1 Effects of Maneuvers on Valvular Murmurs
MANEUVERS: EFFECT ON MURMUR INTENSITY*

Valsalva (during

Valve Abnormality Continuous Strain)

Aortic stenosis d
Hypertrophic T
cardiomyopathy

(see Chapter 6)

Chronic aortic {
regurgitation

Chronic mitral {
regurgitation

Moves click and
murmur onset
closer to S;

Mitral valve prolapse

Mitral stenosis )

Moves click and
murmur onset
closer to S,

Amyl Nitrite Handgrip Squatting
T | T
T \ \:
A T T
A T T

Moves click and
murmur onset murmur onset
closer to S, closer to S,

T T T

Moves click and

*Valsalva maneuver: During continuous strain, increases intrathoracic pressure, thereby decreasing venous return and preload. After strain, arterial

pressure drops and venous return subsequently increases.

Amyl nitrite inhalation: Systemic vasodilator causing a drop in blood pressure followed by a reflex increase in heart rate and myocardial

contractility.

Handgrip (isometric exercise): Increases systemic pressure and increases afterload.

Squatting: Increases peripheral resistance, and thus increases venous return.

® [nterventional options:
Mechanical or bioprosthetic valve replacement
Transcatheter aortic valve replacement procedures

are increasingly performed, especially for older or frail

patients

Pulmonary autograft surgery or percutaneous balloon

valvotomy procedures are rarely useful

Aortic Regurgitation

BASIC INFORMATION

m Etiology and differential diagnosis
AR has a broad differential diagnosis, and it is
critical to identify the underlying cause before
determining management
Diseases of the valve
® Bicuspid aortic valve
® Previous endocarditis
= Rheumatic valve disease
Diseases of the aorta
= Connective tissue disorders
® Marfan syndrome (Figure 7-1)
® Familial aortic ectasia
m Loeys-Dietz and other rare, inherited vascular
disorders
= Aortic dissection
® [nflammatory disorders
® Vasculitis (Takayasu disease)
= Giant-cell arteritis
® Syphilis
Diseases affecting aorta and valve
® Spondyloarthropathies
® Ankylosing spondylitis
® Reactive arthritis
® Psoriatic arthropathy

FIGURE 7-1 External phenotype of patient with Marfan
syndrome, showing long extremities and digits, tall stature, and
pectus carinatum. (From Zipes DP: Braunwald’s Heart Disease: A
Textbook of Cardiovascular Medicine. 7th ed. Philadelphia:
Saunders; 2005: Fig. 70-7.)

CLINICAL PRESENTATION

= Acute AR:
Causes LV diastolic pressure to rise abruptly during
diastole, so aortic diastolic pressure is not much
reduced; pulse pressure is narrow, and patients
present with cardiogenic shock, small-volume pulses,
and an unimpressive or absent murmur



® Chronic AR:
Abnormal pulses, enlarged apical impulse, and a
diastolic murmur
Pulses
= Bounding pulses reflect wide pulse pressure
caused by runoff from the aorta
® |n addition to AR, wider pulses can occur because
of persistent ductus arteriosus (PDA),
arteriovenous fistula, or hypertrophic
cardiomyopathy
® Various eponyms attached to AR pulses (Table
7-2)
Other peripheral findings (see Table 7-2)
Auscultatory findings
® Early diastolic murmur starts at the instant of
aortic closure, usually medium frequency
® Longest and loudest when AR is chronic and
the patient is doing well
® When the LV diastolic pressure rises because of
heart failure, a torrential leak, or in the acute
setting, the murmur is less conspicuous
= Austin Flint murmur: A second murmur, beginning
in mid- or late diastole, caused by turbulent flow
through the mitral orifice
® [t reflects high LV diastolic pressure, thus an
adverse hemodynamic situation
m Often indicates the need for surgical valve
replacement
® Effects of various maneuvers on murmur intensity:

see Table 7-1
DIAGNOSIS AND EVALUATION

® Laboratory testing: as needed to investigate for
underlying causes/conditions
m Echocardiography
Differentiates site leading to AR: valve or aortic wall
Determines valve morphology

TABLE 7-2 Peripﬁeral Pul.se I-:indings in Chronic
Aortic Regurgitation

Sign Description

Quincke sign Nail bed pulsation

Corrigan pulse Visible carotid pulsation

de Musset sign Head bobbing to pulse

Miiller sign Uvula bobbing to pulse

Duroziez sign Diastolic bruit with compression of

the femoral artery at the groin

Hill sign Systolic pressure in the leg
>10 mm Hg higher than the
measurement at the brachial
artery; reflects large stroke
volume

Traube sign Pistol-shot sounds best heard over
the femoral artery

Water-hammer pulse Slapping quality of pulse when the
hand is held up and the arterial
diastolic pressure is <25 mm Hg
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Detects vegetations and perforations

Assesses associated disease of other valves

® Mitral valve prolapse: connective tissue disorder
= Mitral stenosis: rheumatic disease

® Assesses LV cavity size and function

TREATMENT

® Treat associated medical issues

® No proven direct medical therapies for AR (afterload
reduction is not beneficial)

B Surgery or percutaneous interventions are the only
proven treatments (same treatments as for aortic
stenosis, i.e., valve replacement)

® Timing of interventions

Acute AR is a medical emergency

5 Surgery should not be delayed pending
completion of antibiotic treatment for
endocarditis

In contrast to acute AR, chronic AR is often well

tolerated for many years but will eventually lead to

irreversible LV dilation (cor bovinum) and

dysfunction

® Intervention (i.e., surgery) recommended for:

Symptomatic patients:

® First hint of symptoms: dyspnea, fatigue,
palpitations

® Angina rare with AR; may reflect coronary ostial
involvement by aortitis or unrelated coronary
artery atherosclerosis

Asymptomatic patients:

® Enlarging LV cavity: LV end-systolic dimension
more than 5.5 cm or end-diastolic dimension more
than 7 cm (implies combination of a large cavity
and some reduction in function)

® EF less than 50%

= Aortic ectasia

= Aortic root greater than 5 cm in Marfan or
Loeys-Dietz syndromes, greater than 5.5 cm with
other diagnoses

Mitral Regurgitation

BASIC INFORMATION

m Differential diagnosis
Myxomatous (floppy) valve (i.e., mitral valve
prolapse)
Ruptured chordae tendineae
Previous endocarditis
Papillary muscle dysfunction
Mitral annulus calcification
Rheumatic disease
“Functional” (i.e., from annulus or LV dilation)
Rarities (e.g., Libman-Sacks endocarditis caused by
lupus)

CLINICAL PRESENTATION

B Acute mitral regurgitation (MR):
Causes a very abrupt tall V wave in the left atrium
Hence, acute pulmonary edema, low cardiac
output, and an unimpressive murmur that may
sound like an ejection murmur
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® Chronic MR:
Hyperkinetic left ventricle (prominent apical
impulse)
Pansystolic murmur
= With acute severe MR, murmur may be shortened

because of high left atrial pressure

" In general, loudness correlates with severity
m Effects of maneuvers on murmur: see Table 7-1
Signs of heart failure (e.g., presence of an S;)

DIAGNOSIS AND EVALUATION

® Role of testing

Chest radiography: cardiomegaly, left atrial size,

pulmonary congestion, pulmonary artery enlargement

ECG: May see atrial fibrillation

Echocardiogram

® Distinguishes between functional and primary MR

® Determines valve morphology; can detect
vegetations and perforations

= Assesses LV cavity size and function

TREATMENT

® Medical treatment with afterload-reducing medications
can probably help, especially for “functional” MR
® Surgery is the only proven beneficial intervention for
most types of MR
® Natural history and timing of surgery
Chronic MR is tolerated even better than AR;
hence, there has been a tendency to operate too late,
at a point when the LV is irremediably damaged
It is important, therefore, to follow LV size
carefully and be alert to even subtle changes in
effort tolerance, stamina, and energy level
= Palpitations could be caused by atrial
fibrillation, which is an indication for surgery
Asymptomatic patients need surgical evaluation
when:
= EF is less than 60% (EF should be higher than
normal because the LV needs to pump blood
adequate for systemic perfusion in addition to
regurgitant volume)
= End-systolic dimension greater than 4.5 cm (i.e.,
LV has enlarged)
® Consider if pulmonary hypertension or atrial
fibrillation
® [f other heart surgery needed
Surgical treatment: Mitral valve repair generally
preferred over replacement
Interventional treatment: Remains investigational, in
contrast to aortic valve interventions

Mitral Valve Prolapse

valve under certain conditions (e.g., hyperkinetic
circulation with excessive sympathetic stimulation

or an underfilled LV)
CLINICAL PRESENTATION

® Physical signs (auscultation)
Midsystolic click
Late systolic murmur heard best at the apex
® Natural history and complications
Generally benign
Infrequent complications
® Slightly increased risk of endocarditis; antibiotic
prophylaxis is not recommended
® Progressive valve degeneration leading to severe
regurgitation occurs in approximately 10% of
patients
® Atrial and ventricular arrthythmias
® Sudden death: extremely rare; hence, virtually
unpredictable
® Stroke: very rare; thus, no routine antiplatelet or
anticoagulant prophylaxis

Mitral Stenosis

BASIC INFORMATION

® Etiology
Mitral valve prolapse (MVP) is the bulging of the
mitral leaflets past the plane of the annulus into the
left atrium (2% to 3% prevalence)
® May be accompanied by MR, not necessarily severe
® [s normally the result of myxomatous change (i.e.,
pathologic weakening), but can occur in a normal

BASIC INFORMATION

= Causes
Acquired mitral stenosis (MS) is invariably from
rheumatic fever; clinically significant 20 to 30
years after rheumatic fever
Congenital MS is extremely rare

CLINICAL PRESENTATION

® Auscultatory findings
Loud S,
Opening snap (follows S;)
Low pitched middiastolic rumble (loudest apex)
= Accentuates in late diastole caused by atrial
contraction
Palpable P2
B Severe MS is associated with softening of S;, dull or
absent snap, and soft but long murmur
® Effect of various maneuvers (see Table 7-1)

DIAGNOSIS AND EVALUATION

® Chest radiography: Can show left atrial enlargement
and pulmonary edema and right chamber
enlargement
® Echocardiogram:
Assesses valve morphology
Assesses involvement of other valves
Transesophageal echocardiography (TEE) needed
before percutaneous balloon valvotomy because left
atrial thrombus rules precludes treatment

TREATMENT

B Asymptomatic patients: 80% survival rate at 10 years
No specific medical therapy
Percutaneous valvotomy if technically feasible in
those with moderate or severe mitral stenosis
® Symptomatic patients (i.e., insidious progressive
dyspnea, paroxysmal nocturnal dyspnea, hemoptysis,



palpitations caused by paroxysmal atrial fibrillation):

15% survival rate at 10 years
No specific medical therapy
Requires percutaneous valvotomy or mitral valve
replacement/repair
Percutaneous balloon valvotomy preferable as
long as there is pure MS (without significant MR)
with favorable valve characteristics and no left atrial
thrombus by TEE
Surgery preferable for calcified, immobile valve or
subvalvular chordal disease

® If atrial fibrillation is present:
Associated with high rates of embolic stroke that
need anticoagulation
B Mitral stenosis and pregnancy

Common to have clinical decompensation caused
by combined effects of increased blood volume
and cardiac output
Careful preconception assessment is indicated
In a pregnant woman with new-onset pulmonary
edema, consider:
= Mitral stenosis
® Peripartum cardiomyopathy

Tricuspid Valve Disease

BASIC INFORMATION

® Causes and etiology
Primary disease
= Rare
® Mainly congenital
Acquired
® Almost always manifests as tricuspid regurgitation
(TR)
= Etiologies
® Left heart disease — leading to pulmonary
hypertension and right ventricular (RV)
dilatation
® Primary pulmonary hypertension (cor
pulmonale)
Endocarditis
Pacemaker lead injury
Carcinoid
Radiation
Trauma

CLINICAL PRESENTATION

® Physical signs
Signs of right heart failure (+S;, RV heave, increased
jugular venous distention, hepatic congestion, and
edema)

TREATMENT

® Asymptomatic:
Usually associated with mild to moderate TR
No treatment
® Symptomatic (i.e., dyspnea, nausea/vomiting,
edema)
Associated with severe TR
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Can medically treat with diuretics
Can consider tricuspid valve repair or replacement

Pulmonary Valve Disease

BASIC INFORMATION

® Pulmonary valve stenosis is rare and associated with
other congenital abnormalities (i.e., Noonan
syndrome)
® Pulmonary regurgitation (PR)
Etiologies
= Most often caused by previous pulmonary outflow
tract surgery (i.e., tetralogy of Fallot repair)
® Pulmonary hypertension
® Previous endocarditis

TREATMENT

® Asymptomatic patients: associated with mild to
moderate regurgitation
B Symptomatic patients (caused by right heart failure)
Consider surgery for:
® Symptoms related to PR, including arrhythmias
Decreased RV systolic function (EF <40%)
Progressive RV dilation
Decline in functional aerobic capacity
Secondary severe TR related to progressive annular
dilatation
® Severe PR in a patient requiring another cardiac
operation
= Concern about risk of arrhythmia in patients with
prolonged or increasing QRS duration (total QRS
duration 180 ms or QRS duration increase of 3.5
ms/year)

Antibiotic Prophylaxis

® Goal is to prevent infective endocarditis

Only four indications for prophylaxis:

= Prosthetic heart valves (including
bioprosthetics) or valve repair with additional
prosthetic material

= History of infective endocarditis

B Cyanotic congenital heart disease (unrepaired
or incompletely repaired or repaired using
prosthetic material)

= Any valve disease in a transplanted heart

Not indicated for relatively low-risk valvular

disorders, such as mitral valve prolapse, bicuspid

aortic valve, acquired aortic and mitral valve

disorders, or hypertrophic cardiomyopathy

® Procedures for prophylaxis include:

Dental procedures that involve manipulation of

gingival tissue or periapical tooth region or mucosal

perforation

Respiratory tract procedures that involve incision or

biopsy

Procedures in patients with gastrointestinal or

genitourinary tract infections

Procedures on infected skin or tissue
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Surgery to implant prosthetic valves or prosthetic
intravascular or intracardiac materials

TREATMENT

® Standard regimen for most dental and respiratory
procedures: amoxicillin 2 g given 30 to 60 minutes
before procedure

m Alternatives for penicillin-allergic patients include
cephalexin, azithromycin, clarithromycin, or
clindamycin

® For other procedures, need to tailor antibiotic to likely
organisms

Artificial Valves

® Valve repair preferred over replacement, but generally
only possible for mitral valve disease
® Mechanical prosthetic valves require lifelong
anticoagulation, but should obviate the need for future
surgery
Especially consider if patient is in atrial fibrillation
and needs to remain on anticoagulants
Of note, novel oral anticoagulants (i.e., apixiban)
should not be used for anticoagulation at this time;
use only warfarin and heparin compounds
B Biologic prosthetic valves last 15 to 20 years before
degenerating
Biologic prostheses deteriorate more rapidly in young
patients, those with kidney disease, or those on
corticosteroids
Biologic prostheses do not need anticoagulant
treatment
m Consider biologic valves rather than the more durable
mechanical prostheses when:
There are plans for future pregnancy (and
anticoagulants are undesirable)

Anticoagulation is undesirable or risky

Patients are older than 60 years of age (bioprosthesis

should last long enough)

In setting of high endocarditis risk because they are

less likely to require removal in event of recurrent

endocarditis

® Follow-up of prostheses

Prosthetic malfunction

® Produces the same murmurs as in native valves
(exception is paraprosthetic MR, which can be
silent)

® Consider in a patient with hemolysis

= TEE often required for confirmation and assessing
severity

B Interrupting anticoagulants

Relatively safe in patients with aortic prostheses

Should generally use heparin (or low-molecular-

weight heparin) for bridging patients with mitral,

tricuspid, or pulmonary prostheses. Also, heparin

bridging is needed for older, more thrombogenic

valves (e.g., ball-in-cage)

Review Questions

For review questions, please go to ExpertConsult.com.

SUGGESTED READINGS
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CHAPTER 8

REVIEW

Pericardial Disease

MARY CORRETTI, MD

The pericardium suspends the heart in place, serves as a
physical barrier to prevent spread of infection and malig-
nancy from contiguous structures, and prevents acute
cardiac dilation. It normally contains 15 to 50 mL of straw-
colored serous pericardial fluid, a plasma ultrafiltrate, which
acts as a lubricant to reduce interlayer friction during cardiac
contraction. Pericardial disease can be caused by distur-
bances in the pericardial layers, which may also lead to
increased pericardial fluid. This can be asymptomatic, or it
can lead to tamponade, acute pericarditis, or chronic peri-
cardial constriction. The etiologies are quite varied and can
often be elucidated by a thorough history and physical
examination.

Acute Pericarditis

® Signs and symptoms of pericardial inflammation that
are less than 1 to 2 weeks in duration

® Relatively common: Accounts for approximately 5%
of patients with nonischemic chest pain and 1%
with ST-segment elevation on electrocardiogram
(ECG)

® Major causes: idiopathic, infectious, neoplastic,
autoimmune disorders, uremia, cardiac surgery,
irradiation, traumatic events, and infarction
(Table 8-1)

Most common: viral or idiopathic

CLINICAL PRESENTATION

= Antecedent history of fever and viral syndrome
symptoms (common)
® Symptoms:
Chest pain (can be severe)
® Sudden onset, sharp, and worse with inspiration,
cough, and body movements
® Pain is typically substernal or localized to left
chest; left arm radiation is not typical
® Classically, pain is positional in nature—worse
when patient is supine and relieved with
sitting up and leaning forward
® May radiate to neck, back, left shoulder, or
trapezius muscle ridge
= May be persistent or wax and wane
Other symptoms include dyspnea (common), cough,
dysphagia, and hiccups
® Examination findings:
Need to perform a complete physical examination for
clues to etiology
85% of patients have an audible friction rub

= High-pitched scratchy or squeaky sound best heard
at the left sternal border at end-expiration with
the patient leaning forward

= Can have up to three components, related to
movement of the heart during the cardiac cycle:
atrial systole, ventricular systole, and ventricular
diastole

® Rub may be intermittent

B Special syndromes

Dressler syndrome

® Results from an immunologic reaction weeks to
months after a myocardial infarction (MI)

® Findings include fever, malaise, serositis,
pulmonary infiltrates, and pleural effusions in
addition to a pericardial effusion

Postpericardiotomy syndrome

® Etiology attributed to injured myocardial tissue
hypersensitivity

® Qccurs weeks to months after cardiac surgery

DIAGNOSIS AND EVALUATION

® Consider the following tests:

Serial ECGs: Classically evolve through four stages

(Fig. 8-1)

® Stage [: Diffuse ST-segment elevation with
concomitant PR interval depression in most leads
(except aVR)

® Stage II: Normalization of the ST segment and PR
interval

® Stage lII: Widespread T-wave inversions

® Stage [V: Normalization of the T waves

Chest radiography: Often normal in patients with

uncomplicated acute idiopathic pericarditis

® QOccasional pleural effusions

® Pulmonary vascular congestion (may indicate
severe concomitant myocarditis and heart failure)

Echocardiography:

® Typically normal in most patients with acute
idiopathic pericarditis

= May see effusions
® May be loculated or diffuse
® May contain blood, fibrinous, or inflammatory

material

® Can assess for tamponade or constrictive
pericarditis physiology (see later discussion)

Laboratory studies:

= Nonspecific markers of inflammation: usually only
modestly increased

® Cardiac enzymes: May be elevated in patients with
concomitant adjacent myocardial inflammation
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TABLE 8-1 Causes of Acute Pericarditis

Process Examples l

Infectious Viral
Bacterial
Mycobacterial
Fungal
Protozoal
HIV

Neoplastic Primary (mesothelioma, sarcomas,
fibroma, lipoma)

Secondary (breast, lung, melanoma,
sarcoma, lymphoma, leukemia,

ovarian)

Autoimmune and connective tissue
disorders (e.g., SLE, RA, ankylosing
spondylitis, scleroderma,
sarcoidosis, dematomyositis,
polyarteritis nodosa, Wegener
granulomatosis, Sjogren syndrome)

IBD B

Loffler syndrome

Stevens-Johnson syndrome

Myocardial infarction

Dressler syndrome

Postpericardiotomy syndrome

Posttraumatic

Pleural and pulmonary diseases

Immune/
inflammatory

Metabolic Uremia
Dialysis-associated
Myxedema
Gout
latrogenic Radiation injury C
Related to cardiac catheterization or
placement of implantable FIGURE 8-1 Electrocardiographic changes associated with
cardioverter-defibrillators and pericarditis. A, Acute pericarditis. Note the raised ST segments,
pacemakers concave upward (arrow). B, Chronic phase of pericarditis
. associated with a pericardial effusion. Note the T-wave flattening
Traumatic Blunt trauma

and inversions and alternation of the QRS amplitude (QRS
alternans). €, The same patient after evacuation of the pericardial
fluid. Note that the QRS voltage has increased and the T waves
have returned to normal. (From Kumar P, Clark M. Clinical
Medicine. 5th ed. Philadelphia: Saunders; 2005: Fig. 13.96.)

Penetrating trauma
Chylopericardium

Drug-induced Hydralazine, procainamide, minoxidil,

isoniazid, anticoagulants

HIV, Human immunodeficiency virus; IBD, inflammatory bowel disease;
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.

® Can begin tapering after 1 to 2 weeks of therapy if
symptom free

Colchicine: 0.6 to 1.2 mg twice daily for 3 months

® Usually well tolerated, reduces symptoms, and
decreases rate of recurrent pericarditis

Limit strenuous physical activity for 2 to 6 months

Complete blood count

Basic metabolic panel

Antinuclear antibodies

HIV testing, tuberculin skin test

Other laboratory tests should be considered,
depending on the suspected etiology (not evidence-based)

Can consider pericardiocentesis for diagnostic Other treatment recommendations

purposes, but associated with risk and may not be ® Avoid using corticosteroids because this leads to
definitive in those with small or moderate effusions higher rates of recurrent pericarditis, especially

TREATMENT during weaning

® Can be necessary if there are refractory
® Acute idiopathic or viral pericarditis is usually a

symptoms
benign, self-limited disease that typically resolves ® [f needed, administer high doses (60 to 80 mg/
within 2 to 6 weeks

day of prednisone) and slowly taper off over a
B Treatment is primarily supportive: nonsteroidal period of several months
antiinflammatory drugs (NSAIDs), colchicine, and = Avoid NSAIDS or corticosteroids in patients with
limitation of strenuous physical activity post-MI pericarditis

NSAIDS: such as aspirin (2 to 4 g/day), ® Avoid anticoagulants in the acute phase to

indomethacin (75 to 225 mg/day), ibuprofen (1600
to 3200 mg/day), or naproxen (1000 mg/day)

decrease the risk of intrapericardial hemorrhage
and tamponade



= Consider additional specific therapies if there is a
treatable underlying cause
® Routine hospitalization is usually not necessary
® Hospitalization criteria:
® Temperature greater than 38° C
® Subacute onset (symptoms developing over
several weeks)
Immunosuppression
Trauma-induced
Treatment with oral anticoagulants
Pericarditis with clinical or serologic evidence of
myocardial involvement (i.e., myopericarditis)
® [maging suggesting a large pericardial effusion
(>20 mm in width)
B Signs of cardiac tamponade
= Concomitant MI

Pericardial Effusion and
Cardiac Tamponade

m Pericardial effusion
Fluid may be transudative or exudative
Occasionally occurs with acute pericarditis or
fluid-retentive states (heart failure, renal failure, or
cirrhosis)
Characteristics that can lead to clinical symptoms
(caused by increased intrapericardial pressure and
hemodynamic compromise) include:
® Rapid fluid accumulation rate
® Greater fluid volume
® Pericardial compliance
® Gradual accumulations of up to 1 to 2 L are
often well tolerated; whereas the rapid
addition of even 80 to 200 mL will result in
markedly increased intrapericardial pressures
® Cardiac tamponade
Occurs in 15% of patients with acute pericarditis
Any cause of acute pericarditis and pericardial
effusion can lead to tamponade, but the most
common causes are neoplastic, uremic, or viral/
idiopathic
Occurs when pericardial fluid accumulation increases
intrapericardial pressure, exceeding intracardiac
pressures, and resulting in cardiac chamber
compression
Effects:
® Limited diastolic filling
Decreased stroke volume and cardiac output
Elevated venous pressures
Decreased systemic blood pressure

CLINICAL PRESENTATION

® Symptoms
Can be asymptomatic or manifest with typical
pericarditis symptoms
With large effusions, symptoms can include dull
chest pain or pressure, or a nonspecific sense of
discomfort
Other symptoms are related to mechanical
compression of adjacent structures: dysphagia, cough,
hoarseness (left recurrent laryngeal nerve
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compression), hiccups (phrenic nerve compression),

nausea, or abdominal fullness

If tamponade, symptoms include fatigue,

lightheadedness, and dyspnea; patients may feel more

comfortable sitting forward

= Signs

Small pericardial effusions: signs of pericarditis

Large pericardial effusions:

® Heart sounds are often muffled

® Ewart sign: Dullness to percussion and bronchial
breath sounds beneath the left scapula caused by
compressive atelectasis in the left lower lung field

Tamponade signs:

® Pulsus paradoxus: Greater than 10 mm Hg
decrease in systolic blood pressure with
inspiration

B Classic presentation: Beck triad: (1) elevated
jugular venous pressure, (2) arterial
hypotension, and (3) quiet “muffled” heart
sounds

® Tachypnea, diaphoresis, depressed sensorium, cool
extremities, peripheral cyanosis

® [f gradual, blood pressure may be maintained and
patients present with signs of right-heart failure
(hepatomegaly, ascites, and lower extremity edema)

DIAGNOSIS AND EVALUATION

® Characteristic features of cardiac tamponade are shown
in Table 8-2
® Classic ECG findings: reduced QRS voltage,
nonspecific T-wave flattening, and electrical
alternans (change in QRS voltage from beat to
beat)
® Chest radiography: cardiac silhouette enlargement
® Echocardiogram (Fig. 8-2):
Highly useful for detecting pericardial effusions
Findings that support a diagnosis of tamponade:
= Right atrial (RA) (late diastolic) and right
ventricular (RV) (early diastolic) collapse
® Exaggerated ventricular septal shift:
® An increase in RV volume with inspiration
shifts the septum toward the left ventricle in
diastole
® With expiration, a decrease in RV volume shifts
the septum to the right
m This pattern of motion, while normal, is
exaggerated in patients with tamponade, and
leads to pulsus paradoxus
® Marked respiratory variation in Doppler
echocardiography inflow velocities across mitral
and tricuspid valves (flow velocity paradox); also
seen in constrictive pericarditis
® Enlargement of the inferior vena cava (correlates
with increased jugular vein distention)
® Computed tomography (CT) or magnetic resonance
imaging (MRI):
Can detect effusions but less useful than
echocardiography
Pericardial thickness can be measured, which can
help determine severity and chronicity of
inflammation and elucidate pericardial disease
etiologies.
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Characteristic Features of

TABLE 8-2 Constrictive Pericarditis and
Cardiac Tamponade
Constrictive Cardiac
Pericarditis Tamponade
Equalization of Yes (within Yes (within
end-diastolic 5 mm Hg) 5 mm Hg)
pressures
Right atrial Prominent Blunted or
pressure XandY absent Y
waveform descent descent
X=Yor X>Y)
Y > X)
Pericardium Thickened Normal
(>3 to 4 mm)
Kussmaul sign Present Absent
Pulsus Absent Present
paradoxus
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FIGURE 8-2 A, Echocardiogram of a large pericardial effusion
with findings of tamponade physiology. Diastolic compression of
the right ventricle on two-dimensional images. B, Marked
variation of mitral inflow velocity by Doppler. EXP, Expiration; INS,
inspiration.

® Right-heart catheterization (RHC)
RA pressure tracings normally composed of a series of
waveforms (Fig. 8-3)
® The A wave represents atrial contraction (and
follows the P wave on ECQG)
® The X descent follows the A wave and represents
atrial relaxation

Right atrial pressure tracings—obtained from
right heart catheterization (Swan-Ganz catheter)

Normal jugular venous pressure wave

A wave
NG V wave

Cardiac tamponade

A wave V wave
Y
X
Blunted Y descent
Constrictive pericarditis
A wave V wave
X Y

Left ventricular pressure tracing—obtained
with catheter in the left ventricle
Constrictive pericarditis
Systole

Diastole
Rapid early diastolic filling
followed by plateau phase—
the square root sign

FIGURE 8-3 Typical catheterization findings in pericardial
disease.

® The V wave represents passive filling of the right
atrium beginning after ventricular systole has
closed the tricuspid valve

® The Y descent follows the V wave and represents
the rapid flow of blood from the atrium into the
ventricle in early diastole

If tamponade is present:

® RHC findings are diagnostic, although not
typically performed

= Tamponade increases intrapericardial
pressures, leading to equalization of RA,
diastolic RV, and pulmonary capillary wedge
pressures



FIGURE 8-4 Aspiration of pericardial fluid. A wide-bore needle is
inserted into the epigastrium below the xiphoid process and
advanced in the direction of the medial third of the right clavicle.
If the needle is connected to the V lead of an echocardiogram
monitor, ST-segment elevation is usually seen if the needle
touches the epicardium. This can be useful in distinguishing

a bloody pericardial effusion from accidental puncture of the
heart. Other complications of the procedure may include
arrhythmias, vasovagal attack, and pneumothorax. (From

Forbes C, Jackson W. Color Atlas and Text of Clinical Medicine.

St. Louis: Mosby; 2003: Fig. 5.140.)

® The Y descent is blunted or absent (see Fig. 8-3)
caused by a decrease in pressure gradients pushing
blood from the right atrium to the ventricle in
diastole

® The X descent, which corresponds to atrial
relaxation, is preserved

TREATMENT

m Pericardial effusions:
Asymptomatic effusions, even large ones, may be
followed indefinitely with serial echocardiograms and
clinical assessments
Pericardiocentesis (indications in Figure 8-4) only
needed if fluid sampling is required to establish a
diagnosis, especially if symptoms are suggestive
of bacterial infection (i.e., purulent pericarditis)
® Tamponade:
Medical emergency
Pericardiocentesis or surgical evacuation of the
fluid is the definitive treatment
Temporizing measures before pericardial fluid
evacuation include expansion of intravascular
volume with fluids and administration of
Vasopressors
Recurrent episodes of pericardial effusion and
tamponade treatment may require:
® Repeated pericardiocenteses
Balloon pericardiotomy
Surgical creation of a pericardial window
Surgical pericardiectomy
Injection of a sclerosing agent into pericardial
space to cause adherence of the visceral and
parietal pericardium

Constrictive Pericarditis

® May occur following acute pericarditis as an
inflammatory sequela resulting in a thickened (and
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often calcified) pericardium, which can then lead to
constrictive pericarditis
B Any cause of acute pericarditis can lead to constrictive
pericarditis
Most common are viral/idiopathic, uremic, post-
surgery, tuberculosis, or postradiation therapy
Other causes include neoplasms, autoimmune,
trauma, sarcoidosis, methysergide therapy, and
implantable cardioverter-defibrillator patches
® Time course: months to years after the initial
pericarditis episode
® Pathogenesis:
Pericardial effusion does not resorb, instead
incorporating fibrin deposits
Pericardium then develops fibrous scarring and
thickening
Calcium deposits into the pericardium, leading to
further stiffening
Result is a rigid pericardium
Conceptually can be thought of as a normally
contracting heart confined in a small box
® Rigid pericardium impairs diastolic filling, resulting
in increased and equal diastolic filling pressures in
all cardiac chambers
= Of note, the myocardium may be involved in the
chronic inflammatory process, potentially leading
to intrinsic contractile dysfunction
Result: increased systemic venous congestion and
decreased cardiac output

CLINICAL PRESENTATION

® Symptoms:
Abdominal fullness (caused by hepatic congestion
and ascites) and peripheral edema
Fatigue, weight loss, and muscle weakness
Less common to have orthopnea, dyspnea, or
cough

® Physical examination:
Elevated jugular venous pressure
Signs of passive liver congestion (icterus, ascites)
Leg edema
Kussmaul sign: increased jugular venous
pressure with inspiration (normally decreases
with inspiration)
® QOccurs during inspiration because the rigid

pericardium prevents the increased venous blood
from fully filling the right cardiac chambers.

Pericardial knock: Extra heart sound heard in
early diastole (mimics an S3), coinciding with
abrupt cessation in ventricular filling because of
the rigid pericardium

DIAGNOSIS AND EVALUATION

® ECG: nonspecific findings such as T-wave flattening or
inversions

® Chest radiography: may show a calcified pericardium
(rare)

® Echocardiogram: Findings include abnormal diastolic
ventricular septal motion caused by interventricular
interdependence, marked respiratory variation in
ventricular size/filling (>25%), plethoric inferior vena
cava, and at times, a thickened pericardium (>4 mm)
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® CT or MRI: most useful in identifying thickened
(>4 mm) and calcified pericardium

m Right-heart catheterization
Important for diagnosing constrictive pericarditis
Reveals elevation and equalization of RA, RV
diastolic, pulmonary capillary wedge, and left
ventricular diastolic pressures
Prominent X and Y descents result in an M or W
configuration of the RA pressure tracing (see
Fig. 8-3)
The early diastolic filling of the right and left
ventricles shows a characteristic dip and plateau
pattern, or square root sign, caused by early
rapid diastolic filling of the ventricle and then
its abrupt halt (see Fig. 8-3)

TREATMENT

® Avoid calcium channel blockers and B-blockers because
sinus tachycardia is a compensatory mechanism for
impaired cardiac filling
B Definitive treatment: total pericardiectomy (surgical
removal of the pericardium)
90% of patients have symptomatic improvement;
50% with complete relief
Resolution of symptoms may take up to 6 months
Less effective when an underlying restrictive
cardiomyopathy is also present, as seen after radiation
therapy
Surgical mortality is 5% to 19%

Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 9

REVIEW

Electrocardiogram Review

BRENT G. PETTY, MD

The electrocardiogram (ECG) is important in diagnosing
cardiac conditions. Interpretation requires a systematic
approach and involves evaluating heart rate, thythm, axis,
intervals, and waveforms. In combination with the patient’s
clinical picture, ECG interpretation is critical in formulat-
ing a diagnosis and can lead to changes in treatment
strategy.

Fundamental Features to
Assess When Reading an
Electrocardiogram

RATE (BEATS PER MINUTE)

® Normal is 60 to 100 beats/min
® Estimate rate by dividing 300 by the RR interval (as
measured by number of large boxes (0.2 sec) from R to
R)
u For example, 300/2 large boxes = 150 beats/min
® Measure RR interval to nearest 0.01 sec and divide into
60 to calculate the rate more accurately
" (e.g., 60/0.4 sec = 150 beats/min)
® For irregular thythms, count the number of QRS
complexes in 5, 6, 10, or 20 sec and multiply by the
correct integer to get beats per minute.
m For example, a standard ECG printout displays 10 sec
of data, so if there is a total of 25 QRS complexes,
multiply 25 x 6 = 150 beats/min

RHYTHM

(See Chapter 5 on arrhythmias for further details)
® Basic questions:

= Too fast or too slow?

» Regular or irregular?

# Ventricular or supraventricular?

AXIS

® By convention, normal axis is between —30 and +90
degrees
® Determine axis quadrant by evaluating positive or
negative deflection of the QRS complex in leads I and
aVF (Table 9-1)
# Suggested method:
® Examine lead I (O degrees) and lead aVF (90
degrees)
® Axis is normal if both leads are in the net positive
area (i.e., R-wave area > Q- + S-wave area)

B If QRS area is negative in lead aVF, examine
lead II. If QRS area is positive in lead II (i.e., R
wave area > Q + S wave area), axis remains
normal (between O and 30 degrees). If QRS
area is negative in lead II, then left-axis
deviation is present (area between —30 and —90
degrees)

m If QRS area is negative in lead I, and positive in
lead aVE then right-axis deviation is present
(area between +90 and 180 degrees)

= [f QRS area is negative in leads I and aVEF,
then extreme axis deviation is present (—90 to

180 degrees or 180 to +270 degrees)
INTERVALS

Figure 9-1 illustrates intervals and waveforms of surface
ECGs
® PR interval: Normal is 0.12 to 0.2 sec
® QRS duration: Normal is less than 0.12 sec
m QT interval varies with heart rate
» Inversely proportional to heart rate
® Roughly, prolonged QT is present when the QT
interval is more than half the preceding RR interval
(less reliable at faster heart rates)
u Corrected QT (QT.omeceds o QT.) adjusts for heart
rate
® Calculated as: QT divided by the square root of
RR interval
® Normal QT, is 0.36 to 0.41 sec

WAVEFORMS

m Pathologic Q waves (indicative of previous transmural
ST-segment elevation myocardial infarction)
" To be considered pathologic, Q waves must be 1
small box wide and 1 small box deep (1 small
box in width equals 0.04 sec at 25 mm/s)
m Septal: Any size Q waves are abnormal in leads V,
to V}
Anterior: pathologic Q waves in leads V, to V,
Lateral: pathologic Q waves in leads I, aVL, V5 to Vg
Apical: pathologic QQ waves in leads V5 to V4
Inferior: pathologic Q waves in leads I, III, and aVF
Posterior: No QQ waves are present with this type of
myocardial infarction (MI); prominent R waves in
leads V; and V,
® ST segments (elevation or depression >1 mm)
® T.wave abnormalities (inversion or
pseudonormalization)
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TABLE 9-1 Determination of Axis Quadrant on Electrocardiogram

Lead AVF

Normal

Left-axis
deviation

Right-axis
deviation

Extreme axis
deviation

+ 4Lt
+ 4L

+90 to 180 degrees

—90 to 180 degrees
(or 180 to +270 degrees )

Axis Common Causes

-30 to +90 degrees Normal

-30 to —90 degrees LVH
Left anterior fascicular block
Inferior Ml

Right ventricular hypertrophy
Left posterior fascicular block
Acute pulmonary disease

(PE, pneumothorax)

Combination of left- and
right-axis deviation causes

LVH, Left ventricular hypertrophy; MI, myocardial infarction; PE, pulmonary embolism.

Time

FIGURE 9-1 Intervals and waveforms of surface
electrocardiogram.

Selected Electrocardiographic
Abnormalities

ATRIOVENTRICULAR BLOCK

m First degree:
PR interval greater than 0.2 seconds
By itself, of no clinical consequence (can be
exacerbated with atrioventricular (AV) nodal
blocking agents, such as verapamil or digoxin)
B Second degree:
Mobitz type I (also called Wenckebach block)
® Gradually increasing PR interval until a P wave is
not followed by a QRS complex
® Usually not clinically significant, but caution
needed if administering AV nodal blocking agents

Mobitz type II:

B Occasional dropped QRS complexes with no
changes in PR interval for conducted beats;
higher degree of block, where only a fraction
of the P waves are followed by QRS complexes
(e.g., 3:1)

® Usually caused by disease of the His-Purkinje
system rather than the AV node itself

= Worrisome conduction pattern, often
progressing to complete heart block (requiring
pacemaker therapy)

® Third degree:

Also known as complete heart block

Characterized by AV dissociation, where the PP

and RR intervals are different and the P waves

are not responsible for subsequent QRS
complexes

® QRS complexes are usually at a slow rate
(“escape”), arising from intrinsic depolarization of
the AV node (approximately 45 to 55 beats/min
and with a narrow [<0.12-sec] QRS complex) or
the ventricle (approximately 35 to 45 beats/min
and with a wide [>0.12-sec] QRS complex)

Usually symptomatic (and requires pacemaker

therapy)

LOW VOLTAGE

® Definition:
No R or S wave in limb leads greater than 5 mm
No R or S wave in precordial leads greater than
10 mm

® Causes:
Obesity
Chronic obstructive pulmonary disease (increased
thorax size)
Pericardial effusions or less commonly pleural
effusions
Hypothyroidism
Addison disease
Infiltrative diseases (e.g., amyloidosis,
hemochromatosis, sarcoidosis)
Diffuse myocardial infarctions
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LEFT VENTRICULAR HYPERTROPHY WIDE QRS COMPLEX

m ECG is not sensitive or specific for suggesting left B Definition: QRS complex 0.12 sec or more
ventricular hypertrophy (LVH) (echocardiogram is ® Potential causes:
the gold standard) Bundle branch block

® Many different ECG criteria exist for suggesting LVH Ventricular thythm

® Suggested method: increased QRS voltage plus Hyperkalemia

evidence of “strain,” left-axis deviation, or left atrial

Wolff-Parkinson-White syndrome

abnormality
Increased QRS voltage, as evidenced by one of the
following:Q VOTAES A ey Y BUNDLE BRANCH BLOCK
= R or S wave greater than 20 mm in any limb Figure 9-2 and Table 9-2 suggest criteria and methodology
lead in diagnosing bundle branch blocks
B S wave in leads V, to V; or R wave in leads V, to = Causes:

Vs greater than 30 mm

® R wave in lead V5 + S wave in lead V, greater
than 35 mm

= R wave in lead aVL of 11 mm or more

= R wave in aVL + S wave in lead V; of 28 mm or
more (men) or 20 mm or more (women)

“Strain” pattern: ST-T changes (usually downward-

Myocardial infarction

Infiltrative diseases (e.g., amyloidosis,
hemochromatosis, sarcoidosis)
Conduction system degeneration

ST-SEGMENT ELEVATION ABNORMALITIES

sloping ST depression and T-wave inversion or ® Consider myocardial infarction if:

biphasic T waves)

Left-axis deviation (see Table 9-1)

Left atrial abnormality: P wave greater than 0.12 sec
(in lead II) or net negative P wave in lead V,
(negative amplitude >0.1 mV)

Located regionally (i.e., anterior [leads V; to V],
inferior [leads II, 111, aVF], or lateral [leads V, to V])
ST-segment is convexed upward (sharp angle of
takeoff from QRS complex) or horizontal

m See Figure 9-3, which shows typical ECG changes

= Causes associated with different stages of myocardial
Hypertension infarction
Aortic valve disease ® Other causes include:

Mitral insufficiency
Hypertrophic or dilated cardiomyopathy

Early repolarization: typically diffuse concave upward
ST-segment elevation

Wide QRS complexes + supraventricular
rhythm = BBB

[
Right or left BBB?

Broad terminal S in | and Vg
+ rSR’ or tall R in V4

Tall broad R wave in | and Vg
+ QS orrSin V4

=right BBB = left BBB
I
+ Left axis deviation + Right axis deviation
(—=30° or more) (+120° or more)
= right BBB = right BBB
and left anterior hemiblock | | and left posterior hemiblock
I

Y

\

| = Bifascicular block |

/

+ Prolonged P-R interval
= trifascicular block
(vs. bifascicular block and first
degree AV block)

FIGURE 9-2 Bundle branch block (BBB) algorithm. AV, Atrioventricular.
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Examples of Bundle Branch Block

Type of Bundle
Branch Block

Right bundle branch
block (RBBB)

Left bundle branch
block (LBBB)

Bifascicular block

Trifascicular block

Description

Terminal S lead in | and lead
Ve + rSR” or tall R in lead V,

Tall broad R in lead | and lead
Ve + QS or rSin lead V,

RBBB + left-axis deviation beyond
—30 degrees (shown to right) or
RBBB + right axis deviation at
least +120 degrees or LBBB

Bifascicular block (at right, LBBB) +
prolonged PR interval

= Typically considered benign, but recent research
suggests that it may be associated with slightly
increased risk of early cardiac death, particularly if
present in the inferior leads (II, III, and aVF)

Ventricular aneurysm: acute, sharp-angled

ST-segment elevation persisting after an ST-segment

elevation myocardial infarction

Pericarditis: diffuse ST-segment elevation and

concave upward (smooth, curved takeoff from

QRS complex) (also associated with PR segment

depression)

Example Electrocardiogram
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OSBORN WAVES

® Positive deflection off declining shoulder of R wave
® Gives a “notched” appearance to the R wave
® Often seen with hypothermia (Figure 9-4)

ECG FINDINGS ASSOCIATED WITH
PULMONARY EMBOLUS

® Most common: sinus tachycardia

® T-wave inversions in inferior and precordial leads

® Deep S wave in lead I (right-axis elevation) with a
Q-wave and T-wave inversion in lead III (S;Q;T5)



ST
/ elevation

|y

/ \T-wave
Normal ST elevation Q-wave inversion
Q-wave T-wave Q-wave
inversion remains

(in leads recording the area of Ml)

FIGURE 9-3 Sequential electrocardiographic changes occurring
in ST-segment elevation myocardial infarction (MI).

BVG

FIGURE 9-4 A, Initial echocardiogram (ECG) in a patient with
hypothermia revealing atrial fibrillation and Osborn waves
(arrows). B, Follow-up ECG after the patient was rewarmed,
showing resolution of Osborn waves and reversion to sinus
rhythm. (Courtesy Dr. Sammy Zakaria.)
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ELECTRICAL ALTERNANS

® Alternating amplitude or direction of QRS complexes
® Associated with pericardial effusion caused by to-and-
fro heart motion swinging in a fluid-filled pericardial sac

INVERTED T WAVES

® Nonspecific

® Potential causes
Intracranial hemorrhage or stroke: Classically
associated with deep T-wave inversions and
prolonged QT interval
Ischemia
Metabolic disorders
Stress cardiomyopathy (“broken heart syndrome”):
Acute, temporary, often profound cardiomyopathy
frequently following sudden fear or surprise

PROLONGED QT INTERVAL

B Associated with Torsades de pointes and sudden
death
Causes:
B Genetic
= Metabolic (hypokalemia, hypomagnesemia,
hypocalcemia)
= Medications (many cause QT prolongation)
5 |schemia

Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 10

REVIEW

Respiratory Infections

PAUL G. AUWAERTER, MD

Infections of the respiratory tract result in more antibiotic
prescriptions than any other group of medical disorders in
the outpatient setting. In many cases, respiratory tract
infections do not require administration of antibiotics
for cure. The inappropriate prescription of antibiotics con-
tributes to antibiotic resistance; this is particularly concern-
ing in Streptococcus pneumoniae infections.

Bacterial Sinusitis

BASIC INFORMATION

B Acute bacterial sinusitis (ABS) is often preceded by
a viral upper respiratory tract infection (URTI),
environmental allergen flare, trauma, or recent
dental manipulation

® Only 0.2% to 10% of all clinical sinusitis cases are
bacterial in origin; on average, likely 2% of all cases

® Symptoms often mimicked by common cold or allergies

® Diagnosis is best made on clinical grounds, because
history and physical findings are not specific

® Nasal passages are commonly involved (Fig. 10-1);
some view this as rhinosinusitis

B Chronic sinusitis is a poorly understood entity; it
is diagnosed after at least 12 weeks of sinus
symptoms and signs

Results from chronic obstruction of sinus passages;
the role of bacterial pathogens in this disorder is
debated

® Microbiology of ABS shows that respiratory pathogens
predominate (in order of decreasing frequency):

S. pneumoniae
Haemophilus influenzae
Moraxella catarrhalis

® Antibacterial resistance among these organisms is

increasingly common
More than 40% of H. influenzae and 100% of
M. catarrhalis are B-lactamase producers, meaning
they are resistant to drugs that contain a B-lactam
ring (such as amoxicillin)
High-level pneumococcal resistance to penicillin
(PCN; defined as minimum inhibitory concentration
[MIC] =8 mg/dL) for nonmeningeal isolates is
uncommon, accounting for approximately 4% of
isolates in the United States
The clinical importance of resistant bacteria in sinus
conditions is debated

® Other pathogens, such as anaerobes, other streptococci,
and Staphylococcus aureus, account for small percentages

of isolates in ABS
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® In chronic sinusitis, S. aureus, Staphylococcus
epidermidis, and anaerobes predominate. Whether
or not antibiotic treatment helps this condition is
unclear, but it is often used.

CLINICAL PRESENTATION

= ABS most commonly follows viral URTI
® Change in color or character of nasal discharge is not
specifically indicative of bacterial infection
= ABS (as opposed to viral or allergic sinusitis) is
unlikely if symptoms are less than 10 days in
duration
® History or physical findings suggestive of ABS
include:
Persistent or worsening symptoms lasting at least
10 days
or
Significant unilateral sinus pain or tenderness, fever
higher than 39° C, purulent nasal discharge,
maxillary, tooth, or facial pain (particularly
unilateral) lasting at least 3 to 4 days in the
beginning of the illness
or
Worsening signs and symptoms of nasal discharge,
headache, and fever after a URTI
® Usually in this scenario the URTI symptoms lasted
5 to 6 days and were initially improving

DIAGNOSIS

® Gold standard is culture from sinus puncture (not
commonly done)

B Best made on clinical grounds, usually only after
symptoms have lasted for more than 10 days, although
sensitivity and specificity of history and physical
examination are poor

® Imaging studies not recommended for
uncomplicated cases of ABS because findings are
no more sensitive or specific than clinical
evaluation

TREATMENT

® Many patients with signs and symptoms of sinusitis
(even those with true ABS) will have resolution of
their symptoms without antimicrobial therapy
The use of decongestants, analgesics, antipyretics is
possibly helpful but not well studied
Patients with moderate or severe symptoms
should receive antibiotics (Fig. 10-2)
Goals of ABS treatment: Avoid acute complications
(e.g., brain abscess, meningitis, or osteomyelitis—all
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ABS in Adults

Signs and Symptoms either:

a) Persistent and not improving (>7-10 days);
b) Severe (=3-4 days); or

Ethmoid ¢) Worsening or “double-sickening” (=3—4 days)

sinus T
(blocked) Risk for antibiotic resistance*
Maxillary ¢ Age <2 or >65, daycare

antrum i e Prior antibiotics within
(blocked) , the past month

* Prior hospitalization past
5 days

¢ Comorbidities
* Immunocompromised
1

[ 1
No Symptomatic Yes

S R { ~~ management \ {
FIGURE 10-1 Coronal computed tomography scan showing e fradine Inittee seaameHing
ethmoid, labyrinth, and maxillary antral opacification in a patient antiimiaralsia e |
with sinusitis. (From Swash M. Hutchison’s Clinical Methods. therapy therapy
21st ed. Philadelphia: Saunders; 2002: Fig. 13.10.)

Amoxicillin/Clavulanate  Amoxicillin/Clavulanate XR

rare; Fig. 10-3) and chronic complications ngxjgiéﬁ;% kfg’ﬁ;.'gﬁ:g;g

(e.g., chronic sinusitis) Levofloxacin

Antibiotic choice dictated by local sensitivities, cost, Moxifloxacin

and drug allergy history I

Preferred drug: amoxicillin/clavulanate for 5 to 7 | L ' '

days; amoxicillin without clavulanate is no longer Improvement Worsening or Improvement

first-line because of high rates of resistance in sinus EiLE7 2 S5 D 22 ey
after 3-5 days

pathogens. ) !

Attempts to treat chronic sinusitis with antibiotics Complete 5-7 Y Complete 7-10

may result in little improvement; treatments should days of Broaden coverage days of

focus on relieving obstruction antimicrobial or switch to antimicrobial

For chronic sinusitis, decrease mucosal swelling, TEERY antimlijclrf:str)?a?ltclass ey

exudates, and crusting by using nasal saline irrigation,
topical nasal corticosteroids, antihistamines, !

decongestants, leukotriene antagonists ! :

. Improvement Worsening or Improvement
Sinus computed tomography (CT) scan can be no improvement
helpful to evaluate for obstruction (e.g., polyps) after 3-5 days

in patients with suspected chronic sinusitis who Complete 5-7 T . Complete 7-10
are not responding to therapy; otolaryngology days of Refer to specialist days of
consultation is recommended antimicrobial antimicrobial
If a patient with chronic sinusitis has an acute flare, therapy ° %Inc;ri d'\g?:](t)%i':éisﬁtgguaste' therapy
treatment with antibiotics against S. pneumoniae and Causes or suppurative

H. influenzae should be given complications

Recurrent ABS may indicate obstruction or * Sinus or meatal cultures
immunodeficiency (e.g., HIV, for pathogen-specific
hypogammaglobulinemia) LR

FIGURE 10-2 Management of acute bacterial sinusitis. *If patient
o oy o M d. is diabetic, immunocompromised, in an iron-overload state,
titis eaia and/or critically ill, consider rhinocerebral mucormycosis. ABS,
Acute bacterial sinusitis; CT, computed tomography; MRI,

BASIC INFORMATION Chow AW, Benminger MS. Brook ), t ol IDSA clnicl practice
® Acute otitis media is an infection of the middle ear. It guideline for acute bacterial rhinosinusitis in children and adults.
needs to be distinguished from otitis media with Clin Infect Dis. 2012;54:e72-e112.)
effusion (noninfectious)
Involves obstruction of the Eustachian tube, resulting
in a pressure imbalance of the inner ear and ® S. pneumoniae and H. influenzae common isolates;
subsequent bacterial infection unclear frequency of viral and allergic inflammation

® Often initiated by either URTI or allergies
® Uncommon in adults, less than 0.25% incidence CLINICAL PRESENTATION

® [ntensively studied in children; less known about = Commonly follows URTI or history of allergies
infection in adults B Otalgia and fever are most frequent symptoms
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FIGURE 10-3 Cerebral abscess secondary to sinusitis. Right
frontal abscess is demonstrated in a patient who had ethmoid
sinusitis. An orbital abscess is also demonstrated. (From Forbes C,
Jackson W. Color Atlas and Text of Clinical Medicine. 3rd ed.

St. Louis: Mosby; 2003: Fig. 11.63.)

FIGURE 10-4 Acute left otitis media. (From Behrman RE. Nelson
Textbook of Pediatrics. 16th ed. Philadelphia: Saunders; 2003:
Fig. 630-3.)

B Severe cases may be complicated by meningitis,
mastoiditis, or brain abscess (all rare)

DIAGNOSIS

® Physical examination in children imprecise, but
accuracy increases with insufflation demonstrating
decreased mobility of tympanic membrane

= Examination findings in adults have not been
studied, but typical presentation is bulging, red
tympanic membrane (Fig. 10-4)

® Perforation of tympanic membrane may occur and lead
to drainage or crusting within ear canal

TREATMENT

® Antimicrobial therapy is not well defined: amoxicillin/
clavulanate, cefuroxime axetil, and azithromycin
possible options

Pharyngitis

BASIC INFORMATION

® Qutpatient visits for pharyngitis account for 1% to 2%
of all office visits
= Viral etiology is most common cause in adults
(up to 80%)
Rhinovirus (20%) is most common
Coronavirus (5% to 10%), adenovirus (5%); herpes
simplex (2% to 4%) is less common
Uncommon causes include parainfluenza (2%),
influenza (1%), Epstein-Barr virus (EBV) (<1%),
cytomegalovirus (<1%), acute HIV type 1 (<1%),
coxsackievirus (<1%)
B Streptococcus pyogenes most common bacterial
cause in adults (5% to 10%)
Other streptococci less common, usually group
GorC
Rare bacterial causes include Neisseria gonorrhoeae
(<1%), Corynebacterium diphtheriae (<1%),
Arcanobacterium haemolyticum (often associated with
rash, <1%), Chlamydophila pneumoniae (1%), or
Mycoplasma pneumoniae (<1%)
® Bacterial infection is less common in adults than
children; therefore, there is a much higher incidence of
group A streptococci in children
B Some cases may be associated with evidence of more
systemic infection (EBV, acute HIV infection); severe
pharyngitis (N. gonorrhoeae or group A B-hemolytic
streptococci [GABHS]); rheumatic fever (adult patients
with a history of rheumatic fever should be managed
differently, with lower threshold for prescription of
antibiotics)
® In many cases the cause is unknown and presumed to
be viral

CLINICAL PRESENTATION

m Typical presentations include sore throat and malaise,
with possible fever or cervical lymphadenopathy
® Severe sore throat with inability to swallow secretions
or associated dyspnea should be evaluated in an
emergency department; may indicate epiglottitis
® Dehydration in severe cases may require [V
hydration
® Red, beefy tonsils with exudates may have either
bacterial or viral causes; the presence of exudate is not
specific for bacterial cause (Fig. 10-5)
® Primary infection with EBV (infectious
mononucleosis) is easily confused with GABHS and
may present with fever, sore throat, splenomegaly,
and lymphadenopathy (either anterior and
posterior cervical lymph nodes or generalized)
In infectious mononucleosis, laboratory abnormalities
may include predominance of lymphocytes or
atypical lymphocytes
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# In 90% of adult cases, the aspartate aminotransferase, » Sensitivity and specificity of clinical presentation
alanine aminotransferase, or lactate deyhydrogenase 50% to 75% for GABHS (Fig. 10-8)
level is elevated to at least two to three times normal ® Throat culture is gold standard (90% sensitive); false

B Prescription of amoxicillin for patients mistakenly positives may result from carrier state

believed to have GABHS or who have secondary ® Rapid strep tests

concurrent GABHS predictably yields diffuse, pruritic, # Throat swab detects carbohydrate antigen

maculopapular rash in 95% to 100% of patients » Sensitivity 80% to 90% in adults, but highly specific

" This rash does NOT mean patient is amoxicillin = If positive test, treat as GABHS; no further
allergic (Fig. 10-6) culture required

u Because of a higher prevalence in children and

DIAGNOSIS adolescents, negative tests should be confirmed by
® Because the signs and symptoms of GABHS and viral standard culture. It is unclear whether this is
etiologies overlap, physicians are generally unable to necessary in adults

include or exclude the diagnosis of streptococcal
pharyngitis on epidemiologic and clinical grounds;
therefore, laboratory testing should be done to

determine whether group A streptococci are present in
the pharynx (Fig. 10-7)

FIGURE 10-5 Acute streptococcal pharyngitis. Note purulent

discharge in tonsillar crypts. A similar appearance may be seen FIGURE 10-6 Generalized erythematous papular eruption of
with pharyngitis caused by infectious mononucleosis. (From infectious mononucleosis precipitated by oral penicillin intake.
Forbes C, Jackson W. Color atlas and text of clinical medicine. 3rd (From Shah BR, Laude TA. Atlas of pediatric clinical diagnosis.
ed. St. Louis: Mosby; 2003, Fig. 1.82.) Philadelphia: Saunders; 2000, Fig. 3-32.)

Clinical and Epidemiologic Features
(see Fig. 10-8)

/\

Not suggestive of group A Possible group A streptococcal
streptococcal pharyngitis pharyngitis
If negative If negative !
Symptomatic | * |__ ______ | . - -
therapy Throat culture Rapid antigen detection test

If positive If positive

\
| Antimicrobial therapy |

FIGURE 10-7 Diagnosis and management of pharyngitis. *Considered optional in adults.
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| Acute Pharyngitis |

/\

| Favors GABHS | | Favors viral
Symptoms Symptoms
* Sudden onset e Cough
* Fever * Hoarseness
* Abdominal pain * Coryza
* Nausea/vomiting * Diarrhea
Signs Signs
* Fever  Ulcers
* Toxicity * Conjunctivitis
* Anterior cervical LN
* Scarlatiniform rash
e Lack of cough

FIGURE 10-8 Differentiation of streptococcal (group A
B-hemolytic streptococci [GABHS]) pharyngitis from viral causes.
LN, Lymph nodes.

Heterophile antibodies are used to diagnose infectious
mononucleosis:
Occur in 90% of cases and are detected by blood
testing with commercial kits (e.g., Monospot,
Meridian Bioscience, Cincinnati, OH)
Are not directed against EBV; agglutinate either
horse or sheep red blood cells (RBCs)
Detection of anti-EBV capsid immunoglobulin M
(IgM) antibodies typically done if heterophilic
antibodies are negative but EBV still suspected
(approximately 10% of cases)
Anti-EBV immunoglobulin G (IgG) may be present
at presentation in new infection or with preexisting
infection and has less clinical utility in diagnosis of
acute infection

TREATMENT

Viral: Generally benign, self-limited illness remedied by
rest, hydration, nonsteroidal drugs for pain or fever, and
saltwater gargles
GABHS: Historically, treatment is given to avoid
complications of acute theumatic fever; also may
prevent suppurative complications such as tonsillar
abscess
However, acute rheumatic fever is now rare in adults,
and the main use of antibiotics is to shorten the
duration of illness (16 to 24 hours); should be given
within 72 hours of symptom onset
All GABHS strains remain PCN sensitive
PCN V is standard for adults
® 250 mg four times daily or 500 mg twice daily
orally OR long-acting intramuscular PCN given as
one dose (1.2 million units benzathine * procaine
PCN G)
Options for PCN-allergic patients include
clindamycin, azithromycin, or clarithromycin

Acute Bronchitis

BASIC INFORMATION

Most common cause of acute cough in the
outpatient setting

Clinical challenge is to distinguish bronchitis from
pneumonia

90% of cases are from nonbacterial causes in
healthy nonsmokers

Purulent sputum may or may not indicate a bacterially
induced process

Viral causes predominate, especially coronaviruses,
paramyxoviruses, rhinoviruses, and also, in season,
influenza (A or B)

Pertussis is an uncommon cause of bronchitis, but
is more likely if cough is severe or persists longer
than 3 weeks

CLINICAL PRESENTATION

Acute respiratory infection with cough (with or
without phlegm) for less than 3 weeks

Wheezing may be present, including in those without
asthma

DIAGNOSIS

Diagnosis based on history and physical examination;
sputum cultures are not recommended

Pneumonia is uncommon if vital signs and chest
examination are normal

TREATMENT

Symptomatic support; antibiotics not recommended
regardless of cough duration; prescription represents
antibiotic abuse (Table 10-1; see notes on pertussis that
follow)
50% will experience resolution of cough at 14 days;
90% will experience resolution at 21 days
Albuterol inhalation may decrease cough; most
beneficial in those with documented reductions in
peak airflow
Antitussives often prescribed, but few data to clarify
role
Consider antiviral therapy for influenza if early in
course of illness (less than 48 hours) for ambulatory
patients who are not significantly ill
Pertussis should be suspected if cough persists beyond 3
weeks
Treatment initiation after 7 to 10 days of cough onset
does not lead to reduction in cough duration (which
can persist for 6 to 10 weeks regardless of therapy)
Historically, azithromycin or tetracycline was
provided to limit the potential for transmission
® Recently, routine use of macrolides in adults in
outbreak situations has been discouraged because
of lack of data to suggest staunching spread
Because of risk of infant infection, routine
treatment is now only suggested in pregnant
women within 6 weeks of cough onset
Patient education essential: Patients not receiving an
antibiotic are happier if told they have a chest cold
rather than bronchitis



Treatment of Bronchitis

Basic Clinical State

Acute
tracheobronchitis

Acute flare of chronic
bronchitis without
risk factors
(group 1)

Acute flare of chronic
bronchitis with risk
factors (group II)

Acute flare of chronic
suppurative
bronchitis
(group 1)

FEV;, Forced expiratory volume in 1 second; TMP-SMX, trimethoprim-sulfamethoxazole.

Symptoms/Risk Factors

Cough and sputum
without previous
pulmonary disease

Increased cough and
sputum, sputum

purulence, and increased

dyspnea

Symptoms as in group |
plus at least 1 of the
following:

FEV; <50% predicted

Age > 65 years

>3 exacerbations/year

Cardiac disease

Use of home oxygen

Chronic oral steroid use

Antibiotic use in past 3
months

Symptoms as in group I,
but with constant
purulent sputum

Some have bronchiectasis

Multiple risk factors (e.g.,
frequent exacerbations
and FEV,; <50%
predicted)

Frequent administration of

antibiotics (4 or more
courses in last year)

Recent hospitalization in
the last 3 months

Likely Pathogens

Usually viral

Haemophilus
influenzae
Haemophilus spp.
Moraxella
catarrhalis
Streptococcus
pneumoniae

Organisms as in
group |, plus
Klebsiella spp.
Other gram-
negative
pathogens

Increased probability
of B-lactam
resistance

Organisms as in
group Il, plus
Pseudomonas
aeruginosa

Multidrug-resistant
Enterobacteriaceae
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First-Line Treatment

None

2nd-generation
macrolide

2nd- or 3rd-generation
cephalosporin

Amoxicillin/clavulanate

Doxycycline

TMP-SMX

Use an antibiotic from
a different class if the
patient has been
treated with
antibiotics in the last
3 months

Fluoroquinolone

B-Lactam/B-lactamase
inhibitor (e.g.,
amoxicillin/
clavulanate).

Use an antibiotic from
a different class if the
patient has been
treated with
antibiotics in the last
3 months

Ambulatory patients:

Tailor treatment to
airway pathogen (P.
geruginosa common;
use ciprofloxacin and
obtain sputum
culture)

Hospitalized patients:
parenteral therapy
usually required

Alternatives/
Treatment Failure

Consider pertussis if
>3 weeks of cough
or if severe,
especially in
pregnant patient

Fluoroquinolone or
B-lactam/p-
lactamase inhibitor

May require
parenteral therapy;
consider referral to
a specialist or
hospital

Modified from Balter MS, LaForge ], Low DE, et al. Canadian guidelines for the management of acute exacerbations of chronic bronchitis. Can
Respir J. 2003;10(Suppl B):3B-32B; and Sethi S, Murphy TF. Acute exacerbations of chronic bronchitis: new developments concerning
microbiology and pathophysiology—impact on approaches to risk stratification and therapy. Infect Dis Clin North Am. 2004;18:861-882.

Chronic Bronchitis with Acute

Exacerbation

H. influenzae is the most common cause

(approximately 22%), particularly in smokers

BASIC INFORMATION

® Part of the clinical spectrum of chronic obstructive

pulmonary disease (COPD)

m Cigarette smoking is major contributor to COPD,

M. catarrhalis (9% to 15%)
S. pneumoniae (10% to 12%)

Pseudomonas aeruginosa or other gram-negative
bacteria (up to 15%)

® Seen in those with recent previous antibiotic

with less than 10% of patients with COPD having

disease due to other reasons (such as o -antitrypsin

deficiency, occupational or environmental

exposure, and so on)
® Accounts for 5% of all deaths in United States

® Viral or bacterial infections may cause acute
exacerbations of chronic bronchitis

Bacterial causes

presumed viral

CLINICAL PRESENTATION

use or hospitalizations and in those with
frequent flares
® Many cases without predominant bacterial species are

® Patients with COPD flare may have a combination
of worsening dyspnea and increased sputum
purulence and/or volume
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® Winnipeg criteria may be used to stratify severity of
flares (Box 10-1)
Type 1 or type 2 flares require hospitalization and are
associated with increased mortality (3% to 4%)
Mortality increases to 11% to 24% in-hospital if
admission to intensive care unit is required
® Chest radiograph (CXR) abnormalities are common
® Consider deep venous thrombosis leading to pulmonary
embolus as cause of exacerbation if no other clear
etiology found

DIAGNOSIS

® Diagnosis made on clinical grounds

B CXR, pulse oximetry, and arterial blood gas tests
are beneficial to rule out pneumonia and gauge
severity

® May be difficult to differentiate from pneumonia if
CXR has baseline abnormalities

® Unlike in acute asthma exacerbations, acute
spirometry considered unhelpful

B Sputum culture not routinely recommended, but may
be helpful in severe cases, patients with concurrent
pneumonia, or cases with recent antibiotic use/
hospitalization

TREATMENT

B Few good data to guide recommendations (see Table
10-1)
= Bronchodilators and corticosteroids recommended
® Antibiotics recommended for moderate to severely
ill patients (defined as patients with increased
sputum purulence and either increased sputum
volume or dyspnea or patients requiring
ventilatory support)
= Antibiotics also recommended for patients with
moderate to severe COPD exacerbation requiring
hospitalization
® Choice of antibiotic depends on patients’ risk factors
for pseudomonas and risk of complicated COPD
® Data using amoxicillin and tetracycline are more than
30 years old
Data are limited regarding optimal antibiotics for
COPD exacerbations, but include macrolides and

Winnipeg Criteria for Stratifying
IO GOSN Severity of Acute Exacerbation of
Chronic Bronchitis

Symptoms

Increasing dyspnea
Increasing purulence of sputum
Increasing volume of sputum

Classification

Type 1: Severe, all three symptoms

Type 2: Moderate, two or three symptoms

Type 3: Mild, at least one symptom along with:
Upper respiratory tract infection within last 5 days
Fever without other apparent cause
Increased wheezing
Increased nonproductive cough
Increased respirations or pulse >20% over baseline

doxycyline for uncomplicated COPD exacerbations
(patients older than 65 years of age with a forced
expiratory volume during 1 sec greater than 50%, no
cardiac disease, and greater than 3 exacerbations per
year) and fluoroquinolones and amoxicillin/
clavulanate for complicated COPD exacerbations
® Mucolytics and chest physiotherapy without clear
benefit
m Oxygen helpful with hypoxemia, but may heighten risk
of respiratory failure if patient has chronic hypoxemia.

Influenza

BASIC INFORMATION

= Two major virus subtypes: influenza A and
influenza B

® Antigenic characteristics determined by surface-spike
glycoproteins that have either hemagglutinin activity
(HA) or neuraminidase activity (NA) (Fig. 10-9)

B Hemagglutinin attaches to erythrocytes and is
responsible for initiation of infection

® Neuraminidase cleaves hemagglutinin protein, allowing
viral release from infected cells

® Significant antigenic variation of HA or NA bypasses
previous immune memory in the host infected with
influenza in the past

® Antigenic drift: minor changes in HA or NA and
minor changes in immunogenicity

® Antigenic shift: Major changes in HA or NA, resulting
in completely new immunogenicity with risk of
pandemic infection

Hemagglutinin

M protein i l | [ :E/ Nucleocapsid l‘l
Neuraminidase

A/PR8 1933-1946 A/FMI 1947-1956

Antlgen
type

A/Singapore 1957-1967 A/Hong Kong 1968—

FIGURE 10-9 Schematic drawing of influenza A demonstrating
hemagglutinin and neuraminidase. Hemagglutinin is responsible
for attachment to cells; neuraminidase is responsible for viral
release. Figure demonstrates antigenic shifts that have caused
major influenza outbreaks. (From Roitt |, Brostoff |, Male D, eds.
Immunology. 6th ed. St. Louis: Mosby; 2001: Fig. 14.9.)



® Avian influenza (H5N1) is a concern because of similarity
to 1918 influenza severity; however, few cases to date in
humans with limited human-to-human transmissibility

® The pandemic HIN1 strain in 2009 behaved similarly
to seasonal influenza, with the exception that children
and young adults were more often affected than the
customary elderly populations; increased mortality was
seen more often in those with co-morbidities

CLINICAL PRESENTATION

® Seasonal influenza outbreaks typically occur in an
epidemic pattern, peaking at 2 to 3 weeks after
introduction and completed after 5 to 6 weeks in any
given community
B Seasonal peaks usually occur in winter, but may occur
from early fall to late spring.
Influenza is uncommon in the summertime
= Symptoms often begin abruptly with fever, rigors,
malaise, headache, myalgia, and arthralgia
® Fever, rigors, and myalgia peak at 3 days, after which
respiratory symptoms (cough) and nasal congestion
predominate
® Major complication is postinfluenza pneumonia
Viral pneumonia from influenza occurs early in
course of disease and may be severe
Postinfectious bacterial pneumonia often follows
a period of recovery from influenza and is most
often caused by S. pneumoniae, S. aureus,
S. pyogenes, or H. influenzae
® Other complications may include rhabdomyolysis,
myocarditis, encephalitis, or Guillain-Barré syndrome

DIAGNOSIS

B Most commonly diagnosed based on clinical
presentation during community outbreaks
If abrupt onset of cough and fever occurs in an
adult living in a community with an outbreak,
this is 70% specific for influenza
B Seasonal strains of influenza may be detected from
sputum, nasal or throat swab, or from nasopharyngeal
aspirate by rapid antigen test
Sensitivity depends on testing kit; may be relatively
insensitive (generally 40% to 70%). Specificity is
usually 90% to 95%, but can range 85% to 100%
® Can also use molecular methods (90% to 100%
specific), or culture (90% to 100% specific but slow)
® Only test if will change clinical care of the patient;
treatment should not be delayed pending results if there
is high suspicion

TREATMENT

® Optimal treatment is prevention, with influenza
vaccine now universally recommended for all people
older than the age of 6 months

® Can consider antiviral therapy for influenza if early in
course of illness (less than 48 hours) for ambulatory
patients who are not significantly ill

m Severely ill patients, hospitalized patients, and those
at high risk for complications (pregnant, older than
65 years, immune suppressed, and other co-morbidities)
should receive antiviral therapy even if initiated after

48 hours
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Clinical judgment should drive the decision to start
antiviral therapy after 48 hours in high-risk outpatients
Antiviral therapy should be initiated as early as possible
for any patient with suspected influenza who is
hospitalized, severely ill, or at high risk for
complications. Do not wait for laboratory confirmation
of the diagnosis to start antiviral therapy
Amantadine and rimantadine block ion channel
function only in influenza A virus and should only be
used if circulating strains are known to be susceptible; these
drugs have no role in treatment of influenza B
Neuraminidase inhibitors (zanamivir, oseltamivir, and
peramivir) prevent infection of cells by inhibiting
influenza NA for both influenza A and influenza B
Since 2009, neuraminidase inhibitors have been
the preferred treatment for influenza because
circulating strains have been resistant to
amantadines. Resistance profiles of circulating virus
may change with every season, hence, check for
up-to-date recommendations (ww.cdc.gov/flu/about/
season/index.htm)
Oseltamivir is administered orally and may result in
nausea
Zanamivir is administered by inhalation and is
well tolerated, but may result in bronchospasm
and should be avoided in susceptible patients,
such as those with asthma or COPD
Peramivir is given by injection and is FDA (United
States Food and Drug Administration) approved as a
single dose for uncomplicated influenza; however, for
patients who cannot take oral or inhaled drugs, it
offers an unproven alternative treatment route for
hospitalized patients

Pneumonia

BASIC INFORMATION

Remains leading cause of infectious death in United
States; seventh overall cause of death
Mortality highest in older patients and in those with
multiple co-morbidities
S. pneumoniae and Legionella pneumophila are the
leading bacterial causes of pneumonia-related
death
Microbiology is altered by host factors (e.g., age,
immunosuppression, alcohol use) and geography
S. pneumoniae remains the most commonly diagnosed
etiologic agent in studies of community-acquired
pneumonia
® High-level PCN resistance in S. pneumoniae is less
frequent than previously thought (because of
revised resistance breakpoints for non-meningeal
isolates; approximately 4% in recent U.S. studies).
= Clinical significance of antibiotic-resistant
organisms in pneumonia is debated
Atypical agents account for 15% to 20% of
community-acquired pneumonias, and include
L. pneumophila, M. pneumoniae, and C. pneumoniae
H. influenzae, S. aureus, and gram-negative bacilli each
account for 3% to 10% of community-acquired
pneumonias
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® Viral pneumonia is uncommon in adults
Influenza A and B most common viral causes
Cytomegalovirus causes pneumonia only in
immunosuppressed patients
Adenovirus, varicella-zoster virus, and EBV are rare
causes of viral pneumonia in adults
Hantavirus, seen mostly in the southwestern United
States, is a rare cause of viral pneumonia that quickly
evolves to acute respiratory distress in previously
health individuals and is associated with a high
mortality rate

® Fungal infections
Rarely a cause of acute, community-acquired

pneumonia
LUIRR O AN Fungal Infections of the Lung
Organism Presentation
Histoplasma Up to 60% asymptomatic; endemic to Ohio
capsulatum and Mississippi River valleys

Acute infection: includes fever, infiltrates,
pleurisy, hilar and mediastinal adenopathy
ARDS, If inoculum sufficiently large, fulminant
respiratory failure may result

Progressive disseminated histoplasmosis: May
result from primary infection or reactivation;
more common in immunocompromised;
diffuse lymphadenopathy,
hepatosplenomegaly, and adrenal
insufficiency may result

Chronic pulmonary histoplasmosis: often in the
setting of COPD; resembles tuberculosis with
cavitation

Blastomyces
dermatitidis

Endemic to region between Dakotas and
Louisiana

Disease may be self-limited or require treatment

Pulmonary presentations include infiltrates,
nodules, or cavitation

Skin, bone, and genitourinary tract (prostate
and epididymis) most common
extrapulmonary sites of infection

Coccidioides
immitis

Endemic to dry regions of southwestern United
States

Acute pulmonary infection: Most common
presentation, with fever, cough, and extensive
alveolar infiltrates; may be accompanied by
massive hilar and mediastinal adenopathy;
cavitation may occur, with hemoptysis;
erythema nodosum

Dissemination may be widespread, with skin,
muscle, bone, and CNS involvement

Aspergillus
fumigatus

ABPA: A hypersensitivity reaction characterized
by asthma and fleeting infiltrates
accompanied by eosinophilia

Aspergilloma (fungal ball or mycetoma): Most
common noninvasive form, occurring in old
scars, cavities, or blebs

Invasive aspergillosis: Usually occurs in
immunocompromised, with organ transplant
and hematologic malignancies common
predisposers; presents as acute pneumonia
with cavitation, then invades locally along
with hematogenous dissemination

More than 300 fungi capable of causing lung

infection, mostly in immunocompromised patients

® Aspergillus spp. and zygomycete organisms
(Rhizopus, Mucor spp.) are the leading causes of
serious clinical pulmonary infection in this

population

Endemic fungi (Histoplasma capsulatum, Blastomyces
dermatitidis, Coccidioides immitis, and Cryptococcus
neoformans) can infect normal hosts and cause lung
disease, but greater than 60% of infections are
asymptomatic and only a small percentage do not
spontaneously resolve (Table 10-2)

Candida spp. are a very rare cause of pneumonia
and should be considered as the causative agent

Diagnosis

Culture is gold standard, but
takes 4-6 weeks

Histoplasma antigen may be
detected in serum and urine of
patients with disseminated
disease; may cross-react with
blastomycosis and
coccidioidomycosis

Complement fixation of antibody
to H. capsulatum may be used,
including those with acute
pulmonary infection (fourfold
rise in titer consistent with
acute infection)

Culture is gold standard

Visualization of fungi in
appropriate clinical setting
used to initiate antimicrobial
treatment

Complement fixation is currently
neither sensitive nor specific

Stain and culture of infected fluid
or tissues

Elevated complement fixation
titers to C. immitis; these may
be followed as markers of
disease, with rising titers a
poor prognostic sign

Diagnosis of ABPA by positive
sputum culture, elevated total
IgE, elevated specific
antibodies to Aspergillus, and
cutaneous reaction to
Aspergillus immunogen

Aspergilloma diagnosed by
clinical presentation

Invasive aspergillosis diagnosed by
clinical microbiologic and
radiographic presentation and
CT scan; biopsy with culture
usually suggested to distinguish
from colonization; serum
galactomannan may be elevated

Treatment

Acute infection does
not typically require
treatment

Chronic pulmonary
infections may
require treatment
with itraconazole

Disseminated infections
treated with
itraconazole or
amphotericin

High index of suspicion
should be held for
adrenal insufficiency
in disseminated
disease

Itraconazole in immune
competent patients
with mild to
moderate disease

Amphotericin in
immune
compromised or with
CNS involvement

Itraconazole or
fluconazole

Fluconazole used if
CNS involvement or
refractory disease

ABPA: Corticosteroids;
role of antifungal
treatment unclear

Aspergilloma may
require embolization
or resection for
control of
hemoptysis;
otherwise no
antifungal treatment
necessary

Invasive aspergillosis:
Voriconazole is
treatment of choice

ABPA, Allergic bronchopulmonary aspergillosis; ARDS, acute respiratory distress syndrome; CNS, central nervous system; COPD, chronic obstructive

pulmonary disease; CT, computed tomography; IgE, immunoglobulin E.
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only in the profoundly immunosuppressed or ® The production of cold agglutinins (IgM produced
neutropenic patient. Positive sputum cultures in Mycoplasma infection that reversibly
otherwise merely represent upper airway agglutinates RBCs when blood is cooled) may lead
colonization. to Raynaud phenomenon and even digital necrosis
(particularly in patients with sickle cell anemia)
CLINICAL PRESENTATION C. pneumoniae results in a typically mild pneumonia
® Cough, fever, and new pulmonary infiltrate constitute that is slowly progressive and only rarely severe; it
the classic triad may follow URTI symptoms (pharyngitis, sinus
® Other common symptoms include pleurisy, dyspnea, infection) by 1 or 2 weeks
malaise, headache, nausea, vomiting, abdominal pain, ® There is little clinically to differentiate
and diarrhea C. pneumoniae from other causes of pneumonia
= Although no reliable clinical indicators have been Pneumonia is the most common initial acquired
established to differentiate typical pneumonia from immune deficiency syndrome (AIDS)-defining illness,
atypical pneumonia, purulent sputum without with Pneumocystis jiroveci (Fig. 10-11) and
identification of a pathogenic organism heightens S. pneumoniae the leading etiologies
suspicion for Legionella, Mycoplasma, and Infiltrates with cavitation or subacute pneumonia,
Chlamydophilia spp. especially in an immunocompromised patient,
m Certain presentations are associated with specific warrant consideration of tuberculosis (1% to 2% of
etiologic agents, noted in the following: all cases of community-acquired pneumonia)

S. pneumoniae classically presents with sudden

rigor, fever, and cough productive of rust-colored DIAGNOSIS
sputum (Fig. 10-10) ® Chest physical examination is unreliable to include or
Legionella (which may occur sporadically or as to exclude pneumonia diagnosis
part of an outbreak associated with aerosol ® Abnormal vital signs heighten the likelihood of
spread of a contaminated water system) positive CXR
presents as a severe pneumonia with high- m CXR is critical to establish infiltrate and to decrease
spiking fevers mistaken administration of antibiotics for acute
= Classically accompanied by diarrhea, and in bronchitis
some cases, relative bradycardia despite high ® Sputum with more than 25 polymorphonuclear
fevers. Hyponatremia may be more common neutrophils and less than 10 epithelial cells/
with Legionella than with other etiologic high-powered field considered purulent specimen;
agents may adequately reflect pathogen of pneumonia
The hallmark of Mycoplasma infection is a (Fig. 10-12)
paroxysmal, nonproductive cough, often with minimal =~ ® Blood cultures are considered optional but should be
findings on CXR; however, CXR may demonstrate obtained in certain patients (including those with

diffuse pulmonary infiltrates and even effusions
= Bullous myringitis, contrary to lore, is not a usual
finding in Mycoplasma infection

!

FIGURE 10-10 Right upper lobe pneumonia. On this

posteroanterior chest radiograph, note that the right cardiac FIGURE 10-11 Chest radiograph of a patient with Pneumocystis
border is well seen. The alveolar infiltrate is seen in the right jiroveci pneumonia. (From Haslett C, Chilvers ER, Boon NA,
midlung. (From Mettler FA. Essentials of Radiology. 2nd ed. Colledge NR, eds. Davidson’s Principles and Practice of Medicine.

Philadelphia: Saunders; 2005: Fig. 3-44.) 19th ed. Edinburgh: Elsevier Science; 2002: Fig. 1.86.)
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FIGURE 10-12 Purulent sputum in a patient with pneumococcal
pneumonia. Gram stain shows gram-positive diplococci
characteristic of Streptococcus pneumoniae (arrows). (From Haslett
C, Chilvers ER, Boon NA, Colledge NR, eds. Davidson’s Principles
and Practice of Medicine. 19th ed. Edinburgh: Elsevier Science;
2002: Fig. 13.30.)

severe pneumonia, cavitary infiltrates, leukopenia,
active alcohol abuse, chronic severe liver disease,
asplenia, positive pneumococcal urinary antigen test,
and pleural effusion)

® If significant pleural effusion is seen at
presentation, thoracentesis with analysis and
culture should be performed

m Cause of pneumonia is considered definitive only if
bacteria are isolated from normally sterile space (blood,
pleura)

® Cause is considered probable but not definitive if only
cultured from sputum, unless sputum grows Legionella,
tuberculosis, or some fungi
u egionella urinary antigen detects only serotype

1 L. pneumophila; sputum direct fluorescent antibody
less reliable for Legionella spp.

® Chlamydophila and Mycoplasma infections
best diagnosed by polymerase chain reaction
assay of respiratory specimen; serologic tests
unreliable

Recommended Empirical Antibiotics
for Community-Acquired
Pneumonia

TABLE 10-3

Outpatient Treatment

1. Previously healthy and no use of antimicrobials within
previous 3 months
A macrolide (azithromycin, clarithromycin) (strong

recommendation)
Doxycycline (weak recommendation)

2. Presence of co-morbidities such as chronic heart, lung,
liver, or renal disease; diabetes mellitus; alcoholism;
malignancies; asplenia; immunosuppressing conditions or
use of immunosuppressing drugs; or use of antimicrobials
within the previous 3 months (in which case an
alternative from a different class should be selected)

A respiratory fluoroquinolone (moxifloxacin or
levofloxacin) (strong recommendation)

A B-lactam (amoxicillin/clavulanate, high-dose amoxicillin
1 g tid, cefpodoxime, or cefuroxime) plus a macrolide

3. In regions with a high rate (>25%) of infection with
high-level (MIC =16 ug/mL) macrolide-resistant
Streptococcus pneumoniae, consider use of alternative
agents listed previously in (2) for patients without
co-morbidities (moderate recommendation)

Inpatients, Non-ICU Treatment

A respiratory fluoroquinolone (strong recommendation)
A B-lactam (ceftriaxone, cefotaxime, ertapenem) plus a
macrolide (strong recommendation)

Inpatients, ICU Treatment

A B-lactam (cefotaxime, ceftriaxone, or ampicillin/sulbactam)
plus either azithromycin or a respiratory fluoroquinolone
(strong recommendation) (for PCN-allergic patients, a
respiratory fluoroquinolone and aztreonam are
recommended)

Special Concerns

If there is high concern for Pseudomonas infection in sick
patients: antipneumococcal, antipseudomonal -lactam
(piperacillin/tazobactam, cefepime, imipenem, or
meropenem) plus either ciprofloxacin or levofloxacin
(750 mg)

or

The above B-lactam plus an aminoglycoside and a

respiratory fluoroquinolone (for PCN-allergic patients,
substitute aztreonam for above B-lactam) (moderate
recommendation)

If CA-MRSA is a consideration, add vancomycin or linezolid

(moderate recommendation)

CA-MRSA, Community-acquired methicillin-resistant Staphylococcus
aureus; ICU, intensive care unit; MIC, minimum inhibitory
concentration.

Modified from Mandell LA, Wunderink RG, Anzueto A, et al. Infectious
Diseases Society of America/American Thoracic Society consensus

TREATMENT

Table 10-3 summarizes the initial therapy for suspected bac-

terial community-acquired pneumonia.

m First decision is whether to manage as outpatient or
whether hospitalization is appropriate

® Pneumonia severity index (PSI) or CURB-65 score
may help guide hospitalization; PSI has higher
sensitivity but lower specificity than CURB-65
(Tables 10-4 and 10-5)

" Hospitalization usually required for patients who
have co-morbidities, highly abnormal vital signs,
hypoxemia, laboratory abnormalities, or who are
older adults

® |nitial antibiotic choice typically empiric and should
cover S. pneumoniae

guidelines on the management of community-acquired pneumonia
in adults. Clin Infect Dis. 2007;44:527-S73.

# Should also cover atypical agents and drug-resistant
Pneumococcus if patient is severely ill (see Table

10-3)

B Timely antibiotic administration (within 6 hours of

initial encounter) correlates with decreased mortality;
considered standard of care

® Many guidelines exist with slight variations; consider

individual patient factors when selecting empiric
antibiotics
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LUIER O AN Pneumonia Severity Index*

Step 1. Is the patient at low risk (class I) based on the history and physical examination and not a resident of a nursing home?

Age <50 years

and

None of the co-existing conditions or physical examination findings listed in step 2

No: Go to step 2

Yes: Outpatient treatment is recommended

Step 2. Calculate risk score for classes Il to V

Patient Characteristics Points Assigned Patient’s Points

Demographic factors
Age (years)

Males Age o
Females Age -10 -
Nursing home resident +10 o
Co-existing conditions

Neoplastic disease +30 o
Liver disease +20 -
Congestive heart failure +10 o
Cerebrovascular disease +10 -
Renal disease +10

Initial physical examination findings

Altered mental status +20 o
Respiratory rate 230 breaths/min +20 .
Systolic blood pressure <90 mm Hg +20 .
Temperature <35°C (95°F) or 240°C (104°F) +15 .
Pulse =125 beats/min +10 o
Initial laboratory findings (score zero if not tested)

pH <7.35 +30 o
Blood urea nitrogen >30 mg/dL (10.5 mmol/L) +20 -
Sodium <130 mEq/L (130 mmol/L) +20 o
Glucose 2250 mg/dL (13.9 mmol/L) +10 .
Hematocrit <30% (0.30) +10 o
Arterial PO, <60 mm Hg or O, saturation <90% +10 o
Pleural effusion +10

Total score (sum of patient’s points):

30-Day Mortality Data by Risk Class

Total Score Risk Class Recommended Site of Treatment Mortality Range Observed in Validation Cohorts (%)
None (see step 1) | Outpatient 0.1

<70 Il Outpatient 0.5

71-90 ln Outpatient 0.9-2.8

91-130 v Inpatient 8.2-93

>130 \ Inpatient 27-29.2

*Step 1 identifies patients in risk class | on the basis of age of 50 years or younger and the absence of all co-morbid conditions and vital sign
abnormalities listed in step 2. For all patients who are not classified as risk class |, the laboratory data listed in step 2 should be collected to
calculate a pneumonia severity score. Risk class and recommended site of care based on the pneumonia severity score are listed in the final
portion of the table. Thirty-day mortality data are based on two independent cohorts of 40,326 patients.

0O,, Oxygen; PO,, partial pressure oxygen.

From Metlay |P, Fine M. Testing strategies in the initial management of patients with community-acquired pneumonia. Ann Intern Med.
2003;138:115.
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Clinical Feature Points (CURB-65)
(score 1 point for each variable
present)
Confusion (defined as a 1

mental test score S8, or

disorientation in person,
place, or time)

TABLE 10-5

Uremia: Blood urea 1
>7 mmol/L (=19 mg/dL)

Respiratory rate: 230 1
breaths/min

Blood pressure: systolic 1
<90 mm Hg or diastolic
<60 mm Hg

Age >65 years 1
Total points

Mortality Risks and Treatment Recommendations
Based on CURB-65 Score

Score Group

Oorl Mortality risk low (1.5%),
consider home treatment

2 Mortality risk moderate

(9.2%), consider hospital-
supervised treatment

3 Mortality risk high (22%),
manage in hospital

Consider admission to
intensive care unit

4o0r5

From Lim WS, van der Eerden MM, Laing R, et al. Defining community
acquired pneumonia severity on presentation to hospital: an
international derivation and validation study. Thorax.
2003;58:377-382.

Review Questions

For review questions, please go to ExpertConsult.com.
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CHAPTER 11

REVIEW

Genitourinary Infections

KHALIL G. GHANEM, MD, PhD

Sexually transmitted diseases (STDs) may be classified
according to syndromes. These include genital ulcer dis-
eases, urethritis, cervicitis, pelvic inflammatory disease, epi-
didymitis, vaginal discharge, genital warts, proctitis, and
ectoparasite infestations. Urinary tract infections (UTIs)
may involve the lower genitourinary tract or both the
upper and lower tracts. Treatment differs based on the site
involved.

Genital Ulcer Diseases

Table 11-1 provides a summary of the presentations and
causes of urogenital ulcer diseases.

HERPES SIMPLEX VIRUS

Figure 11-3 shows an example of primary genital herpes

Basic Information

® Genital infections are caused by both herpes simplex
virus (HSV)-2 and HSV-1; HSV-1 also causes orolabial
herpes (“cold sores”)
# HSV-1 is now the predominant cause of genital

herpes among young people

® Seroprevalence of HSV-2 and HSV-1 in adults in the
United States is 17% and 60%, respectively

5 Up to 70% of cases of genital herpes are
asymptomatic and unrecognized

® Incubation period: 2 to 7 days

® Viral shedding occurs even in the absence of lesions;
the amount of shedding declines over time

® Prior infection with HSV-1 does not protect against
incident HSV-2 infection, although incident HSV-1 in
persons infected with HSV-2 is rare

Clinical Presentation

® Primary genital herpes lesions are classically painful,
multiple, and grouped on erythematous base, beginning
as macules and papules, evolving to vesicles and ulcers

B Local symptoms may include pain, itching, dysuria, and
tender inguinal adenopathy

® Primary lesions may be accompanied by fever,
headache, malaise, and myalgias

® Recurrent disease is less severe than primary disease but
may be severe in immunosuppressed individuals.

B Primary infections with HSV-1 and 2 are similar;
recurrent infections with HSV-1 tend to be less severe
and less frequent than recurrent infections with HSV-2

® Extragenital complications include central nervous
system involvement (e.g. meningitis or encephalitis)
and urinary retention

Diagnosis

® Clinical diagnosis can be confirmed by cell culture
(gold standard but low sensitivity), detection of viral
antigen (low sensitivity), polymerase chain reaction
(PCR) (most sensitive), and serology (type-specific
glycoprotein G1 and G2)

® Serology is the preferred method when no active lesions
are present

® Tzanck preparation may show multinucleated giant
cells (very low sensitivity)

B Serologic testing may be negative in primary infection;
serologic false positives may occur, particularly if the
pretest probability of having HSV is low

® [mmunoglobulin M (IgM) serologies are neither
sensitive nor specific for primary infections; there are
no universal screening recommendations

® The presence of IgG antibodies to HSV-2 is
diagnostic of genital infection; IgG antibodies to
HSV-1 may reflect either orolabial infection or
genital infection

B A combination of history, physical examination
findings, and serologic test results are needed to assess
whether a given patient’s ulcer(s) are attributable to
herpes

Treatment

B Systemic antiviral drugs (e.g., acyclovir,
famciclovir, or valacyclovir) can be used as
episodic or suppressive therapy and they are all
equally efficacious
» Episodic treatment does not eradicate the virus or
reduce frequency of recurrences

" Daily suppressive therapy among patients with
6 or more recurrences per year can reduce
the frequency by up to 80% and prevents
recurrences in 25% to 30% of patients; frequency
of episodes may diminish over time

® Suppressive therapy does not eliminate subclinical
viral shedding

# Once-daily valacyclovir in the infected partner, in
addition to consistent condom use, may help
decrease transmission to an uninfected partner by
approximately 55%

SYPHILIS
Basic Information

® Systemic illness with protean manifestations caused by
Treponema pallidum

® Major routes of transmission are via sexual intercourse
and from mother to fetus

89
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LU EB S Urogenital Ulcer Disease

Ulcerative Disease Causative Agent

Genital herpes HSV-2 > HSV-1
Syphilitic chancre Treponema
pallidum

Chancroid Haemophilus
(Fig. 11-1) ducreyi

Donovanosis or Klebsiella
granuloma granulomatis
inguinale

Lymphogranuloma Chlamydia
venereum trachomatis
(LGV; Fig. 11-2) serovar L1, L2,

orL3

Clinical Presentation

Cluster of vesicles on
erythematous base
Painful and pruritic
Dysuria
Lymphadenopathy

Single, painless ulcer at the
site of inoculation

Clean base and raised, firm
border

Painless lymphadenopathy

Painful ulcer
Tender inguinal adenopathy
Occurs in outbreaks

Painless papule or nodule
erodes into beefy-red
granulomatous ulcer with
rolled edges.

Endemic in Far East Asia
and Southern Africa

Painless genital ulcer;
Painful inguinal
lymphadenopathy (with
groove sign)

Proctitis

Diagnosis

Tzanck preparation,
multinucleated giant
cells (low sensitivity)

Viral culture (70%
sensitivity)

PCR

Glycoprotein G-based
serologies

Darkfield examination

Serology:
Nontreponemal
(RPR, VDRL)

Treponemal (FTA-ABS,
MHA-TP, TP-PA, ElAs)

Clinical diagnosis
Culture available but
not widely used

Donovan bodies on
biopsy

Clinical syndrome

Serology

Complement fixation
titers of at least 1:64

Nucleic acid
amplification tests

Treatment

Acyclovir or famciclovir
or valacyclovir

Penicillin

Azithromycin or
ceftriaxone or
ciprofloxacin

Doxycycline or
trimethoprim-
sulfamethoxazole

Treat at least 3 weeks

Doxycycline for 3
weeks

EIA, Enzyme immunoassay; FTA-ABS, fluorescent treponemal antibody, absorbed; HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus
type 2; MHA-TP, microhemagglutination-T. pallidum; PCR, polymerase chain reaction; RPR, rapid plasma regain; TP-PA, T. pallidum particle
agglutination; VDRL, venereal disease research laboratory.

Clinical Presentation
® Primary syphilis (Fig. 11-4)

Begins as a chancre (a single, painless papule) at
the site of inoculation 2 to 3 weeks after

exposure

® Quickly erodes and becomes indurated with a

clean base and raised, firm borders

= Atypical lesions occur in 60% of cases
® Primary lesions may be accompanied by regional

painless bilateral adenopathy

Late latent syphilis implies acquisition more than
1 year before diagnosis
® Tertiary syphilis

ocular, and visceral lesions

Implies late manifestations of syphilis
Gummatous syphilis results in skeletal, mucosal,

Average time of onset is 4 to 12 years after infection

Cardiovascular syphilis causes endarteritis of the
aortic vasovasorum

® Average time of onset is 15 years

® Presents as aortic aneurysm or aortic valve

® Secondary or disseminated syphilis (Fig. 11-5)

Begins 2 to 8 weeks after appearance of chancre
May be associated with flulike symptoms,
generalized lymphadenopathy, and temporary

patchy alopecia

Characteristic rash may be macular, maculopapular,
papular, or pustular, and may involve the whole body

or palms and soles

Condylomata lata appear as raised, painless,
gray-white lesions; are highly infectious, and
develop in intertriginous areas and on mucous

membranes
® Latent syphilis

Defined by a lack of clinical manifestations with

positive serology

Latent syphilis acquired within the preceding year is

early latent syphilis

insufficiency
® Neurosyphilis
Can occur at any syphilis stage (i.e., may be an
early manifestation or a tertiary one)

Early neurosyphilis (meningovascular syphilis) usually

presents during the first year after infection as
meningitis (often, a basilar meningitis involving

cranial nerves) particularly among HIV-infected

persons
Late neurosyphilis, occurring many years after
primary infection, may be meningovascular

(presenting as stroke), parenchymatous (manifesting
as tabes dorsalis, electrical pains shooting down the

hallucinations)

stage of syphilis

legs), or general paresis (personality changes,

® Auditory manifestations may also occur during any



FIGURE 11-1 Chancroid presents as a painful ulcer and
suppurative adenopathy. (From www.cdc.gov.)

® Ophthalmic syphilis may occur at any stage and
includes iritis, uveitis, neuroretinitis, and optic neuritis

Diagnosis

® Darkfield examination of genital lesions and direct
fluorescent antibody tests of lesion exudates or tissue
provide definitive evidence

® Two types of serologic tests are used for presumptive
diagnosis:

» Nontreponemal tests include rapid plasma reagin
(RPR) and venereal disease research laboratory
(VDRL) tests
= Often used as screening tests
= Because of low specificity, must be confirmed

by a treponemal test
= May revert to negative even in the absence of
therapy

# Treponemal tests include the fluorescent treponemal
antibody, absorbed (FTA-ABS), T. pallidum particle
agglutination tests (TP-PA), and newer automated
tests (enzyme immunoassays [EIA] or
chemoilluminescent assays [CIA])

5 CIA or EIA now being used as screening tests
instead of nontreponemal tests

® A positive test should reflex to a nontreponemal
test; if the nontreponemal test is negative, a
second different treponemal test (usually the
TP-PA) should be done to confirm the first

positive treponemal test
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FIGURE 11-2 A, Early lymphogranuloma venereum (LGV)
presents first as an ulcer and then as painful inguinal
lymphadenopathy. B, Late complications of LGV include
genital elephantiasis. (From www.cdc.gov.)

u Serologic tests may be negative in approximately
30% of primary syphilis cases but are approximately
100% sensitive in secondary syphilis
= A negative RPR essentially rules out the diagnosis

of