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

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

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

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

Steve and Liz Agabegi
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DISEASES OF THE
CARDIOVASCULAR

SYSTEM

@@ Ischemic Heart Disease

e e Stahle Angina Pectoris
A. General characteristics

1.

3.

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

s a0 o

4. Prognostic indicators of CAD

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

B. Clinical features

1.

Chest pain or substernal pressure sensation

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

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

c. Pain is often gradual in onset

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

or emotion

Relieved with rest or nitroglycerin

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

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

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

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

Quick

In a patient with CAD, goal of
LDL s less than 100 mg/dL.

=
(2]
D
QD
(2]
D
(]
(—]
—
et
—a
(4]
(e}
QD
—
==
(—]
=
QD
[
(]
[—
QD
—
w
~
(]
—
(1]
3

~ T4
Quick ;1)
Typical Anginal Chest Pain
e Substernal
* Worse with exertion
¢ Better with rest or nitro-
glycerin
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Quick

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

. \7

Quick [,/ h)

Stress testing is used in the

following situations:

* To confirm diagnosis of
angina

¢ To evaluate response of
therapy in patients with
documented CAD

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

Quick

Exercise stress ECG is

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

Quick

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

cowen. PEARL v+

There Are Two Conditions Termed Syndrome X

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

C. Diagnosis (of CAD)

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

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

pain, then treat as unstable angina (USA)

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

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

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

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

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

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

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

b. Stress echocardiography

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

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

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

cmews PEARL vz

Types of Stress Tests

Test Method of Detecting Ischemia

Exercise ECG ST segment depression

Exercise or dobutamine echocardiogram Wall motion abnormalities

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

technetium) exercise



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

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

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

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

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

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

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

Perfusion imaging increases the sensitivity and specificity of exercise stress

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

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

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

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

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

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

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

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

b. Useful for evaluating unexplained syncope and dizziness as well

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

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

cumont PEARL i

Cardiac Catheterization

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

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

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

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

e After a positive stress test.

e Acute Ml with intent of performing angiogram and PCI.

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

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

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

Coronary Arteriography (Angiography)

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

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

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

3
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Standard of care for stable
angina is aspirin and a
B-blocker (only ones that
lower mortality), and
nitrates for chest pain.

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

¢ Tolerance
¢ Syncope

FIGURE
11

b.

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

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

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

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

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

revascularization (CABG).

D. Treatment
1. Risk factor modification
a.

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

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

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

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

lent, and strict glycemic control should be strongly emphasized.

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

g.

idemia) and provides other health benefits.

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

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

Medical therapy

a.

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

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

atenolol and metoprolol.

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

¢ Have been shown to reduce the frequency of coronary events

Nitrates—cause generalized vasodilation

¢ Relieve angina; reduce preload myocardial oxygen demand

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

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

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

medical therapy with PCI

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

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

cuwea PEARL 4 I

Percutaneous Coronary Intervention

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

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

e Best if used for proximal lesions.

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

Coronary Artery Bypass Grafting

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

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

alli(,‘k A. General characteristics

1. Pathophysiology

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

¢ The clinical manifesta-

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

e Term generally refers to

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

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

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

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

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

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

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

e
= should undergo cardiac catheterization initially.
Quick

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

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

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

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

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

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

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

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

tion was also lower in the
enoxaparin group.

lmal

Oxygen if patient is hypoxic

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

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

OUick ~ symptoms

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

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

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

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

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

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

* Smoking cessation, weight loss

* Treat diabetes, HTN

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

o e Variant (Prinzmetal) Angina

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

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

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

e e Myocardial Infarction

A. General characteristics

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

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

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

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

B. Clinical features

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

< \/
Quick

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

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

: G. Diagnosis

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

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

pressure, hepatomegaly,

-e o o

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

will cause cardiovascular
collapse.

¢ ST segment depression: Subendocardial injury

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

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

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

Anterior

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

Posterior

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

Lateral

Q waves in leads | and aVL (late change)

Inferior

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

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

Categories of infarcts

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

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

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

a.

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

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

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

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

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

. CK-MB—Iless commonly used

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

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

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

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

cumont PEARL s

Cardiac Monitoring for a Patient With an Acute M|

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

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

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

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

Quick

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

Quick

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

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

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

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

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

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

Pearl 1-6.

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

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

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

cument PEARL v

Methods of Revascularization
Percutaneous Coronary Intervention

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

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

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

Thrombolytic Therapy

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

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

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

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

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

Absolute Contraindications to Thrombolytic Therapy

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

e Recent invasive procedure or surgery

e Dissecting aortic aneurysm

¢ Active bleeding or bleeding diathesis

Coronary Artery Bypass Grafting

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

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

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

Quick

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

Quick

The following are indicated
in patients with Ml:

¢ Oxygen

* Nitroglycerin

* [-Blocker

e Aspirin

* Morphine

¢ ACE inhibitor

¢ |V Heparin

Quick

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

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

2011:183, Figure 7.12.)

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

< \7
Quick [k}

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

the need for angioplasty or
CABG).

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

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

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

4. Rehabilitation

a.

b.

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

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

a.
b.

C.

Most common cause of in-hospital mortality

If mild, treat medically (ACE inhibitor, diuretic)

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

2. Arrhythmias

a.

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

b. Atrial fibrillation (AFib)

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

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

Arrhythmias on page 22)

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

Paroxysmal supraventricular tachycardia (PSVT)—for treatment, see
Arrhythmias



(c) ketabton.com: The Digital Library
DISEASES OF THE CARDIOVASCULAR SYSTEM [ J 13

\/
g. Sinus tachycardia -
e May be caused by pain, anxiety, fever, pericarditis, medications, etc. alll Gk H IT

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

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

inferior M1

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

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

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

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

ate treatment.
j- AV block

e Associated with ischemia involving conduction tracts.

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

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

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

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

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

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

Continue standard medical therapy for ML

4. Mechanical complications
a. Free wall rupture

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

¢ 90% mortality rate

¢ Usually leads to hemopericardium and cardiac tamponade

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

b. Rupture of interventricular septum

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

¢ Occurs within 10 days after MI

e Likelihood of survival correlates with size of defect

c. Papillary muscle rupture

* Produces MR (presents with new murmur)

* If suspected, obtain an echocardiogram immediately

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

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

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

Quick

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

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

esophageal spasm is still a
possibility).

Quick

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

5.

6.

w

5.
6.

2.
3.

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

ee (Chest Pain

A. Differential diagnosis
1.

Heart, pericardium, vascular causes

a. Stable angina, USA, variant angina

b. MI

c. Pericarditis

d. Aortic dissection

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

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

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

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

Psychiatric: Panic attacks, anxiety, somatization

Cocaine use can cause angina or MI

. Approach to treating a patient with chest pain
1.

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

Develop a focused history

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

. Location of pain
Severity of pain

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

Radiation of pain

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

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

Perform a focused physical examination, with attention to cardiopulmonary,

abdominal, and musculoskeletal examination

Order ancillary tests

. Obtain ECG in almost all cases

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

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

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

lism (PE) (see pulmonary section)

= gioa e AN o
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Develop a diagnosis

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

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

@@ Congestive Heart Failure

A. General characteristics

1.

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

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

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

cumont PEARL_Ji7

High-output Heart Failure

1.

2.

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

Causes include:

e Chronic anemia

e Pregnancy

e Hyperthyroidism

o AVfistulas

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

e Paget disease of bone

e MR

e Aortic insufficiency

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

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

Quick

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

Y

Activation of
renin—angiotensin—
aldosterone system

Y

Activation of
sympathetic
nervous system

Systemic vasoconstriction
and volume retention

'

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

preload does not result
infcardiac output (see

Frank—Starling mechanism).

v

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

FIGURE
1-5 Pathophysiology of CHF.

c. Causes include:

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

dysfunction

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

regurgitation

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

B. Clinical features

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

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

Stroke volume

recumbent position; relieved by eleva-

Normal heart

Failing heart

Preload

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

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

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

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

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

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

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

physiology as orthopnea)

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

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

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

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

mean o

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

Tests to order for a new

patient with CHF:

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

e ECG

¢ Cardiac enzymes to rule

out Ml

CBC (anemia)

Echocardiogram (esti-

mate EF, rule out pericar-

dial effusion)
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Symptoms suggestive of heart failure: I

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

Patient presents with
symptoms of heart failure

= Lower extremity edema

« Decreased exercise tolerance

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

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

Indications for hospitalization:

Physical findings that support a diagnosis of

heart failure:

+ Elevated jugular venous pressure or positive
abdominal-jugular reflux

+ A third heart sound

= Laterally displaced cardiac apical impulse

» Hypotensive with organ hypoperfusion

= Severely dyspneic or periodic respirations
« Profound fluid retention states

» Substantive renal or hepatic insufficiency

Physical exam and
intitial testing

» Pulmonary rales that do not clear with cough

» Peripheral edema not due to venous
insufficiency

+ Narrow pulse pressure

» Hemodynamic instability requiring IV inotropes

« Dysrhythmias requiring I'V antidysrhythmic Tx or malignancy

« Decompensated HF with refractory angina

» Complication after cardiac transplantation including rejection
with hemodynamic instability

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

reflects diagnosis of myocardial ischemia/injury or new necrosis

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

Ejection fraction <45-® ¢ )

jection fraction >45%

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

(diastolic dysfunction
|

v

Determine etiology

= Evaluate ETOH use
= Obtain diet history

smoking, obesity ¢

Angiography
ginafischemia?

Yes No, or unable to

l revascularize

Y

Systolic dysfunction

= ACE inhibitors
= Digoxin

Revascularize and
“statins”

—>

3 * B-Blockers
= Diuretics
« Nitrates

General nonpharmacological management:
* 2-g sodium diet

» Low animal fat diet (ischemic etiology)

» Fluid restriction

+ Weight control (BMI <27)

+ Avoidance of alcohol/nicotine

intensity—30 min
» Stress management

* Yearly flu shot

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

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

v

Diastolic dysfunction

Y

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

If ACE inhibitor intolerance

» Hydralazine/isosorbide
dinitrate combination

= Angiotensin II receptor blockers

Treatment based on specific
etiology and symptoms

FIGURE
1-7

Diagnosis and management of CHF.

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

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

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

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

c. Prominent interstitial markings BNP is released from the

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

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

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

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

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

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

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

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

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

<300 virtually excludes

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

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

a. ldentifies ischemia and/or infarction

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

HTN is a common cause of

CHF and should be treated.

D. Treatment Goal is to reduce preload
and afterload.

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

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

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

Quick

Monitoring a patient with

CHF:

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

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

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

Quick

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

Quick

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

Quick

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

* Weight loss

¢ Smoking cessation

¢ Restrict alcohol use

* Exercise program

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

. Diuretics

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

¢ Recommended for patients with systolic failure and volume overload

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

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

e Thiazide diuretics: Hydrochlorothiazide—modest potency

. Spironolactone (aldosterone antagonist)

¢ Prolong survival in selected patients with CHF

¢ Monitor serum potassium and renal function

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

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

. ACE inhibitors

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

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

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

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

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

* Always start at a low dose to prevent hypotension.

* Monitor BP, potassium, BUN, and creatinine.

. Angiotensin II receptor blockers (ARBs)

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

. B-Blockers

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

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

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

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

. Digitalis

¢ Positive inotropic agent.

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

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

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

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

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

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

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

e Metformin—may cause potentially lethal lactic acidosis

¢ Thiazolidinediones—causes fluid retention

* NSAIDs may increase risk of CHF exacerbation

 Some antiarrhythmic agents that have negative inotropic effects

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

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

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

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

symptomatically (NO medications have proven mortality benefit)

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

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

c. Digoxin and spironolactone should NOT be used.

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

® Acute Decompensated Heart Failure

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

cumont PEARL i

General Principles in the Treatment of CHF

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

Mild CHF (NYHA Classes I to ll)

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

Mild to Moderate CHF (NYHA Classes Il to Ill)

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

Moderate to Severe CHF (NYHA Classes Il to IV)

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

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

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

Quick

Medications that have been

shown to lower mortality in

systolic heart failure:

* ACE inhibitors and ARBs

* [-Blockers

* Aldosterone antagonists
(spironolactone)

* Hydralazine, plus nitrate

Medications that do NOT

decrease mortality

¢ Loop diuretics

* Digoxin

Quick

Signs of digoxin toxicity:

¢ GI: Nausea/vomiting, ano-
rexia

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

e CNS: Visual disturbances,
disorientation

\/

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

Quick

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

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

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

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

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

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

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

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

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

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

. Dietary sodium restriction.

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

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

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

T o m
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@@ Arrhythmias

oo Premature Complexes

A. Premature atrial complexes

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

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

ischemia, and infection.

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

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

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

usually a pause before the next sinus P wave.

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

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

o
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E
Normal sinus rhythm with premature ventricular contraction.

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

B. Premature ventricular complexes

1.

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

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

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

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

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

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

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

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

O Tachyarrhythmias

oo [trial Fibrillation
A. General characteristics

1.

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

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

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

B. Causes

Uk W =

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

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

Quick

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

¢ Couplet: Two successive
PVCs

¢ Bigeminy: Sinus beat
followed by a PVC

* Trigeminy: Two sinus
beats followed by a PVC

Quick

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

The treatment of AFib and

atrial flutter are similar.

There are three main goals:

e Control ventricular rate

¢ Restore normal sinus
rhythm

¢ Assess need for antico-
agulation

Stress (e.g., postoperative)

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

Pheochromocytoma

© X N

. Clinical features

1. Fatigue and exertional dyspnea

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

3. An irregularly irregular pulse

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

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

. Treatment

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

AFib

v

Hemodynamically

stable? |

Yes I\I)
Rate control Immediate electrical

cardioversion

v

Duration of AFib
>48 hr?

Yes or unknown

|
v v

TEE Anticoagulate

r) for 3 wk No
l Yes
|

Thrombus in
left atrium?

[ v
No 9 Cardioversion

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

Cardioversion

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

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

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

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

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

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

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

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

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

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

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

c. Anticoagulation to prevent embolic cerebrovascular accident (CVA)

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

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

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

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

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

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

oo Atrial Flutter

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

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

to rhythm control in treat-
ment of AFib.

Quick

Risk of CVA in Patients

with AFib

¢ Patients with “lone AFib”:
1%l/yr

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

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

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

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

G. Treatment
1. Similar to treatment for AFib

=
[==]
¥ —
(=
—
w
o
sl
—]
(-
(]
(1=]
=
(—)
=
Lt
(1~
(-
D
e —
h—
e
(—]
(]
D
(-]
(1=
D
o=
(===

® Multifocal Atrial Tachycardia

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

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

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

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

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

o Paroxysmal Supraventricular Tachycardia

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

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

* Most common cause of supraventricular tachyarrhythmia (SVT)

¢ Initiated or terminated by PACs

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

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

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

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

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

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

e Initiated or terminated by PACs or PVCs

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

2. Causes

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

o Eee
FIGURE
1-13 ECG showing PSVT.

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

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

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

L]
¢ Chest pressure
* Nausea

c. AV node reentry

d. Atrial flutter with rapid ventricular response

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

B. Treatment

1.

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

oo \Wolff—Parkinson—White Syndrome

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

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

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

deflection seen before the QRS complex)

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

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

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

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

o e \entricular Tachycardia

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

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

me s T

B. Clinical features

1.

Rl el

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

May present with sudden cardiac death

Signs of cardiogenic shock may be present

May be asymptomatic if rate is slow

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

1.

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

Quick

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

Quick

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

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

¢ |V magnesium provides
cardiac stabilization.

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

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

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

second) QRS tachycardia.
D. Treatment

1. Identify and treat reversible causes
2. Sustained VT

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

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

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

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

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

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

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

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

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

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

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

delivery are promptly
restored.

Sudden cardiac death:
Unexpected death within

required in these patients.
4. Fatal if untreated

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

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

- s syndrome
Quick .

. Clinical features

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

cardias originate above

ventricles. Wide complex 2. Patient is unconscious

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

more ominous because they D. Diagnosis

are more likely to progress . . . .

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

2. No QRS complexes can be identified
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FIGURE

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

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

. Treatment

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

O Bradyarrhythmias

L]

ee Sinus Bradycardia

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

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

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

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

ee Sick Sinus Syndrome

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

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

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

oo AV Block

A. First-degree AV block

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

Quick

* Drugs cannot convert
VFib by themselves. Defi-

brillation is key, along with

CPR and epinephrine.

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

Quick

Pulseless Electrical

Activity (PEA)

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

carries a grim prognosis.

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

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

T
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FIGURE

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

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

C. Third-degree (complete) AV block

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

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

)
@ Diseases of the Heart Muscle

o e Dilated Cardiomyopathy

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

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

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

related to the dilated ventricle.
5. Sudden death.

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

Quick

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

ee Hypertrophic Cardiomyopathy

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

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

increases systemic

_ decreased gradient across aortic valve)
resistance.

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

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

D. Treatment
1. Asymptomatic patients generally do not need treatment, but this is controversial.
No studies have shown any alteration in the prognosis with therapy, so treatment
generally focuses on reducing symptoms.
2. All patients should avoid strenuous exercise, including competitive athletics.
3. Symptomatic patients
a. f-Blockers should be the initial drug used in symptomatic patients; they reduce
symptoms by improving diastolic filling (as HR decreases, duration in diastole
increases), and also reduce myocardial contractility and thus oxygen consumption.
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b. Calcium channel blockers (verapamil).
* Can be used if patient is not responding to 3-blocker.
* Reduce symptoms by similar mechanism as f-blockers.
c. Diuretics can be used if fluid retention occurs.
d. If AFib is present, treat accordingly (see Atrial Fibrillation).
e. Surgery
* Myomectomy has a high success rate for relieving symptoms. It involves the
excision of part of the myocardial septum. It is reserved for patients with
severe disease.
e Mitral valve replacement is now rarely performed.
f. Pacemaker implantation has had variable results.

e e Restrictive Cardiomyopathy

A. General characteristics
1. Infiltration of the myocardium results in impaired diastolic ventricular filling due
to decreased ventricular compliance.
2. Systolic dysfunction is variable and usually occurs in advanced disease.
3. Less common than dilated and hypertrophic cardiomyopathies.

B. Causes

Amyloidosis

Sarcoidosis

Hemochromatosis

Scleroderma

Carcinoid syndrome

Chemotherapy or radiation induced
Idiopathic

Nowh W=

C. Clinical features
1. Elevated filling pressures cause dyspnea and exercise intolerance.
2. Right-sided signs and symptoms are present for the same reason.
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D. Diagnosis
1. Echocardiogram
a. Thickened myocardium and possible systolic ventricular dysfunction
b. Increased right atrium (RA) and LA size with normal LV and RV size
c. In amyloidosis, myocardium appears brighter or may have a sparkled appearance
2. ECG: Low voltages or conduction abnormalities, arrhythmias, AFib
3. Endomyocardial biopsy may be diagnostic

E. Treatment
1. Treat underlying disorder

Hemochromatosis: Phlebotomy or deferoxamine

Sarcoidosis: Glucocorticoids

Amyloidosis: No treatment available

. Give digoxin if systolic dysfunction is present (except in patients with cardiac

amyloidosis, who have increased incidence of digoxin toxicity)

2. Use diuretics and vasodilators (for pulmonary and peripheral edema) cautiously,

because a decrease in preload may compromise cardiac output

ao ow

e e Myocarditis

¢ Inflammation of the myocardium, with many possible causes, including viruses (e.g.,
Coxsackie, parvovirus B19, human herpes virus-6), bacteria (e.g., group A streptococ-
cus in rheumatic fever, Lyme disease, mycoplasma, etc.), SLE, medications (e.g., sul-
fonamides); can also be idiopathic.

¢ May be asymptomatic, or may present with fatigue, fever, chest pain, pericarditis, CHE
arrhythmia, or even death
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e The classic patient is a young male.

¢ Look for elevations in cardiac enzyme levels and erythrocyte sedimentation rate.

¢ Treatment is supportive. Treat underlying causes if possible, and treat any
complications.

.. Pericardial Diseases

oo Acute Pericarditis

A. General characteristics
1. Inflammation of the pericardial sac—may be an isolated finding or part of an
underlying disorder or generalized disease
2. Causes
a. Idiopathic (probably postviral): Most cases of idiopathic pericarditis are pre-

— sumed to be postviral, usually preceded by a recent flulike illness or by upper
-2 respiratory or GI symptoms
= b. Infectious: Viral (e.g., Coxsackievirus, echovirus, adenovirus, EBV, influenza,
— HIV, hepatitis A or B), bacterial (tuberculosis), fungal, toxoplasmosis
E c. Acute MI (first 24 hours after M1)

Zz= d. Uremia

= e. Collagen vascular diseases (e.g., SLE, scleroderma, rheumatoid arthritis,
= sarcoidosis)

S f. Neoplasm—especially Hodgkin lymphoma, breast, and lung cancers

= g. Drug-induced lupus syndrome (procainamide, hydralazine)

- h. After MI: (Dressler syndrome)—usually weeks to months after MI

=} . . .

- i. After surgery—postpericardiotomy syndrome

= j. Amyloidosis

S k. Radiation

=

= I. Trauma

3. The majority of patients recover within 1 to 3 weeks. A minority of patients have
a prolonged course or recurrent symptoms
4. Complications
a. Pericardial effusion
b. Cardiac tamponade—can occur in up to 15% of patients; close observation is
important

74 B. Clinical features

OUiCk 1. Chest pain (most common finding)

a. Often severe and pleuritic (can differentiate from pain of MI because of associa-

Cardinal manifestations of tion with breathing).

fcg';]igte;:iird't's: b. Often localized to the retrosternal and left precordial regions and radiates to the

* Pericardial friction rub tra.peglus “_d,ge and n?ck. . . . .

« ECG changes—diffuse ST c. Pain is positional: It is aggravated by lying supine, coughing, swallowing, and
elevation; PR depression deep inspiration. Pain is relieved by sitting up and leaning forward.

* Pericardial effusion (with d. Pain is not always present, depending on the cause (e.g., usually absent in

or without tamponade) rheumatoid pericarditis).

2. Fever and leukocytosis may be present
3. Patient may give symptoms of preceding viral illness such as a nonproductive
cough or diarrhea
4. Pericardial friction rub
a. Not always present, but it is very specific for pericarditis
b. Caused by friction between visceral and parietal pericardial surfaces
c. Scratching, high-pitched sound with up to three components. Patients may
have any or all of the three components:
e Atrial systole (presystolic)
* Ventricular systole (loudest and most frequently heard)
e Early diastole
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d. Heard best during expiration with patient sitting up and with stethoscope
placed firmly against the chest

e. Friction rub may come and go over a period of several hours, and can vary
greatly in intensity

1.

e
—

W=

ECG shows four changes in sequence

a. Diffuse ST elevation and PR depression

b. ST segment returns to normal—typically around 1 week

c. T wave inverts—does not occur in all patients

d. T wave returns to normal

Echocardiogram if pericarditis with effusion is suspected, but echocardiogram is
often normal

reatment

Most cases are self-limited and resolve in 2 to 6 weeks.

Treat the underlying cause if known.

NSAIDs are the mainstay of therapy (for pain and other systemic symptoms).
Colchicine is also often used.

Glucocorticoids may be tried if pain does not respond to NSAIDs, but should be
avoided if at all possible.

Relatively uncomplicated cases can be treated as an outpatient. However, patients
with more worrisome symptoms such as fever and leukocytosis and patients with
worrisome features such as pericardial effusion should be hospitalized.

e e (onstrictive Pericarditis
A. General characteristics

1.

2.

Fibrous scarring of the pericardium leads to rigidity and thickening of the peri-

cardium, with obliteration of the pericardial cavity.

Pathophysiology

a. A fibrotic, rigid pericardium restricts the diastolic filling of the heart.

b. Ventricular filling is unimpeded during early diastole because intracardiac vol-
ume has not yet reached the limit defined by the stiff pericardium.

c. When intracardiac volume reaches the limit set by the noncompliant pericar-
dium, ventricular filling is halted abruptly. (In contrast, ventricular filling is
impeded throughout diastole in cardiac tamponade.)

Causes

a. In most patients, the cause is never identified and is idiopathic or related to a
previous viral infection.

b. Other causes include uremia, radiation therapy, tuberculosis, chronic pericar-
dial effusion, tumor invasion, connective tissue disorders, and prior surgery
involving the pericardium.

B. Clinical features

1.
2.

Patients appear very ill

Patients with constrictive pericarditis typically present in one of the two ways:

a. With symptoms characteristic of fluid overload such as edema, ascites, and
pleural effusions

b. With symptoms related to the diminished cardiac output such as dyspnea on
exertion, fatigue, decreased exercise tolerance, and cachexia

c. Patient can present with a combination of both of these findings

. Signs include:

a. JVD—most prominent physical finding; central venous pressure (CVP) is ele-
vated and displays prominent x and y descents

Kussmaul sign—]JVD (venous pressure) fails to decrease during inspiration
Pericardial knock—corresponding to the abrupt cessation of ventricular filling
. Ascites

Dependent edema

cae o

\#
Quick

Diastolic Dysfunction in

Constrictive Pericarditis

Early diastole: Rapid filling
Late diastole: Halted filling
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“v
If a patient has clinical signs
of cirrhosis (ascites, hepato-
megaly) and distended neck

veins, perform tests to rule
out constrictive pericarditis.
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- 1 4. May be difficult to distinguish from restrictive cardiomyopathy—may require echo
QU’ Ck or cardiac catheterization to distinguish these entities
Often, constrictive . .
pericarditis progresses to C. Illagn03|s
worsening cardiac output 1. ECG
and to hepatic and/or renal a. Nonspecific changes such as low QRS voltages, generalized T-wave flattening or
failure. Surgical treatment inversion, left atrial abnormalities.
Is indicated in most cases. b. AFib is more often seen in advanced disease but overall occurs in fewer than
half of all patients.
2. Echocardiogram
a. Increased pericardial thickness is seen in about half of all patients.

\/
= b. A sharp halt in ventricular diastolic filling and atrial enlargement can also be

Echocardiogram is the 3. CT scan and MRI may also show pericardial thickening and calcifications, and can
imaging study of choice aid greatly in the diagnosis.
= for diagnosis of pericar- 4. Cardiac catheterization
T e a. Elevated and equal diastolic pressures in all chambers.
:>; LZTE%T:;; (has a high b. Ventricular pressure tracing shows a rapid y descent, which has been described
- as a dip and plateau or a “square root sign.”
E
= Ny D. Treatment
g a u i c k 1. Treat the underlying condition
= 2. Diuretics may be extremely helpful in treating fluid overload symptoms
S Pericardial effusion is 3. Surgical pericardiectomy
® important cIil'1icaIIy when it
= | Gl e@ Pericardial Effusion
Al temponade. A. General characteristics
i 1. Defined as any cause of acute pericarditis (see above) that can lead to exudation of
g fluid into the pericardial space

2. Can occur in association with ascites and pleural effusion in salt and water reten-
tion states such as CHE cirrhosis, and nephrotic syndrome

3. Is often asymptomatic and suspected based on the symptoms of the underlying
condition

4. May be acute or chronic

B. Clinical features
1. All physical examination signs are extremely nonspecific and often do not aid in
the diagnosis but may include
a. Muffled heart sounds
b. Soft PMI
c. Dullness at left lung base (because it may be compressed by pericardial fluid)
d. Pericardial friction rub may or may not be present

C. Diagnosis
1. Echocardiogram
a. Imaging procedure of choice: Confirms the presence or absence of a significant
effusion
b. Most sensitive and specific method of determining whether pericardial fluid is
present; can show as little as 20 mL of fluid
c. Should be performed in all patients with acute pericarditis to rule out an
effusion
2. CXR
a. CXR shows enlargement of cardiac silhouette when >250 mL of fluid has
accumulated
b. Cardiac silhouette may have prototypical “water bottle” appearance
c. An enlarged heart without pulmonary vascular congestion suggests pericardial
effusion
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. ECG

a. Shows low QRS voltages and T-wave flattening but should not be used to diag-
nose pericardial effusion

b. Electrical alternans (see definition below under Cardiac Tamponade) suggests a
massive pericardial effusion and tamponade

CT scan or MRI—very accurate, but often unnecessary given the accuracy of an

echocardiogram

Pericardial fluid analysis—may clarify the cause of the effusion

a. Order protein and glucose content, cell count and differential, cytology, specific
gravity, hematocrit, Gram stain, acid-fast stains, fungal smear, cultures, LDH
content

D. Treatment

1.
2.

Depends on patient’s hemodynamic stability.

Pericardiocentesis is not indicated unless there is evidence of cardiac tampon-
ade. Analysis of pericardial fluid can be useful if the cause of the effusion is
unknown.

. If the effusion is small and clinically insignificant, a repeat echocardiogram in 1 to

2 weeks is appropriate.

e e (ardiac Tamponade
A. General characteristics

1.

2.

3.

Defined as accumulation of pericardial fluid. It is the rate of fluid accumulation

that is important, not the amount.

a. Two hundred milliliters of fluid that develops rapidly (i.e., blood secondary to
trauma) can cause cardiac tamponade.

b. Two liters of fluid may accumulate slowly before cardiac tamponade occurs.
When fluid accumulates slowly, the pericardium has the opportunity to stretch
and adapt to the increased volume (i.e., related to a malignancy).

Pathophysiology

a. Pericardial effusion that mechanically impairs diastolic filling of the heart.

b. Characterized by the elevation and equalization of intracardiac and intraperi-
cardial pressures.

e Pressures in the RV, LV, RA, LA, pulmonary artery, and pericardium equalize
during diastole.

* Ventricular filling is impaired during diastole.

* Decreased diastolic filling leads to decreased stroke volume and decreased
cardiac output.

Causes

a. Penetrating (less commonly blunt) trauma to the thorax, such as gunshot and
stab wounds.

b. Iatrogenic: Central-line placement, pacemaker insertion, pericardiocentesis, etc.

c. Pericarditis: Idiopathic, neoplastic, or uremic.
d. Post-MI with free wall rupture.

B. Clinical features

1.

N

Elevated jugular venous pressure is the most common finding (distended neck

veins). Venous waveforms: Prominent x descent with absent y descent is seen.

Narrowed pulse pressure (due to decreased stroke volume).

Pulsus paradoxus

a. Exaggerated decrease in arterial pressure during inspiration (>10 mm Hg
drop).

b. Can be detected by a decrease in the amplitude of the femoral or carotid pulse
during inspiration.
* Pulse gets strong during expiration and weak during inspiration.

Distant (muffled) heart sounds.

Tachypnea, tachycardia, and hypotension with onset of cardiogenic shock.
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Quick

Cardiac Tamponade
Pressures in the RV, LV, RA,
LA, pulmonary artery,
and pericardium equalize

during diastole.

Quick §;14)
Beck Triad (Cardiac Tam-
ponade)

* Hypotension

¢ Muffled heart sounds
e JVD



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

C. Diagnosis
1. Echocardiogram
a. Must be performed if suspicion of tamponade exists based on history/examination
b. Usually diagnostic; the most sensitive and specific noninvasive test
2. CXR
a. Enlargement of cardiac silhouette when >250 mL has accumulated
b. Clear lung fields
3. ECG
a. Electrical alternans (alternate beat variation in the direction of the ECG
waveforms)—due to pendular swinging of the heart within the pericardial
space, causing a motion artifact
b. Findings are neither 100% sensitive nor specific. ECG should not be used to
diagnose tamponade
4. Cardiac catheterization
a. Shows equalization of pressures in all chambers of the heart
b. Shows elevated right atrial pressure with loss of the y descent

D. Treatment
1. Nonhemorrhagic tamponade
a. If patient is hemodynamically stable
* Monitor closely with echocardiogram, CXR, ECG
o If patient has known renal failure, dialysis is more helpful than pericardiocen-
tesis
b. If patient is not hemodynamically stable
¢ Pericardiocentesis is indicated
¢ If no improvement is noted, fluid challenge may improve symptoms
2. Hemorrhagic tamponade secondary to trauma
a. If the bleeding is unlikely to stop on its own, emergent surgery is indicated to
repair the injury
b. Pericardiocentesis is only a temporizing measure and is not definitive treat-
ment. Surgery should not be delayed to perform pericardiocentesis
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@@ Valvular Heart Disease

e e [itral Stenosis

A. General characteristics
1. Almost all cases are due to rheumatic heart disease. (Patient may not recall a his-
tory of rheumatic fever.)
2. Pathophysiology
a. Immune-mediated damage to the mitral valve (due to rheumatic fever) caused
by cross-reactivity between the streptococcal antigen and the valve tissue leads
to scarring and narrowing of the mitral valve orifice.
b. Mitral stenosis results in elevated left atrial and pulmonary venous pressure
leading to pulmonary congestion.
c. Anything that increases flow across the mitral valve (exercise, tachycardia, and
so on) exacerbates the pulmonary venous HTN and associated symptoms.
d. Long-standing mitral stenosis can result in pulmonary HTN and ultimately can
result in right ventricular failure (RVF).
e. Long-standing mitral stenosis can also lead to AFib due to increased left atrial
size pressure and size.
f. Patients are usually asymptomatic until the mitral valve area is reduced to
approximately 1.5 cm* (normal valve area is 4 to 5 cm?).

B. Clinical features
1. Symptoms
a. Exertional dyspnea, orthopnea, PND
b. Palpitations, chest pain
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c. Hemoptysis—as the elevated LA pressure ruptures anastomoses of small bron-
chial veins

d. Thromboembolism—often associated with AFib

e. If RVF occurs, ascites and edema may develop

2. Signs

a. Mitral stenosis murmur.

* The opening snap is followed by a low-pitched diastolic rumble and presys-
tolic accentuation. This murmur increases in length as the disease worsens.
* Heard best with bell of stethoscope in left lateral decubitus position.

b. S, is followed by an opening snap. The distance between S, and the opening
snap can give an indication as to the severity of the stenosis. The closer the
opening snap follows S,, the worse is the stenosis.

¢. Murmur is followed by a loud S;. A loud S, may be the most prominent physi-
cal finding.

d. With long-standing disease, will find signs of RVF (e.g., right ventricular heave,
JVD, hepatomegaly, ascites) and/or pulmonary HTN (loud P,).

e. All signs and symptoms will increase with exercise and during pregnancy.

C. Diagnosis
1. CXR: Left atrial enlargement (early)
2. Echocardiogram—most important test in confirming diagnosis
a. Left atrial enlargement
b. Thick, calcified mitral valve
c. Narrow, “fish mouth”-shaped orifice
d. Signs of RVF if advanced disease

D. Treatment

1. Medical
a. Diuretics—for pulmonary congestion and edema.
b. B-Blockers—to decrease heart rate and cardiac output.

2. Surgical (for severe disease)
a. Percutaneous balloon valvuloplasty usually produces excellent results.
b. Open commissurotomy and mitral valve replacement are other options if val-

votomy is contraindicated.

3. Management
a. No therapy is required in asymptomatic patients.
b. Diuretics can be used if the patient has mild symptoms.
c. If symptoms are more severe, surgical treatment is recommended.
d. If AFib develops at any time, treat accordingly (see discussion on AFib).
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e e [ortic Stenosis

A. General characteristics
1. Pathophysiology
a. Causes obstruction to LV outflow, which results in left ventricular hypertrophy
(LVH).
b. When the aortic valve area falls below 0.7 cm?, cardiac output fails to increase
with exertion, causing angina (but may be normal at rest).
c. With long-standing AS, the LV dilates, causing progressive LV dysfunction.
d. With severe AS, LV dilation pulls the mitral valve annulus apart, causing MR.
2. Causes
a. Calcification of a congenitally abnormal bicuspid aortic valve.
b. Calcification of tricuspid aortic valve in elderly.
c. Rheumatic fever.
3. Course
a. Patients are often asymptomatic for years (until middle or old age) despite
severe obstruction.
b. Development of angina, syncope, or heart failure is a sign of poor prognosis.
Survival is similar to that of the normal population before the development
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auic k of these three classic symptoms. Without surgical intervention, the survival is
poor:

A R ¢ Angina (35%)—average survival, 3 years

of patients with sympto- e Syncope (15%)—average survival, 2 years

matic AS survive 3 years ¢ Heart failure (50%)—average survival, 1.5 years
in the absence of aortic

valve replacement (i.e., the B. Clinical features

3-year mortality rate is 75%

1. Symptoms
without surgery). ymp

a. Angina
b. Syncope—usually exertional
c. Heart failure symptoms, such as dyspnea on exertion, orthopnea, or PND
2. Signs
a. Murmur
¢ Harsh crescendo—decrescendo systolic murmur
¢ Heard in second right intercostal space
* Radiates to carotid arteries

b. Soft S2. S2 may also be single since the aortic component may be delayed
and merge into P2

c. Sy

d. Parvus et tardus—diminished and delayed carotid upstrokes

e. Sustained PMI

f. Precordial thrill

C. Diagnosis
1. CXR: Calcific aortic valve, enlarged LV/LA (late)

z 5 2. ECG: LVH, LA abnormality
au,ck a. Echocardiogram—diagnostic in most cases. Findings include LVH; thickened,
immobile aortic valve; and dilated aortic root

3. Cardiac catheterization
a. Definitive diagnostic test

Management of AS is
straightforward:
 |f asymptomatic: No
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treatment b. Can measure valve gradient and calculate valve area (<0.8 cm” indicates severe
e |f symptomatic: Surgery stenosis); normal aortic valve is 3 to 4 cm?
(aortic valve replacement) c. Useful in symptomatic patients before surgery

D. Treatment
1. Medical therapy has a limited role.
2. Surgical therapy: Aortic valve replacement is the treatment of choice. It is indi-
cated in all symptomatic patients.

e e Aortic Regurgitation

A. General characteristics
1. Pathophysiology
a. Also called aortic insufficiency, this condition is due to inadequate closure of
the aortic valve leaflets. Regurgitant blood flow increases left ventricular end
diastolic volume.
b. LV dilation and hypertrophy occur in response in order to maintain stroke vol-
ume and prevent diastolic pressure from increasing excessively.
c. Over time, these compensatory mechanisms fail, leading to increased left-sided
and pulmonary pressures.
d. The resting left ventricular EF is usually normal until advanced disease.
2. Course
a. For chronic aortic regurgitation, survival is 75% at 5 years.
e After the development of angina, death usually occurs within 4 years.
e After the development of heart failure, death usually occurs within 2 years.
b. For acute aortic regurgitation, mortality is particularly high without surgical
repair.
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1.

2.

Acute

a. Infective endocarditis

b. Trauma

c. Aortic dissection

d. latrogenic as during a failed replacement surgery

Chronic

a. Primary valvular: Rheumatic fever, bicuspid aortic valve, Marfan syndrome,
Ehlers—Danlos syndrome, ankylosing spondylitis, SLE

b. Aortic root disease: Syphilitic aortitis, osteogenesis imperfecta, aortic dissection,
Behcet syndrome, Reiter syndrome, systemic HTN

C. Clinical features

1.

Symptoms

May be symptomatic for many years

. Dyspnea on exertion, PND, orthopnea

Palpitations—worse when lying down
. Angina
Cyanosis and shock in acute aortic regurgitation (medical emergency)

Physical examination

a. Widened pulse pressure—markedly increased systolic BP, with decreased
diastolic BP.

b. Diastolic decrescendo murmur best heard at left sternal border.

c. Corrigan pulse (water-hammer pulse)—rapidly increasing pulse that collapses
suddenly as arterial pressure decreases rapidly in late systole and diastole; can
be palpated at wrist or femoral arteries.

d. Austin Flint murmur—low-pitched diastolic rumble due to competing flow
anterograde from the LA and retrograde from the aorta. It is similar to the mur-
mur appreciated in mitral stenosis.

e. Displaced PMI (down and to the left) and S; may also be present.

f. Murmur intensity increases with sustained handgrip. Handgrip increases sys-
temic vascular resistance (SVR), which causes an increased “backflow” through
the incompetent aortic valve.

o0 o

D. Diagnosis
1. CXR: LVH, dilated aorta
2. ECG: LVH
3. Echocardiogram—perform serially in chronic, stable patients to assess need for
surgery

a. Assess LV size and function

b. Look for dilated aortic root and reversal of blood flow in aorta

c. In acute aortic regurgitation, look for early closure of mitral valve

Cardiac catheterization: To assess severity of aortic regurgitation and degree of LV
dysfunction

E. Treatment

1.

Conservative if stable and asymptomatic: Salt restriction, diuretics, vasodilators,
digoxin, afterload reduction (i.e., ACE inhibitors or arterial dilators), and restric-
tion on strenuous activity

Definitive treatment is surgery (aortic valve replacement). This should be con-
sidered in symptomatic patients, or in those with significant LV dysfunction on
echocardiogram.

Acute AR (e.g., post-MI): Medical emergency—perform emergent aortic valve
replacement!

Quick

Other Physical Findings in

Aortic Insufficiency

¢ De Musset sign: Head
bobbing (rhythmical jerk-
ing of head)

* Miiller sign: Uvula bobs

* Duroziez sign: Pistol-shot
sound heard over the
femoral arteries
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ee NMitral Regurgitation

A. General characteristics
1. Pathophysiology
a. Acute
¢ Abrupt elevation of left atrial pressure in the setting of normal LA size and
compliance, causing backflow into pulmonary circulation with resultant pul-
monary edema
e Cardiac output decreases because of decreased forward flow, so hypotension
and shock can occur
b. Chronic
¢ Gradual elevation of left atrial pressure in the setting of dilated LA and LV
(with increased left atrial compliance)
¢ LV dysfunction occurs due to dilation
¢ Pulmonary HTN can result from chronic backflow into pulmonary vascula-
ture
2. Causes
a. Acute
¢ Endocarditis (most often Staphylococcus aureus)
e Papillary muscle rupture (from infarction) or dysfunction (from ischemia)
¢ Chordae tendineae rupture
b. Chronic
e Mitral valve prolapse (MVP)
¢ Rheumatic fever
e Marfan syndrome
¢ Cardiomyopathy
3. Prognosis
a. Acute form is associated with much higher mortality
b. Survival is related to extent of LV cavity dilation
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B. Clinical features
1. Symptoms
a. Dyspnea on exertion, PND, orthopnea
b. Palpitations
c. Pulmonary edema
2. Signs
a. Holosystolic murmur (starts with S; and continues on through S,) at the apex,
which radiates to the back or clavicular area, depending on which leaflet is
involved
b. AFib is a common finding
c. Other findings: Diminished S,, widening of S,, S; gallop; laterally displaced
PMI; loud, palpable P,

G. Diagnosis
1. CXR: Cardiomegaly, dilated LV, pulmonary edema
2. Echocardiogram: MR; dilated LA and LV; decreased LV function

D. Treatment
1. Medical
a. Afterload reduction with vasodilators is recommended for symptomatic patients
only; they are not recommended in most asymptomatic patients as they may
mask progression of the disease
b. Chronic anticoagulation if patient has AFib
c. IABP as bridge to surgery for acute MR
2. Surgical
a. Mitral valve repair or replacement
b. Must be performed before left ventricular function is too severely
compromised
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e e Tricuspid Regurgitation

A. General characteristics
1. Tricuspid regurgitation (TR) results from a failure of the tricuspid valve to close
completely during systole, causing regurgitation of blood into the RA. It is esti-
mated that up to 70% of normal adults have mild, physiologic TR as seen on high-
resolution echocardiography. A much smaller percentage of people are actually
symptomatic.
2. Causes—up to 90% of cases occur in people with anatomically normal valve leaf-
lets and chords.
a. TR is usually secondary to RV dilation. Any cause of RV dilation can result in
enlargement of the tricuspid orifice.
e Left ventricular failure is the most common cause.
* Right ventricular infarction.
¢ Inferior wall ML
 Cor pulmonale, secondary to pulmonary HTN.
b. Tricuspid endocarditis—seen in IV drug users.
c. May be secondary to rheumatic heart disease; usually accompanied by mitral
and aortic valve disease.
d. Epstein anomaly—congenital malformation of tricuspid valve in which there is
downward displacement of the valve into the RV.
e. Other causes include carcinoid syndrome, SLE, and myxomatous valve
degeneration.

B. Clinical features
1. Usually asymptomatic unless the patient develops symptoms of RHF/pulmonary
HTN
Signs and symptoms of RVF (ascites, hepatomegaly, edema, JVD)
Pulsatile liver
Prominent V waves in jugular venous pulse with rapid y descent
Inspiratory S; along LLSB may be present
Blowing holosystolic murmur
a. AtLLSB
b. Intensified with inspiration; reduced during expiration or the Valsalva
maneuver
7. Right ventricular pulsation along LLSB
8. AFib is usually present
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C. Diagnosis
1. Echocardiogram
a. Quantifies amount of TR
b. Identifies prolapse/flail of tricuspid valve leaflets
c. Measures pulmonary pressures
d. ECG: RV and RA enlargement

D. Treatment

1. Treat any underlying etiology of symptomatic TR

2. Diuretics for volume overload and venous congestion/edema

3. Treat left-sided heart failure, endocarditis, or pulmonary HTN

4. Severe regurgitation may be surgically corrected if pulmonary HTN is not present
a. Native valve repair surgery
b. Valvuloplasty of tricuspid ring
c. Valve replacement surgery: Rarely performed

oo itral Valve Prolapse

A. General characteristics
1. MVP is defined as the presence of excessive or redundant mitral leaflet tissue due
to myxomatous degeneration of mitral valve leaflets and/or chordae tendineae.
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Quick

The redundant leaflet(s) prolapse toward the LA in systole, which results in the
auscultated click and murmur.

Key Signs of MVP 2. MVP is common in patients “.m}.l genetic connective tissue disorders, such as
« Systolic clicks Marfan syndrome, osteogenesis imperfecta, and Ehlers—Danlos syndrome.
* Midsystolic rumbling 3. MVP is the most common cause of MR in developed countries.
murmur that increases 4. Arrhythmias and sudden death are very rare.
with standing and the
Valsalva maneuver and B. Clinical features
decreases with squatting
1. Symptoms
a. Most patients are asymptomatic for their entire lives.
b. Palpitations and atypical chest pain may occur.
c. TIAs due to emboli from mitral valve have been reported, but are very rare.
2. Signs
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a. Midsystolic or late systolic click(s).

b. Mid-to-late systolic murmur.

c. Some patients have midsystolic click without the murmur; others may have the
murmur without the click.

d. Standing and the Valsalva maneuver increase murmur and click because these
maneuvers reduce LV chamber size, allowing the click and murmur to occur
earlier in systole.

e. Squatting decreases murmur and click because it increases LV chamber size,
thus delaying the onset of the click and murmur.

G. Diagnosis
1.
2.

Echocardiogram is the most useful.
Most patients are asymptomatic, so diagnosis is typically made on the basis of the
murmur and echocardiogram alone.

D. Treatment
1.

If patient is asymptomatic, reassurance. There is some association between MVP
and anxiety, so all patients should be reassured about the benign nature of this
condition.

For chest pain, B-blockers have been useful, but they are unlikely to be required.
Surgery is rarely required. The condition is generally benign.

oo Rheumatic Heart Disease
A. General characteristics

1.

Rheumatic heart disease occurs as a complication of streptococcal pharyngitis
(group A streptococcus).

Acute rheumatic fever is an immunologically mediated systemic process that may
progress to rtheumatic heart disease.

Rheumatic heart disease describes the chronic valvular abnormalities secondary to
acute rheumatic fever.

The most common valvular abnormality is mitral stenosis, but patients may have
aortic or tricuspid involvement as well.

. The incidence of rheumatic heart disease has fallen drastically in industrialized

countries and with widespread antibiotic usage, but remains a significant cause of
morbidity and mortality in developing countries.

B. Diagnosis of acute rheumatic fever (requires two major criteria or one
major and two minor criteria)

1.

Major criteria

a. Migratory polyarthritis

b. Erythema marginatum

c. Cardiac involvement (e.g., pericarditis, CHE valve disease)
d. Chorea

e. Subcutaneous nodules
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Minor criteria

Fever

Elevated erythrocyte sedimentation rate
Polyarthralgias

. Prior history of rheumatic fever

Prolonged PR interval

Evidence of preceding streptococcal infection

me o o

G. Treatment

1.

Treat streptococcal pharyngitis with penicillin or erythromycin to prevent rheu-
matic fever.

Acute rheumatic fever is treated with NSAIDs. C-reactive protein is used to moni-
tor treatment.

Treat the valvular pathology of rheumatic heart disease.

e e |nfective Endocarditis
A. General characteristics

1. Infective endocarditis is defined as an infection of the endocardial surface of the
heart (usually involves the cusps of the valves).
2. Classifications (can be classified as acute or subacute).
a. Acute endocarditis
* Most commonly caused by S. aureus (virulent)
* Occurs on a normal heart valve
e If untreated, fatal in less than 6 weeks
b. Subacute endocarditis
* Caused by less virulent organisms, such as Streptococcus viridans and
Enterococcus
¢ Occurs on damaged heart valves
* If untreated, takes much longer than 6 weeks to cause death
3. Organisms
a. Native valve endocarditis
e S. viridans is the most common organism in native valve endocarditis.
¢ Other common organisms include Staphylococcus species (S. aureus more
commonly than S. epidermidis) and Enterococci.
* HACEK group of organisms: Haemophilus, Actinobacillus, Cardiobacterium,
Eikenella, and Kingella.
b. Prosthetic valve endocarditis
¢ Staphylococci are the most common causes of early-onset endocarditis; symp-
toms appear within 60 days of surgery (S. epidermidis more commonly than S.
aureus).
* Streptococci are the most common cause of late-onset endocarditis; symp-
toms appear 60 days after surgery.
c. Endocarditis in IV drug users
* Frequently presents with right-sided endocarditis.
* S. aureus is the most common cause.
¢ Other organisms include Enterococci and Streptococci. Fungi (mostly Candida)
and gram-negative rods (mostly Pseudomonas) are less common causes.
4. Complications
a. Cardiac failure
b. Myocardial abscess
c. Various solid organ damage from showered emboli
d. Glomerulonephritis
B. Diagnosis
1. Duke clinical criteria (Table 1-2): Two major criteria, one major and three minor

criteria, or five minor criteria are required to diagnose infective endocarditis.

ML
Quick
Always suspect endo-
carditis in a patient with
a new heart murmur and

unexplained fever or
bacteremia.
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Quick

TEE is better than transtho-

racic echocardiography in

the diagnosis of endocar-
ditis.

Quick

Infective endocarditis is
almost always fatal if left
untreated.
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Major Minor

e Sustained bacteremia by an organism e Predisposing condition (abnormal valve or abnormal risk
known to cause endocarditis of bacteremia)

¢ Endocardial invelvement documented * Fever
by either echocardiogram (vegetation, ¢ Vascular phenomena: septic arterial or pulmonary emboli,
abscess, valve perforation, prosthetic mycotic aneurysms, intracranial hemorrhage, Janeway
dehiscence) or clearly established new lesions?
valvular regurgitation o Immune phenomena: Glomerulonephritis, Osler nodes,”

Roth spots,® rheumatoid factor
¢ Positive blood cultures not meeting major criteria
¢ Positive echocardiogram not meeting major criteria

From Durack DT, Lukes AS, Bright DK. New criteria for diagnosis of infective endocarditis: utilization of specific echocardio-
graphic findings. Duke Endocarditis Service. Am J. Med. 1994;96:200.

Note: Definitive (i.e., highly probable) diagnosis if two major, or one major plus three minor, or five minor criteria are present.
“Janeway lesions are painless erythematous lesions on palms and soles.

b0sler nodes are painful, raised lesions of fingers, toes, or feet.

“Roth spots are oval, retinal hemorrhages with a clear, pale center.

C. Treatment
1. Parenteral antibiotics based on culture results for extended periods (4 to 6 weeks).
2. If cultures are negative but there is high clinical suspicion, treat empirically with a
penicillin (or vancomycin) plus an aminoglycoside until the organism can be isolated.

D. Prophylaxis

Scope of patients who qualify for prophylaxis is much narrower than in the past. Must have

both a qualifying cardiac indication AND procedure to warrant antibiotic prophylaxis.

1. Qualifying cardiac indications
a. Prosthetic heart valves
b. History of infective endocarditis
c. Congenital heart disease

Dy ¢ Unrepaired cyanotic congenital heart disease
= * Repaired congenital heart disease, with prosthetic material, during first
au I ck H IT 6 months after procedure
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Do NOT give antibiotics for d. Cardiac transplant with valvulopathy

endocarditis prophylaxis 2. Qualifying procedures
for: a. Dental procedures involving manipulation of gingival mucosa or periapical
* Native mitral valve pro- region of teeth (extractions, implants, periodontal surgery, cleaning when
lapse/stenosis .
X bleeding expected)
¢ Routine Gl (colonoscopy/ . . . o .
EGD) or GU (cystoscopy) b. Procedures involving biopsy or incision of respiratory mucosa
procedures c. Procedures involving infected skin or musculoskeletal tissue

oo Nonhacterial Thromhotic Endocarditis (Marantic Endocarditis)

Associated with debilitating illnesses such as metastatic cancer (found in up to 20% of
cancer patients).

Sterile deposits of fibrin and platelets form along the closure line of cardiac valve leaflets.

¢ Vegetations can embolize to the brain or periphery.

Although the use of heparin may be appropriate, no studies have confirmed its efficacy.

oo Nonhacterial Verrucous Endocarditis (Lihman—Sacks Endocarditis)

Typically involves the aortic valves in individuals with SLE
¢ Characterized by the formation of small warty vegetations on both sides of valve leaf-
lets and may present with regurgitant murmurs
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e Rarely gives rise to infective endocarditis, but can be a source of systematic emb-
olization
e Treat underlying SLE and anticoagulate

@@ Congenital Heart Diseases

oo Atrial Septal Defect

A. General characteristics (types)
1. Ostium secundum (most common—380% of cases)—occurs in central portion of
interatrial septum
2. Ostium primum—occurs low in the septum
3. Sinus venosus defects—occurs high in the septum

B. Pathophysiology
1. Oxygenated blood from the LA passes into the RA, increasing right heart output
and thus pulmonary blood flow.
2. Leads to increased work of the right side of heart: As shunt size increases, RA and
RV dilation occurs with pulmonary-to-systemic flow ratios greater than 1.5:1.0.
3. Pulmonary HTN is a serious sequela, but is rare in ASD.

C. Clinical course
1. Patients are usually asymptomatic until middle age (around 40).
2. Thereafter, symptoms may begin and include exercise intolerance, dyspnea on
exertion, and fatigue.
3. If mild, patients can live a normal lifespan.

D. Clinical features
1. Mild systolic ejection murmur at pulmonary area secondary to increased pulmo-
nary blood flow
2. Fixed split S,
3. Diastolic flow “rumble” murmur across tricuspid valve area secondary to increased
blood flow
4. In advanced disease, signs of RVF may be seen

E. Diagnosis

1. TEE is diagnostic (better than transthoracic echocardiogram). Contrast echocar-
diography can improve resolution. A so-called “bubble study” is a type of contrast
echo which involves injecting microbubbles and watching them cross the defect
via a right-to-left shunt. This is often used to aid in diagnosis of ASDs.

2. CXR: Large pulmonary arteries; increased pulmonary markings ().

3. ECG: Right bundle branch block and right axis deviation; atrial abnormalities can
also be seen (e.g., fibrillation, flutter).

F. Complications

1. Pulmonary HTN—does not occur before 20 years of age, but is a common finding

in patients over 40

2. Eisenmenger disease is a late complication seen in a minority of patients, in
which irreversible pulmonary HTN leads to reversal of shunt, heart failure, and
cyanosis
Right heart failure
Atrial arrhythmias, especially AFib
Stroke can result from paradoxical emboli or AFib

ik W

G. Treatment
1. Unless they are very large, most defects do not require closure.
2. Surgical repair when pulmonary-to-systemic blood flow ratio is greater than 1.5:1
or 2:1 or if patient is symptomatic.

Quick

Congenital heart disease
accounts for only 2% of
heart disease in adults.
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ee \entricular Septal Defect

A. General characteristics
1. Ventricular septal defect is the most common congenital cardiac malformation.
2. Pathophysiology
a. Blood flows from the LV (high pressure) into the RV (low pressure) through a
hole, resulting in increased pulmonary blood flow. As long as the pulmonary
vascular resistance (PVR) is lower than the SVR, the shunt is left to right. If the
PVR increases above the SVR, the shunt reverses.
b. Large defects eventually lead to pulmonary HTN, whereas small defects do not
change pulmonary vascular hemodynamics.

B. Clinical features
1. Symptoms
a. A small shunt produces no symptoms. Many of these close spontaneously.
b. A large shunt without elevated PVR (and thus left-to-right shunt) gives rise to
CHE growth failure, and recurrent lower respiratory infections.
c. A large shunt with very high PVR (Eisenmenger reaction) gives rise to SOB,
dyspnea on exertion, chest pain, syncope, and cyanosis.
2. Signs
a. Harsh, blowing holosystolic murmur with thrill
¢ At fourth left intercostal space
e Murmur decreases with Valsalva and handgrip
¢ The smaller the defect, the louder the holosystolic murmur
b. Sternal lift (RV enlargement)
c. As PVR increases, the pulmonary component of S, increases in intensity
d. Aortic regurgitation may be seen in some patients

C. Diagnosis
1. ECG: Biventricular hypertrophy predominates when PVR is high.
2. CXR
a. Enlargement of the pulmonary artery.
b. Enlargement of cardiac silhouette: As PVR increases (and left-to-right shunt
decreases), heart size decreases, but pulmonary artery size increases.
3. Echocardiogram shows the septal defect.

=
(=F]
h—
(=
—
w
-
sl
—]
(]
(]
(1=
=
(—]
- —]
S
(1~
(-
(=~
i —
——
o
(—]
(]
D
(7]
(1=
D
o=
(===

D. Complications
1. Endocarditis
2. Progressive aortic regurgitation
3. Heart failure
4. Pulmonary HTN and shunt reversal (Eisenmenger)

E. Treatment
1. Endocarditis prophylaxis is important but is NOT currently recommended for
patients with uncomplicated VSD and no history of endocarditis.
2. Surgical repair is indicated if the pulmonary flow to systemic flow ratio is greater
than 1.5:1 or 2:1, as well as for patients with infective endocarditis.
3. For the asymptomatic patient with a small defect, surgery is not indicated.

o e (oarctation of the Aorta
Quick A. General characteristics
In women, coarctation of 1. Narrowing/constriction of aorta, usually at origin of left subclavian artery near lig-

the aorta may be associ- amentum arteriosum, which leads to obstruction between the proximal and distal
ated with Turner syndrome. aorta, and thus to increased left ventricular afterload.

B. Clinical features
1. HTN in upper extremities with hypotension in lower extremities
2. Well-developed upper body with underdeveloped lower half
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3. Midsystolic murmur heard best over the back

4. Symptoms include headache, cold extremities, claudication with exercise, and leg
fatigue

5. Delayed femoral pulses when compared to radial pulses

6. Prevalence of coarctation of the aorta is increased in patients with Turner
syndrome

G. Diagnosis
1. ECG shows LVH
2. CXR
a. Notching of the ribs
b. “Figure 3” appearance due to indentation of the aorta at site of coarctation,
with dilation before and after the stenosis

D. Complications
1. Severe HTN
2. Rupture of cerebral aneurysms
3. Infective endocarditis
4. Aortic dissection

E. Treatment
1. Standard treatment involves surgical decompression.
2. Percutaneous balloon aortoplasty is also an option in selected cases.

e e Patent Ductus Arteriosus

A. General characteristics

1. Communication between aorta and pulmonary artery that persists after birth.

2. During fetal life, prostaglandins and low oxygen tension maintain the ductus arte-
riosus. Blood is shunted away from nonfunctioning lungs; normally closes within
days after birth.

3. Becomes a left-to-right shunt in life outside the womb if it remains patent (blood
flows from aorta into pulmonary artery).

4. Associated with congenital rubella syndrome, high altitude, and premature births. QUiCk

5. Pathophysiology
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oy ; ; The leading causes of
a. Large left-to-right shunting results in volume overload, pulmonary HTN, and death in adults with PDA

right-sided heart failure. are heart failure and infec-
b. Cyanosis occurs late. tive endocarditis.
c. May eventually see reversal of blood flow.

B. Clinical features

1. May be asymptomatic
2. Signs of heart failure
3. Loud P, (sign of pulmonary HTN) .
4. LVH: Secondary to left-to-right shunt - 2
5. Right ventricular hypertrophy: Secondary to pulmonary HTN OU’Ck
6. Continuous “machinery murmur” at left second intercostal space (both systolic :
. . Adults with PDA usually
and diastolic components)

) . . have normal pulmonary

7. Wide pulse pressure and bounding peripheral pulses pressures.

8. Lower-extremity clubbing: Toes more likely than fingers to be cyanotic (differen-
tial cyanosis)

C. Diagnosis
1. CXR
a. Increased pulmonary vascular markings
b. Dilated pulmonary artery
c. Enlarged cardiac silhouette
d. Sometimes calcifications of ductus arteriosus
2. Echocardiography reveals the patent ductus and/or turbulent blood flow
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D. Treatment
1. If pulmonary vascular disease is absent: Surgical ligation.
2. 1f severe pulmonary HTN or right-to-left shunt is present, do not correct patent
ductus arteriosus (PDA). Surgery is contraindicated.
3. Indomethacin indicated for closure. Prostaglandin E; can be used to keep the PDA
open (may be needed in the face of other cardiac abnormalities such as transposi-
tion of the great vessels).

ee Tetralogy of Fallot

A. General characteristics
1. Characterized by a triad of cardiac abnormalities: Ventricular septal defect, right
ventricular hypertrophy, pulmonary artery stenosis, and overriding aorta.
2. The exact embryologic variant is unknown, but the four abnormalities likely arise
secondary to defects in the development of the infundibular septum.
3. Tetralogy of Fallot (TOF) typically occurs sporadically, but may also be part of a
syndrome.

B. Clinical features

1. Cyanosis is the most common symptom.

2. Degree of clinical symptoms depends largely on the degree of right ventricular
outflow obstruction.

3. Patients experience Tet spells—they will squat after exertion such as exercise or
crying spell in an infant. This maneuver increases SVR, which helps shunt blood
from the RV to the lungs instead of the aorta. Oxygen, morphine, and B-blockers
may also be needed if the patient continues to be cyanotic.

4. Murmur is typically crescendo—decrescendo in nature and heard best at the left
upper sternal border.

C. Diagnosis
1. Echocardiography is the diagnostic modality of choice. This test can clearly define
the four abnormalities as well as provide important information about aortic arch
anatomy.
2. EKG may show enlarged RA and RV.
3. Chest x-ray classically shows boot-shaped heart.
4. Cardiac catheterization may be required in some patients to fully define the anatomy:.

D. Treatment
1. Treatment is surgical. Most patients have surgery within the first year of life.
Twenty-year survival rates after surgery are above 80%. The most common causes
of death are sudden cardiac death and heart failure.
2. Complications after surgery include arrhythmias, pulmonary regurgitation, resid-
ual outflow obstruction, and heart failure.

L )
@ Diseases of the Vasculature

ee Hypertensive Emergency

A. General characteristics

1. Hypertensive emergency: Systolic BP >220 and/or diastolic BP >120 in addition to
end-organ damage—immediate treatment is indicated (see Clinical Pearl 1-13).

2. Elevated BP levels alone without end-organ damage—referred to as hypertensive
urgency. Hypertensive urgencies rarely require emergency therapy and can be man-
aged with attempts to lower BP over a period of 24 hours.

3. Whenever a patient presents with markedly elevated BP, it is critical to assess the
following systems for end-organ damage.
a. Eyes: Papilledema
b. CNS

¢ Altered mental status or intracranial hemorrhage
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If a patient presents with severe headache and markedly elevated BP:

e The first step is to lower the BP with an antihypertensive agent.

e The second step is to order a CT scan of the head to rule out intracranial bleeding (subarachnoid hemor-
rhage is in the differential diagnosis for severe headache).

e |f the CT scan is negative, one may proceed to a lumbar puncture.

C.

d.

* Hypertensive encephalopathy may develop (suspect when BP is markedly ele-
vated: 240/140 or higher, along with neurologic findings such as confusion)

Kidneys: Renal failure or hematuria

Heart: USA, MI, CHF with pulmonary edema, aortic dissection

e. Lungs: Pulmonary edema

4. Hypertensive emergency may lead to posterior reversible encephalopathy syn-
drome (PRES)—a radiographic condition which is postulated to be caused by
autoregulatory failure of cerebral vessels as well as endothelial dysfunction.

a. Despite the name, the syndrome may not always be reversible and can affect
regions other than the posterior region of the brain.

b. Symptoms include insidious onset of headache, altered level of consciousness,
visual changes, and seizures. The classic radiographic finding is posterior cere-
bral white matter edema.

c. Most patients are hypertensive, but may be normotensive. Elevated blood pres-
sures overwhelm the autoregulatory mechanisms of the cerebral vessels, leading
to arteriolar dilation and extravasation of fluid into the brain.

d. Diagnose with clinical findings and brain MRI. First treatment step is to lower
BP, usually with IV medications. Other treatment steps include correcting elec-
trolyte abnormalities and stopping seizures if they occur.

B. Causes
1. Noncompliance with antihypertensive therapy
2. Cushing syndrome
3. Drugs such as cocaine, LSD, methamphetamines
4. Hyperaldosteronism
5. Eclampsia
6. Vasculitis
7. Alcohol withdrawal
8. Pheochromocytoma
9. Noncompliance with dialysis
10. Renal artery stenosis (atherosclerosis or fibromuscular dysplasia)
11. Polycystic kidney disease

C. Clinical features
1. Severe headache
2. Visual disturbances
3. Altered mentation

D. Treatment
1. Hypertensive emergencies

a

. Reduce mean arterial pressure by 25% in 1 to 2 hours. The goal is not to imme-
diately achieve normal BP, but to get the patient out of danger, then reduce BP
gradually.

b. If severe (diastolic pressure >130) or if hypertensive encephalopathy is present,

IV agents such as hydralazine, esmolol, nitroprusside, labetalol, or nitroglyc-
erin are appropriate.

In patients who are in less immediate danger, oral agents are appropriate.
Options include captopril, clonidine, labetalol, nifedipine, and diazoxide.

2. Hypertensive urgencies: BP should be lowered within 24 hours using oral agents.
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Quick [k}
Lower BP with short acting
agents such as hydralazine.

< \7

Quick [k}

Hypertensive emergency—
evidence of end-organ
damage; use IV medica-
tions

Hypertensive urgency—no
evidence of end-organ
damage; use PO medica-
tions
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e e Jortic Dissection

A. General characteristics
1. Predisposing factors
Long-standing systemic HTN (present in 70% of patients)
. Cocaine use (may be remote)
Trauma
. Connective tissue diseases, such as Marfan and Ehlers-Danlos syndrome
T Bicuspid aortic valve
au ic k CogrctaFion of the aorta
. Third trimester of pregnancy
Aortic dissection 2. Daily (Stanford) classification (Figure 1-17)
* Type A=ascending; a. Type A (proximal) involves the ascending aorta (includes retrograde extension
A G surglt_:al from descending aorta).
e hai S b. Type B (distal) is limited to the descending aorta (distal to the take-off of th
treatment is medical . Type istal) is limited to the descending aorta (distal to the take-off of the
subclavian artery).

@ e e T

B. Clinical features

S\
- 1. Severe, tearing/ripping/stabbing pain, typically abrupt in onset, either in the
au’ Ck anterior or back of the chest (often the interscapular region)
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S The diagnosis of aortic a. Anterior chest pain is more common with proximal dissection (type A).
Az dissection is very difficult to b. Interscapular back pain is more common with distal dissection (type B).
= mlalfe bepaqse the classic 2. Diaphoresis
= clinical findings often are . .
S HoEapparAnhelsalol 3. Most are hypertensive, but some may be hypotensive
3 thrombolytic therapy in 4. Pulse or BP asymmetry between limbs
= patients with aortic dissec- 5. Aortic regurgitation (especially proximal dissections)
= tion who have been incor- 6. Neurologic manifestations (hemiplegia, hemianesthesia) due to obstruction of
] rectly diagnosed as having carotid artery
571 an acute Ml can have fatal
S
consequences. : ;
= g C. Diagnosis
(===

1. CXR shows widened mediastinum (>8 mm on AP view).
2. TEE has a very high sensitivity and specificity; it is noninvasive and can be
performed at the bedside.

A
FIGURE
1-17 Aortic dissection. A: Dissection of ascending aorta. B: Dissection of descending aorta.

(Modified from Harwood-Nuss A, Wolfson AB, Linden CH, et al. The Clinical Practice of Emergency Medicine. 3rd ed.
Philadelphia, PA: Lippincott Williams & Wilkins, 2000:212, Figure 51.1.)

B
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\/
3. CT scan and MRI are both highly accurate (MRI more so); MRI takes longer to - 1
perform, making it less ideal in the acute setting. OU’ Ck
4. Aortic angiography is invasive, but it is the best test for determining the extent of TEE and CT scan are the
the dissection for surgery. preferred tests in the diag-
nosis of acute aortic dissec-
D. Treatment tion. TEE is very accurate
1. Initiate medical therapy immediately ;22;;%‘;‘2;3:2?&?&2‘9
a. IY ﬁiblockers to lower heart rate and diminish the force of left ventricular e e
ejection
b. IV sodium nitroprusside to lower systolic BP below 120 mm Hg
2. For type A dissections—surgical management
a. Most cases of type A dissections should be treated as surgical emergencies to
prevent complications such as MI, aortic regurgitation, or cardiac tamponade
b. Open surgery is still the standard of care
3. For type B dissections—medical management

oo Ahdominal Aortic Aneurysm

A. General characteristics
1.

B. Causes
1.
2.

a. Lower blood pressure as quickly as possible. First-line drugs include IV
B-blockers such as labetalol, esmolol, or propranolol

b. Pain control with morphine or dilaudid

c. Unrelenting symptoms may require surgical treatment—both open and endo-
vascular surgical options exist

Abdominal aortic aneurysm (AAA) is an abnormal localized dilation of the aorta.

Most AAAs occur between the renal arteries and iliac bifurcation.

The incidence increases with age. AAAs are rare before the age of 50. The average
age at time of diagnosis is 65 to 70 years.

AAAs are much more common in men, though more likely to rupture in women

at a given size.
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Multifactorial—in most cases, there is atherosclerotic weakening of the aortic wall.
Other predisposing factors include trauma, HTN, vasculitis, smoking, and positive
family history.

. Syphilis and connective tissue abnormalities (e.g., Marfan disease) are associated

with thoracic aneurysms, but they may involve the lower aorta as well.

G. Clinical features

1.

Usually asymptomatic and discovered on either abdominal examination or a radio-

logic study done for another reason

Sense of “fullness”

Pain may or may not be present—if present, located in the hypogastrium and

lower back and usually throbbing in character.

Pulsatile mass on abdominal examination

Symptoms suggesting expansion and impending rupture include the following:

a. Sudden onset of severe pain in the back or lower abdomen, radiating to the
groin, buttocks, or legs

b. Grey Turner sign (ecchymoses on back and flanks) and Cullen sign (ecchymoses
around umbilicus)

Rupture of an AAA

a. The triad of abdominal pain, hypotension, and a palpable pulsatile abdomi-
nal mass indicates a ruptured AAA and emergent laparotomy is indicated. No
further diagnostic testing is needed with this constellation of symptoms; how-
ever, patients may present with only one or two components of this triad

b. Cardiovascular collapse

Syncope or near-syncope, secondary to sudden hemorrhage

d. Nausea and vomiting

o
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D. Diagnosis

1. Ultrasound
a. Test of choice to evaluate both the location and size of the aneurysm
b. 100% sensitive in detecting AAAs

2. CT scan
a. 100% sensitive in detecting AAAs
b. Takes longer to perform than plain radiographs or ultrasound; should only be

used in hemodynamically stable patients

c. CT is the scan of choice for preoperative planning

E. Treatment
1. Unruptured aneurysms.
a. Management largely depends on size of aneurysm.

¢ Data from the ADAM and UK-SAT trails have shown that if the aneurysm
is >5 cm in diameter or symptomatic, surgical resection with synthetic
graft placement is recommended. (The infrarenal aorta is replaced with a
fabric tube.) This can often be done endovascularly by accessing the femo-
ral artery. The diameter of the normal adult infrarenal aorta is about 2 cm.

* The management of asymptomatic aneurysms <5 cm is controversial. Periodic

\/
= imaging is recommended to follow up growth. No “safe” size exists, however,
au’ ck and small AAAs can rupture.

Leriche syndrome: Ather- b. Other factors to consider are the patient’s life expectancy (patient may be more
omatous occlusion of distal likely to die of other medical illnesses), and the risk of surgery.
aorta just above bifurcation 2. Ruptured AAAs: Emergency surgical repair is indicated. All of these patients are

causing bilateral claudica-
tion, impotence, and absent/
diminished femoral pulses.

unstable.
a. While open repair remains the gold standard, some ruptured AAAs may be
repaired endovascularly as well.

ee Peripheral Vascular Disease (Chronic Arterial Insufficiency)

A. General characteristics

1. Peripheral vascular disease (PVD) is an occlusive atherosclerotic disease of the
lower extremities (see also Clinical Pearl 1-14)

2. Patients with PVD usually have coexisting CAD (with CHE history of MI, and so
on) and other chronic medical problems (e.g., diabetes, lung disease)

3. Sites of occlusion/stenosis
a. Superficial femoral artery (in Hunter canal) is the most common site
b. Popliteal artery
c. Aortoiliac occlusive disease

4. Risk factors
a. Smoking is by far the most important risk factor
b. CAD, hyperlipidemia, HTN
c. Diabetes—prevalence is markedly increased in these patients

5. Prognosis
a. If the patient has intermittent claudication, the prognosis is generally good
b. Patients with rest pain or ischemic ulcers have the worst prognosis (especially

in diabetics or smokers)

cumea PEARL Ji+i

Evaluation of a Patient with PVD

e Evaluate the cardiovascular system (HTN, carotid bruits, murmurs, AAA).

o Assess arterial pulses.

e Inspect lower extremities for color change, ulcers, muscle atrophy, hair loss, thickened toenails, etc.

e Consider the following tests: ECG, CBC, renal function tests, and coagulation profile (factor V Leiden,
antithrombin IIl, proteins C and S).
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B. Clinical features

1.

Symptoms (see also Clinical Pearl 1-14)
a. Intermittent claudication
e Cramping leg pain that is reliably reproduced by same walking distance (dis-
tance is very constant and reproducible)
e Pain is completely relieved by rest
b. Rest pain (continuous)
e Usually felt over the distal metatarsals, where the arteries are the smallest
¢ Often prominent at night—awakens patient from sleep
e Hanging the foot over side of bed or standing relieves pain—extra perfusion
to ischemic areas due to gravity
e Rest pain is always worrisome—suggests severe ischemia such that frank gan-
grene of involved limb may occur in the absence of intervention

2. Signs

a. Diminished or absent pulses, muscular atrophy, decreased hair growth, thick
toenails, and decreased skin temperature
b. Ischemic ulceration (usually on the toes)
¢ Localized skin necrosis
¢ Secondary to local trauma that does not heal (due to ischemic limb)
* Tissue infarction/gangrene in end-stage disease
c. Pallor of elevation and rubor of dependency (in advanced disease)

1.

Ankle-to-brachial index (ABI): Ratio of the systolic BP at the ankle to the systolic

BP at the arm

a. Normal ABI is between 0.9 and 1.3

b. ABI >1.3 is due to noncompressible vessels and indicates severe disease

c. Claudication ABI <0.7

d. Rest pain ABI <0.4

Pulse volume recordings

a. Excellent assessment of segmental limb perfusion

b. Pulse wave forms represent the volume of blood per heart beat at sequential
sites down the leg

c. A large wave form indicates good collateral blood flow

d. Noninvasive using pressure cuffs

Arteriography (contrast in vessels and radiographs)

a. Gold standard for diagnosing and locating PVD

D. Treatment

1.

Conservative management for intermittent claudication.

a. Stop smoking (the importance of this cannot be overemphasized). Smoking
is linked to progression of atherosclerosis and causes vasoconstriction (further
decreasing blood flow).

b. Graduated exercise program: Walk to point of claudication, rest, and then con-
tinue walking for another cycle.

c. Foot care (especially important in diabetic patients).

d. Atherosclerotic risk factor reduction (control of hyperlipidemia, HTN, weight,
diabetes, and so on).

e. Avoid extremes of temperature (especially extreme cold).

f. Aspirin along with ticlopidine/clopidogrel have shown slight improvements
in symptom relief. They are often used in these patients for stroke/MI pre-
vention.

g. Cilostazol is a PDE inhibitor which acts both by suppressing platelet aggrega-
tion and by directly dilating arterioles.

2. Surgical treatment

a. Indications: Rest pain, ischemic ulcerations (tissue necrosis), severe symptoms
refractory to conservative treatment that affects quality of life or work.

< \/

Quick ;')

e Femoral or popliteal
disease causes calf
claudication.

¢ Aortoiliac occlusive
disease causes buttock
and hip claudication (in
addition to the calves).
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\s
Quick [;11)
Patients with calcified
arteries (especially those
with DM) have false ABI

readings (vessels are not
compressible).

Quick

Diabetic patients have an
amputation rate four times
greater than that of nondia-
betic patients.
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b. Options
* Angioplasty—balloon dilation with or without stenting. Given the minimal
risks and good chance of symptomatic relief for patients, this may be per-
formed one or more times before a bypass is done.
e Surgical bypass grafting—has a 5-year patency rate of 70% (immediate suc-
cess rate is 80% to 90%).

o QAcute Arterial Occlusion

A. General characteristics
1. Acute occlusion of an artery, usually caused by embolization. The common femo-
ral artery is the most common site of occlusion. Less commonly, in situ thrombo-
sis is the cause.
2. Sources of emboli
a. Heart (85%)
* AFib is the most common cause of embolus from the heart
* Post-MI
¢ Endocarditis
* Myxoma
b. Aneurysms
c. Atheromatous plaque

B. Clinical features (remember the six Ps)

1. Pain—acute onset. The patient can tell you precisely when and where it hap-
pened. The pain is very severe, and the patient may have to sit down or may fall
to the ground (Table 1-3)

Pallor

Polar (cold)

Paralysis

Paresthesias

Pulselessness (use Doppler to assess pulses)
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C. Diagnosis
1. Arteriogram to define site of occlusion
2. ECG to look for MI, AFib
3. Echocardiogram for evaluation of cardiac source of emboli—valves, thrombus, shunts

D. Treatment
1. Main goal: Assess viability of tissues to salvage the limb.

~ 'z
= 2. Skeletal muscle can tolerate 6 hours of ischemia; perfusion should be reestablished
au I ck within this time frame.

The Fogarty balloon cath- 3. Immediately anticoagulate with IV heparin.

eter is used for embolec- 4. Emergent surgical embolectomy is indicated via cutdown and Fogarty balloon.
tomy—the catheter is Bypass is reserved for embolectomy failure.
inserted, the balloon is 5. Thrombolytics can also be infused intra-arterially. Double blind trials comparing

inflated, and the catheter
is pulled out—the balloon
brings the embolus with it.

intra-arterial thrombolytics such as recombinant urokinase to surgery showed
mixed results.
6. Treat any complications such as compartment syndrome that may occur.

Clinical Features Diagnosis  Treatment
Peripheral vascular  Intermittent claudication, rest pain,  Arteriogram Intermittent claudication—
disease decreased pulses, ischemic ulcers conservative treatment

Rest pain—surgery

Acute arterial Six Ps—opallor, pain, pulselessness,  Arteriogram Anticoagulation, emergent
occlusion paresthesias, paralysis, polar (cold) surgery
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ee Cholesterol Emholization Syndrome

This syndrome is due to “showers” of cholesterol crystals originating from a proximal
source (e.g., atherosclerotic plaque), most commonly the abdominal aorta, iliacs, and
femoral arteries.

It is often triggered by a surgical or radiographic intervention (e.g., arteriogram), or

by thrombolytic therapy.

e It presents with small, discrete areas of tissue ischemia, resulting in blue/black toes,
renal insufficiency, and/or abdominal pain or bleeding (the latter is due to intestinal
hypoperfusion).

* Treatment is supportive. Do not anticoagulate. Control BP. Amputation or surgical

resection is only needed in extreme cases.

ee |ycotic Aneurysm

An aneurysm resulting from damage to the aortic wall secondary to infection
Blood cultures are positive in most cases
Treatment: IV antibiotics and surgical excision

ee Luetic Heart

Luetic heart is a complication of syphilitic aortitis, usually affecting men in their
fourth to fifth decade of life. Aneurysm of the aortic arch with retrograde extension
extends backward to cause aortic regurgitation and stenosis of aortic branches, most
commonly the coronary arteries.

Treatment: IV penicillin and surgical repair.

ee Deep Venous Thromhosis

A. General characteristics
1. Cause: Virchow triad (endothelial injury, venous stasis, hypercoagulability) gives
rise to venous thrombosis (see also Table 1-4)
2. Risk factors
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a. Age >60
\/
b. Malignancy z >
c. Prior history of deep venous thrombosis (DVT), PE, or varicose veins au,ck
d. Hereditary hypercoagulable states (factor V Leiden, protein C and S deficiency, -
antithrombin III deficiency) Ifa s_uperflmal WIS
. . tem is patent, the classic
e. Prolonged immobilization or bed rest findings of DVT (erythema
f. Cardiac disease, especially CHF pain, cords) will not occur
g. Obesity because blood drains from
h. Major surgery, especially surgery of the pelvis (orthopedic procedures) these patent veins. This is
. . why only half of all patients
i. Major trauma . .
. . with DVT have the classic
j. Pregnancy, oral contraceptives/estrogen use findings.

Disease Clinical Features Diagnosis Treatment

Superficial throm- Local tenderness, erythema Clinical diagnosis  Analgesics, monitor for

bophlebitis along course of a superficial vein spread or cellulitis

Chronic venous Aching of lower extremities, Clinical diagnosis  Leg elevation, avoid long

insufficiency worse at end of day; relieved by periods of standing, elastic
elevation of legs and worsened stockings; if ulcers develop,
by recumbency; edema, pigmen- Unna hoots, wet-to-dry
tation, ulcers dressings

Deep venous Usually asymptomatic; calf pain Duplex, d-dimer Anticoagulation

thrombosis may be present
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. - B. Clinical features
au’ Ck H IT 1. Clinical presentation may be subtle

Only 50% of patients with 2. Classic findings (all have very low sensitivity and specificity):
the classic DVT findings a. Lower-extremity pain and swelling (worse with dependency/walking, better
have a DVT, and only 50% of with elevation/rest)

patients with documented
DVT have the classic
findings.

b. Homans sign (calf pain on ankle dorsiflexion)
c. Palpable cord
d. Fever

C. Diagnosis
1. Available studies
a. Doppler analysis and Duplex ultrasound
¢ Initial test for DVT; noninvasive, but highly operator dependent
* High sensitivity and specificity for detecting proximal thrombi (popliteal and
femoral), not so for distal (calf vein) thrombi
b. Venography
* Most accurate test for diagnosis of DVT of calf veins
¢ Invasive and infrequently used
¢ Allows visualization of the deep and superficial venous systems, and allows
assessment of patency and valvular competence
c. Impedance plethysmography
* A noninvasive alternative to Doppler ultrasound
¢ Blood conducts electricity better than soft tissue, so electrical impedance
decreases as blood volume increases
* High sensitivity for proximal DVT, but not for distal DVT (calf veins)
* Poor specificity because there is a high rate of false positives
* As accurate as Doppler, but less operator dependent
d. d-dimer testing
* Has a very high sensitivity (95%), but low specificity (50%); can be used to
rule out DVT when combined with Doppler and clinical suspicion
2. Interpretation of diagnostic tests
a. Intermediate-to-high pretest probability of DVT
* If Doppler ultrasound is positive, begin anticoagulation
* If Doppler ultrasound is nondiagnostic, repeat ultrasound every 2 to 3 days
for up to 2 weeks
b. Low-to-intermediate probability of DVT
* If Doppler ultrasound is negative, there is no need for anticoagulation; obser-
vation is sufficient
* Repeat ultrasound in 2 days
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D. Complications
1. Pulmonary embolus (PE) can originate from the iliofemoral, pelvic, calf, ovarian,
axillary, subclavian, and internal jugular veins, as well as the inferior vena cava
and cavernous sinuses of the skull—see Chapter 3 for discussion on PE
2. Postthrombotic syndrome (chronic venous insufficiency [CVC])
a. Occurs in approximately half of all patients with acute DVT
b. Residual venous obstruction and valvular incompetence lead to ambulatory
HTN (see section on chronic venous insufficiency)
3. Phlegmasia cerulea dolens(painful, blue, swollen leg)
a. Occurs in extreme cases of DVT—indicates that major venous obstruction has
occurred
b. Severe leg edema compromises arterial supply to the limb, resulting in impaired
sensory and motor function
c. Venous thrombectomy is indicated

E. Treatment
1. Anticoagulation
a. Prevents further propagation of the thrombus
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b. Heparin bolus followed by a constant infusion and titrated to maintain the PTT
at 1.5 to 2 times aPTT
c. Start warfarin once the aPTT is therapeutic and continue for 3 to 6 months.
Anticoagulate to INR at 2 to 3
d. Continue heparin until the INR has been therapeutic for 48 hours
2. Thrombolytic therapy (streptokinase, urokinase, tissue plasminogen activator
[t-PA])
a. Speeds up the resolution of clots
b. Indicated mainly for patients with massive PE who are hemodynamically unsta-
ble (hypotension with SBP <90 mm Hg), and with no contraindications for
thrombolytics
3. Inferior vena cava filter placement (Greenfield filter)
a. Indications for treatment of VTE
« If absolute contraindication to anticoagulation (bleeding)
o If failure of appropriate anticoagulation

~ \Z
b. Effective only in preventing PE, not DVT auick

4. Methods of prophylaxis after surgery

a. Mechanical Low—Molecular-Weight
* Leg elevation, graduated compression stockings, early ambulation Heparin
* Pneumatic compression boots—intermittently inflate and deflate, causing * Has longer half life than
compression of the limb, usually the calves; very effective unLractlogatjed hgparln
« IVC filter for patients at high risk for DVT/PE who have an absolute contra- ggilycan ¢ dosec once
indication to other forms of prophylaxis; for example, after trauma or spinal/ « Can be given on outpa-
orthopedic surgery and have evidence of bleeding tient basis
b. Pharmacologic * No need to follow aPTT
levels

¢ Heparin or LMWH: Unfractionated heparin or LMWH postoperatively until « Is much more expensive
patient is ambulatory than unfractionated

e Combination of pneumatic compression devices and pharmacologic prophy- heparin
laxis may provide the greatest protection
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e e Ghronic Venous Insufficiency (Venous Stasis Disease)

A. General characteristics Quick

1. Also referred to as postphlebitic syndrome Many patientsiwitha
2. CVI may involve the superficial, deep, or both venous systems history of DVT eventually
3. Anatomy develop CVI (80%).
a. The lower-extremity venous system consists of three systems: deep, superficial,
and perforating systems. Valves exist in all three systems, preventing retrograde
blood flow.
b. The perforating veins connect the superficial and deep systems. Valves allow
flow from superficial to deep, but not vice versa.
4. Pathophysiology
a. History of DVT is the underlying cause in many cases (such a history might not
be documented). This has two major effects:
* It causes destruction of venous valves in the deep venous system. Valvular
incompetence results in gravitational pressure of the blood column to be
transmitted to ankles.
* Valves in the perforator veins are also damaged secondary to the chronically
elevated deep venous pressure, inhibiting transmission of blood from superfi-
cial to deep, as normally occurs.
b. Leads to ambulatory venous HTN, which has two undesirable effects:
¢ Interstitial fluid accumulation, resulting in edema.
¢ Extravasation of plasma proteins and RBCs into subcutaneous tissues, result-
ing in brawny induration and pigmentation (a brown-black color) of skin.
c. Eventually leads to reduced local capillary blood flow and hypoxia of tissues.
e Even mild trauma may precipitate tissue death and ulcer formation.
¢ Venous ulcers usually develop medially from the instep to above the ankle,
overlying an incompetent perforator vein.
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B. Clinical features
1. Swelling of the lower leg
a. When chronic, causes an aching or tightness feeling of the involved leg; often
worse at the end of the day
b. Symptoms are worsened by periods of sitting or inactive standing
c. Leg elevation provides relief of symptoms (the opposite is true in arterial insuf-
ficiency)
2. Chronic changes include:
. a. Skin changes
z > e Skin becomes thin, atrophic, shiny, and cyanotic
au I ck ¢ Brawny induration develops with chronicity
b. Venous ulcers
¢ Less painful than ulcers associated with arterial insufficiency
¢ Usually located just above the medial malleolus
¢ Often rapidly recur

Ulcer formation is directly
proportional to the amount
of swelling present.

C. Treatment
1. Before the development of ulcers, strict adherence to the following controls stasis
sequelae in most patients.

\/
. 1 a. Leg elevation: Periods of leg elevation during the day and throughout the night
OUI Gk to a level above the heart.

e e el e b. Avoiding long periods of sitting or standing.

bophlebitis occurs in c. Heavy-weight elastic stockings (knee-length) are worn during waking hours.
different locations over a 2. If ulcers develop, management also entails:

short period of time, think of a. Wet-to-dry saline dressings (three times daily).

IV SRR Wit b. Unna venous boot (external compression stocking)—best changed every week
bophlebitis (secondary to t0 10 d

occult malignancy, often of 0 .ays. ) )

the pancreas—Trousseau ¢ Healing occurs in 80% of ulcers. Compliance reduces the rate of recurrence.
syndrome) ¢ For ulcers that do not heal with the Unna boot: Apply split-thickness skin

grafts with or without ligation of adjacent perforator veins.

alliCk HIT A. General characteristics

Two conditions that should 1. Virchow triad is again implicated (but pathophysiology not entirely clear)
not be confused with super- 2. In upper extremities, usually occurs at the site of an IV infusion
ficial thrombophlebitis are 3. In lower extremities, usually associated with varicose veins (in the greater saphe-

cellulitis and lymphangitis. . . .
[ — nous system)—secondary to static blood flow in these veins

ing and erythema are more ..
widespread, and there is no B. Clinical features

palpable, indurated vein. 1. Pain, tenderness, induration, and erythema along the course of the vein
2. A tender cord may be palpated

- o e Superficial Thromhophlebitis

C. Treatment

1. No anticoagulation is required—rarely causes PE. Only if thrombus extends into
the deep system

2. Localized thrombophlebitis—a mild analgesic (aspirin or NSAIDs) elevation, and
hot compresses; continue activity

3. Suppurative thrombophlebitis—septic phlebitis is usually due to infection of an IV
cannula. Redness extends beyond the area of the vein and purulent drainage may be
present. Remove the cannula and administer systemic antibiotics.

@@ Cardiac Neoplasms

 Primary tumors of the heart are rare (typically less than 0.1% of the general population).

¢ Metastases from other primary tumors are more common (75% of cardiac neoplasms).
Sites of these primary tumors include the lung, breast, skin, kidney, lymphomas, and
Kaposi sarcoma in patients with AIDS.
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ee Atrial Myxoma

An atrial myxoma is a benign gelatinous growth, usually pedunculated and usually
arising from the interatrial septum of the heart in the region of the fossa ovalis. It is
the most common primary cardiac neoplasm.

Although benign, atrial myxomas can embolize, leading to metastatic disease, or can
cause relative valvular dysfunction.

¢ The majority of myxomas are sporadic, but autosomal-dominant transmission has
been noted.

Prototypically present with fatigue, fever, syncope, palpitations, malaise, and a low-
pitched diastolic murmur that changes character with changing body positions
(diastolic plop).

» Treatment: Surgical excision.

@8 Shock

e e Basics of Shock

A. General characteristics
1. Shock is equivalent to underperfusion of tissues. It is a medical emergency that
needs to be corrected right away, before the condition becomes irreversible.

o
2. Presents with tachycardia, a decrease in BP, and malfunction of underperfused -
organ systems, most notably: QU’ Ck H IT

a. Lactic acidosis The following signs and

b. Renal (anuria/oliguria) symptoms are common to
c. CNS dysfunction (altered mentation) all forms of shock:
3. Shock is characterized by its effect on cardiac output, SVR, and volume status * Hypotension

* Oliguria
* Tachycardia
¢ Altered mental status

(volume status is assessed via jugular venous pressure or pulmonary capillary
wedge pressure [PCWP]). The hemodynamic changes associated with different
types of shock are set forth in Table 1-5.
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B. Initial approach to a patient in shock
1. A focused history and physical examination to determine possible cause of shock.
Fever and a possible site of infection suggest septic shock.
Trauma, GI bleeding, vomiting, or diarrhea suggests hypovolemic shock.
History of MI, angina, or heart disease suggests cardiogenic shock.
. If JVD is present, this suggests cardiogenic shock.
. If spinal cord injury or neurologic deficits are present, neurogenic shock likely.
2. Imtlal steps: Simultaneously stabilize the patient hemodynamically and determine
the cause of shock.
a. Establish two large-bore venous catheters, a central line, and an arterial line.
b. A fluid bolus (multiple liters of normal saline or lactated Ringer solution)
should be given in most cases.
c. Draw blood: CBC, electrolytes, renal function, PT/PTT.

o po T

d. ECG, CXR.
Shock Cardiac Output SVR PCWP
Cardiogenic [} T T
Hypovolemic ) T 4
Neurogenic ) 4 4
Septic ) 4 4
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e. Continuous pulse oximetry.

f. Vasopressors (dopamine, norepinephrine or phenylephrine) may be given if the
patient remains hypotensive despite fluids.

g. 1f the diagnosis is still in question after the above tests, a pulmonary artery
catheter (Swan—Ganz catheter) and/or echocardiogram may help in diagnosis.

C. Treatment

1. ABCs (airway, breathing, and circulation) should be addressed for all patients
in shock.

2. Specific treatment is described below for each type of shock. With the exception
of cardiogenic (and sometimes neurogenic) shock, a generous amount of IV fluid
is usually required to resuscitate the patient. The more advanced the stage of
shock, the greater the fluid (and blood) requirement.

e (ardiogenic Shock

A. General characteristics
1. Occurs when heart is unable to generate a cardiac output sufficient to maintain
tissue perfusion
2. Can be defined as a systolic BP <90 with urine output <20 mL/hr and adequate
left ventricular filling pressure

B. Causes
1. After acute MI—most common cause
2. Cardiac tamponade (compression of heart)
3. Tension pneumothorax (compression of heart)
4. Arrhythmias
5. Massive PE leading to RVF
6. Myocardial disease (cardiomyopathies, myocarditis)
7. Mechanical abnormalities (valvular defects, ventricular septal defect)

QUICk C. ciinical features

Note that jugular venous
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pulse/PCWP is only 1. Typical ﬁgdings seen in shock (altered sensorium, pale cool skin, hypotension,
elevated in cardiogenic tachycardia, etc.)
shock. 2. Engorged neck veins—Venous pressure is usually elevated

3. Pulmonary congestion

D. Diagnosis

1. ECG—ST segment elevation suggesting acute MI or arrhythmia are the most
common findings.

2. Echocardiogram—can diagnose a variety of mechanical complications of MI,
identify valve disease, estimate EF, look for pericardial effusion, etc.

3. Hemodynamic monitoring with a Swan—Ganz catheter may be indicated: PCWP,
pulmonary artery pressure, cardiac output, cardiac index, SVR—Kkeep cardiac
output >4 L/min, cardiac index >2.2, PCWP <18 mm Hg.

E. Treatment
1. ABCs
2. Identify and treat underlying cause
a. Acute MI
e Standard treatment with aspirin, heparin (see MI section)
* Aggressive management, that is, emergent revascularization with PCI (or
CABG), has been shown to improve survival
b. If cardiac tamponade, pericardiocentesis/surgery
c. Surgical correction of valvular abnormalities
d. Treatment of arrhythmias
3. Vasopressors or inotropes
a. Dopamine is often the initial vasopressor used. Norepinephrine is another
consideration
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action of the heart, that is, it serves to “pump” during diastole and “relax” during systole.
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Intra-aortic Balloon Pump
e Adevice that gives “mechanical support” to a failing heart—it works opposite to the normal pumping

¢ A balloon catheter is positioned in the descending thoracic aorta just distal to subclavian artery. It facili-
tates ventricular emptying by deflating just before the onset of systole (reducing afterload) and
increases coronary perfusion by inflating at the onset of diastole (increasing diastolic pressure).

low cardiac output states, and as a bridge to surgery in severe AS.

The net effect is enhanced myocardial oxygenation and increased cardiac output.
Indications are angina refractory to medical therapy, mechanical complications of MI, cardiogenic shock,

b. Dobutamine (inotrope) may be used in combination with dopamine to further

increase cardiac output

4. Afterload-reducing agents such as nitroglycerin or nitroprusside are typically not
used initially because they aggravate hypotension. They may be used later with
Vasopressors

5. IV fluids are likely to be harmful if left ventricular pressures are elevated.
Patients may in fact need diuretics.

6. While still controversial, IABPs are often used for hemodynamic support (see
Clinical Pearl 1-15). Effects include:

a.

Decreased afterload

b. Increased cardiac output

c¢. Decreased myocardial oxygen demand

o Hypovolemic Shock

A. General characteristics
1. Primary pathophysiologic events: Decreased circulatory blood volume leads to
decreased preload and cardiac output.

2. The rate of volume loss is very important. The slower the loss, the greater the
effectiveness of compensatory mechanisms. Acute loss is associated with higher
morbidity and mortality.
3. Patients with significant medical comorbidities (especially cardiac) may be unable

to compensate physiologically in the early stages of hypovolemic shock.

4. There are four “classes” of hypovolemic shock, based on the severity of volume
loss (Table 1-6).
5. Causes

a.

Hemorrhage

* Trauma

* Gl bleeding

* Retroperitoneal

Quick

¢ Compensatory mecha-
nisms begin to fail when
more than 20% to 25% of
blood volume is lost.

o |f CVP is low, hypov-
olemic shock is most
likely present.
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Blood Volume Systolic  Pulse Capillary  Respiratory Urine
Class Lost (%) Pulse (T) BP({) Pressure () Refill(l) Rate(T) CNS Output (1)
| 10-15 Normal Normal Normal Normal Normal Normal Normal
Il 20-30 >100 Normal Decreased Delayed Mild tachypnea Anxious 20-30 mL/hr
i 30-40 >120 weak  Decreased Decreased Delayed Marked tachypnea ~ Confused 20 mL/hr
v >40 >140 non- Marked Marked Absent Marked tachypnea  Lethar- Negligible
palpable decrease decrease gic, coma
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b. Nonhemorrhagic
¢ Voluminous vomiting
e Severe diarrhea
¢ Severe dehydration for any reason
* Burns
¢ Third-space losses in bowel obstruction

B. Diagnesis: If the diagnosis is unclear from the patient’s vital signs and
clinical picture, a central venous line or a pulmonary artery catheter can give
invaluable information for hemodynamic monitoring: Decreased CVP/PCWP,
decreased cardiac output, increased SVR (see Table 1-5).

C. Treatment
1. Airway and breathing—patients in severe shock and circulatory collapse generally
require intubation and mechanical ventilation.
2. Circulation

\/
- a. If hemorrhage is the cause, apply direct pressure.
au’ ck b. IV hydration

Monitoring urine output is ¢ Patients with class I shock usually do not require fluid resuscitation. Patients
the most useful indicator of with class II shock benefit from fluids, and patients with classes III and IV
the effectiveness of treat- require fluid resuscitation.

19 s 23 [ Bl 17 ¢ Give fluid bolus followed by continuous infusion and reassess.
catheter and/or central

venous line. if available. are ¢ The hemodynamic response to this treatment guides further resuscitative effort.
very helpful in monitoring c¢. For nonhemorrhagic shock, blood is not necessary. Crystalloid solution with
as well. appropriate electrolyte replacement is adequate.

e e Septic Shock

A. General characteristics
1. Septic shock is defined as hypotension induced by sepsis that persists despite
adequate fluid resuscitation. This results in hypoperfusion and can ultimately lead
to multiple organ system failure and death.

2. Common causes include (but are not limited to) pneumonia, pyelonephritis, men-

ingitis, abscess formation, cholangitis, cellulitis, and peritonitis.

3. Clinically, there is a progression from systemic inflammatory response syndrome
(SIRS), to sepsis, to septic shock, to multiorgan dysfunction syndrome—see
Clinical Pearl 1-15.

Pathophysiology
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b

QUI Ck H IT a. There is a severe decrease in SVR secondary to peripheral vasodilation.
Senti . . Extremities are often warm due to vasodilation.
eptic shock is associated . ) . .
with severe peripheral b. Cardiac output is normal or increased (due to maintenance of stroke volume
vasodilatation (flushing, and tachycardia).
warm skin). c. EF is decreased secondary to a reduction in contractility.
Hypovolemic shock is 5. Can be complicated by adult respiratory distress syndrome, ATN, DIC, multiple

associated with periph-
eral vasoconstriction
(cool skin). B

organ failure, or death.

. Clinical features
1. Manifestations related to cause of sepsis (e.g., pneumonia, urinary tract infection,
peritonitis)
Signs of SIRS (see Clinical Pearl 1-16)
Signs of shock (hypotension, oliguria, lactic acidosis)
4. Patient may have a fever or may be hypothermic (hypothermia is more common
in the very young, elderly, debilitated, and immunocompromised)

W

C. Diagnosis
1. Septic shock is essentially a clinical diagnosis.
2. Confirmed by positive blood cultures, but negative cultures are common.
3. A source of infection can aid in diagnosis, but there may be no confirmed source
in some cases.
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Systemic Inflammatory Response Syndrome (SIRS)
SIRS

SIRS is characterized by two or more of the following:

e Fever (>38°C) or hypothermia (<36°C)

e Hyperventilation (rate >20 bpm) or PaC0, < 32 mm Hg

e Tachycardia (>90 bpm)

e Increased WBC count (>12,000 cell/hpf, <4,000 cells/hpf, or >10% band forms)

Sepsis
¢ When have a suspected source of infection and SIRS is present

Septic Shock
e Hypotension induced by sepsis persisting despite adequate fluid resuscitation

Multiple Organ Dysfunction Syndrome (MODS)
e Altered organ function in an acutely ill patient, usually leading to death

D. Treatment
1. Initially, IV antibiotics (broad spectrum) at maximum dosages. Antibiotics for
more rare organisms or antifungal medications may be required if there is no clini-
cal response or if suspicion for an atypical organism (i.e., immunocompromised).
If cultures are positive, antibiotics can be narrowed based on sensitivity testing.
Surgical drainage if necessary.
Fluid administration to increase mean BP (may require many liters of fluid).
4. Vasopressors (Norepinephrine, dopamine, phenylephrine) may be used if hypoten-
sion persists despite aggressive IV fluid resuscitation.

woN

oo Neurogenic Shock

A. General characteristics
1. Neurogenic shock results from a failure of the sympathetic nervous system to
maintain adequate vascular tone (sympathetic denervation)
2. Causes include spinal cord injury, severe head injury, spinal anesthesia, pharmaco-
logic sympathetic blockade
3. Characterized by peripheral vasodilation with decreased SVR

B. Clinical features
1. Warm, well-perfused skin
2. Urine output low or normal
3. Bradycardia and hypotension (but tachycardia can occur)
4. Cardiac output is decreased, SVR low, PCWP low to normal

C. Treatment
1. Judicious use of IV fluids as the mainstay of treatment
2. Vasoconstrictors to restore venous tone, but cautiously
3. Supine or Trendelenburg position
4. Maintain body temperature

Quick

Septic shock is the most
common cause of death in
the ICU.
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DISEASES OF THE
PULMONARY

SYSTEM

- . .
g. Obstructive Lung Diseases

e e e Ghronic Obstructive Pulmonary Disease

W
HIT A. General characteristics
1. There are two classic types of chronic obstructive pulmonary disease (COPD):

Pathology chronic bronchitis and emphysema (see Table 2-1 and Clinical Pearl 2-1).
Centrilobular emphysema: a. Chronic bronchitis is a clinical diagnosis: chronic cough productive of sputum
* Most common type, seen for at least 3 months per year for at least 2 consecutive years.
in SmOkifS (;arely in b. Emphysema is a pathologic diagnosis: permanent enlargement of air spaces
nonsmokers

distal to terminal bronchioles due to destruction of alveolar walls.

* Destruction limited to . . S
c. The two often coexist. Pure emphysema or pure chronic bronchitis is rare.

respiratory bronchioles

Diseases of the Pulmonary System

(proximal acini) with little d. COPD is the fourth leading cause of death in the United States.

change in distal acini 2. Risk factors and causes
* Predilection for upper a. Tobacco smoke (indicated in almost 90% of COPD cases)

L 23 b. o,-Antitrypsin deficiency—risk is even worse in combination with smoking
Panlobular emphysema: c. Environmental factors (e.g., second-hand smoke)

e Seen in patients with

e d. Chronic asthma—speculated by some to be an independent risk factor
oy-antitrypsin deficiency

» Destruction involves both 3. Pathogenesis
proximal and distal acini a. Chronic bronchitis

* Predilection for lung » Excess mucus production narrows the airways; patients often have a produc-
bt tive cough.

¢ Inflammation and scarring in airways, enlargement in mucous glands, and
smooth muscle hyperplasia lead to obstruction.

=
3 b. Emphysema
¢ Destruction of alveolar walls is due to relative excess in protease (elastase)
In COPD activity, or relative deficiency of antiprotease (oy-antitrypsin) activity in the
+ The FEV,/FVC ratio is lung. Elastase is released from PMNs and macrophages and digests human
<0.70. lung. This is inhibited by oy-antitrypsin.
* FEV;is decreased. * Tobacco smoke increases the number of activated PMNs and macrophages,
* TLCisincreased. inhibits o-antitrypsin, and increases oxidative stress on the lung by free radi-
* Residual volume is

increased. cal production.
B. Clinical features
1. Symptoms
a. Any combination of cough, sputum production, and dyspnea (on exertion or at
rest, depending on severity) may be present. Dyspnea is initially during exer-
tion but eventually becomes progressively worse with less exertion and even at
rest.
b. Some patients have very sedentary lifestyles but few complaints. They may
avoid exertional dyspnea, which is the most common early symptom of COPD
by limiting their activity.

68
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Predominant Emphysema Predominant Chronic Bronchitis
(“Pink Puffers”) (“Blue Bloaters”)
e Patients tend to be thin due to increased e Patients tend to be overweight and cyanotic (second-
energy expenditure during breathing. ary to chronic hypercapnia and hypoxemia).
e \When sitting, patients tend to lean forward. e Chronic cough and sputum production are character-
e Patients have a barrel chest (increased AP istic.
diameter of chest). e Signs of cor pulmonale may be present in severe or

long-standing disease.

Tachypnea with prolonged expiration through Respiratory rate is normal or slightly increased.
pursed lips is present.

Patient is distressed and uses accessory muscles  Patient is in no apparent distress, and there is no
(especially strap muscles in neck). apparent use of accessory muscles.

~ z
2. Signs—the following may be present: - =
a. Prolonged expiratory time. OU’ Ck H IT §
b. During auscultation, epd—e'xpiratory wheezes on forced expiration, decreased FEV, isithe amaunt of air =
breath sounds, and/or inspiratory crackles that can be forced out of ;
c. Tachypnea, tachycardia the lungs in 1 second. The -
d. Cyanosis lower the FEV,, the more c=n-
e. Use of accessory respiratory muscles difficulty one has breathing. -
f. Hyperresonance on percussion 5
g. Signs of cor pulmonale g
C. Diagnosis i
1. Pulmonary function testing (spirometry)—see Table 2-2 and Figure 2-1. . S =
a. This is the definitive diagnostic test. OU’ck =3
b. Obstruction is evident based on the following: _ : 3
* Decreased FEV, and decreased FEV,/FVC ratio—GOLD staging is based on To diagnose airway
FEV,. FEV, 280% of predicted value is mild disease, 50% to 80% is moderate ADSHIEHGNenAmnErh A
di 30% to 50% is severe disease, and <30% is very severe disease a normal or increased TLC
isease, o o ) © Yy . with a decreased FEV,.

cumeas PEARL_Jod

Key Points in Taking History of COPD Patients

General

e History of cardiopulmonary diseases

e Smoking history (duration, intensity, current smoker)
o Family history—COPD, heart disease, asthma

e (ccupation—industrial dusts, fumes

e Qverall health

e History of respiratory infections—frequency, severity
e Pulmonary medications

Pulmonary Symptoms

e Dyspnea—quantitate severity

e Cough

e Sputum production—quantity, quality, duration, hemoptysis
e Wheezing

Adapted from Burton GG, Hodgkin JE, Ward JJ, eds. Respiratory Care—A Guide to Clinical Practice. 4th ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 1997:1026, Table 28-3.
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Measurement Obstructive Restrictive

FEV, Low Normal or slightly low
FEV,/FVC Low Normal or high

Peak expiratory flow rate Low Normal

Residual volume High Low, normal, or high
Total lung capacity High Low

QUick Vital capacity Low Low

One can measure the

peak expiratory flow rate
using a peak flow meter.
If <350 L/min, one should

perform pulmonary function ¢ Increased total lung capacity (TLC), residual volume, and functional reserve

testing, because this is a capacity (FRC) (indicating air trapping) (see Figure 2-2). Although COPD
good screening test for increases TLC, the air in the lung is not useful because it all becomes residual
obstruction. volume and does not participate in gas exchange.

¢ Decreased vital capacity.
2. Chest radiograph (CXR)

- < a. Low sensitivity for diagnosing COPD; only severe, advanced emphysema will
auick show the typical changes, which include:
¢ Hyperinflation, flattened diaphragm, enlarged retrosternal space (see Figure 2-3).
COPD leads to chronic ¢ Diminished vascular markings.
respiratory acidosis with b. Useful in an acute exacerbation to rule out complications such as pneumonia
metabolic alkalosis as
compensation. or pneumothorax.

3. Measure op-antitrypsin levels in patients with a personal or family history of
premature emphysema (<50 years old).
4. Arterial blood gas (ABG)—chronic PCO, retention, decreased PO,.

Quick D. Treatment

Clinical monitoring of 1. Modalities

COPD patients entails the a. Smoking cessation—the most important intervention.
following: * Disease progression is accelerated by continued smoking and can be greatly
* Serial FEV; measure- slowed by its cessation.

ments—this has the At around age 35, FEV, decreases approximately 25 to 30 ml/yr. In smokers,
. gflzzsgxl?;f g;rcytlve value the rate of decline is faster (threefold to fourfold). If a smoker quits, the rate
« Exercise tolerance of decline of FEV; slows to that of someone of the same age who has never

smoked. However, quitting does not result in complete reversal.

1. TLC (total lung capacity) = volume of air in
the lungs after maximum inspiration

2. FRC (functional residual capacity) = volume
of air in the lungs after a normal expiration

3. RV (residual volume) = volume of air in the
lungs at maximal expiration

4. TV (tidal volume) = volume of air breathed
in and out of the lungs during quiet breathing

5. VC (vital capacity) = volume of air expelled
from the lungs during a maximum expiration

VvC

ERV

RV RV

FIGURE
2-1 Lung volumes. IC, inspiratory capacity; ERV, expiratory reserve volume.
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| FEFs09%

Normal 3.2
Obstruction | 0.5
Restriction | 1.9

Normal

4

FEF500

N

V Restriction
Absolute lung

FIGURE
2-2

A

FIGURE
2-3

volume

Flow volume loops. Examples of flow volume curves in a patient with obstructive disease
and a patient with restriction (diffuse interstitial fibrosis), as compared with a healthy
person. Volumes on the axis are absolute volumes to better show the relation of flows (e.g.,

FEFsy.,) to hyperinflation and restriction.
(Redrawn from Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 2000:2580, Figure 387.2.)

* Smoking cessation prolongs the survival rate but does not reduce it to the
level of someone who has never smoked (see Figure 2-4).
* Respiratory symptoms improve within 1 year of quitting.

. Inhaled anticholinergic drugs (e.g., ipratropium bromide): bronchodilators.

* Slower onset of action than the B-agonists, but last longer.

Inhaled f,-agonists (e.g., albuterol): bronchodilators.

* Provide symptomatic relief. Use long-acting agents (e.g., salmeterol) for
patients requiring frequent use.

. Combination of B-agonist albuterol with ipratropium bromide.

* More efficacious than either agent alone in bronchodilation.

* Also helps with adherence to therapy (both medications in one inhaler).

Inhaled corticosteroids (e.g., budesonide, fluticasone): anti-inflammatory.

* May minimally slow down the decrease in FEV; over time; however, many
studies have failed to show any benefit in pulmonary function.

B c

Chest radiographs showing a patient with COPD.

(A from Daffner RH. Clinical Radiology: The Essentials. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2007:136, Figure
4.87A.) (B and C from Stern EJ, White CS. Chest Radiology Companion. Philadelphia, PA: Lippincott Williams & Wilkins,
1999:189, Figure 13-1A and B.)

o

HI

Smoking cessation and
home oxygen therapy
are the only interventions
shown to lower mortality.

Yy

¢ Treat COPD with broncho-
dilators (anticholinergics,
Bo-agonists, or both).

¢ Give steroids and antibi-
otics for acute exacerba-
tions.

N
B-Blockers are generally
contraindicated in acute

COPD or asthma exacerba-
tions.
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Quick

Systemic glucocorticoids
are only used for acute
exacerbations and should
not be used for long-term
treatment, even for patients
with severe COPD.

Quick

Criteria for continuous

or intermittent long-term

oxygen therapy in COPD:

¢ Pa0,55 mm Hg OR

¢ 0, saturation <88% (pulse
oximetry) either at rest or
during exercise OR

* Pa0, 55 to 59 mm Hg plus
polycythemia or evidence
of cor pulmonale

* Note that the above must
be consistent findings
despite optimal medical
therapy

100

-
al
|

FEV, g (% of value at age 25)
N a
a1 o
| |

«— Nonsmoker

“*~.._ Susceptible smoker

<— Stopped at
v, age 50
Disability N,

\ ¥ Stopped at
*., age 65

............................................. 5 R ——

0

25 50 75

FIGURE
2-4

Age (years)

Smoking and COPD. Age-related rate of decline in lung function (FEV, ¢) in a nonsmoker
(top) and susceptible smoker (bottom). The dashed lines indicate the beneficial effects of
smoking cessation with moderate and severe disease. The accelerated decline in lung
function approaches the normal rate, significantly delaying the onset of disability and death.
(Redrawn from Fletcher CM, Peto R. The natural history of chronic airflow obstruction. BMJ 1977;1:1645.)

¢ Typically used in combination with a long-acting bronchodilator for patients
with significant symptoms or repeated exacerbations.

Theophylline (oral)—role is controversial.

* May improve mucociliary clearance and central respiratory drive.

e Narrow therapeutic index, so serum levels must be monitored.

* Only modestly effective and has more side effects than other bronchodilators.
Occasionally used for patients with refractory COPD.

. Oxygen therapy.

¢ Shown to improve survival and quality of life in patients with COPD and
chronic hypoxemia.

* Some patients need continuous oxygen, whereas others only require it during
exertion or sleep. Get an ABG to determine need for oxygen (see Quick Hit).

* Long-standing hypoxemia may lead to pulmonary HTN and ultimately cor pul-
monale. Continuous oxygen therapy for 218 hr/day has been shown to reduce
mortality in patients with these complications by controlling pulmonary HTN.

. Pulmonary rehabilitation—education, exercise, physiotherapy: A major goal is

to improve exercise tolerance. Pulmonary rehabilitation improves functional
status and quality of life.
Vaccination
¢ Influenza vaccination annually for all patients.
* Vaccination against Streptococcus pneumoniae every 5 to 6 years—should
be offered to patients with COPD over 65 years old, or under 65 who have
severe disease.
Antibiotics are given for acute exacerbations (see below)—increased sputum
production in volume or change in character or worsening shortness of breath.

. Surgery—may be beneficial in selected patients; carefully weigh potential ben-

efits with risks. Options include:
¢ Lung resection
* Lung transplantation

2. Treatment guidelines

a.

Mild to moderate disease.

* Begin with a bronchodilator in a metered-dose inhaler (MDI) formulation
(with spacer to improve delivery). Anticholinergic drugs and/or $-agonists are
first-line agents.

¢ Inhaled glucocorticoids may be used as well (see above). Use the lowest dose
possible.

¢ Theophylline may be considered if the above do not adequately control
symptoms.
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b. Severe disease

* Medications as above.

* Continuous oxygen therapy (if patient is hypoxemic).

* Pulmonary rehabilitation.

¢ Triple inhaler therapy (long-acting f-agonist plus a long-acting anticholiner-
gic plus an inhaled glucocorticoid) is an option for severe disease.

3. Acute COPD exacerbation. Definition: Increased dyspnea, sputum production,
and/or cough. Acute COPD exacerbation can lead to acute respiratory failure
requiring hospitalization, and possibly mechanical ventilation; potentially fatal.

a. Bronchodilators (f,-agonist) alone or in combination with anticholinergics are
first-line therapy.

b. Systemic corticosteroids are used for patients requiring hospitalization (IV
methylprednisolone is a common choice). Taper with oral prednisone on clini-
cal improvement. Do not use inhaled corticosteroids in acute exacerbations.

c. Antibiotics (azithromycin, levofloxacin, doxycycline, etc.; no antibiotic superior
to another): Studies have shown that patients who receive broad-spectrum anti-
biotics do slightly better than a placebo group.

d. Supplemental oxygen is used to keep O, saturation 90% to 93%. Start with a
nasal cannula; a face mask may need to be used.
¢ If Sa0, is >93%, the patient is at risk of CO, retention from worsening V/Q

mismatch, loss of hypoxemic respiratory drive, and the Haldane effect.

e. Noninvasive positive pressure ventilation (NPPV) (bilevel positive airway pres-
sure [BIPAP] or CPAP): Studies have shown a benefit in acute exacerbations. It
may decrease the likelihood of respiratory failure requiring invasive mechanical
ventilation.

f. Intubation and mechanical ventilation may be required if the above do not sta-
bilize the patient. Intubate if increasing RR, increasing PaCO,, and worsening
acidosis.

E. Complications
1. Acute exacerbations—most common causes are infection, noncompliance with
therapy, and cardiac disease
2. Secondary polycythemia (Hct >55% in men or >47% in women)—compensatory
response to chronic hypoxemia
3. Pulmonary HTN and cor pulmonale—may occur in patients with severe, long-
standing COPD who have chronic hypoxemia

ee Asthma

A. General characteristics
1. Characteristically defined by the following triad:
a. Airway inflammation
b. Airway hyperresponsiveness
c. Reversible airflow obstruction
2. Asthma can begin at any age
3. Extrinsic versus intrinsic asthma
a. Extrinsic asthma (most cases)
* Patients are atopic, that is, produce immunoglobulin E (IgE) to environmen-
tal antigens. May be associated with eczema and hay fever
* Patients become asthmatic at a young age
b. Intrinsic asthma—not related to atopy or environmental triggers
4. Triggers include pollens, house dust, molds, cockroaches, cats, dogs, cold air, viral
infections, tobacco smoke, medications (B-blockers, aspirin), and exercise.

B. Clinical features
1. Characterized by intermittent symptoms that include SOB, wheezing, chest tight-
ness, and cough. Symptoms have variable severity and may not be present simul-
taneously. Usually occur within 30 minutes of exposure to triggers.
2. Symptoms are typically worse at night.

~ R
Quick

¢ One of the main treat-
ment goals for COPD
patients is to reduce
the number and severity
of exacerbations they
experience each year.
Pulmonary infection (S.
pneumoniae, Haemophi-
lus influenzae, Myco-
plasma pneumoniae,
Moraxella catarrhalis,
and viruses are the
most common organ-
isms) is one of the main
precipitants of a COPD
exacerbation.

< \7
Quick
If a patient presents with
COPD exacerbation, the
following steps are appro-
priate:
* CXR
* [,-agonist and anticho-
linergic inhalers
¢ Systemic corticosteroids
¢ Antibiotics
¢ Supplemental oxygen
NPPV if needed (see
Clinical Pearl 2-9)
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Quick

Signs of acute severe

asthma attacks:

¢ Tachypnea, diaphoresis,
wheezing, speaking in
incomplete sentences,
and use of accessory
muscles of respiration.

* Paradoxic movement
of the abdomen and
diaphragm on inspira-
tion is sign of impending
respiratory failure.
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cumont PEARL o2

“All That Wheezes Is Not Asthma”

The most common cause of wheezing is asthma. However, any condition that mimics large-airway
bronchospasm can cause wheezing.

e CHF—due to edema of airways and congestion of bronchial mucosa

e COPD—inflamed airways may be narrowed, or bronchospasm may be present

e Cardiomyopathies, pericardial diseases can lead to edema around the bronchi

¢ |Lung cancer—due to obstruction of airways (central tumor or mediastinal invasion)

3. Wheezing (during both inspiration and expiration) is the most common finding
on physical examination (see Clinical Pearl 2-2).

\/
. 1 C. Diagnosis
au’ Ck 1. Pulmonary function tests (PFTs) are required for diagnosis. They show an

PFTs in asthma: obstructive pattern: decrease in expiratory flow rates, decreased FEVy, and
1. Decreased FEV,, decreased FEV,/FVC ratio (<0.70).
decreased FVC, 2. Spirometry before and after bronchodilators can confirm diagnosis by proving revers-

decreased FEV,/FVC ratio
2. Increase in FEV; >12%
with albuterol

ible airway obstruction. If inhalation of a bronchodilator (,-agonist) results in an
increase in FEV, or FVC by at least 12%, airflow obstruction is considered reversible.

3. Decrease in FEV, >20% 3. Peak flow (peak expiratory flow rate)—useful measure of airflow obstruction.
with methacholine or Patients should self-monitor their peak flow:
histamine a. Mild persistent asthma: Periodic monitoring is sufficient. Increase the dose of

inhaled steroid if the peak flow decreases.
b. Moderate persistent asthma: Daily monitoring is required. Increase the dose of

. e inhaled steroid if the peak flow decreases.
au,ck c. Severe persistent asthma: Daily monitoring is required. Initiate prednisone if
the peak flow decreases.
Although asthma can be 4. Bronchoprovocation test.
g;‘??g‘;:?&ﬂtznp:ztaend a. May be useful when asthma is suspected but PFTs are nondiagnostic.
setting (ED) when patient is b. Measures ease with which airways narrow in response to stimuli.
SOB, peak flow measure- c. Measures lung function before and after inhalation of increasing doses of
mentis quickest method of methacholine (muscarinic agonist); hyperresponsive airways develop obstruc-
diagnosis. tion at lower doses.

5. Chest x-ray
a. Normal in mild cases; severe asthma reveals hyperinflation
z s b. Only necessary in severe asthma to exclude other conditions (e.g., pneumonia,
au,ck pneumothorax, pneumomediastinum, foreign body).
6. ABGs

a. ABGs should be considered if the patient is in significant respiratory distress.
Hypocarbia is common. Hypoxemia may be present.

During asthma exacerba-
tions, the patient hyperven-
tilates, leading to low PaCO,

levels. If the patient is no b. If the PaCO, is normal or increased, respiratory failure may ensue.
longer hyperventilating (CO, ¢ Remember that patients with an asthma attack have an increased respiratory
level is normal or high), this rate, which should cause the PaCO, to decrease. Increased PaCO, is a sign of

could be a sign that the
patient is decompensating
(due to fatigue) and that
intubation may be required.

respiratory muscle fatigue or severe airway obstruction.
¢ The patient should be hospitalized and mechanical ventilation considered.

D. Treatment
1. Available modalities (see Table 2-3).
a. Inhaled B,-agonists.

\7
a = k H IT ¢ Short-acting 8,-agonists (e.g., albuterol) are used for acute attacks (rescue).
uic Onset is 2 to 5 minutes, duration is 4 to 6 hours.
Avoid B-blockers in asth- * Long-acting versions (e.g., salmeterol) are especially good with nighttime
matics! asthma and exercise-induced asthma.

b. Inhaled corticosteroids for moderate to severe asthma.
¢ Preferred over oral steroids due to fewer systemic side effects. (Oral steroids
are reserved for severe, persistent asthma.)
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Severity

Mild intermittent (symptoms two or fewer

Long-term Control Medications

None

times per week)

Mild persistent (symptoms two or more

Low dose inhaled corticosteroid

times per week but not every day)

Moderate persistent (daily symptoms;
frequent exacerbations)

Daily inhaled corticosteroid (low dose) with long-acting
inhaled B-agonist, or daily inhaled corticosteroid (medium
dose). Alternatives include adding a leukotriene modifier or
theophylline to the daily inhaled corticosteroid (low dose)

Severe persistent (continual symptoms,
frequent exacerbations, limited physical

activity)

Daily inhaled corticosteroid (medium or high dose) and long-
acting inhaled B,-agonists. Omalizumab (anti-IgE) may be
considered additionally. If poor control, systemic corticoster-
oids should be considered.

Note: All patients should have intermittent short-acting inhaled f,-agonists as needed plus long-term control medications
based on the severity of their asthma.

From The National Asthma Education and Prevention Program, Expert Panel Report 2, 1997.

d.

o If used on a regular basis, airway hyperresponsiveness decreases, and the
number of asthma exacerbations decreases.

Montelukast—leukotriene modifiers—less efficacious than inhaled steroids but

useful for prophylaxis of mild exercise-induced asthma and for control of mild

to moderate persistent disease. They may allow reductions in steroid and bron-

chodilator requirements.

Cromolyn sodium/nedocromil sodium.

¢ Only for prophylaxis (e.g., before exercise); rarely used in adults.

2. Treatment of acute severe asthma exacerbation (hospital admission).

a.

Inhaled f,-agonist (first-line therapy).

¢ Via nebulizer or MDI (see Clinical Pearl 2-3).

* Mainstays of emergency treatment—have an onset of action of minutes.

* Assess patient response to bronchodilators (clinically and with peak flows).

. Corticosteroids

e Traditionally given intravenously initially, but may also be given orally if
given in equivalent doses.

e Taper IV or oral corticosteroids, but only when clinical improvement is seen.

* Initiate inhaled corticosteroids at the beginning of the tapering schedule.

. Third-line agent includes IV magnesium—not as effective as f-agonists, magne-

sium helps with bronchospasm but only used in acute severe exacerbation that
has not responded to above medications (albuterol, steroids, oxygen).

cumont PEARL_Jo3 I

MDIs and Nehulizers

e An MDI with a spacer is just as effective as a nebulizer. A spacer is a holding chamber that obviates the
need to coordinate inhalation and depression of the canister, and thus makes the use of an MDI easier. Its
use leads to a greater bronchodilator effect because more of the drug is deposited in smaller airways and
less accumulates in the oropharynx.

e A nebulizer is no more effective than an MDI, but patients may report greater relief of symptoms simply
because it provides more medication. It may be preferred by patients with very severe asthma unresponsive
to MDls.

For acute asthma exacer-
bation, test to order:

1.
2.

3.

Complications of asthma
1.

3 \/
Quick
Side effects of inhaled
corticosteroids are due to
oropharyngeal deposition
and include sore throat,
oral candidiasis (thrush),
and hoarseness.
Using a spacer with MDls
and rinsing the mouth
after use helps minimize
these side effects.

Quick TT1%;

PEF—decreased
ABG—increased A-a
gradient

Chest x-ray—rule out
pneumonia, pneumotho-
rax
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Quick

Status asthmaticus—
does not respond to
standard medications

. Acute respiratory failure

(due to respiratory mus-
cle fatigue)

. Pneumothorax, atelecta-

sis, pneumomediastinum

Quick

Aspirin-sensitive asthma
should be considered in
patients with asthma and
nasal polyps.

Avoid aspirin or any
nonsteroidal anti-
inflammatory drugs in
these patients because
they may cause a severe
systemic reaction.
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d. Supplemental oxygen (keep oxygen saturation >90%).

e. Antibiotics if severe exacerbation or suspicion of infection.

f. Intubation for patients in respiratory failure or impending respiratory failure.
3. Guidelines for treatment are based on severity.

e e Bronchiectasis

A. General characteristics
1. There is permanent, abnormal dilation and destruction of bronchial walls with
chronic inflammation, airway collapse, and ciliary loss/dysfunction leading to
impaired clearance of secretions.
2. Less common today because modern antibiotics are used for respiratory infections.

. Causes

Recurrent infections (airway obstruction, immunodeficiency, allergic bronchopul-
monary aspergillosis, mycobacterium)

. Cystic fibrosis (CF) is most common cause of bronchiectasis (accounts for half of

—

~ R
Quick
A variety of infections can 2
cause bronchiectasis by

destroying and damaging all cases)

the bronchial walls and 3. Primary ciliary dyskinesia (e.g., Kartagener syndrome)

interfering with ciliary 4. Autoimmune disease (theumatoid arthritis, systemic lupus erythematosus, Crohn
action. disease, etc.)

5. Humoral immunodeficiency (abnormal lung defense), airway obstruction

C. Clinical features
1. Chronic cough with large amounts of mucopurulent, foul-smelling sputum
2. Dyspnea
3. Hemoptysis—due to rupture of blood vessels near bronchial wall surfaces; usually
mild and self-limited, but sometimes can be brisk and present as an emergency
4. Recurrent or persistent pneumonia

D. Diagnosis
1. High-resolution CT scan is the diagnostic study of choice.
2. PFTs reveal an obstructive pattern.
3. CXR is abnormal in most cases, but findings are nonspecific.
4. Bronchoscopy applies in certain cases.
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> E. Treatment
a - 1. Antibiotics for acute exacerbations—superimposed infections are signaled by
ui ck H IT change in quality/quantity of sputum, fever, chest pain, etc.

Thelmainigoallineatng 2. Bronchial hygiene is very important.

bronchiectasis is to prevent a. Hydration
the complications of pneu- b. Chest physiotherapy (postural drainage, chest percussion) to help remove the
monia and hemoptysis. mucus

c. Inhaled bronchodilators

o o (Cystic Fibrosis

Autosomal recessive condition predominantly affecting Caucasians

Defect in chloride channel protein causes impaired chloride and water transport,
which leads to excessively thick, viscous secretions in the respiratory tract, exocrine
pancreas, sweat glands, intestines, and genitourinary tract

Typically results in obstructive lung disease pattern with chronic pulmonary infections
(frequently Pseudomonas), pancreatic insufficiency, and other GI complications
Treatment is pancreatic enzyme replacement, fat-soluble vitamin supplements, chest
physical therapy, vaccinations (influenza and pneumococcal), treatment of infections
with antibiotics, inhaled recombinant human deoxyribonuclease (rhDNase), which
breaks down the DNA in respiratory mucus that clogs the airways

Traditionally considered a pediatric topic; however, the prognosis has improved
significantly, with the median age of death now over 30 years of age
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©® Lung Neoplasms

ee Lung Cancer

A. General characteristics
1. Pathologic types are divided into two subgroups:
a. Small cell lung cancer (SCLC)—25% of lung cancers
b. Nonsmall cell lung cancer (NSCLC)—75% of lung cancers; includes squamous
cell carcinoma, adenocarcinoma, large cell carcinoma, and bronchoalveolar cell
carcinoma
2. Risk factors
a. Cigarette smoking—accounts for >85% of cases
* There is a linear relationship between pack-years of smoking and risk of lung
cancer.
¢ Adenocarcinoma has the lowest association with smoking of all lung cancers.
b. Second-hand smoke
c. Asbestos
¢ Common in shipbuilding and construction industry, car mechanics, painting z -2
* Smoking and asbestos in combination synergistically increase the risk of lung OU’Ck
cancer
d. Radon—high levels found in basements
e. COPD—an independent risk factor after smoking is taken into account

In the diagnosis of lung
cancer, it is crucial to dif-
ferentiate between small

3. Staging cell (25%) and nonsmall
a. NSCLC is staged via the primary TNM system. cell (75%) types because
b. SCLC is staged differently (though some recommend TNM saging still be the treatment approach is
used): completely.dlffere.nt (seg
e Limited—confined to chest plus supraclavicul des, b ical below). A tissue diagnosis
p praclavicular nodes, but not cervical or lsinecassary to maka this
axillary nodes differentiation.

¢ Extensive—outside of chest and supraclavicular nodes

B. Clinical features

1. Local manifestations (squamous cell carcinoma is most commonly associated with . = &
these symptoms) au,ck

a. Airway involvement can lead to cough, hemoptysis, obstruction, wheezing,
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dyspnea Unfortunately, signs and
b. Recurrent pneumonia (postobstructive pneumonia) symptoms are generally
. nonspecific for lung cancer,
2. Constitutional symptoms and by the time they are
a. Anorexia, weight loss, weakness present, disease is usually
b. Usually indicative of advanced disease widespread.

3. Local invasion
a. Superior vena cava (SVC) syndrome—occurs in 5% of patients
* Caused by obstruction of SVC by a mediastinal tumor
* Most commonly occurs with SCLC
* Findings: facial fullness; facial and arm edema; dilated veins over anterior
chest, arms, and face; jugular venous distention (JVD)
b. Phrenic nerve palsy—occurs in 1% of patients
* Destruction of phrenic nerve by tumor; phrenic nerve courses through the
mediastinum to innervate the diaphragm
* Results in hemidiaphragmatic paralysis
c. Recurrent laryngeal nerve palsy (3% of patients)—causes hoarseness
d. Horner syndrome—due to invasion of cervical sympathetic chain by an apical
tumor. Symptoms: unilateral facial anhidrosis (no sweating), ptosis, and miosis
e. Pancoast tumor
* Superior sulcus tumor—an apical tumor involving C8 and T1-T2 nerve
roots, causing shoulder pain radiating down the arm
¢ Usually squamous cell cancers
¢ Symptoms: pain; upper extremity weakness due to brachial plexus invasion;
associated with Horner syndrome 60% of the time
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Quick [k}

Prognosis of SCLC: For
limited disease, 5-year sur-
vival is 10% to 13% (median
survival ranges from 15 to
20 months). For extensive
disease, 5-year survival
rate is 1% to 2% (median
survival is 8 to 13 months).

Quick

For lung cancer, obtain

a CXR, a CT scan,and a C.

tissue hiopsy to confirm
diagnosis and determine
histologic type (SCLC or
NSCLC).

Quick

CXR may show pleural
effusion, which should be
tapped; the fluid should be
examined for malignant
cells.

Regardless of the find-
ings on CXR or CT scan,
pathologic confirmation
is required for definitive
diagnosis of lung cancer.

\/
Quick ;111
Always perform a biopsy
for intrathoracic lymphad-

enopathy (specificity for
metastasis is 60%).

Quick J

The prognosis for lung can-
cer is grim. Overall 5-year
survival for lung cancer
patients is 14%; 85% of
patients with SCLC have
extensive disease at the
time of presentation, and of
these almost all die within
2 years.

f. Malignant pleural effusion—occurs in 10% to 15% of patients
* Prognosis is very poor—equivalent to distant metastases

Metastatic disease—most common sites are brain, bone, adrenal glands, and liver

Paraneoplastic syndromes

a. SIADH: usually seen in small cell carcinoma (10% of SCLC patients)

b. Ectopic ACTH secretion: small cell carcinoma

c. PTH-like hormone secretion: most commonly squamous cell carcinoma

d. Hypertrophic pulmonary osteoarthropathy: adenocarcinoma and squamous cell
carcinoma—severe long-bone pain may be present

e. Eaton-Lambert syndrome: most common in SCLC; clinical picture is similar
to that of myasthenia gravis, with proximal muscle weakness/fatigability, dimin-
ished deep tendon reflexes, paresthesias (more common in lower extremities)

f. Digital clubbing: loss of normal angle between the fingernail and nail bed due
to thickening of subungual soft tissue

1.

CXR

a. Most important radiologic study for diagnosis, but not used as a screening test

b. Demonstrates abnormal findings in nearly all patients with lung cancer

c. Stability of an abnormality over a 2-year period is almost always associated
with a benign lesion

CT scan of the chest with IV contrast

a. Very useful for staging

b. Can demonstrate extent of local and distant metastasis

c. Very accurate in revealing lymphadenopathy in mediastinum

Cytologic examination of sputum

a. Diagnoses central tumors (in 80%) but not peripheral lesions

b. Provides highly variable results; if negative and clinical suspicion is high, fur-
ther tests are indicated

Fiberoptic bronchoscope

a. Can only be inserted as far as secondary branches of bronchial tree; useful for
diagnosing central visualized tumors but not peripheral lesions

b. The larger and more central the lesion, the higher the diagnostic yield; for vis-
ible lesions, bronchoscopy is diagnostic in >90% of cases

Whole body positron emission tomography (PET)—provides additional informa-

tion that primary tumor is malignant, detects lymph node and intrathoracic and

distant metastases

Transthoracic needle biopsy (under fluoroscopic or CT guidance)

a. Needle biopsy of suspicious pulmonary masses is highly accurate, and is useful
for diagnosing peripheral lesions as well

b. Needle biopsy is invasive and must be used only in selected patients. This is
a better biopsy method for peripheral lesions, whereas central, peribronchial
lesions should be biopsied using bronchoscopy

Mediastinoscopy

a. Allows direct visualization of the superior mediastinum

b. Identifies patients with advanced disease who would not benefit from surgical
resection

Treatment

1.

NSCLC
a. Surgery is the best option.
¢ A definitive pathologic diagnosis must be made prior to surgery.
¢ Patients with metastatic disease outside the chest are not candidates for
surgery.
¢ Recurrence may occur even after complete resection.
b. Radiation therapy is an important adjunct to surgery.
c. Chemotherapy is of uncertain benefit. Some studies show a modest increase in
survival. More trials are underway.
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2. SCLC
a. For limited disease, combination of chemotherapy and radiation therapy is

\/
used initially. z >
b. For extensive disease, chemotherapy is used alone as initial treatment. If OU’Ck H IT
patient responds to initial chemotherapy treatment, prophylactic radiation

decreases incidence of brain metastases and prolongs survival.
c. Surgery has a limited role because these tumors are usually nonresectable.

Most asymptomatic masses
are benign.

e e Solitary Pulmonary Nodule

A. A single, well-circumscribed nodule usually discovered incidentally with no
associated mediastinal or hilar lymph node involvement. The main question is
whether the lesion is malignant and requires biopsy or resection (see Figure 2-5).

B. Has a wide differential diagnosis (e.g., infectious granuloma, bronchogenic
carcinoma, hamartoma, bronchial adenoma), but one must investigate the
possibility of malignancy because resection can lead to a cure with early detection

C. Several features favor benign versus malignant nodules:

1. Age—the older the patient, the more likely it is malignant—over 50% chance of
malignancy if patient is over 50.

2. Smoking—if history of smoking, more likely to be malignant.

3. Size of nodule—the larger the nodule, the more likely it is malignant. Small is
<1 cm, large >2 cm.

4. Borders—Malignant nodules have more irregular borders. Benign lesions have
smooth/discrete borders.

5. Calcification—Eccentric asymmetric calcification suggests malignancy. Dense,
central calcification suggests benign lesion.

6. Change is size—enlarging nodule suggests malignancy.

Solitary pulmonary nodule

v

Old chest x-ray
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A A 4 y
Nodule changed in New Films not
size for > 2 yr? nodule available
1 1
v Voo
« Stop workup CT with thin sections
* Follow yearly through nodule
Suspicious for Benign
malignancy
* Biopsy Follow every
* Resect 3 mo

FIGURE
2-5  Evaluation of a solitary pulmonary nodule.

(Adapted from Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 2000:2574, Figure 386.6.)
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TaLe2-4  lypes of Lung Cancer

Pathologic Type Incidence Location Special Features
NSCLC  Squamous cell 30% of all lung  Usually central Cavitation on CXR
carcinoma cancers
Adenocarcinoma  35% of all lung  Often peripheral e Pleural involvement in 20% of cases
cancers—most e | ess closely associated with smok-
common type ing than other types

e Can be associated with pulmonary
scars/fibrosis

Large cell 5%—10% of all Usually
carcinoma lung cancers peripheral
SCLC 20%—25% of Central e Tend to narrow bronchi by extrinsic
all lung cancers compression

¢ \Widespread metastases are com-
mon. 50%—75% of patients have
metastases outside the chest at the
time of presentation.

D. Considering the above factors, one designates the nodule as low, intermediate, or
high probability of being malignant.
1. Low-probability nodules—serial CT scan
2. Intermediate-probability nodule 1 cm or larger—PET scan. If PET positive, biopsy
3. High-probability nodule—biopsy (transbronchial, transthoracic, or video-assisted
thoracoscopic surgery) followed by lobectomy if appropriate.

E. Previous CXR is very helpful: Every effort should be made to find a previous
CXR for comparison. If the lesion is stable for more than 2 years, it is likely
benign. Malignant lesions grow relatively rapidly (growth is usually evident
within months) (see Table 2-4). However, growth over a period of days is usually
nonmalignant (often infectious/inflammatory) (see Table 2-5).

=
(=~
)
(]
)
(]
—9
=
(1=
{—
(—]
E
—]
(=T
(=F]
i —
i
e
(—]
()
D
()
(1=]
D
2
a

e e e |\lediastinal Masses

A. Causes
1. Metastatic cancer (especially from lung cancer)—most common cause of mediasti-
nal mass in older patients
2. Most common cause according to location:
a. Anterior mediastinum: “Four T's"—thyroid, teratogenic tumors, thymoma,
terrible lymphoma

TABLE2-5  Benign Versus Malignant Solitary Pulmonary Nodules

Factors That Favor a Benign Diagnosis Factors That Favor Malignancy

Age <50 yrs Age >50 yrs

Nonsmoker Smoker or previous smoker

Size of nodule <2 cm Size of nodule >3 cm

No growth over 2-yr period Steady growth over serial radiographs
Nodule circular and regular shaped Nodule grossly irregular or speculated margin

Central laminated calcification Stippled or eccentric pattern of calcification
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b. Middle mediastinum: lung cancer, lymphoma, aneurysms, cysts, Morgagni hernia
c. Posterior mediastinum: neurogenic tumors, esophageal masses, enteric cysts,
aneurysms, Bochdalek hernia

B. Clinical features
1. Usually asymptomatic
a. When symptoms are present, they are due to compression or invasion of adja-
cent structures
. Cough (compression of trachea or bronchi), sometimes hemoptysis
Chest pain, dyspnea
. Postobstructive pneumonia
Dysphagia (compression of esophagus)
SVC syndrome
. Compression of nerves "
* Hoarseness (recurrent laryngeal nerve) 2
* Horner syndrome (sympathetic ganglia)
* Diaphragm paralysis (phrenic nerve)
If CT scan suggests a
C. lliagnosis benign mass and the patient

is asymptomatic, observa-
tion is appropriate.

@ a0 o

1. Chest CT is test of choice
2. Usually discovered incidentally on a CXR performed for another reason

@ .
@@ Diseases of the Pleura

eee Pleural Effusion
A. General characteristics "
1. Caused by one of the following mechanisms: increased drainage of fluid into pleu-
ral space, increased production of fluid by cells in the pleural space, or decreased H I

drainage of fluid from the pleural space (see Figure 2-6) If the patient has minimal

—
(7]
D
QD
()
D
()
S
—r
—
—=
(-}
O
f—
3
(—}
—]
QD
—
~
(]
~
(-]
[—
(3]
3

2. Transudative effusions—pathophysiology is due to either elevated capillary pres- lung compromise, pleural
sure in visceral or parenteral pleura (e.g., CHF), or decreased plasma oncotic pres- effusions are well tolerated,
sure (e.g., hypoalbuminemia) whereas pleural effusion in

the presence of lung dis-
ease may lead to respira-
tory failure.

3. Exudative effusions
a. Pathophysiology: caused by increased permeability of pleural surfaces or
decreased lymphatic flow from pleural surface because of damage to pleural
membranes or vasculature (see Clinical Pearl 2-4).

A B

FIGURE

2-6  A: Upright chest radiograph showing blunting of the right costophrenic angle, typical of
a small right pleural effusion (this patient had chronic liver disease). B: Chest radiograph
showing left pleural effusion.

(From Stern EJ, White CS. Chest Radiology Companion. Philadelphia, PA: Lippincott, Williams & Wilkins, 1999:375,
Figure 22-1A; 376, Figure 22-2A.)
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Causes of Transudative and Exudative Pleural Effusions
Transudative

e CHF

e Cirrhosis

e PE

¢ Nephrotic syndrome
[ ]

[ ]

o

Peritoneal dialysis
Hypoalbuminemia
Atelectasis

Exudative

e Bacterial pneumonia, TB
¢ Malignancy, metastatic disease
e \V/iral infection
e PE

e Collagen vascular diseases

v
auick b. If an exudative effusion is suspected, perform the following tests on the pleural
fluid: differential cell count, total protein, LDH, glucose, pH, amylase, triglycer-
Pleural Fluid Pearls ides, microbiology, and cytology.
* Elevated pleural fluid c. Exudative effusions meet at least one of the following of Light’s criteria (transu-

amylase: esophageal
rupture, pancreatitis,
malignancy

dates have none of these):
¢ Protein (pleural)/protein (serum) >0.5
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« Milky, opalescent fluid: ¢ LDH (pleural)/LDH (serum) >0.6
chylothorax (lymph in the ¢ LDH > two-thirds the upper limit of normal serum LDH
pleural space)

¢ Frankly purulent fluid: B. Causes

empyema (pus in the . CHF is most common cause
pleural space)

.C
1
5 ety Ems kR e 2. Pnegmonig (bacterial)
nancy 3. Malignancies: lung (36%), breast (25%), lymphoma (10%)
4
5
6

e Exudative effusions that . Pulmonary embolism (PE)
are primarily lymphocytic: . Viral diseases

18 . . Cirrhosis with ascites
* pH <7.2: parapneumonic
effusion or empyema C. Clinical features

1. Symptoms
> a. Often asymptomatic
= 3 b. Dyspnea on exertion
QUICk c. Peripheral edema
If pleural fluid glucose level d. Orthopnea, paroxysmal nocturnal dyspnea

is <60, consider rheumatoid 2. Signs _

arthritis. However, glucose a. Dullness to percussion

in pleural fluid can be low b. Decreased breath sounds over the effusion

with other causes of pleural c. Decreased tactile fremitus

effusion: TB, esophageal

rupture, malignancy, lupus. D. Diagnosis: Can confirm presence/evaluate size of effusion by the following:

1. CXR (PA and lateral)—look for the following:
a. Blunting of costophrenic angle
b. About 250 mL of pleural fluid must accumulate before an effusion can be
detected.
c. Lateral decubitus films: more reliable than PA and lateral CXRs for detecting
small pleural effusions; can also determine whether fluid is free flowing or
loculated
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CT scan—more reliable than CXR for detecting effusions

Thoracentesis

a. Thoracentesis is useful if etiology is not obvious. It provides a diagnosis in 75%
of patients, and even when it is not diagnostic it provides important clinical
information.

b. Therapeutic—drainage provides relief for large effusions.

c. Pneumothorax is a complication seen in 10% to 15% of thoracenteses, but it
requires treatment with a chest tube in <5% of cases. Do not perform thoracen-
tesis if effusion is <10-mm thick on lateral internal decubitus CXR.

E. Treatment

1.

Transudative effusions
a. Diuretics and sodium restriction
b. Therapeutic thoracentesis—only if massive effusion is causing dyspnea
Exudative effusions: treat underlying disease
Parapneumonic effusions (pleural effusion in presence of pneumonia)
a. Uncomplicated effusions: antibiotics alone (in most cases)
b. Complicated effusions or empyema
* Chest tube drainage
¢ Intrapleural injection of thrombolytic agents (streptokinase or urokinase);
may accelerate the drainage
e Surgical lysis of adhesions may be required

ee Empyema
A. Causes

1.

2.

Exudative pleural effusions, if left untreated, can lead to empyema (pus within the
pleural space).

Most cases occur as a complication of bacterial pneumonia, but other foci of infec-
tion can also spread to the pleural space (e.g., mediastinitis, abscess).

B. Clinical features: The clinical features are those of the underlying disease
(pneumonia most common).

C. Diagnosis: CXR and CT scan of the chest are the recommended tests.

D. Treatment

1.

Treat empyema with aggressive drainage of the pleura (via thoracentesis) and
antibiotic therapy.

The infection is very difficult to eradicate, and recurrence is common, requiring
repeated drainage.

If empyema is severe and persistent, rib resection and open drainage may be
necessary.

e e Pneumothorax
A. General characteristics

1.
2. There are two major categories: spontaneous and traumatic pneumothoraces.
3.

4. Spontaneous pneumothorax occurs without any trauma.

Defined as air in the normally airless pleural space.
Traumatic pneumothoraces are often iatrogenic.

a. Primary (simple) pneumothorax
* Occurs without any underlying lung disease—that is, in “healthy” indi-
viduals
* Caused by spontaneous rupture of subpleural blebs (air-filled sacs on the
lung) at the apex of lungs—escape of air from the lung into pleural space
causes lung to collapse
* More common in tall, lean young men

=
(7]
D
QD
o«
D
()
[—]
—r
—_
—a
(+-]
=)
[—
=
(—]
—]
QD
—
-~
o
-~
(-]
—
(3]
=

< \7
Quick

* A parapneumonic effusion
is a noninfected pleural
effusion secondary to
bacterial pneumonia.

* An empyema is a com-
plicated parapneumonic
effusion, which means
the pleural effusion is
infected.
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Quick

Spontaneous pneumotho-
rax has a high recurrence
rate—50% in 2 years.

¢ These patients have sufficient pulmonary reserve, so severe respiratory dis-
tress does not occur in most cases.

* Recurrence rate is 50% in 2 years

b. Secondary (complicated) pneumothorax

¢ Occurs as a complication of underlying lung disease, most commonly COPD;
other underlying conditions include asthma, interstitial lung disease (ILD),
neoplasms, CFE and tuberculosis (TB)

¢ Is more life-threatening because of lack of pulmonary reserve in these
patients

B. Clinical features
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A.

Quick

Do not obtain CXR if a C.

tension pneumothorax is
suspected. Immediately
decompress the pleural
space via large-bore needle
or chest tube!

1.

Symptoms

a. Ipsilateral chest pain, usually sudden in onset

b. Dyspnea

c. Cough

Physical signs

a. Decreased breath sounds over the affected side

b. Hyperresonance over the chest

c. Decreased or absent tactile fremitus on affected side
d. Mediastinal shift toward side of pneumothorax

C. Diagnosis: CXR confirms the diagnosis—shows the visceral pleural line

(see Figure 2-7)

2.

D. Treatment
1.

Primary spontaneous pneumothorax
a. If small and patient is asymptomatic:
* Observation—should resolve spontaneously in approximately 10 days
¢ Small chest tube (with one-way valve) may benefit some patients.
b. If pneumothorax is larger and/or patient is symptomatic:
¢ Administration of supplemental oxygen
¢ Needle aspiration or chest tube insertion to allow air to be released and lung
to reexpand
Secondary spontaneous pneumothorax—chest tube drainage

e e Tension Pneumothorax

General characteristics

1.

Accumulation of air within the pleural space such that tissues surrounding the
opening into the pleural cavity act as valves, allowing air to enter but not to
escape.

The accumulation of air under (positive) pressure in the pleural space collapses
the ipsilateral lung and shifts the mediastinum away from the side of the pneu-
mothorax.

. Causes
1.
2.
3.

Mechanical ventilation with associated barotrauma
CPR
Trauma

Clinical features

VU W

Hypotension—cardiac filling is impaired due to compression of the great veins
Distended neck veins

Shift of trachea away from side of pneumothorax on CXR (see Figure 2-8)
Decreased breath sounds on affected side

Hyperresonance to percussion on side of pneumothorax
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Swan-Ganz catheter
(jugular approach)

Tip endotracheal tube
Nasogastric tube
Swan-Ganz catheter
tip in right
pulmonary artery

Pneumothorax Left hemidiaphragm
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B
FIGURE

2-7  A:Right pneumothorax seen in a patient on a ventilator. B: Chest radiograph showing a
right pneumothorax that occurred as a complication of placement of a central line. These
small pneumothoraces are often difficult to detect. C: Large left pneumothorax.

(A from Erkonen WE, Smith WL. Radiology 101: The Basics and Fundamentals of Imaging. Philadelphia, PA: Lippincott
Williams & Wilkins, 1998:100, Figure 6-41B.) (B from Stern EJ, White CS. Chest Radiology Companion. Philadelphia,
PA: Lippincott Williams & Wilkins, 1999:381, Figure 22-9.) (C from Daffner RH. Clinical Radiology: The Essentials. 2nd
ed. Philadelphia, PA: Lippincott Williams & Wilkins, 1999:82, Figure 4.11B.)

1. Must be treated as a medical emergency—If the tension in the pleural space is not Not all mesotheliomas
relieved, the patient is likely to die of hemodynamic compromise (inadequate CO are malignant. Benign
or hypoxemia). mesotheliomas have an

2. Immediately perform chest decompression with a large-bore needle (in the sec- S0 s
are unrelated to asbestos

ond or third intercostal space in the midclavicular line), followed by chest tube exposure).
placement.
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Diseases of the Pulmonary System

Endotracheal tube tip

Nasogastric tube

Jugular central line tip in
superior vena cava

FIGURE
2-8 A:Example of a right tension pneumothorax. Note that the mediastinum is displaced to the
left. B: Tension pneumothorax. C: Tension pneumothorax.
(A from Erkonen WE, Smith WL. Radiology 101: The Basics and Fundamentals of Imaging. Philadelphia, PA: Lippincott
Williams & Wilkins, 1998:100, Figure 6-41C.) (B from Mergo PJ. Imaging of the Chest—A Teaching File. Philadelphia,
PA: Lippincott Williams & Wilkins, 2002:258, Figure 145.) (C from Topol EJ. Textbook of Cardiovascular Medicine. 2nd
ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2002:1050, Figure 47.2.)
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e e alignant Mesothelioma

* Most cases are secondary to asbestos exposure.
¢ Dyspnea, weight loss, and cough are common findings.

Bloody effusion is common.

¢ Prognosis is dismal (few months’ survival).

@@ Interstitial Lung Disease

ee (verview
A. General characteristics

1.

ILD is defined as an inflammatory process involving the alveolar wall (resulting in
widespread fibroelastic proliferation and collagen deposition) that can lead to irre-
versible fibrosis, distortion of lung architecture, and impaired gas exchange.

The prognosis is very variable and depends on the diagnosis.

Patients with environmental or occupational lung disease, especially those with
asbestosis, are frequently involved in lawsuits against their employers.

B. Classification

1.
2.

Classified based on pathologic and clinical characteristics

Environmental lung disease

a. Coal worker’s pneumoconiosis

b. Silicosis

c. Asbestosis

d. Berylliosis

ILD associated with granulomas

a. Sarcoidosis—other organs in addition to the lungs are involved.

b. Histiocytosis X

c. Wegener granulomatosis

d. Churg-Strauss syndrome

Alveolar filling disease

a. Goodpasture syndrome

b. Idiopathic pulmonary hemosiderosis

c. Alveolar proteinosis

Hypersensitivity lung disease

a. Hypersensitivity pneumonitis

b. Eosinophilic pneumonitis

Drug-induced—amiodarone, nitrofurantoin, bleomycin, phenytoin, illicit drugs

Miscellaneous

a. Idiopathic pulmonary fibrosis

b. Cryptogenic organizing pneumonia (COP)

c. ILD associated with connective tissue disorders: rheumatoid arthritis, sclero-
derma, SLE, mixed connective tissue disease

d. Radiation pneumonitis

G. Clinical features

1.

Symptoms

a. Dyspnea (at first with exertion; later at rest)

b. Cough (nonproductive)

c. Fatigue

d. Other symptoms may be present secondary to another condition (such as a
connective tissue disorder)

Signs

a. Rales at the bases are common

b. Digital clubbing is common (especially with idiopathic pulmonary fibrosis) (see

Figure 2-9 and Clinical Pearl 2-5)
c. Signs of pulmonary HTN and cyanosis in advanced disease

Quick

If ILD is suspected, ask

about the following:

¢ Medication history,
because some drugs
are known to be toxic to
lungs (chemotherapeutic
agents, gold, amiodar-
one, penicillamine, and
nitrofurantoin)

* Previous jobs, because
occupational exposure is
a cause of ILD (asbestos,
silicone, beryllium, coal)
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Quick

Over 100 causes of ILD

have been identified.

¢ In general, the clinical
findings and imaging
study results are nonspe-
cific and do not pointto a
definitive diagnosis. Often
one is confronted with
the question of whether
to obtain a tissue biopsy.
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FIGURE

2-9  Clubbing of the finger.
(From Stedman’s Medical Dictionary. 28th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2005.)

=]
=]
h—
m - -
A= D. Diagnosis
= 1. CXR (see Figure 2-10)
g a. Findings are usually nonspecific.
= b. Typical diffuse changes are noted (reticular, reticulonodular, ground glass, hon-
E eycombing).
@ 2. High-resolution CT scan shows the extent of fibrosis better than other imaging
= modalities.
S 3. PFTs
4] a. A restrictive pattern is noted: FEV,/FVC ratio is increased. All lung volumes are
§ low. Both FEV, and FVC are low, but the latter more so.
<] y b. Low diffusing capacity (DLc).
= z z 4. Oxygen desaturation during exercise.
au,ck H IT 5. Bronchoalveolar lavage (fluid for culture and cytology)—Use is controversial
» ., because results are quite variable.
Honeycomb lung” refers 6. Tissue biopsy.
to a scarred shrunken lung his is of . . . ith houeh hich luti
and is an end-stage finding a. This is often required in patients with ILD, though high-resolution CT can
with poor prognosis. Air often be used to make the diagnosis without the need for biopsy.
spaces are dilated, and b. This can be done via fiberoptic bronchoscopy with transbronchial biopsy (a
there are fibrous scars in limited amount of tissue can be obtained, which limits its utility), open lung
]E:];T']n;egﬁstg#f"ér';:tatr;::sse biopsy, or video-assisted thoracoscopic lung biopsy.
of ILD. 7. Urinalysis, if there are signs of glomerular injury (for Goodpasture syndrome and

Wegener granulomatosis)

cuwon. PEARL._Ja< I

Clubhing of the Fingers

¢ Increased convexity of the nail—the distal phalanx is enlarged due to an increase in soft tissue.

e [f a patient has clubbing, get a CXR because lung disease may be present.

e Chronic hypoxia is the underlying cause in most cases.

e Differential diagnoses vary and include pulmonary diseases (lung cancer, CF, ILD, empyema, sarcoidosis,
and mesothelioma), congenital heart disease, bacterial endocarditis, biliary cirrhosis, inflammatory bowel
disease, and primary biliary cirrhosis.

¢ Digital clubbing may be an idiopathic or primary finding, such as in familial clubbing or hypertrophic osteoar-
thropathy.
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FIGURE

2-10 Example of interstitial lung disease: Chest radiograph shows extensive pulmonary fibrosis.
(From Daffner RH. Clinical Radiology: The Essentials. 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 1999:152,
Figure 4.89A.)
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e e e |nterstitial Lung Diseases Associated With Granulomas

A. Sarcoidosis
1. General characteristics

a. A chronic systemic granulomatous disease characterized by noncaseating
granulomas, often involving multiple organ systems. Lungs are almost always

b.
c.

d.

involved. Etiology unknown.

Occurs most often in the African American population, especially women.

75% of cases occur when individual is <40 years of age.
Sarcoidosis carries a good prognosis in majority of patients.

2. Clinical features

a.

Constitutional symptoms
* Malaise, fever, anorexia, weight loss

e Symptoms vary in severity and may be absent in many patients.
. Lungs: dry cough, dyspnea (especially with exercise)
. Skin (25% of cases)

* Erythema nodosum
¢ Plaques, subcutaneous nodules, maculopapular eruptions

. Eyes (25% of cases)—may result in significant visual impairment

¢ Anterior uveitis (75%)
¢ Posterior uveitis (25%)
* Conjunctivitis

. Heart (5% of cases)

¢ Arrhythmias

¢ Conduction disturbances, such as heart block
¢ Sudden death

Musculoskeletal system (25% to 50%)

e Arthralgias and arthritis

* Bone lesions

. Nervous system (5%)

¢ Cranial nerve VII involvement (Bell palsy)
¢ Optic nerve dysfunction

* Papilledema

e Peripheral neuropathy

~ ‘/

* Up to two-thirds of
patients with sarcoidosis
experience resolution/
improvement of symp-
toms over several years.

* Approximately 20% of
patients develop chronic
disease.

¢ From 10% to 20% of
patients are asymp-
tomatic but have CXR
findings.
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Cardiac disease is the most
common cause of death,
although it is not a common
finding.
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Typical presentation of sar-
coidosis: young patient with
constitutional symptoms,
respiratory complaints,
erythema nodosum, blurred
vision, and bilateral hilar
adenopathy.

FIGURE
2-1

Chest radiograph in a patient with sarcoidosis. Note enlargement of mediastinal and hilar
lymph nodes, as well as diffuse interstitial disease, especially on the left.

(From Daffner RH. Clinical Radiology: The Essentials. 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 1999:140,
Figure 4.75B.)

3. Diagnosis

a.

b.

e

lmal

g.

Diagnosis is based on clinical, radiographic, and histologic findings.
CXR—Bilateral hilar adenopathy is the hallmark of this disease but is not
specific; it is seen in 50% of cases (see Figure 2-11). Four stages have been
described based on CXR findings (see below).

Skin anergy—typical finding but not diagnostic

. Angiotensin-converting enzyme (ACE) is elevated in serum in about 50% to 80%

of patients. This test helps support the diagnosis. However, other pulmonary dis-

eases may cause an elevation in this enzyme (lacks sensitivity and specificity).

Hypercalciuria and hypercalcemia are common.

Definitive diagnosis requires transbronchial biopsy:

e Must see noncaseating granulomas

* By itself is not diagnostic because noncaseating granulomas are found in
other diseases

* Must be used in the context of clinical presentation

PFTs: decreased lung volumes (VC and TLC), decreased DL (diffusing capac-

ity for carbon monoxide), decreased FEV,/FVC ratio

4. Staging of sarcoidosis (on CXR)

a.

Stage I: bilateral hilar adenopathy without parenchymal infiltrates (highest rate
of remission)

b. Stage II: hilar adenopathy with parenchymal infiltrates

d.

Stage I1I: diffuse parenchymal infiltrates without hilar adenopathy (least favor-
able prognosis)

Stage IV: pulmonary fibrosis with honeycombing and fibrocystic parenchymal
changes

5. Treatment

a.

b.

Most cases resolve or significantly improve spontaneously in 2 years and do not
require treatment.

Systemic corticosteroids are the treatment of choice. The indications for treat-
ment are unclear. However, patients who are symptomatic or have active lung
disease, pulmonary function deterioration, conduction disturbances, or severe
skin or eye involvement should be treated.

Methotrexate used in patients with progressive disease refractory to corticoste-
roids.
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B. Histiocytosis X

1. Chronic interstitial pneumonia caused by abnormal proliferation of histiocytes
(related to Langerhans cells of the skin).

2. Most patients (90%) are cigarette smokers.

3. Variants of disease include eosinophilic granuloma (localized to bone or lung), and
two systemic forms—Letterer-Siwe disease and Hand-Schuller—Christian syndrome.

4. Common findings include dyspnea and nonproductive cough.

5. Other possible manifestations are spontaneous pneumothorax, lytic bone lesions,
and diabetes insipidus.

6. CXR has a honeycomb appearance, and CT scan shows cystic lesions.

7. The prognosis and course are highly variable. Corticosteroids are sometimes effec-
tive. Lung transplantation may be necessary.

C. Wegener granulomatosis

1. Rare disease with unknown etiology.

2. Characterized by necrotizing granulomatous vasculitis.

3. Affects vessels of lungs, kidneys, upper airway, and sometimes other organs.

4. Manifestations of the disease include upper and lower respiratory infections, glo-
merulonephritis, and pulmonary nodules.

5. The gold standard for diagnosis is tissue biopsy, but if the patient tests positive for
c-antineutrophilic cytoplasmic antibodies, the likelihood of having this condition
is high.

6. Treatment usually includes immunosuppressive agents and glucocorticoids.

D. Churg—Strauss syndrome

Granulomatous vasculitis is seen in patients with asthma.

Typically presents with pulmonary infiltrates, rash, and eosinophilia.
Systemic vasculitis may result in skin, muscle, and nerve lesions.
Diagnosis.

Significant blood eosinophilia is common.

Associated with perinuclear antineutrophilic cytoplasmic antibody.
Treat with systemic glucocorticoids.

No Uk W=

e e Environmental Lung Disease/Pneumoconiosis

A. Coal worker’s pneumoconiosis
1. Most have simple coal worker’s pneumoconiosis, which usually causes no signifi-
cant respiratory disability.
2. Some patients may develop complicated pneumoconiosis, which is characterized
by fibrosis (restrictive lung disease).
3. Causes: inhalation of coal dust, which contains carbon and silica.

B. Ashestosis
1. Characterized by diffuse interstitial fibrosis of the lung caused by inhalation of

asbestos fibers; predilection for lower lobes.

Develops insidiously many years (>15 to 20 years) after exposure.

3. Increased risk of bronchogenic carcinoma (smoking is synergistic) and malig-
nant mesothelioma.

4. Symptoms and physical findings are nonspecific (see above under ILD).

5. Diagnosis made based on clinical findings and history of exposure to asbestos.

6. CXR shows hazy infiltrates with bilateral linear opacities and may show pleural
plaques (especially in lower lung regions).

7. No specific treatment is available.

g

C. Silicosis
1. Localized and nodular peribronchial fibrosis (upper lobes more common).
2. Can be acute (massive exposure leading to rapid onset and death), or chronic
(symptoms years after exposure—up to 15 years or longer).

Quick

Antineutrophilic cytoplas-
mic antibodies (ANCA) and
associated ILD: c-ANCA:
Wegener granulomatosis;
p-ANCA Churg—Strauss
syndrome; may also be
positive in Goodpasture
syndrome.

Quick

Pneumoconiosis is
defined as the accumula-
tion of dust in the lungs,
and the tissue reaction to
its presence.

Dusts that have been
implicated: silica, beryl-
lium, asbestos, coal dust,
graphite, carbon black,
aluminum, talc.

Quick

Classic CXR findings

in environmental lung

disease:

¢ Asbestosis: pleural
plaques

¢ Silicosis: “egg shell”
calcifications
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Quick

Some causes of hypersen-

sitivity pneumonitis:

e Farmer’s lung* (moldy
hay)

¢ Bird-breeder’s lung
(avian droppings)

* Air-conditioner lung*

¢ Bagassosis* (moldy
sugar cane)

¢ Mushroom worker's
lung* (compost)

*Caused by spores of thermo-
philic actinomycetes.
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1.
2.
3.

4.

b

1.

»

5.
6.

1.

2.
3.
4.

Associated with an increased risk of TB.

Sources include mining, stone cutting, and glass manufacturing.
Exertional dyspnea is the main symptom; cough with sputum is also seen.
There are restrictive pulmonary function abnormalities.

Treatment involves removal from exposure to silica.

. Berylliosis

Like silicosis, berylliosis has acute and chronic forms.

Acute disease is a diffuse pneumonitis caused by massive exposure to beryllium.
Chronic disease is very similar to sarcoidosis: granulomas, skin lesions, and hyper-
calcemia may be present.

The beryllium lymphocyte proliferation test is a useful diagnostic blood test.

Give glucocorticoid therapy for both acute and chronic berylliosis.

e e [nterstitial Lung Disease Associated With Hypersensitivity
A. Hypersensitivity pneumonitis (extrinsic allergic alveolitis)

Inhalation of an antigenic agent to the alveolar level induces an immune-mediated
pneumonitis. Chronic exposure may lead to restrictive lung disease.

A variety of organic dusts and chemicals have been implicated.

The presence of serum IgG and IgA to the inhaled antigen is a hallmark finding,
although many may have these antibodies without developing disease.

The acute form has flu-like features (e.g., fever, chills, cough, dyspnea). CXR dur-
ing the acute phase shows pulmonary infiltrates.

The chronic form is more insidious and more difficult to diagnose.

Treatment involves removal of the offending agent and sometimes glucocorticoids.

Fever and peripheral eosinophilia are features.

Eosinophilic pneumonia may be acute or chronic.

CXR shows peripheral pulmonary infiltrates.

Treatment with glucocorticoids is usually very effective, but relapses may occur.

. Note that there is significant overlap hetween this category and the ILD associated

with granuloma (e.g., Churg—Strauss syndrome).

1.

Uk W

1.

»

b

oo Jlveolar Filling Disease
A. Goodpasture syndrome

Autoimmune disease caused by IgG antibodies directed against glomerular and
alveolar basement membranes (type II hypersensitivity reaction).

Results in hemorrhagic pneumonitis and glomerulonephritis.

Ultimately, renal failure is a complication of proliferative glomerulonephritis.
Usually presents with hemoptysis and dyspnea.

Diagnosis made by tissue biopsy, serologic evidence of antiglomerular basement
membrane antibodies.

Prognosis is poor; treat with plasmapheresis, cyclophosphamide, and corticoste-
roids.

. Pulmonary alveolar proteinosis

Rare condition caused by accumulation of surfactant-like protein and phospholip-
ids in the alveoli.

Usually presents with dry cough, dyspnea, hypoxia, and rales.

CXR typically has a ground glass appearance with bilateral alveolar infiltrates
that resemble a bat shape.

Lung biopsy is required for definitive diagnosis.

Treatment is with lung lavage and granulocyte colony-stimulating factor.

Patients are at increased risk of infection, and steroids should not be given.
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oo Miscellaneous Interstitial Lung Disease
A. ldiopathic pulmonary fibrosis

1.

c¢. Lung transplantation. =
[
B. Cryptogenic organizing pneumonitis (COP) §
1. An inflammatory lung disease with similar clinical and radiographic features to &3
infectious pneumonia. =L
2. Associated with many entities (viral infections, medications, connective tissue dis- (=
ease). Most cases are idiopathic. c_:
3. Features: cough, dyspnea, and flu-like symptoms; bilateral patchy infiltrates on CXR. =
4. Antibiotics have not been found to be effective. g
5. Spontaneous recovery may occur, but corticosteroids are used most commonly =
(>60% of patients recover). =
6. Relapse may occur after cessation of steroids (requiring resumption of steroids). " g’
~ [—
C. Radiation pneumonitis aun‘,‘k 3

General characteristics

a. Etiology unknown; more common in men and smokers.

b. Presents with gradual onset of progressive dyspnea, nonproductive cough.

c. This is a devastating and unrelenting disease. Although the prognosis is vari-
able, the mean survival is only 3 to 7 years after first diagnosis.

Diagnosis

a. CXR: ground glass or a honeycombed appearance; may be normal.

b. Definitive diagnosis requires open lung biopsy consistent with usual interstitial

pneumonia.
c. Other causes of ILD must be excluded.

Treatment. No effective treatment is available. The majority of patients (>70%) do
not improve with therapy and experience progressive and gradual respiratory fail-

ure. The following can benefit some patients:

a. Supplemental oxygen.

b. Corticosteroids have been used historically but with little or no benefit and
have significant side effects.

1. Interstitial pulmonary inflammation—occurs in 5% to 15% of patients who ;

d thoracic irradiation for lung cancer, breast cancer, lymphoma, or th * Severe hypoxemia can
undergo thoracic irradiation for lung cancer, breast cancer, lymphoma, or thy- result in irreversible dam-
moma. Mortality and morbidity are related to the irradiated lung volume, dose, age to organs (CNS and
patient status, and concurrent chemotherapy. cardiovascular systems

2. Acute form occurs 1 to 6 months after irradiation; chronic form develops 1 to most affected) and must
2 years later—characterized by alveolar thickening and pulmonary fibrosis. e Gt el
3. Features: low-grade fever, cough, chest fullness, dyspnea, pleuritic chest pain * Severe hypercapnia (and
- hea oWt VEL, cough, » dyspnea, p pai, respiratory acidosis)
hemoptysis, acute respiratory distress can lead to dyspnea and
4. CXR is usually normal. vasodilation of cerebral
5. CT scan is the best study: diffuse infiltrates (hallmark), ground glass density, vessels (with increased
patchy/homogenous consolidation, pleural/pericardial pleural effusions. It is LTLZZ?U'E:L E;epﬁﬁzgi;gd
excellent for detectlng re'curregt cancer in irradiated area. . . headache, impaired con-
6. The treatment of choice is corticosteroids. Prophylactic treatment is not useful in sciousness, and finally

humans (useful only in mice).

©@ Respiratory Failure

coma).

e e Acute Respiratory Failure

A. General characteristics
1. Acute respiratory failure results when there is inadequate oxygenation of blood or
inadequate ventilation (elimination of CO,) or both (see Clinical Pearl 2-6 and Clinical
Pearl 2-7). The following are general criteria used to define acute respiratory failure:
a. Hypoxia (PaO, <60 mm Hg)
b. Hypercapnia (partial pressure of CO, (PCO,) >50 mm Hg)
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cumont PEARL 2

Hypoxemia Pearls

1. To determine the underlying mechanism of hypoxemia, three pieces of information are needed:
e PaC0, level
e A-a gradient
e Response to supplemental oxygen
2. A-agradient is normal if hypoventilation or low inspired PO, is the only mechanism.
3. If VQmismatch or shunting is present, then both PaC0O, and A—a gradient are elevated; response to supple-
mental O, differentiates between the two mechanisms.

2. The following structures or systems are essential components for maintaining nor-
mal respiration. Dysfunction or interruption of any component (causes are listed)
can potentially lead to respiratory failure.

a. CNS (brain and spinal cord) depression or insult—drug overdose, stroke, trauma

b. Neuromuscular disease—myasthenia gravis, polio, Guillain—Barré syndrome,
amyotrophic lateral sclerosis

c. Upper airway—obstruction due to a number of causes, including stenoses,
spasms, or paralysis

d. Thorax and pleura—mechanical restriction due to kyphoscoliosis, flail chest,
hemothorax

e. Cardiovascular system and blood—CHE valvular diseases, PE, anemia

f. Lower airways and alveoli—asthma, COPD, pneumonia, acute respiratory dis-
tress syndrome (ARDS)

3. Classification—acute respiratory failure can be divided into two major types
(overlap often exists)

a. Hypoxemic respiratory failure.

e Low PaO, with a PaCO, that is either low or normal—present when O, satu-
ration is <90% despite FiO, >0.6.

¢ Causes include disease processes that involve the lung itself (e.g., ARDS,
severe pneumonia, pulmonary edema).

* V/Q mismatch and intrapulmonary shunting are the major pathophysiologic
mechanisms.

b. Hypercapnic (hypercarbic) respiratory failure—a failure of alveolar ventilation.

e Fither a decrease in minute ventilation or an increase in physiologic dead
space leads to CO, retention and eventually results in hypoxemia.

¢ May be caused by an underlying lung disease (COPD, asthma, CF, severe
bronchitis)

e May also occur in patients with no underlying lung disease who have
impaired ventilation due to neuromuscular diseases, CNS depression,
mechanical restriction of lung inflation, or any cause of respiratory fatigue
(e.g., prolonged hyperventilation in DKA)

4. Pathophysiology
a. V/Q mismatch

cumont PEARL o

Ventilation Versus Oxygenation

* Ventilation is monitored by PaCO,: To 4 PaC0,, one must either T respiratory rate (RR) or T tidal volume
(V4). Note that minute ventilation = RR x V4.

* Oxygenation is monitored by O, saturation and PaO,: To 4 Pa0, in the ventilated patient, one must either {
Fi0, or { PEEP

Note that ventilation and oxygenation are unrelated. O, saturation may be 100% with a very high PaCO,, and
the patient can be in ventilatory failure!
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* Caused by a defect in either alveolar ventilation (e.g., pulmonary edema) or
perfusion (e.g., PE)

* Typically leads to hypoxia without hypercapnia (in fact, PaCO, levels are
often low or normal)

* Most common mechanism of hypoxemia (especially in chronic lung disorders)

* Responsive to supplemental oxygen
b. Shunting
e Little or no ventilation in perfused areas (due to collapsed or fluid-filled
alveoli); venous blood is shunted into the arterial circulation without being
oxygenated; represents one end of the spectrum in V/Q mismatch.
* Causes of shunts: atelectasis or fluid buildup in alveoli (pneumonia or pulmonary
edema), direct right-to-left intracardiac blood flow in congenital heart diseases.
* Hypoxia due to a shunt is not responsive to supplemental oxygen.
c. Hypoventilation—leads to hypercapnia, with secondary hypoxemia.
d. Increased CO, production (e.g., sepsis, DKA, hyperthermia) results in hyper-
capnic respiratory failure.
e. Diffusion impairment (e.g., ILD) causes hypoxemia without hypercapnia.

B. Clinical features
1. Symptoms
a. Dyspnea—first symptom
b. Cough may or may not be present, depending on the underlying cause.
2. Signs—the following might be present:

a. Inability to speak in complete sentences, use of accessory muscles of respiration

b. Tachypnea, tachycardia

c. Cyanosis

d. Impaired mentation (due to fatigue or hypercapnia, or if cause of respiratory
failure is CNS depression)

C. Diagnosis
1. ABG analysis—may confirm diagnosis and help severity of condition; should be

obtained in most cases of respiratory failure (see Figure 2-12)

a. Hypoxemia: Mechanisms include V/Q mismatch, intrapulmonary shunting, or
hypoventilation.

b. Hypercapnia: caused by hypoventilation (secondary to a variety of causes).

c. Arterial pH: Respiratory acidosis occurs when hypercapnia is present. However,
if the respiratory failure is chronic, renal compensation occurs and the acidosis
is less severe.

PaCoO, level

Not elevated Elevated
Y \L

Hypoventilation

v

Is A—a gradient

increased?
Is the lowered PaO,
improved with D EE— Yes J— No

supplemental O,? I |
Yes | NoO Hypoventilation alone
l_ _l does not account for
hypoxemia. Another

VIO mismatch Shunt mechanism is present.

Is A—a gradient
increased?

No —I—Yes
_l

|

Low inspired
PaO, is cause
of hypoxemia.

Hypoventilation
alone accounts for
hypoxemia.

FIGURE
2-12 Evaluation of a patient with hypoxemia.

Quick

The alveolar—arterial
oxygen difference (A-a
gradient) is normal when
hypoventilation is the
cause of hypoxemia. It is
increased in most other
causes.
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Oxygen Delivery System? Flow Rate (L/min) FiO, (% Oxygen) Advantages

Low Flow Nasal cannula 1-6 Up to 0.40 Easy to use,
comfortable
Simple face mask 510 0.40-0.60 Can deliver higher

flow rates than
nasal cannula

High Flow  Venturi mask 4-10 Up to 0.40, but can Preferred in CO,
determine precise Fi0,  retainers because
to deliver (24%, 28%,  one can more

31%, 35%, 40%) precisely control
oxygenation
Nonrebreathing Upto 15 Variable, up to Can achieve higher
mask 0.70-0.90 FiO, at lower flow
rates
High flow nasal Up to 40 Upto 0.40 Higher flow rates
cannula than simple nasal
cannula

There are two sources of oxygen in the hospital: wall outlets and oxygen tanks (portable, large green tanks).

2. CXR or CT scan of the chest.
3. CBC and metabolic panel.
4. If cardiogenic pulmonary edema is suspected, consider cardiac enzymes.

D. Treatment
1. Treat underlying disorder (e.g., with bronchodilators, corticosteroids, antibiotics,
depending on the cause).
2. Provide supplemental oxygen if patient is hypoxemic (see Table 2-6 and Clinical
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Dis Pearl 2-8).
- a. Hypoxemic respiratory failure: Use the lowest concentration of oxygen that
au, Ck H IT provides sufficient oxygenation to avoid oxygen toxicity, which is due to free
Do not ignore hypoxia in a radical production.
patient with hypercarbic b. Hypercapnic respiratory failure: Results from hypoventilation. In COPD
respiratory failure! patients, excessive administration of oxygen results in V/Q mismatch, the

Haldane effect, and loss of the hypoxemic respiratory drive.

3. Apply NPPV (e.g., CPAP, BIPAP) only for conscious patients with possible
impending respiratory failure (see Clinical Pearl 2-9). If the patient cannot
breathe on his or her own, intubate!

4. Intubation and mechanical ventilation may be needed in both types of respiratory
failure.

cumcat PEARL

Technigues to Improve Tissue Oxygenation

Increase Fi0,

Increase PEEP

Extend inspiratory time fraction

Decubitus, upright, or prone positioning bronchodilation

Improve oxygen delivery: increase cardiac output or increase hemoglobin
Decrease oxygen requirements: decrease work of breathing, fever, agitation
Remove pulmanary vasodilators (e.g., nitroprusside)

Adapted from Baum GL, Crapo JD, Celli BR, et al., eds. Textbook of Pulmonary Diseases. Vol. Il. 7th ed. Philadelphia, PA:
Lippincott Williams & Wilkins, 2003 (was p. 926, Table 2 in 6th ed.).
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Noninvasive Positive Pressure Ventilation

e NPPV is delivered as either BIPAP or CPAP. BIPAP can be set at separate inspiratory and expiratory pressures
(the inspiratory is higher than the expiratory).

Both can be given via nasal mask or full-face mask.

NPPV is indicated in patients in impending respiratory failure in an attempt to avoid intubation and mechani-
cal ventilation.

Success rates are highest in patients with hypercapnic respiratory failure (especially COPD patients).

Note that NPPV should not be used for life support ventilation, only to temporarily support the patient’s own
spontaneous breathing.

To use NPPV, the patient must be neurologically intact, awake and cooperative, and able to protect the
airway. If no improvement is seen, BIPAP should be discontinued and conventional endotracheal intubation
and mechanical ventilation initiated.

ee Acute Respiratory Distress Syndrome

A. General characteristics

1. ARDS is a diffuse inflammatory process (not necessarily infectious) involving
both lungs—neutrophil activation (due to a variety of causes) in the systemic or
pulmonary circulations is the primary mechanism (see Clinical Pearl 2-10).

ARDS is not a primary disease, but rather a disorder that arises due to other con-

ditions that cause a widespread inflammatory process.

d.

. New 2012 Berlin definition:
a.
b.

C.

Acute onset (<1 week).

Bilateral infiltrates on chest imaging.

Pulmonary edema not explained by fluid overload or CHF (e.g., no clinical evi-
dence of CHF or pulmonary capillary wedge pressure (PCWP) <18 mm Hg).
Abnormal PaO,/FiO, ratio.

* 200 to 300: mild ARDS

* 100 to 200: moderate ARDS

¢ 100: severe ARDS

Pathophysiology
a.

Massive intrapulmonary shunting of blood is a key pathophysiologic event in
ARDS—severe hypoxemia with no significant improvement on 100% oxygen
(requires high PEEP to prop open airways). Shunting is secondary to wide-
spread atelectasis, collapse of alveoli, and surfactant dysfunction.

* Interstitial edema and alveolar collapse are due to an increase in lung fluid,
which leads to stiff lungs, an increase in alveolar—arterial oxygen difference
(A-a gradient), and ineffective gas exchange.

* Note that the effects of the increase in pulmonary fluid are identical to those
seen in cardiogenic pulmonary edema, but the cause is different: An increase
in alveolar capillary permeability causes ARDS, whereas congestive hydro-
static forces cause cardiogenic pulmonary edema.

cunical PEARL | 210

Remember the Following When Examining a Patient With ARDS

Physical findings are usually nonspecific.

Because the patient is usually intubated and on a ventilator, decreased unilateral breath sounds may be due
to the ET being in the right main bronchus or possibly a pneumothorax.

Look for potential sources of sepsis and check for any signs of infection: acute abdomen, IV lines, wounds,
decubiti, etc.

Keep in mind that cardiogenic pulmonary edema has to be distinguished from ARDS—Iook for signs of
volume overload, CHF, JVD, edema, and hepatomegaly.
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Quick

Patients with sepsis or sep-
tic shock have the highest
risk of developing ARDS.

Quick

ARDS can progress rapidly
over several hours. Initially,
the dyspnea may be
exertional, but it can rapidly
advance in severity.
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b. Decreased pulmonary compliance—leads to increased work of breathing.

c. Increased dead space—secondary to obstruction and destruction of pulmonary
capillary bed.

d. Low vital capacity, low FRC.

B. Causes
1. Sepsis is most common risk factor—can be secondary to a variety of infections
(e.g., pneumonia, urosepsis, wound infections)
2. Aspiration of gastric contents
3. Severe trauma, fractures (e.g., femur, pelvis), acute pancreatitis, multiple or mas-
sive transfusions, near-drowning
4. Drug overdose, toxic inhalations
Intracranial HTN
6. Cardiopulmonary bypass

Quick C. Clinical features

1. Dyspnea, tachypnea, and tachycardia due to increased work of breathing.

b

2012 Berlin criteria for

diagnosing ARDS: 2. Progressive hypoxemia—not responsive to supplemental oxygen.
* Hypoxemia that is refrac- 3. Patients are difficult to ventilate because of high peak airway pressures due to stiff,
tory to oxygen therapy: noncompliant lungs.
ratio of Pa0,/Fi0, 200 to
300 is mild, 100 to 200 is D. Diagnosis
moderate, and <100 is ) . . . .
severe 1. CXR—shows diffuse bilateral pulmonary infiltrates (see Figure 2-13)
« Bilateral diffuse pulmo- a. There is a variable correlation between findings on CXR and severity of hypox-
nary infiltrates on CXR emia or clinical response. Diuresis improves and volume overload worsens the
* No evidence of CHF clini- infiltrates—regardless of CXR findings, the underlying ARDS may or may not

cally or PCWP <18 mm Hg be improved

b. CXR improvement follows clinical improvement after 1 to 2 weeks or more.
2. ABG
a. Hypoxemia (PaO, <60)
b. Initially, respiratory alkalosis (PaCO, <40) is present, which gives way to respi-
ratory acidosis as the work of breathing increases and PaCO, increases.
c. If the patient is septic, metabolic acidosis may be present, with or without
respiratory compensation.
3. Pulmonary artery catheter—enables a determination of PCWP. PCWP reflects left
heart filling pressures and is an indirect marker of intravascular volume status.
a. PCWP is the most useful parameter in differentiating ARDS from cardiogenic
pulmonary edema.
b. If PCWP is low (<18 mm Hg), ARDS is more likely, whereas if PCWP is high
(>18 mm Hg), cardiogenic pulmonary edema is more likely.
c. However, routine placement of pulmonary artery catheters has not been
shown to be beneficial in ARDS or sepsis.
4. Bronchoscopy with bronchoalveolar lavage
a. This may be considered if patient is acutely ill and infection is suspected.
b. Fluid collected can be cultured and analyzed for cell differential, cytology,
Gram stain, and silver stain.
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E. Treatment
1. Oxygenation—try to keep O, saturation >90%.
2. Mechanical ventilation is based on the ARDSNet studies. The most important
principles include using a high PEEP with low tidal volumes.
3. Fluid management
a. Volume overload should be avoided. A low-normal intravascular volume is pre-
ferred; the goal should be a CVP 4 to 6 cm H,0. Vasopressors may be needed
to maintain BP.
b. On the other hand, patients with sepsis have high fluid requirements, so deter-
mining the appropriate fluid management may be difficult.
4. Treat the underlying cause, for example, infection.
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FIGURE

2-13 A: Chest radiograph showing typical findings in ARDS. B: Another example of ARDS. Also
note presence of an ET and Swan-Ganz central venous catheter.
(A from Miller WT, Miller WT Jr. Field Guide to the Chest X-Ray. Philadelphia, PA: Lippincott Williams & Wilkins, 1999:4,
Figure 1.2B.) (B from Daffner RH. Clinical Radiology: The Essentials. 2nd ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 1999:175, Figure 4.117A.)

5. Do not forget to address the patient’s nutritional needs. Tube feedings are preferred
over parenteral nutrition (see Appendix).

F. Complications

1. Permanent lung injury—resulting in lung scarring or honeycomb lung

2. Complications associated with mechanical ventilation
a. Barotrauma secondary to high-pressure mechanical ventilation, possibly caus-

ing a pneumothorax or pneumomediastinum

b. Nosocomial pneumonia

3. Line-associated infections: central lines and pulmonary artery catheters (line infec-
tion sepsis), urinary catheters (UTI), and nasal tubes (sinus infection)

4. Renal failure—may be due to nephrotoxic medication, sepsis with hypotension, or
underlying disease

5. Ileus, stress ulcers
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6. Multiple organ failure
7. Critical illness myopathy

oo [echanical Ventilation
A. General characteristics

1. In treating respiratory failure, mechanical ventilation has two major goals: to
> maintain alveolar ventilation and to correct hypoxemia
- 3 2. The decision to initiate mechanical ventilation should be a clinical one. Generally,
QUI Ok patients with the following require mechanical ventilation:
a. Significant respiratory distress (e.g., high RR) or respiratory arrest

In general, err on the side . . S s .
g b. Impaired or reduced level of consciousness with inability to protect the airway

of caution when deciding

whether to initiate mechani- (look for absent gag or cough reflex)
cal ventilation. Intubation c. Metabolic acidosis (if the patient is unable to compensate with adequate hyper-
does not mean the patient ventilation)

will have to remain on the

ventilator indefinitely! d. Respiratory muscle fatigue

e. Significant hypoxemia (PaO, <70 mm Hg) or hypercapnia (PaCO, >50 mm
Hg); respiratory acidosis (pH <7.2) with hypercapnia
3. ABGs are used to assess response to initiation of mechanical ventilation.
Acceptable ranges of gas values include a PaO, of 50 to 60 with PaCO, of 40 to
50, and pH between 7.35 and 7.50.
4. General principles
a. Initial settings should rest the respiratory muscles.
b. The goal is to reduce the likelihood of barotraumas (high static airway pres-
sures, overinflation) and atelectasis (low static airway pressures, underinflation).
c. A volume-cycled ventilator is most commonly used.

B. Ventilator settings
1. Assist control (AC) ventilation
a. This is the initial mode used in most patients with respiratory failure.
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A< b. Guarantees a “backup” minute ventilation that has been preset, but the patient
au i C k H IT can still initiate breaths at a faster rate than the backup rate.
c. AC and other ventilator modes can be volume targeted or pressure targeted. If
e Always confirm correct volume targeted is selected, the ventilator will give a preset tidal volume for each
ET placement by listen- breath regardless of the pressure required to give that breath (ensures ventilation
g e sl el e but could lead to high pressures and barotrauma); if pressure targeted is selected,

sounds and checking a

postintubation CXR. the Ventil.ator will deliver a fixed inspiratory. pressure regardless of 'the tidal vol-
« On CXR, the tip of the ET ume (avoids barotraumas but adequate ventilation may not be achieved).

tube should be approxi- d. All breaths are supported by the ventilator (in contrast to intermittent manda-

mately 2to 5 cm above tory ventilation).

the carina. 2. Synchronous intermittent mandatory ventilation (SIMV)

a. Patients can breathe on their own above the mandatory rate without help from
the ventilator (i.e., the tidal volume of these extra breaths is not determined by
the ventilator, as it is in the assisted controlled mode).

b. If no spontaneous breath is initiated by the patient, the predetermined manda-
tory breath is delivered by the ventilator.

c. May increase respiratory fatigue and prolonged mechanical ventilation.

3. Continuous positive airway pressure (CPAP)

a. Positive pressure (0 to 20 cm H,0) is delivered continuously (during expiration
and inspiration) by the ventilator, but no volume breaths are delivered (patient
breathes on his or her own).

4. Pressure support ventilation (PSV)

a. Inspiratory pressure is set to support each patient-triggered breath, with a con-

stant PEEP. This is mostly used during weaning trials (Clinical Pearl 2-11).
5. Noninvasive mechanical ventilation

a. CPAP: Positive pressure (0 to 20 cm H,0) is delivered continuously (during
expiration and inspiration) by the ventilator, but no volume breaths are deliv-
ered (patient breathes on his or her own).
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Parameters to Consider in Extubation or Weaning From the Ventilator: The
More Criteria That Are Met, the More Likely That Extubation will be Tolerated

e \Whether patient has an adequate respiratory drive and is hemodynamically stable

e Intact cough (when suctioning secretions)

e Pa0,/Fi0, >200, PaC0, <45

e (, saturation of >90%, PEEP of <5 cm H,0, Fi0, <40%, RR <35 breaths/min, minute ventilation <12 L/min,
vital capacity >10 mL/kg

¢ Rapid shallow breathing index (RSBI, RR divided by tidal volume) <105

e Negative inspiratory pressure <—20 cm H,0 or more negative

b. BiPAP: Similar to PSV but done with a face or nasal mask rather than intuba-
tion. Delivers a set inspiratory pressure with a constant PEEP.

G. Key parameters
1. Settings that affect PaCO,: Minute ventilation (RR X V)
a. This should be adjusted to achieve the patient’s baseline PaCO,.

b. An initial tidal volume (V) of 4 to 8 mL/kg is appropriate in most cases (lower

tidal volumes are recommended in patients with ARDS and COPD).
c. A rate of 10 to 12 breaths/min is appropriate.
2. Settings that affect PaO,: FiO, and PEEP

a. FiO,: The initial FiO, should be 100%. Quickly titrate down and use the lowest

possible FiO, to maintain a PaO, of 50 to 60 or higher (or saturation >90%) to
avoid oxygen toxicity (theoretical, FiO, < 60% is usually safe).

b. PEEP is positive pressure maintained at the end of a passive exhalation—
keeps alveoli open—>5 c¢cm H,O is an appropriate initial setting. High levels of
PEEP increase the risk of barotrauma (injury to airway = pneumothorax) and
decrease cardiac output (decreased venous return from increased intrathoracic
pressure).

D. Complications
1. Anxiety, agitation, discomfort

a. Both sedation and analgesia are important; paralytics should be used during
intubation and can be used after intubation if the patient continues to be agi-
tated and fight the ventilator.

Difficulty with tracheal secretions—suction on a regular basis.

Ventilator-associated pneumonia (risk is ~1% per day).

Barotrauma—caused by high airway pressures.

Tracheomalacia (softening of the tracheal cartilage)—due to the prolonged pres-

ence of an endotracheal tube (ET).

Laryngeal damage during intubation.

Gastrointestinal effects (stress ulcers and cholestasis)—increased risk in mechani-

cally ventilated patients. All patients should be on a PPI or H, blocker.

ik W

~No

@@ Diseases of the Pulmonary
Vasculature

ee Pulmonary Hypertension

A. General characteristics
1. Defined as a mean pulmonary arterial pressure greater than 25 mm Hg at rest
2. There are multiple pathophysiologic processes that can cause pulmonary hyper-
tension (Clinical Pearl 2-12):
a. Passive due to resistance in the pulmonary venous system (e.g., left heart fail-
ure, mitral stenosis, atrial myxoma)
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Quick

The presence of an ET tube
does not prevent aspiration
from occurring.

Quick

When a patient is
ventilator-dependent for 2
or more weeks, a tracheos-
tomy is usually performed
to prevent tracheomalacia.
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How to Determine the Cause of Pulmonary HTN

e Perform a series of tests (CXR, PFTs, ABGs, serology, echocardiogram, cardiac catheterization). These tests
will give you enough information to recognize heart disease or lung disease as the cause of pulmonary HTN.

e |f the cause is not revealed (neither heart nor lung), then obtain a \/Qscan: this indicates either PE or primary
pulmonary hypertension (pulmonary arterial hypertension, PAH). Note that PAH is a diagnosis of exclusion.

b. Hyperkinetic (left-to-right cardiac shunts such as ASD or PDA)
c. Obstruction (e.g., PE, pulmonary artery stenosis)
d. Pulmonary vascular obliteration (e.g., collagen vascular diseases)
e. Pulmonary vasoconstriction (e.g., chronic hypoxemia, COPD, OSA)
3. Classification of pulmonary hypertension is based on the revised WHO classifica-
tion system:
a. Group 1: Pulmonary arterial hypertension (PAH)
¢ Idiopathic, familial, veno-occlusive disease, and PAH with associated condi-
tions (connective tissue disorders, congenital shunting, HIV)
¢ An abnormal increase in pulmonary arteriolar resistance leads to thickening
of pulmonary arteriolar walls. This worsens the pulmonary HTN, which in
turn causes further wall thickening, thus leading to a vicious cycle.
¢ The cause is unknown; it usually affects young or middle-aged women.
¢ The prognosis is poor. Mean survival is 2 to 3 years from the time of diagnosis.
b. Group 2: Left heart disease
¢ Secondary to any cause of left heart failure, including mitral stenosis and
mitral regurgitation
c. Group 3: Lung disease and/or chronic hypoxemia
e Causes include ILD, COPD, OSA, and any other cause of chronic hypoxemia
d. Group 4: Chronic thromboembolic disease
* Recurrent PE (many patients do not have symptoms of PE), including non-
thrombotic etiologies (e.g., tumor emboli)
e. Group 5: Miscellaneous
* Pulmonary vascular compression (e.g., tumors or lymphadenopathy), sarcoid-
osis, histiocytosis X, etc.

=
(=~
h—
(2
)
(]
—)
—_
(1=
=
(—]
E
=
(=T
D
i —
]
o
(—]
(7]
D
(7]
(1=]
D
==
=]

B. Clinical features
1. Symptoms
a. Dyspnea on exertion
b. Fatigue
c. Chest pain—exertional
d. Syncope—exertional (with severe disease)
2. Signs
a. Loud pulmonic component of the second heart sound (P,) and subtle lift of
sternum (sign of RV dilatation)—These may be the only findings, and yet the
patient may still have a devastating disease!
b. When right ventricular failure occurs, the corresponding signs and symptoms
appear (JVD, hepatomegaly, ascites, peripheral edema).

C. Diagnosis

1. ECG: Often suggests right ventricular hypertrophy—specifically, right axis deviation
and right atrial abnormality are frequently present

2. CXR: Enlarged pulmonary arteries with or without clear lung fields based on the
cause of pulmonary hypertension

3. Echocardiogram
a. Dilated pulmonary artery
b. Dilatation/hypertrophy of RA and RV
c. Abnormal movement of IV septum (due to increased right ventricular volume)

4. Right heart catheterization: reveals increased pulmonary artery pressure
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D. Treatment
1. One specific treatment plan cannot be recommended due to the variety of causes of
pulmonary HTN. If the pulmonary hypertension is secondary to another disease pro-
cess (e.g., recurrent PE), then the underlying disease should be treated and optimized.
2. Vasoactive agents are typically used in PAH (Group 1), since the trials have been
done in this group.

a. Right heart catheterization with a trial of vasodilators should precede the use of
these agents.

b. Vasoactive agents may lower pulmonary vascular resistance in some patients.
Available options include inhaled phosphodiesterase inhibitors (e.g., sildenafil),
oral CCBs, prostacyclins (e.g., epoprostenol), and endothelin receptor antago-
nists (e.g., bosentan).

3. Many patients require home oxygen, diuretics, and occasionally inotropes (e.g.,
digoxin).
4. Lung transplantation in qualified patients.

ee (or Pulmonale

A. General characteristics
1. Cor pulmonale is defined as right ventricular hypertrophy with eventual RV failure
resulting from pulmonary HTN, secondary to pulmonary disease.
2. The definition does not encompass any of the causes of pulmonary HTN due to
left-sided heart disease (such as mitral stenosis or left-to-right shunts).

B. Causes
1. It is most commonly secondary to COPD.
2. Other causes include recurrent PE, ILD, asthma, CF, sleep apnea, and pneumoco-
nioses.

C. Clinical features
1. Decrease in exercise tolerance
2. Cyanosis and digital clubbing
3. Signs of right ventricular failure: hepatomegaly, edema, JVD
4. Parasternal lift

D. Diagnosis
1. CXR: enlargement of the RA, RV, and pulmonary arteries
2. ECG: right axis deviation, P pulmonale (peaked P waves), right ventricular hyper-
trophy
3. Echocardiogram: right ventricular dilatation, but normal LV size and function;
useful in excluding LV dysfunction

E. Treatment

Treat the underlying pulmonary disorder.

Use diuretic therapy cautiously because patients may be preload-dependent.
Apply continuous long-term oxygen therapy if the patient is hypoxic.
Administer digoxin only if there is coexistent LV failure.

A variety of vasodilators have been studied; no definite improvement has been
shown with their use.

—

Uk W

e e Pulmonary Emholism

A. General characteristics
1. A PE occurs when a thrombus in another region of the body embolizes to the
pulmonary vascular tree via the RV and pulmonary artery. Blood flow distal to the
embolus is obstructed.
2. Consider PE and deep venous thrombosis (DVT) as a continuum of one clinical
entity (venous thromboembolism)—diagnosing either PE or DVT is an indication
for treatment.

Quick

Cor pulmonale is best
thought of as the right-
sided counterpart to left
ventricular heart disease
due to systemic HTN.

Quick

Death due to cor pulmonale:
Many COPD patients die

of right ventricular failure
secondary to chronic pul-
monary HTN. Many deaths
due to PE result from acute
pulmonary HTN and right
ventricular failure.

Quick

Other sources of emboli to

the lungs:

¢ Fat embolism (long-bone
fractures)

¢ Amniotic fluid embolism
(during or after delivery)

e Air embolism (trauma
to thorax, indwelling
venous/arterial lines)

e Septic embolism (IV drug
use)

¢ Schistosomiasis

Quick

If a patient with long-bone
fracture develops dyspnea,
mental status change,

and petechiae, think fat
embolism. Respiratory
failure and death can ensue
rapidly.

Quick

Complications in patients

with PE who survive the

initial event include:

* Recurrent PE

e Pulmonary HTN (up to
two-thirds of patients)
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Risk Factors for DVT/PE

e Age >60 years

¢ Malignancy

e Prior history of DVT, PE

¢ Hereditary hypercoagulable states (factor V Leiden, protein C and S deficiency, antithrombin IIl deficiency)
e Prolonged immobilization or bed rest, long-distance travel
e Cardiac disease, especially CHF
e (Obesity

¢ Nephrotic syndrome

e Major surgery, especially pelvic surgery (orthopedic procedures)
e Major trauma

¢ Pregnancy, estrogen use (oral contraceptives)

\/
- - 3. Sources of emboli
alll Gk a. Lower extremity DVT—PE is the major complication of DVT.

L T e e ¢ Most pulmonary emboli arise from thromboses in the deep veins of lower

sure. If it is severe (large blockage), acute cor pulmonale may result.

b. Blood flow decreases in some areas of the lung. Dead space is created in
areas of the lung in which there is ventilation but no perfusion. The resulting
hypoxemia and hypercarbia drive respiratory effort, which leads to tachypnea.

c. If the size of the dead space is large (large PE), clinical signs are more overt
(SOB, tachypnea).

6. Course and prognosis

a. Most often, PE is clinically silent. Recurrences are common, which can lead to
development of chronic pulmonary HIN and chronic cor pulmonale.

b. When PE is undiagnosed, mortality approaches 30%. A significant number of
cases are undiagnosed (as many as 50%).

c. When PE is diagnosed, mortality is 10% in the first 60 minutes. Of those who
survive the initial event, approximately 30% of patients will die of a recur-
rent PE if left untreated. Most deaths are due to recurrent PE within the first
few hours of the initial PE. Treatment with anticoagulants decreases the mor-
tality to 2% to 8%.

E know: extremities above the knee (iliofemoral DVT).

"i 1. The Prospective Inves- * Pulmonary emboli can also arise from the deep veins of the pelvis.

7 tigation of Pulmonary e Although calf vein thrombi have a low incidence of embolizing to the lungs,
E F;nglé%n;ig':?::g_'s in many patients these thrombi progress into the proximal veins, increasing
= mark study (JAMA the incidence of PE.

E 1990:263:2753). Guides b. Upper extremity DVT is a rare source of emboli (it may be seen in IV drug

n=_ treatment if V/Q is per- abusers).

@ formed. 4. Risk factors are those for DVT (see Clinical Pearl 2-13).

= [ TR
: Guides treatment if spirai a. Emboli block a p.ortion of pulmonary vasculature, leading.to increas.ed pulmo-
@ CT s performed. nary vascular resistance, pulmonary artery pressure, and right ventricular pres-
D

==

=]

B. Clinical features
1. Symptoms (frequency per the PIOPED study)
Dyspnea (73%)
Pleuritic chest pain (66%)
Cough (37%)
. Hemoptysis (13%)
Note that only one-third of patients with PE will have signs and symptoms of a
DVT
f. Syncope seen in large PE
2. Signs (frequency per the PIOPED study)
a. Tachypnea (70%)

P o o
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Workup of PE

It is often difficult to definitively diagnose or rule out PE. The following tests provide an adequate basis for
treating PE with anticoagulation:

e |ntraluminal filling defects in central, segmental, or lobular pulmonary arteries on CTA

e DVT diagnosed with ultrasound and clinical suspicion

e Positive pulmonary angiogram (definitely proves PE)

The following can essentially rule out PE:

e Low-probability V/Q scan (or normal helical scan) and low clinical suspicion
¢ Negative pulmonary angiogram (definite)

* Negative D-dimer assay plus low clinical suspicion

Adapted from PIOPED data. JAMA. 1990;263:2753.

Rales (51%) o x
Tachycardia (30%) alll Ck

e oan o

-S4 (24%) Signs and symptoms are
Increased P, (23%) not a reliable indicator of
Shock with rapid circulatory collapse in massive PE the presence of PE. This
g. Other signs: low-grade fever, decreased breath sounds, dullness on percussion often leads to confusion
and delay in diagnosis and
C. Iliagnosis treatment. If, however, a
. . . atient has symptoms of PE
1. ABG levels are not diagnostic for PE (see Clinical Pearl 2-14). an aDVT is¥oupnd, one can
a. PaO, and PaCO, are low (the latter due to hyperventilation) and pH is high; make the diagnosis of PE
thus, there is typically a respiratory alkalosis. without further testing.

b. The A-a gradient is usually elevated. A normal A—a gradient makes PE less

likely, but cannot be relied on to exclude the diagnosis.
2. CXR—usually normal.

a. Atelectasis or pleural effusion may be present.

b. The main usefulness is in excluding alternative diagnoses.

c. Classic radiographic signs such as Hampton hump or Westermark sign are rarely
present.

3. Venous duplex ultrasound of the lower extremities.

a. If there is a positive result, treat with IV anticoagulation (heparin); treatment of
DVT is the same as for PE. Keep in mind that with this approach, a false posi-
tive ultrasound will result in anticoagulation of some patients who do not have
DVT or PE. Also, a negative result is not helpful, as patient may still have a PE
despite no DVT on ultrasound.

b. This test is very helpful when positive, but of little value when negative (nega-
tive results occur in 50% of patients with proven PE).

4. V/Q (Ventilation—perfusion lung) scan

a. Traditionally, this was the most common test used when PE is suspected, but
has been replaced by CT angiography (CTA) as the initial study of choice in
many medical centers.

b. Plays an important role in diagnosis when there is a contraindication to CTA.

* May be useful when the chest x-ray is clear and when there is no underlying
cardiopulmonary disease.
c. Interpretation of results: can be either normal, low-probability, intermediate-
probability, or high-probability (treatment guidelines based on PIOPED study).
e A normal V/Q scan virtually rules out PE—no further testing is needed—but
a scan is almost never “normal” in anyone.

¢ A high-probability V/Q scan has a very high sensitivity for PE; treat with
heparin.

o If there is low or intermediate probability, clinical suspicion determines
the next step. If clinical suspicion is high, pulmonary angiography is indi-
cated. Alternatively, perform a lower extremity duplex ultrasound to avoid
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Quick

If CTA is negative for PE,
and clinical probability

of PE is high, there is a

5% incidence of PE. So
negative results should be
interpreted with caution if
patient has a high clinical
probability of PE.

pulmonary angiography. If the duplex is positive, treatment for DVT is the
same as for PE. If the duplex is negative/uncertain, then pulmonary angiogra-
phy is indicated to exclude PE.
5. CTA
a. Has been found to have good sensitivity (>90%) and specificity.
b. Can visualize very small clots (as small as 2 mm); may miss clots in small sub-
segmental vessels (far periphery).
c. The test of choice in most medical centers.
d. In combination with clinical suspicion, guides treatment (see Figure 2-14).
e. CTA cannot be performed in patients with significant renal insufficiency
because of the IV contrast that is required.
6. Pulmonary angiography is the gold standard.
a. Definitively diagnoses or excludes PE, but is invasive. Contrast injected into
pulmonary artery branch after percutaneous catheterization of femoral vein.
b. Consider when noninvasive testing is equivocal and risk of anticoagulation is
high, or if the patient is hemodynamically unstable and embolectomy may be
required. Angiography is rarely performed because it carries a 0.5% mortality.
7. D-dimer assay
a. D-dimer is a specific fibrin degradation product; levels can be elevated in
patients with PE and DVT.
b. D-dimer assay is a fairly sensitive test (90% to 98%). If results are normal and
clinical suspicion is low, PE is very unlikely.

| Clinical Decision Rule (see Box 2-16) |

A\ 4 Y
PE clinically unlikely PE clinically likely
(Decision Rule score 4) (Decision Rule score >4)
| D-dimer | ;I Spiral CT scan |
Y A\ 4 Y Y A 4 ) 4
Normal Abnormal No PE PE Inconclusive CETITEE LS
present performed
Leg ultrasound
A 4 Y
No DVT
treatment Treat present No DVT

|

VIQ scan or pulmonary
arteriogram

FIGURE
2-14 Workup in a patient with suspected pulmonary embolism.
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Dichotomized Clinical Decision Rule for Suspected Acute Pulmonary
Embolism (Modified Wells Criteria)

Factor Points
Symptoms and signs of DVT 3.0
Alternative diagnosis less likely than PE 3.0
Heart rate >100 beats/min 15
Immobilization (>3 days) or surgery in previous 4 weeks 15
Previous DVT or PE 15
Hemoptysis 1.0
Malignancy (current therapy, or in previous 6 months, or palliative) 1.0

Score <4 indicates that PE is unlikely, score >4 indicates that PE is likely

Adapted from Van Belle A, Biller HR, Huisman MV, et al. Effectiveness of managing suspected pulmonary embolism using
an algorithm combining clinical probability, D-dimer testing, and computed tomography. JAMA. 2006;295:172—-179; Wells
PS, Anderson DR, Rodger M, et al. Derivation of a simple clinical model to categorize patients probability of pulmonary
embolism: increasing the models utility with the SimpliRED D-dimer. Thromb Haemost. 2000;83:416-420.

8.

c. Specificity is low—D-dimer results may also be elevated in M1, CHF, pneumo-
nia, and the postoperative state. Any cause of clot or increased bleeding can
elevate the D-dimer level.

Opverall, the workup of suspected PE is based on pretest probability. The Wells

criteria (Clinical Pearl 2-15) is a scoring system that takes this into account and

helps guide the workup.

a. IF PE is unlikely based on the scoring system, then the pretest probability
for PE is low and D-dimers can be ordered to exclude PE. If PE is likely, CTA
should be performed given its high sensitivity and specificity.

D. Treatment

1.

2.

Supplemental oxygen to correct hypoxemia. Severe hypoxemia or respiratory fail-
ure requires intubation and mechanical ventilation.
Acute anticoagulation therapy with either unfractionated or low-molecular-weight
heparin to prevent another PE. Anticoagulation prevents further clot formation,
but does not lyse existing emboli or diminish thrombus size.
a. Start immediately on a basis of clinical suspicion. Do not wait for studies to
confirm PE if clinical suspicion is high.
b. Give one bolus, followed by a continuous infusion for 5 to 10 days. The goal is
an aPTT of 1.5 to 2.5 times control.
* Heparin acts by promoting the action of antithrombin III.
* Contraindications to heparin include active bleeding, uncontrolled HTN,
recent stroke, and heparin-induced thrombocytopenia (HIT).
* Low-molecular-weight heparin has better bioavailability and lower complica-
tion rates than unfractionated heparin. It has been shown to be at least as
effective or more effective than unfractionated heparin.

. Oral anticoagulation with warfarin or one of the novel oral anticoagulants (e.g.,

rivaroxaban) for long-term treatment.

a. Can start with heparin on day 1

b. Therapeutic INR is 2 to 3.

c. Continue for 3 to 6 months or more, depending on risk factors. Some patients

at significant risk for recurrent PE (e.g., malignancy, hypercoagulable state) may

be considered for lifelong anticoagulation.

. Thrombolytic therapy—for example, streptokinase, tissue plasminogen activator

(tPA).

a. Speeds up the lysis of clots.

b. There is no evidence that thrombolysis improves mortality rates in patients
with PE. Therefore, its use is not well defined at this point.

Quick

If pretest probability of PE is
low, D-dimer test is a good
noninvasive test to rule out
PE. So if D-dimer is nega-
tive, you can rule out a clot.
But if it is positive, this does
not help you.

\/
Quick
Start therapeutic heparin as
initial treatment. Also start

warfarin at same time. Goal
is therapeutic INR of 2 to 3.
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Quick
Why PE and DVT are prob-
lematic for physicians:
e Clinical findings are
sometimes subtle in both.
* Noninvasive imaging
tests do not always
detect either condition.
¢ Anticoagulation carries
significant risk.
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\7
- - c. Situations in which thrombolysis should be considered:

all I Ck H IT ¢ Patients with massive PE who are hemodynamically unstable (persistent
INR is a way of reporting hypotension).
the PT in a standardized ¢ Patients with evidence of right heart failure (thrombolysis can reverse this).
fashion. d. Catheter-directed thrombolysis has lower systemic side effects and should be
. W?rfarin increases INR considered in patients at high risk for systemic fibrinolysis or surgery.

values.

5. Inferior vena cava interruption (IVC filter placement).

* “Therapeutic” INR is L .
b a. Use has become more common but reduction in mortality has not been conclu-

usually between 2 and

3. Notable exceptions sively demonstrated.
are certain prosthetic b. Patients who have IVC filter placed are at higher risk of recurrent DVT (but
mechanical heart valves, lower risk of recurrent PE).

[l\)/:fzhnﬂi)r(:asagr;;ilg;ent c. Complications of IVC filter placement (rare): filter migration or misplacement,

e T enmr filter erosion and perforation of IVC wall, and IVC obstruction due to filter
syndrome, for which 2.5 thrombosis.
to 3.5 is recommended. d. Indications include:
¢ Contraindication to anticoagulation in a patient with documented DVT or PE.
e A complication of current anticoagulation.
z s e Failure of adequate anticoagulation as reflected by recurrent DVT or PE.
OUICk * A patient with low pulmonary reserve who is at high risk for death from PE.
6. Surgical thrombectomy
a. Consider in patients with hemodynamic compromise, a large, proximal throm-
bus, and who are poor candidates for fibrinolytics.

If anticoagulation is
contraindicated in a patient
with PE, a vena cava filter is
indicated.

©® Miscellaneous Topics

e e Pulmonary Aspiration

A. General characteristics

1. Pulmonary aspiration syndromes can be due to different types of aspirates.

a. Acidic gastric contents, which are especially damaging to the lungs.
b. Aspiration of oropharyngeal flora, which can lead to infection.
c. Foreign body/fluids (e.g., chemicals).

2. The right lung is most often involved due to anatomy (right main bronchus fol-
lows a more straight path down), particularly the lower segments of the right
upper lobe and the upper segments of the right lower lobe.

3. Predisposing factors

Reduced level of consciousness (e.g., seizures, stroke, sedating drugs)
. Alcoholism
Extubation (impaired pharyngeal or laryngeal function)
. Excessive vomiting, ileus
Tube feeding, tracheostomy tubes
Anesthesia/surgery
. Neuromuscular diseases
. Esophageal disorders (e.g., achalasia, GERD, cancer)
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Aspiration pneumonia
develops in 40% of patients
who aspirate, usually 2
to 4 days after aspiration.

Organisms are often mixed
(aerobic—anaerobic).

D|oe TP e AN o

B. Clinical features

1. Presentation is variable. Some patients develop acute onset of respiratory distress.
However, most often, the patient appears well, but later develops respiratory
dysfunction (cough, shortness of breath, fever, tachypnea, hypoxemia, or frothy
sputum).

2. It may be initially silent, with development of acute respiratory failure with no
obvious cause.

3. Fever may or may not be present.

4. May lead to obstruction of the airways with localized wheezing.

C. Diagnosis
1. Findings on CXR are variable and resemble infiltrates that mimic bacterial
pneumonia. Atelectasis and local areas of collapse may also be present.
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Differentiating between aspiration pneumonitis and aspiration pneumonia can be
difficult. Aspiration pneumonitis will show infiltrates acutely on CXR, whereas

aspiration pneumonia takes a few days to develop. However, many physicians treat

empirically with antibiotics since it is often difficult to predict which patients will
also develop pneumonia when aspiration pneumonitis is present (controversial).

D. Treatment

1. If aspiration was witnessed: ABCs (airway, breathing, and circulation), supplemen-
tal oxygen, and supportive measures.

2. If aspiration pneumonia is suspected, give antibiotics that have anaerobic activity
(e.g., clindamycin).

3. If obstruction is present, early bronchoscopy is indicated.

4. Prevention is critical in patients at high risk for aspiration: Keep the head of the
bed elevated, and place a nasogastric tube to decompress the stomach.

oo Dyspnea

A. General characteristics

1.
2.

Distinguish acute from chronic dyspnea.

Patients with chronic dyspnea usually have either heart or lung disease or both. It
may be difficult to distinguish between the two.

The most common causes of acute dyspnea include CHF exacerbation, pneumo-
nia, bronchospasm, PE, and anxiety.

Assess the patient’s baseline level of activity, whether the dyspnea is new in onset,
and its association with exertion.

If the patient has a history of smoking, cough, sputum, repeated infections, or
occupational exposure, lung disease is likely to be the reason for chronic dyspnea.

B. Causes

1.

Cardiovascular causes

CHF

. Ischemic heart disease, acute myocardial infarction
Pericarditis, cardiac tamponade

. Arrhythmias
Valvular disease

. Congenital heart disease

Pulmonary causes

a. Obstructive lung diseases—COPD, asthma, bronchiectasis

b. PE

c. ARDS

d. Pneumonia, TB, bronchitis

e. Pleural effusion, pulmonary edema

f.

g

h

i

mean o

Pneumothorax
. Upper airway obstruction, foreign body aspiration
. ILD
Chest wall abnormalities (kyphoscoliosis), rib fracture
Psychiatric disease—generalized anxiety disorder, panic attacks, hyperventilation
Systemic causes—severe chronic anemia, sepsis, DKA, GERD, medication (nar-
cotic overdose)
Chest wall abnormalities—kyphoscoliosis, rib fracture, ankylosing spondylitis
Neuromuscular diseases that weaken respiratory muscles—myasthenia gravis,
muscular dystrophy

1. Thorough history and physical examination, vital signs.

2. Pulse oximetry—normal is 96% to 100% on room air. Be aware that the baseline
oxygen saturation of many COPD patients is chronically low.

3. ABG—may be indicated if oxygen saturation is low on pulse oximetry, if hyper-
carbia is suspected, or to evaluate for acid-base abnormalities.

“\/
Aspiration can lead to lung
abscess if untreated. Poor
oral hygiene predisposes
to such infections. Foul-

smelling sputum often indi-
cates anaerobic infection.

Quick

Depending on patient

presentation, any of the fol-

lowing tests may be helpful

in distinguishing between

lung and heart disease:

* CXR

¢ Sputum Gram stain and
culture (if patient has
sputum)

¢ PFTs

¢ ABGs

¢ ECG, echocardiogram
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Quick

Patients with chronic COPD
can also experience parox-
ysmal nocturnal dyspnea.
Their excessive airway
secretions accumulate
at night causing airway
obstruction, resulting in
dyspnea that awakens the
patient and forces him or
her to clear the airway.
Therefore, paroxysmal
nocturnal dyspnea is not
specific to heart disease.
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CXR—can reveal pneumothorax, pleural effusion, pulmonary vascular conges-

\/
alll Ck tion secondary to CHE, infiltrates due to pneumonia, ILD, and so on.

A chronic CO, retainer 5. CBC—evaluate for anemia, infection.

(common in COPD patients) 6. ECG—may show ventricular hypertrophy or evidence of ischemic heart disease.
usually has normal pH and 7. Echocardiogram—for further evaluation of CHEF, valvular heart disease.

increased HCO; levels. If 8. PFTs—perform if all of the above are normal or if obstructive lung disease is
COArstentionistactie, pH suspected. See Table 2-7.

will be decreased and HCO, [ . . .

will be closer to normal 9. VIQscan or spiral CT scan—perform if PE is suspected.

levels. 10. Bronchoscopy—indicated if foreign body aspiration is suspected.

D. Treatment
1. Treat the underlying cause.

"
a = k 2. Use intubation and mechanical ventilation in the following situations:
uic H IT a. If impending respiratory failure is suspected
Massive Hemoptysis b. If patient is unable to protect airway (e.g., decreased mental status, stroke, drug
* Defined as more than overdose)
600 mL of blood in c. Severe hypoxia despite supplemental oxygen (PO, <50 to 60)
24 hours. d. Severe hypercarbia (PCO, > 50)
* The most common. 3. Exercise and conditioning may improve perception of dyspnea.
causes are bronchi-
ectasis and bleeding
diathesis. :
eoe
¢ Airway protection is key. HEIIIUI]tVSIS
AR b, A. General characteristics
* Bronchoscopy can he
identify the prZeding P 1. Defined as expectoration of blood, hemoptysis varies widely in severity and medi-
source. cal significance. The amount of blood does not necessarily correspond with the
* Use bronchial artery gravity of the underlying cause.
embolization or balloon 2. Differential diagnosis

tamponade of the airway

. a. Most common causes include:
if indicated.

¢ Bronchitis (50% of cases)

* Lung cancer (bronchogenic carcinoma)

*TB

* Bronchiectasis

* Pneumonia

e Many times the etiology remains idiopathic after thorough evaluation (up to
30% of cases)

b. Other causes include:

¢ Goodpasture syndrome

¢ PE with pulmonary infarction

* Aspergilloma within cavities

7 e Mitral stenosis (elevated pulmonary venous pressure)
OUick ¢ Hemophilia

Evaluation of hemoptysis: B. niag“')Sis
* CXR 1. Verify that hemoptysis has truly occurred. For example, superficial mouth lacera-
* Fiberoptic bronchoscopy tions or hematemesis may be confused with hemoptysis.
* CTscan of chest . .
2. History and physical
a. Fever, night sweats, and weight loss suggest TB.
b. Fevers and chills or a history of HIV suggests either pneumonia or TB.
c. Look for risk factors for PE.
d. In the presence of acute renal failure or hematuria, Goodpasture syndrome
should be considered.
3. Diagnostic studies
a. CXR
¢ May be a clear indicator of a pathogenic process or even diagnostic—for
example, if fungus ball, irregular mass, granuloma, or opacity consistent with
pulmonary infarction is present.
¢ A normal CXR does not exclude a serious condition, especially PE and even
lung cancer.
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Test

Pulse oximetry

Explanation of Test

o Measures percentage of oxygenated
hemoglobin

e Follows a sigmoid curve in relation-
ship to partial pressure of oxygen
(Pa0,) in the arterial blood

o Oxygen saturation of <88% is the
established criterion for receiving
home oxygen

DISEASES OF THE PULMONARY SYSTEM [

Use

e Useful in most categories of patients
in whom pulmonary disease is sus-
pected

e Also helpful in assessing a patient
with dyspnea, whether acute or
chronic

111

Comments

e Useful as a screening test because
it is very sensitive for detecting gas
exchange abnormalities

Not very specific

Sensitivity is increased during
exercise

Arterial blood

Measures the partial pressures of

For every 10 mm Hg increase or

ABG is not necessary in all patients

gas (ABG) oxygen and carbon dioxide as well as decrease in PaC0,, there should be a with pulmonary dysfunction. Ask

the pH of the arterial blood corresponding increase or decrease in yourself whether the results of the

® Normal pH: 7.35-7.45 pH by 0.08. In general, if the change in ABG are going to influence what you

e Normal Pa0,: decreases with age (90 pH is in the same direction as change do for the patient before performing
is normal in a 20-yr-old person) in PaC0,, then the primary disorder is it.

e Normal PaCO,: 35-45 mm Hg metabolic. When there is an inverse e ABG is painful, and radial artery
relationship, the primary disorder is spasm can result in ischemia of
respiratory. the hand in patients with radial-

dominant circulation.

Spirometry e From maximum inspiration, the patient @ Helps to distinguish obstructive from ¢ \lolumes are measured as percent-
exhales as rapidly and forcibly as pos- restrictive lung disease ages of predicted values based on
sible to maximum expiration. o Useful in assessing degree of age, height, and sex.

e Spirometer plots the change in functional impairment as well as ® |ncorrect measurement or technique
lung volume against time (see lung monitoring effectiveness of treatment may lead to false positives.
volumes below). (e.g., during asthma exacerbation)

e May detect respiratory impairment in
asymptomatic patients (e.g., smokers)
DL¢o e The patient breathes in a small, spe- e (Can often distinguish between 1. Causes for low DLgg include:

cific amount of CO, and the amount
transferred from alveolar air to pulmo-
nary capillary blood is measured.

CO is a diffusion limited gas, so other
variables are eliminated.

Essentially measures the surface area
of the alveolar-capillary membrane

asthma, emphysema, and COPD

e Useful in monitoring various condi-
tions, such as sarcoidosis and emphy-
sema

¢ Emphysema

e Sarcoidosis

e |nterstitial fibrosis

e Pulmonary vascular disease

¢ Also lower with anemia due to
reduced binding of CO to hemo-
globin

. Causes for high DLgg:

e Asthma (increased pulmonary
capillary blood volume)

e Obesity

e |ntracardiac left-to-right shunt

e Exercise

e Pulmonary hemorrhage (alveolar
RBCs bind with CO)
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Ventilation—
perfusion

(V0) scan

Compares the degree of ventilation to
perfusion of the lungs; an exact match
would correspond to a \/Qratio of 1

A high /Qratio occurs when there is
inadequate perfusion of an adequately
ventilated lung. Thus, dead space is
increased.

The normal ratio of ventilation to
perfusion is 0.8, so there is normally
some degree of \/Qmismatch, with
some degree of shunting

Diagnosis of PE

It is very rare to have a “normal” or
“negative” \/Qscan. When /Qscans
are ordered for evaluation of sus-
pected PE, the result is usually “low,”
“indeterminate,” or “high probability”

Methacholine
challenge

Assesses degree of airway
hyperreactivity

Patients in whom asthma or COPD is
suspected

Sensitive in detecting airway hyper-
responsiveness in mild asthma
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b. Fiberoptic bronchoscopy
* Should be performed even if CXR is normal if there is a significant clinical
suspicion for lung carcinoma.
¢ Look for a small tumor that may not be evident on a radiograph.
* May localize the site of bleeding.
4. CT of chest—performed as a complement to bronchoscopy or as a substitute if
there are contraindications to bronchoscopy.

C. Treatment
1. Treat the underlying cause.
2. Suppress the cough if it is aggravating the hemoptysis.
3. Correct bleeding diathesis (although anticoagulation is the treatment for PE).
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DISEASES OF THE
GASTROINTESTINAL

SYSTEM

:: Diseases of the Colon

eee (olorectal Cancer

A. General characteristics

1. Third most common cancer in the United States (in men and women)

2. Virtually, all colorectal tumors arise from adenomas. Majority are endoluminal
adenocarcinomas arising from the mucosa. Rarely, carcinoid tumors, lympho-
mas, and Kaposi sarcoma may be present but majority are adenocarcinomas

3. Screening—refer to Chapter 12, Ambulatory Medicine

a.

Fecal occult blood testing (FOBT) has poor sensitivity and specificity. Positive
predictive value is only about 20%, but all patients with positive FOBT need a
colonoscopy regardless

. Digital rectal examination: Only about 10% of tumors are palpable by rectal

examination

. Colonoscopy

¢ Most sensitive and specific test; the diagnostic study of choice for patients
with a positive FOBT
 Diagnostic and therapeutic (e.g., biopsy, polypectomy)

. Flexible sigmoidoscopy

¢ Can be used to reach the area where approximately 50% to 70% of polyps
and cancers occur (with a 60-cm scope)
* Can be diagnostic in about two-thirds of all colorectal cancers (CRCs)

. Barium enema

* Evaluates entire colon; complementary to flexible sigmoidoscopy

* Disadvantage is that any abnormal finding needs to be evaluated by colonos-
copy

Carcinoembryonic antigen (CEA)—not useful for screening; useful for establish-

ing baseline, monitoring treatment efficacy, and recurrence surveillance. CEA

does have prognostic significance: Patients with preoperative CEA >5 ng/mL

have a worse prognosis

4. Clinical staging done with CT scan of chest, abdomen, and pelvis and by physical
examination (ascites, hepatomegaly, lymphadenopathy)
5. Pattern of spread

}vi
Note that some CRCs may

bleed intermittently or not
atall.
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Colon cancer screening
begins at age 50. If one
family member has colon
cancer, begin at age 40,
or 10 years before age of
onset of family member.

a. Direct extension—circumferentially and then through the bowel wall to later -
invade other abdominoperineal organs >
b. Hematogenous H IT
e Portal circulation to liver—liver is most common site of distant spread A E——
¢ Lumbar/vertebral veins to lungs LIV GRS U
. . distant metastatic disease
c. Lymphatic—regionally at presentation.
d. Transperitoneal and intraluminal
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B. Risk factors

1.
2.

w

Age—everyone over the age of 50 years is at increased risk

Adenomatous polyps

a. These are premalignant lesions, but most do not develop into cancer.

b. Villous adenomas have higher malignant potential than tubular adenomas.

c. The larger the size, and the greater the number of polyps, the higher the risk of
cancer.

Personal history of prior CRC or adenomatous polyps

Inflammatory bowel disease (IBD)

a. Both ulcerative colitis (UC) and Crohn disease pose an increased risk for CRC,
but UC poses a greater risk than Crohn disease.

b. Incidence of CRC is 5 % to 10% at 20 years and 12% to 20% at 30 years with UC.
Begin surveillance colonoscopy for CRC 8 years following the diagnosis of IBD.

. Family history

a. Multiple first-degree relatives with CRC.
b. Any first-degree relative diagnosed with CRC or adenoma under age 60.
Dietary factors—high-fat, low-fiber diets associated with a higher risk of CRC
Major polyposis syndromes
a. Familial adenomatous polyposis (FAP)
¢ Autosomal dominant disease caused by hereditary mutations in the APC
tumor suppressor gene.
¢ Characterized by hundreds of adenomatous polyps in the colon. The colon is
always involved, and the duodenum is involved in 90% of cases. Polyps may
also form in the stomach, jejunum, and ileum.
¢ The risk of CRC is 100% by the third or fourth decade of life (in 100% of
FAP cases).
¢ Prophylactic colectomy is usually recommended.
b. Gardner syndrome
¢ Variant of FAP, autosomal dominant.
¢ Polyps plus osteomas, dental abnormalities, benign soft tissue tumors, des-
moid tumors, sebaceous cysts.
* Risk of CRC is 100% by approximately age 40.
c. Turcot syndrome
¢ Can be inherited as autosomal dominant or recessive.
¢ Polyps plus cerebellar medulloblastoma or glioblastoma multiforme.
d. Peutz—Jeghers
¢ Autosomal dominant.
¢ Single or multiple hamartomas that may be scattered through entire GI tract:
in small bowel (78%), colon (60%), stomach (30%).
¢ Pigmented spots around lips, oral mucosa, face, genitalia, and palmar surfaces.
¢ Unlike adenomas, hamartomas have very low malignant potential.
¢ Slightly increased incidence in various carcinomas (e.g., stomach, ovary,
breast, cervix, testicle, lung).
¢ Intussusception or GI bleeding may occur.
e. Familial juvenile polyposis coli
e Rare; presents in childhood; only small risk of CRC.
¢ More than 10 and up to hundreds of juvenile colon polyps.
f. Hereditary nonpolyposis CRC—without adenomatous polyposis
¢ Lynch syndrome I (site-specific CRC)—early-onset CRC; absence of anteced-
ent multiple polyposis.
* Lynch syndrome II (cancer family syndrome)—all features of Lynch I plus
increased number and early occurrence of other cancers (e.g., female genital
tract, skin, stomach, pancreas, brain, breast, biliary tract)

C. Clinical features

1.

The presence of symptoms is typically a manifestation of relatively advanced dis-
ease. Most symptoms have melena or hematochezia, abdominal pain, change in
bowel habits, or unexplained iron deficiency anemia
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Signs and symptoms potentially common to all locations
a. Abdominal pain is most common presenting symptom. Can be caused by par-
tial obstruction or peritoneal dissemination. Remember that CRC is the most
common cause of large bowel obstruction in adults. Colonic perforation can
lead to peritonitis and is the most life-threatening complication
b. Weight loss
¢. Blood in stool
d. May be asymptomatic
Signs and symptoms based on specific location of tumor
a. Right-sided tumors
e Obstruction is unusual because of the larger luminal diameter (the cecum
has the largest luminal diameter of any part of the colon), allowing for large
tumor growth to go undetected.
e Common findings: occult blood in stool, iron deficiency anemia, and melena.
¢ Change in bowel habits is uncommon.
e Triad of anemia, weakness, RLQ mass (occasionally) is present.
b. Left-sided tumors
 Smaller luminal diameter—signs of obstruction more common
¢ Change in bowel habits more common—alternating constipation/diarrhea;
narrowing of stools (“pencil stools”)
¢ Hematochezia more common

4. Rectal cancer (20% to 30% of all CRCs)

a. Hematochezia—most common symptom
b. Tenesmus
c. Rectal mass; feeling of incomplete evacuation of stool (due to mass)

D. Treatment

1.

5.

Surgery is only curative treatment of CRC. Surgical resection of tumor-containing
bowel as well as resection of regional lymphatics
CEA level should be obtained before surgery (see below)
Utility of adjuvant therapy (chemotherapy or radiation therapy) depends on stage
of tumor and is beyond scope of this book
Follow-up is important, and varies among physicians
a. Stool guaiac test
b. Annual CT scan of abdomen/pelvis and CXR for up to 5 years
c. Colonoscopy at 1 year and then every 3 years
d. CEA levels are checked periodically (every 3 to 6 months)
¢ A subsequent increase in CEA is a sensitive marker of recurrence
¢ Often, second-look operations are based on high CEA levels postresection
¢ Very high elevations of CEA suggest liver involvement
About 90% of recurrences occur within 3 years after surgery

e e (olonic Polyps
A. Nonneoplastic polyps—benign lesions with no malignant potential

1.

2.

4.

Hyperplastic (metaplastic) polyps are the most common (90%) nonneoplastic
polyps; generally remain small and asymptomatic.

No specific therapy required, but they can be difficult to distinguish from
neoplastic polyps and so are commonly removed.

Juvenile polyps (typically in children younger than 10 years) are highly vascular
and common, so they should be removed.

Inflammatory polyps (pseudopolyps) are associated with UC.

B. Adenomatous polyps—benign lesions, but have significant malignant
potential; precursors of adenocarcinoma

1.

Can be one of three types of adenoma

a. Tubular (most common; up to 60% to 80% of cases)—smallest risk of malignancy
b. Tubulovillous—intermediate risk of malignancy

c. Villous—greatest risk of malignancy

Quick

The sensitivity of individual
symptoms for diagnosing
CRC is poor.

Quick

Right side: Melena is more
common. Left side: Hema-
tochezia is more common.

Quick

Rectal cancer has a higher
recurrence rate and a
lower 5-year survival rate
than colon cancer.

\
Quick §;1h)

Radiation therapy is not

indicated in the treatment

of colon cancer, although

itis used in treating rectal
cancer.

Quick

Polyps may be isolated or
may occur as part of inher-
ited polyposis syndromes,
which have a very high
malignant potential.
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Quick

* Most polyps are found in
the rectosigmoid region.

* Most patients are asymp-
tomatic.

* In symptomatic patients,
rectal bleeding is the
most common symptom.

Quick

Diverticulosis (pouches

in the colon wall) should

be distinguished from
diverticulitis, which refers to
inflammation or infection of
the diverticula and is a com-
plication of diverticulosis.

~ T4

Quick [k}

¢ Complications of diver-
ticulosis include painless
rectal bleeding and
diverticulitis.

¢ Complications of diver-
ticulitis include bowel
obstruction, abscess, and
fistulas.

Quick I'1hs

Diverticulitis recurs in
about 30% of patients
treated medically, usually
within the first 5 years.
Lower Gl bleeding is very
rare in diverticulitis, but
common in diverticulosis.

2. Can determine malignant potential by the following:
a. Size—the larger the polyp, the greater the malignant potential
b. Histologic type
c. Atypia of cells
d. Shape—sessile (flat, more likely to be malignant) versus pedunculated (on a stalk)

C. Treatment: complete removal of polyp

e e Diverticulosis

A. General characteristics

1. Caused by increased intraluminal pressure—inner layer of colon bulges through
focal area of weakness in colon wall (usually an area of blood vessel penetration).

2. Risk factors

a. Low-fiber diets: Constipation causes intraluminal pressures to increase.

b. Positive family history.

Prevalence increases with age.

4. The most common location is the sigmoid colon. However, diverticula may occur
anywhere in the colon.

w

B. Clinical features
1. Usually asymptomatic and discovered incidentally on barium enema or colonos-
copy done for another reason.
2. Vague left lower quadrant (LLQ) discomfort, bloating, constipation/diarrhea may
be present.
3. Only 10% to 20% become symptomatic (i.e., develop complications—see below).

C. Diagnosis
1. Barium enema is the test of choice.
2. Abdominal x-rays are usually normal and are not diagnostic for diverticulosis.

D. Treatment
1. High-fiber foods (such as bran) to increase stool bulk
2. Psyllium (if the patient cannot tolerate bran)

E. Complications
1. Painless rectal bleeding (up to 40% of patients)

a. Bleeding is usually clinically insignificant and stops spontaneously. No further
treatment is necessary in these patients.

b. Bleeding can be severe in about 5% of patients. In many cases, the bleeding
stops spontaneously. Colonoscopy may be performed to locate site of bleeding
(mesenteric angiography in certain cases). If bleeding is persistent and/or recur-
rent, surgery may be needed (segmental colectomy).

2. Diverticulitis (15% to 25% of patients)

a. Occurs when feces become impacted in the diverticulum, leading to erosion
and microperforation.

b. Can be complicated (see also Clinical Pearl 3-1) or uncomplicated.
Uncomplicated diverticulitis accounts for most cases and refers to diverticulitis
without the complications listed in Clinical Pearl 3-1.

cumont PEARL 5+

Gomplications of Diverticulitis

e Abscess formation (can be drained either percutaneously under CT guidance or surgically)

e Colovesical fistula—accounts for 50% of fistulas secondary to diverticulitis; 50% close spontaneously
¢ (Obstruction—due to chronic inflammation and thickening of bowel wall

* Free colonic perforation—uncommon but catastrophic (leads to peritonitis)
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c. Clinical features: fever, LLQ pain, leukocytosis.

e Other possible features: alteration in bowel habits (constipation or diarrhea),
vomiting, and sometimes a painful mass on rectal examination if inflammation
is near the rectum.

d. Diagnostic tests

e CT scan (abdomen and pelvis) with oral and IV contrast is the test of
choice; it may reveal a swollen, edematous bowel wall or an abscess.

* Abdominal radiographs help in excluding other potential causes of LLQ pain,
and can rule out ileus or obstruction (indicated by air—fluid levels, disten-
tion), and perforation (indicated by free air).

* Barium enema and colonoscopy are contraindicated in acute diverticulitis
due to the risk of perforation.

e. Treatment

* Uncomplicated diverticulitis is managed with IV antibiotics, bowel rest
(NPO), 1V fluids. Mild episodes can be treated on outpatient basis if patient
is reliable and has few or no comorbid conditions. If symptoms persist after
3 to 4 days, surgery may be necessary. Antibiotics continued for 7 to 10 days.
After successful treatment, about one-third have recurrence. Surgery recom-
mended for recurrent episodes (resection of involved segment).

e Complicated diverticulitis—surgery indicated.

ee Angiodysplasia of the Colon (Arteriovenous

Malformations, Vascular Ectasia)

¢ Tortuous, dilated veins in submucosa of the colon (usually proximal) wall.

¢ A common cause of lower GI bleeding in patients over age 60.

¢ Bleeding is usually low grade, but 15% of patients may have massive hemorrhage if
veins rupture.

* Diagnosed by colonoscopy (preferred over angiography).

* In about 90% of patients, bleeding stops spontaneously.

e It can frequently be treated by colonoscopic coagulation of the lesion. If bleeding
persists, a right hemicolectomy should be considered.

oo [cute Mesenteric Ischemia
A. Introduction

1.

2.

Results from a compromised blood supply, usually to the superior mesenteric
vessels.
There are four types (three are due to arterial disease, one due to venous
disease):
a. Arterial embolism (50% of cases): Almost all emboli are of a cardiac origin
(e.g., atrial fibrillation, MI, valvular disease).
b. Arterial thrombosis (25% of cases).
* Most of these patients have atherosclerotic disease (e.g., coronary artery
disease [CAD], PVD, stroke) at other sites.
 Acute occlusion occurs over pre-existing atherosclerotic disease. The acute
event may be due to a decrease in cardiac output (e.g., resulting from MI,
CHF) or plaque rupture.
e Collateral circulation has usually developed.
¢. Nonocclusive mesenteric ischemia (20% of cases).
e Splanchnic vasoconstriction secondary to low cardiac output.
* Typically seen in critically ill elderly patients.
d. Venous thrombosis (<10% of cases).
* Many predisposing factors—for example, infection, hypercoagulable states,
oral contraceptives, portal HTN, malignancy, pancreatitis.

. The overall mortality rate for all types is about 60% to 70%. If bowel infarction

has occurred, the mortality rate can exceed 90%.

Quick

e Diverticulosis—barium
enema is test of choice

¢ Diverticulitis—CT scan
is test of choice (barium
enema and colonoscopy
contraindicated)

"

Quick
As many as 25% of patients
with bleeding arteriovenous
malformations have aortic
stenosis. However, no
cause-and-effect relation-
ship has been proven.

Quick

¢ Acute mesenteric
ischemia is much more
common than chronic
mesenteric ischemia.
Patients with acute mes-
enteric ischemia often
have pre-existing heart
disease (e.g., congestive
heart failure, CAD).

Quick

Differences in Presentation

of Types of Acute Mesen-

teric Ischemia

¢ Embolic—symptoms are
more sudden and painful
than other causes

* Arterial thrombosis—
symptoms are more
gradual and less severe
than embolic causes

* Nonocclusive ischemia—
typically occurs in criti-
cally ill patients

¢ Venous thrombosis—
symptoms may be pre-
sent for several days or
even weeks, with gradual
worsening
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Quick

¢ Signs of intestinal infarc-
tion include hypotension,
tachypnea, lactic aci-
dosis, fever, and altered
mental status (eventually
leading to shock).

¢ Check the lactate level
if acute mesenteric
ischemia is suspected.

< \/
Quick [;11)
Avoid vasopressors in mes-

enteric ischemia because
they worsen the ischemia.

\/
Quick [k}
Patients with Ogilvie
syndrome are usually ill and
commonly have a history of

recent surgery or medical
illness.

b 74
Quick

Whenever there is colonic
distention and when the
colon diameter exceeds
10 cm, bowel is at risk of
impending rupture leading to
peritonitis and even death;
decompress immediately.

Clinical features
1. Classic presentation is acute onset of severe abdominal pain disproportionate to
physical findings. Pain is due to ischemia and possibly infarction of intestines,
analogous to MI in CAD.
a. The abdominal examination may appear benign even when there is severe isch-
emia. This can lead to a delay in diagnosis.
b. The acuteness and the severity of pain vary depending on the type of acute
mesenteric ischemia (see Quick Hit).
2. Anorexia, vomiting.
3. GI bleeding (mild).
4. Peritonitis, sepsis, and shock may be present in advanced disease.

Diagnosis

1. Mesenteric angiography is the definitive diagnostic test.

2. Obtain a plain film of the abdomen to exclude other causes of abdominal pain.
3. “Thumbprinting” on barium enema due to thickened edematous mucosal folds.

Treatment

1. Supportive measures: IV fluids and broad-spectrum antibiotics

2. Direct intra-arterial infusion of papaverine (vasodilator) into the superior mesen-
teric system during arteriography is the therapy of choice for all arterial causes of
acute mesenteric ischemia. This relieves the occlusion and vasospasm.

3. Direct intra-arterial infusion of thrombolytics or embolectomy may be indicated in
some patients with embolic acute mesenteric ischemia.

4. Heparin anticoagulation is the treatment of choice for venous thrombosis.

5. Surgery (resection of nonviable bowel) may be needed in all types of acute mesen-
teric ischemia if signs of peritonitis develop.

e e Chronic Mesenteric Ischemia

Caused by atherosclerotic occlusive disease of main mesenteric vessels (celiac artery,
superior and inferior mesenteric arteries).

Abdominal angina—dull pain, typically postprandial (when there is increased
demand for splanchnic blood flow); analogous to anginal pain of CAD.

Significant weight loss may occur due to abdominal angina.

Mesenteric arteriography confirms the diagnosis.

Surgical revascularization is definitive treatment and leads to pain relief in 90% of cases.

ee (gilvie Syndrome

An unusual problem in which signs, symptoms, and radiographic evidence of large
bowel obstruction are present, but there is no mechanical obstruction.

Common causes include recent surgery or trauma, serious medical illnesses (e.g., sepsis,
malignancy), and medications (e.g., narcotics, psychotropic drugs, anticholinergics).
The diagnosis cannot be confirmed until mechanical obstruction of the colon is
excluded.

Treatment consists of stopping any offending agent (e.g., narcotics) and supportive
measures (IV fluids, electrolyte repletion).

Decompression with gentle enemas or nasogastric suction may be helpful.
Colonoscopic decompression is usually successful if the above measures fail.
Surgical decompression with cecostomy or colostomy is a last resort.

oo Pseudomembranous Colitis

A. General characteristics

1. This is also referred to as antibiotic-associated colitis because many patients do
not have grossly visible pseudomembranes.

2. Antibiotic treatment kills organisms that normally inhibit growth of Clostridium
difficile, leading to overgrowth of C. difficile and toxin production.
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3. Almost all antibiotics have been associated, but the most frequently implicated
antibiotics are clindamycin, ampicillin, and cephalosporins. s
4. Symptoms usually begin during first week of antibiotic therapy. However, up to a u i C k
6 weeks may elapse after stopping antibiotics before clinical findings become
apparent. Complications of severe
5. Disease severity varies widely. pseudomembranous colitis
(may require surgery):
B. Clinical features * Toxic megacolon
1. Profuse watery diarrhea (usually no blood or mucus) * Calanic parforation
2. Crampy abdominal pain * Anasarca, electrolyte
disturbances
3. Toxic megacolon (in severe cases) with risk of perforation
C. Diagnosis
1. Demonstration of C. difficile toxins in stool is diagnostic, but results take at least
24 hours (95% sensitivity).
2. Flexible sigmoidoscopy is the most rapid test and is diagnostic, but because of
discomfort/expense, it is infrequently used (usually reserved for special situations).
3. Abdominal radiograph (to rule out toxic megacolon and perforation).
4. Leukocytosis (very common).
D. Treatment
1. Discontinue the offending antibiotic, if possible.
2. Metronidazole is drug of choice (cannot be used in infants or pregnant patients)
3. Oral vancomycin used if patient is resistant to metronidazole or cannot tolerate it.
4. Regardless of choice of antibiotic, recurrence may occur within 2 to 8 weeks after
stopping the antibiotic. This occurs in 15% to 35% of successfully treated patients.
5. Cholestyramine may be used as an adjuvant treatment to improve diarrhea.

o Colonic Volvulus
A. General characteristics

1.
2.

el

Defined as twisting of a loop of intestine about its mesenteric attachment site.

May result in obstruction or vascular compromise (with potential for necrosis and/

or perforation if untreated).

The most common site is the sigmoid colon (75% of all cases).

Cecal volvulus accounts for 25% of all cases.

Risk factors

a. Chronic illness, age, institutionalization, and CNS disease increase risk of sigmoid
volvulus.

b. Cecal volvulus is due to congenital lack of fixation of the right colon and tends
to occur in younger patients.

c. Chronic constipation, laxative abuse, antimotility drugs.

d. Prior abdominal surgery.

B. Clinical features

1.
2.
3.

Acute onset of colicky abdominal pain
Obstipation, abdominal distention
Anorexia, nausea, vomiting

1.

Plain abdominal films.

a. Sigmoid volvulus—Omega loop sign (or bent inner-tube shape) indicates a dilated
sigmoid colon.

b. Cecal volvulus (distention of cecum and small bowel)—Coffee bean sign indicates
a large air—fluid level in RLQ.

Sigmoidoscopy—preferred diagnostic and therapeutic test for sigmoid volvulus

(not for cecal volvulus); leads to successful treatment (untwisting and decompres-

sion) in many cases.

. Barium enema—reveals the narrowing of the colon at the point where it is twisted

(“bird’s beak”).
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Quick {11}
Do not perform a barium

enema if strangulation is
suspected!

Quick

Cirrhosis

¢ The most common causes
of cirrhosis are alcoholic
liver disease and chronic
viral infection (especially
hepatitis C).

 Liver biopsy is the gold
standard for diagnosis of
cirrhosis.

D. Treatment

1.

Sigmoid volvulus: Nonoperative reduction (decompression via sigmoidoscopy) is
successful in >70% of cases. The recurrence rate is high, so elective sigmoid colon
resection is recommended.

Cecal volvulus: Emergent surgery is indicated.

Diseases of the Liver
Girrhosis

A. General characteristics

1.

Cirrhosis is a chronic liver disease characterized by fibrosis, disruption of the liver
architecture, and widespread nodules in the liver. The fibrous tissue replaces dam-
aged or dead hepatocytes.

Cirrhosis is generally irreversible when advanced. In early stages, specific treat-

ment of the cause of cirrhosis may improve or reverse the condition. The point at

which the disease becomes irreversible is not clear.

The distortion of liver anatomy causes two major events.

a. Decreased blood flow through the liver with subsequent hypertension in por-
tal circulation (portal hypertension)—this has widespread manifestations,
including ascites, peripheral edema, splenomegaly, and varicosity of veins “back
stream” in the circulation (e.g., gastric/esophageal varices, hemorrhoids).

b. Hepatocellular failure that leads to impairment of biochemical functions, such
as decreased albumin synthesis and decreased clotting factor synthesis.

Assessment of hepatic functional reserve.

a. Child-Pugh Score (see Table 3-1) estimates hepatic reserve in liver failure. It is
used to measure disease severity and is a predictor of morbidity and mortality.

b. Child’s class C indicates most severe disease, and Child’s class A indicates
milder disease.

1.

Uk W

Alcoholic liver disease—most common cause

a. Refers to a range of conditions from fatty liver (reversible, due to acute inges-
tion) to cirrhosis (irreversible)

b. Fifteen percent to 20% of heavy drinkers develop alcoholic cirrhosis

Chronic hepatitis B and C infections—next most common causes

Drugs (e.g., acetaminophen toxicity, methotrexate)

Autoimmune hepatitis

Primary biliary cirrhosis (PBC), secondary biliary cirrhosis

POINTS
1 2 3
Ascites None Mild—-Moderate Severe
Bilirubin(mg/dL) <20 2.0-3.0 >3.0
Encephalopathy None Mild—Moderate Severe
INR ratio <1.7 1.7-2.3 >2.3
Albumin >3.5 2.8-35 <2.8

Class A—S5 to 6 points total (least severe liver disease), 85% 2-year survival
Class B—7 to 9 points total (moderate severe liver disease), 57% 2-year survival
Class C—10 to 15 points total (severe liver disease), 35% 2-year survival
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Inherited metabolic diseases (e.g., hemochromatosis, Wilson disease)

Hepatic congestion secondary to right-sided heart failure, constrictive pericarditis
oy-Antitrypsin (AAT) deficiency

Hepatic venoocclusive disease—can occur after bone marrow transplantation
Nonalcoholic steatohepatitis (NASH)

C. Clinical features
1. Some patients have no overt clinical findings, especially early in the disease.
2. Patients may have signs or symptoms suggestive of one or more of the complica-

tions of cirrhosis (see Complications section).

D. Complications
1. Portal HTN

a. Clinical features are listed above. Bleeding (hematemesis, melena, hematochezia)

secondary to esophagogastric varices is the most life-threatening complication of
portal HTN (see below).

b. Diagnose based on above features. Paracentesis can help in diagnosis.
c. Treat the specific complication. Use transjugular intrahepatic portal-systemic

shunt (TIPS) to lower portal pressure.

2. Varices

a. Esophageal/gastric

* Variceal hemorrhage has a high mortality rate. Patients with cirrhosis should
be evaluated to document presence of varices and risk of hemorrhage. If
varices present, prophylactic measures indicated (such as nonselective
B-blocker).

e Clinical features include massive hematemesis, melena, and exacerbation of
hepatic encephalopathy.

* Esophageal varices account for 90% of varices, and gastric varices for 10%.

e Initial treatment is hemodynamic stabilization (give fluids to maintain BP).
See Clinical Pearl 3-2 for methods aimed at stopping bleeding.

* IV antibiotics are given prophylactically.

* IV octreotide is initiated and continued for 3 to 5 days

¢ Perform emergent upper GI endoscopy (once patient is stabilized) for diagnosis
and to treat the hemorrhage either with variceal ligation or sclerotherapy.

* Give nonselective -blockers (propranolol, timolol, nadolol) as long-term
therapy to prevent rebleeding.

cument PEARL 52

Treatment of Bleeding Esophageal Varices

¢ Variceal ligation/banding
e |nitial endoscopic treatment of choice.
e Effective control of active bleeding.
e |ower rate of rebleeding than sclerotherapy.
¢ Endoscopic sclerotherapy
e Sclerosing substance is injected into varices during endoscopy.
e This controls acute bleeding in 80% to 90% of cases.
¢ Up to 50% of patients may have rebleeding.
e [V vasopressin
e This is an alternative to octreotide, but is rarely used due to the risk of complications.
e \/asoconstriction of mesenteric vessels reduces portal pressure.
e |V octreotide infusion
¢ Has replaced vasopressin as first-line therapy; causes splanchnic vasoconstriction and reduces portal
pressure.
e Fewer side effects than vasopressin.
e Other options include esophageal balloon tamponade (Sengstaken—Blakemore tube is a temporary
measure), repeat sclerotherapy, TIPS, surgical shunts, and liver transplantation.

Quick

Classic signs of chronic

liver disease:

¢ Ascites

* Varices

¢ Gynecomastia, testicular
atrophy

¢ Palmar erythema, spider
angiomas on skin

e Hemorrhoids

¢ Caput medusa

Quick

Once a patient develops
complications of cirrhosis,
they have “decompen-
sated” disease, with high
morbidity and mortality.

Quick

Treatment of bleed-

ing esophageal varices
involves pharmacologic
treatment with IV octreotide
in addition to endoscopic
treatment (sclerotherapy or
variceal ligation).
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Differential Diagnosis of Ascites

e Cirrhosis, portal HTN

e CHF

Chronic renal disease

Massive fluid overload

Tuberculous peritonitis

Malignancy

Hypoalbuminemia

Peripheral vasodilation secondary to endotoxin-induced release of nitrous oxide, which leads to increased
renin secretion (and thus secondary hyperaldosteronism)

e |mpaired liver inactivation of aldosterone

b. Rectal hemorrhoids
c. Caput medusae (distention of abdominal wall veins)
3. Ascites (see also Clinical Pearl 3-3)
a. Accumulation of fluid in the peritoneal cavity due to portal HTN (increased
hydrostatic pressure) and hypoalbuminemia (reduced oncotic pressure).
Ascites is the most common complication of cirrhosis. Patients without portal
» hypertension do not develop ascites.
z > b. Clinical features: abdominal distention, shifting dullness, and fluid wave.
QUICk H IT . Abdominal ultrasound can detect as little as 30 mL of fluid.
) . Diagnostic paracentesis determines whether ascites is due to portal HIN or
Ascites can be managed by
L S another process.
salt restriction and diuretics . . . . .
o ¢ Indications include new-onset ascites, worsening ascites, and suspected spon-
taneous bacterial peritonitis (SBP) (see below).
¢ Examine cell count, ascites albumin, Gram stain, and culture to rule out

Qo

Dy infection (e.g., SBP).
a u i c k ¢ Measure the serum ascites albumin gradient. If it is >1.1 g/dL, portal HTN
is very likely. If <1.1 g/dL, portal HTN is unlikely, and other causes must be
Complications of Liver considered.
Failure (note the mnemonic e. Treatment
AC, 9H) * Bed rest, a low-sodium diet, and diuretics (furosemide and spironolactone)

¢ Ascites

* Perform therapeutic paracentesis if tense ascites, shortness of breath, or early
* Coagulopathy

satiety is present.

¢ Hypoalbuminemia
« Portal hypertension * Peritoneovenous shunt or TIPS to reduce portal HTN
* Hyperammonemia 4. Hepatic encephalopathy
* Hepatic encephalopathy a. Toxic metabolites (there are many, but ammonia is believed to be most important)
: nssg;TJc:zﬁ:i:yndrome that are normally detoxified or removed by the liver accumulate and reach the
¢ Hyperbilirubinemia/jaun- brain.
dice b. Occurs in 50% of all cases of cirrhosis, with varying severity.
¢ Hyperestrinism c. Precipitants include alkalosis, hypokalemia (e.g., due to diuretics), sedating
* HCC drugs (narcotics, sleeping medications), GI bleeding, systemic infection, and
hypovolemia.

d. Clinical features
* Decreased mental function, confusion, poor concentration, even stupor or
coma.
o Asterixis (“flapping tremor”)—Have the patient extend the arms and dorsiflex
the hands. (However, this is not a specific sign.)
* Rigidity, hyperreflexia.
* Fetor hepaticus—musty odor of breath.
e. Treatment
* Lactulose prevents absorption of ammonia. Metabolism of lactulose by bacteria
in colon favors formation of NH*, which is poorly absorbed from GI tract,
thereby promoting excretion of ammonia.
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e Rifaximin (antibiotic): kills bowel flora, so decreases ammonia production by
intestinal bacteria. Historically, neomycin was used but rifaximin has less side
effects with same efficacy. . . .
* Diet—Ilimit protein to 30 to 40 g/da Monitoring Patients with
p D Y- ) ) Cirrhosis
5. Hepatorenal syndrome—indicates end-stage liver disease « Order periodic labora-
a. Progressive renal failure in advanced liver disease, secondary to renal hypoper- tory values every 3 to 4
fusion resulting from vasoconstriction of renal vessels. months (CBC, renal func-
b. Often precipitated by infection or diuretics. tion tests, electrolytes,
.. . . . . LFTs, and coagulation
c. This is a functional renal failure—kidneys are normal in terms of morphology, —
and no specific causes of renal dysfunction are evident. This condition does not « Perform an endoscopy to
respond to volume expansion. determine the presence
d. Clinical features: azotemia, oliguria, hyponatremia, hypotension, low urine of esophageal varices.
sodium (<10 mEq/L) e IfHCC is suspected, per-
T L ) 1 iom is the onl I L th . form a CT-guided biopsy
e. Treatment: Liver transplantation is the only cure. In general, the prognosis is T —
very poor, and the condition is usually fatal without liver transplantation.
6. SBP—infected ascitic fluid; occurs in up to 20% of patients hospitalized for ascites.
a. Usually occurs in patients with ascites caused by end-stage liver disease; associ- Nig
ated with high mortality rate (20% to 30%). a - k H IT
b. Has a high recurrence rate (up to 70% in first year). uic
SBP: Look for fever and/or
change in mental status in a
patient with known ascites.

Quick TT15:

c. Etiologic agents.
e Escherichia coli (most common)
* Klebsiella
* Streptococcus pneumoniae
d. Clinical features: abdominal pain, fever, vomiting, rebound tenderness. SBP
may lead to sepsis.
e. Diagnosis is established by paracentesis and examination of ascitic fluid for
WBCs (especially PMNs), Gram stain with culture, and sensitivities.
* WBC >500, PMN >250.
* Positive ascites culture; culture-negative SBP is common as well.
f. Treatment
¢ Broad-spectrum antibiotic therapy: Give specific antibiotic once organism is
identified.
¢ Clinical improvement should be seen in 24 to 48 hours. Repeat paracentesis
in 2 to 3 days to document a decrease in ascitic fluid PMN (<250).
7. Hyperestrinism occurs due to reduced hepatic catabolism of estrogens
a. Spider angiomas—dilated cutaneous arterioles with central red spot and reddish
extensions that radiate outward like a spider’s web
b. Palmar erythema

\/
Quick [;!h)
If SBP is not treated early,
mortality is high. Therefore,
index of suspicion should

be high and diagnostic
paracentesis be done early.

Quick

Signs of Acute Liver Failure
(any of the following may be

8.

9.

¢. Gynecomastia l)n?:sent):I o
d. Testicular atrophy : Jgsggigepa y

Coagulopathy occurs secondary to decreased synthesis of clotting factors.

a. Prolonged prothrombin time (PT); PTT may be prolonged with severe disease.
b. Vitamin K ineffective because it cannot be used by diseased liver.

c. Treat coagulopathy with fresh frozen plasma.

Hepatocellular carcinoma (HCC)—present in 10% to 25% of patients with
cirrhosis

Treatment

1.

Treat underlying cause—for example, abstinence from alcohol, interferons for
hepatitis B and C.

Avoid agents that may cause injury to liver, such as acetaminophen, alcohol.

Once cirrhosis develops, aim treatment at managing any complications that arise,
as described above. The most serious complications are variceal bleeding, ascites,
and hepatic encephalopathy.

Liver transplantation is the only hope for a cure. Abstinence from alcohol for more
than 6 months is required before a patient is eligible for transplantation. Decision
to proceed to liver transplantation depends on quality of life, severity of disease,
and absence of contraindications.

¢ Hypoglycemia (liver
stores glycogen)

Hepatic encephalopathy
Infection

Elevated LFT values

Any complication associ-
ated with cirrhosis
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eee Wilson Disease

A. General characteristics

1. An autosomal recessive disease of copper metabolism.

2. Mutations in the ATP7B gene lead to impairment of copper excretion into bile,
and incorporation of copper into ceruloplasmin, a copper-binding protein that is
necessary for copper excretion.

3. Therefore, copper accumulates in liver cells. As hepatocytes die, copper leaks into
plasma and accumulates in various organs, including kidney, cornea, and brain.

4. The disease is most often apparent during childhood/adolescence (after age 5),
and the majority of cases present between ages 5 and 35.

B. Clinical features

Clinical features are due to copper deposition in various organs.

Liver disease (most common initial manifestation): Manifestations vary and may

include acute hepatitis, cirrhosis, and fulminant hepatic failure.

3. Kayser—Fleischer rings (yellowish rings in cornea) are caused by copper deposition
in cornea; they do not interfere with vision (Figure 3-1).

4. CNS findings are due to copper deposition in the CNS.
a. Extrapyramidal signs—parkinsonian symptoms (resting tremor, rigidity, bradyki-

nesia), chorea, drooling, incoordination due to copper deposition in basal ganglia.

b. Psychiatric disturbances—depression, neuroses, personality changes, psychosis.

5. Renal involvement—aminoaciduria, nephrocalcinosis.

!\’!‘

C. Diagnosis
1. Diagnosis is made by determining the following (patients may have many or only
a few of these findings):
a. Hepatic disease—elevated aminotransferases; impaired synthesis of coagulation
factors and albumin.
b. Decreased serum ceruloplasmin levels (seen in 90% of patients), although rang-
es within normal do not exclude the diagnosis.
c. Liver biopsy—significantly elevated copper concentration.
2. If diagnosed, first-degree relatives must be screened as well.

\/
1. Chelating agents—for example, d-penicillamine, which removes and detoxifies the

Secondary hemochroma- excess copper deposits
tosis (or iron overload) 2. Zinc

can occur with multiple
transfusions or in chronic
hemolytic anemias.
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a. Prevents uptake of dietary copper
b. Given alone (presymptomatic or pregnant patients) or in conjunction with che-
lating agents (to symptomatic patients)

e

FIGURE
3-1 Kayser—Fleischer ring.
(From Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins, Figure 105.4).
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Liver transplantation (if unresponsive to therapy or fulminant liver failure)
Monitor patient’s copper levels, urinary copper excretion, ceruloplasmin, and liver

function; physical examination for signs of liver or neurologic disease; psychologi-
cal health

oo Hemochromatosis
A. General characteristics

1.
2.

An autosomal recessive disease of iron absorption.
Excessive iron absorption in the intestine leads to increased accumulation of
iron (as ferritin and hemosiderin) in various organs. Over many years, fibrosis in
involved organs occurs secondary to hydroxyl free radicals that are generated by
the excess iron.
Affected organs
. Liver (primary organ)
. Pancreas
. Heart
. Joints
. Skin

Thyroid, gonads, hypothalamus
This is an inherited disease, so screen the patient’s siblings. Early diagnosis and
treatment before development of complications (primarily cirrhosis, but also heart
disease and diabetes) improves survival.

a0 o

.o

B. Clinical features

1.
2.

Most patients are asymptomatic initially.
Findings may include signs of liver disease, fatigue, arthritis, impotence/amenor-
rhea, abdominal pain, and cardiac arrhythmias.

1.

Rl

oW

Cirrhosis

a. Cirrhosis increases the risk of HCC by 200-fold.

b. The presence of liver disease is a primary factor in determining the prognosis.
Cardiomyopathy—CHE, arrhythmias

Diabetes mellitus—due to iron deposition in the pancreas

Arthritis—most common sites are the second and third metacarpophalangeal
joints, hips, and knees

Hypogonadism—impotence, amenorrhea, loss of libido

Hypothyroidism

Hyperpigmentation of skin (resembles suntan, “bronzelike”)

—

el

Markedly elevated serum iron and serum ferritin

Elevated iron saturation (transferrin saturation)

Decreased total iron-binding capacity (TIBC)

Liver biopsy (determines hepatic iron concentration) required for diagnosis
Genetic testing for chromosomal abnormalities

E. Treatment

1.

2.
3.

Perform repeated phlebotomies—this is the treatment of choice and improves
survival dramatically if initiated early in the course of the disease.

Treat any complications (e.g., CHE diabetes, hypothyroidism, arthritis).
Consider liver transplantation in advanced cases.

e e Hepatocellular Adenoma

¢ Benign liver tumor, most often seen in young women (15 to 40 years of age). Oral
contraceptive use, female sex, and anabolic steroid use are the main risk factors.

 Patient may be asymptomatic; hepatocellular adenoma may be discovered incidentally
on abdominal imaging studies. RUQ pain or fullness may be present.

Quick

Hemochromatosis: Early

in the disease course, mild
elevation of ALT and AST
levels may be the only
abnormalities that are
noted because the patient
is usually asymptomatic.
Obtain iron studies. If the
iron level is elevated, order
a liver biopsy to confirm the
diagnosis.
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~ T
The most common malig-
nant liver tumors are HCCs
and cholangiocarcinomas.
The most common benign

liver tumor is the heman-
gioma.

\/

Quick ;1)

Prognosis of HCC

¢ [f unresectable: less than
1year

e If resectable: 25% of
patients are alive at
5years

Malignant potential is very low (<1%). However, the adenoma may rupture, leading to
hemoperitoneum and hemorrhage.

Diagnosis made by CT scan, ultrasound, or hepatic arteriography (most accurate but
invasive)

Treatment: Discontinue oral contraceptives; surgically resect tumors >5 cm that do not
regress after stopping oral contraceptives (otherwise there is a risk of rupture).

ee (Gavernous Hemangiomas

Vascular tumors are usually small and asymptomatic. They are the most common type
of benign liver tumor.

As the size of the tumor increases (e.g., due to pregnancy or use of oral contracep-
tives), the symptoms increase and include RUQ pain or mass.

Complications (uncommon unless tumor is very large) include rupture with hemor-
rhage, obstructive jaundice, coagulopathy, CHF secondary to a large AV shunt, and
gastric outlet obstruction.

Diagnose with ultrasound or CT scan with IV contrast. Biopsy contraindicated
because of risk of rupture and hemorrhage.

Most cases do not require treatment. Consider resection if the patient is symptomatic
or if there is a high risk of rupture (as with large tumors).

e e Focal Nodular Hyperplasia

This benign liver tumor without malignant potential occurs in women of reproductive
age. There is no association with oral contraceptives.

It is usually asymptomatic. Hepatomegaly may be present. Treatment not necessary in
most cases.

e e Hepatocellular Carcinoma [(Malignant Hepatoma)

A. General characteristics

1. HCC accounts for more than 80% of primary liver cancers and, although rare in
the United States, accounts for most deaths due to cancers worldwide. High-risk
areas include Africa and Asia

2. There are two pathologic types
a. Nonfibrolamellar (most common)

¢ Usually associated with hepatitis B or C and cirrhosis

¢ Usually unresectable with very short survival time (months)
b. Fibrolamellar

¢ Usually not associated with hepatitis B or C or cirrhosis

e More often resectable; relatively longer survival time

¢ Seen most commonly in adolescents and young adults

B. Risk factors

1. Cirrhosis, especially in association with alcohol or hepatitis B or C; HCC develops
in 10% of cirrhotic patients

Chemical carcinogens: e.g., aflatoxin, vinyl chloride, Thorotrast

AAT deficiency

Hemochromatosis, Wilson disease

Schistosomiasis

Hepatic adenoma (10% risk of malignant transformation)

Cigarette smoking

Glycogen storage disease (type 1)

PN AN

Clinical features

1. Abdominal pain (painful hepatomegaly)

2. Weight loss, anorexia, fatigue

3. Signs and symptoms of chronic liver disease—portal HTN, ascites, jaundice, sple-
nomegaly
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4. Paraneoplastic syndromes—erythrocytosis, thrombocytosis, hypercalcemia, carcinoid
syndrome, hypertrophic pulmonary osteodystrophy, hypoglycemia, high cholesterol

1. Liver biopsy—required for definitive diagnosis

2. Laboratory tests—hepatitis B and C serology, liver function tests (LFTs), coagula-
tion tests

3. Imaging studies—ultrasound, CT scan (chest, abdomen, pelvis); MRI or MRA if
surgery is an option (they provide more detail about the anatomy of the tumor)

4. Tumor marker elevation (AFP) is useful as a screening tool. AFP level may be
elevated in 40% to 70% of patients with HCC, and is also helpful in monitoring
response to therapy

. Treatment
1. Liver resection (in the 10% of patients who have resectable tumors)
2. Liver transplantation if diagnosis is made early
3. If unresectable, consider transcatheter arterial chemoembolization (TACE), radio-
frequency ablation, or selective internal radiation therapy

e e Nonalcoholic Steatohepatitis

Histology of the liver is identical to that in patients with alcoholic liver disease, but
these patients do not have a history of alcohol use!

Associated with obesity, hyperlipidemia, diabetes mellitus (some patients have none of
these).

Usually asymptomatic and a benign course (but cirrhosis develops in 10% to 15%).
Typically discovered on routine laboratory tests (mild elevation in alanine aminotrans-
ferase [ALT] and aspartate aminotransferase [AST]).

Treatment is not clearly established.

Refers to blood draining into the duodenum via the common bile duct (CBD). The source
of bleeding can be anywhere along the biliary tract, the liver, or the ampullary region.
Causes—trauma (most common), papillary thyroid carcinoma, surgery (e.g., cholecys-
tectomy, CBD exploration), tumors, infection.

Clinical features include GI bleeding (melena, hematemesis), jaundice, and RUQ pain.
Arteriogram is diagnostic. Upper GI endoscopy shows blood coming out of ampulla of
Vater.

Treatment—resuscitation (may require transfusion). If bleeding is severe, surgery is
necessary (options include ligation of hepatic arteries or arteriogram with emboliza-
tion of vessel).

ee Ljver Cysts

Polycystic Liver Cysts

Autosomal dominant, usually associated with polycystic kidney disease. Polycystic
kidney disease often results in renal failure and is the main determinant of prognosis,
whereas liver cysts rarely lead to hepatic fibrosis and liver failure.

Usually asymptomatic; some patients have abdominal pain and upper abdominal
mass.

Treatment unnecessary in most cases.

ydatid Liver Cysts
Caused by infection from the tapeworm Echinococcus granulosus or, less commonly,
Echinococcus multilocularis. Cysts most commonly occur in the right lobe of the liver.
Small cysts are asymptomatic; larger cysts may cause RUQ pain and rupture into the
peritoneal cavity, causing fatal anaphylactic shock.
Treatment is surgical resection (caution to avoid spilling contents of the cyst into the
peritoneal cavity). Mebendazole is given after surgery.

Quick

HCC is likely in a patient
with cirrhosis who has a
palpable liver mass and
elevated AFP level.

Quick

The most common location
for liver abscess (both
pyogenic and amebic) is the
right lobe.
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e
Quick [;/h}
Pyogenic and amebic
abscesses are potentially

life-threatening if not
detected early.

"
Quick

Three Major Causes of

Jaundice

¢ Hemolysis

o Liver disease

* Biliary obstruction

oo Liver Ahscess

Pyogenic Liver Ahscess

Most common cause is biliary tract obstruction—obstruction of bile flow allows bacte-
rial proliferation. Other causes include GI infection (e.g., diverticulitis, appendicitis),
with spread via portal venous system, and penetrating liver trauma (e.g., gunshot
wound, surgery).

Causative organisms include E. coli, Klebsiella, Proteus, Enterococcus, and anaerobes.
Clinical features include fever, malaise, anorexia, weight loss, nausea, vomiting, RUQ
pain, and jaundice. Patients appear quite ill.

Diagnosed by ultrasound or CT scan; elevated LFTs.

Fatal if untreated. Treatment (IV antibiotics and percutaneous drainage of abscess)
reduces mortality to about 5% to 20%. Surgical drainage is sometimes necessary.

Amebhic Liver Ahscess

A.

A.

Most common in men (9:1), particularly homosexual men. Transmitted through fecal—
oral contact.

Caused by intestinal amebiasis (Entamoeba histolytica)—the amoebae reach the liver
via the hepatic portal vein.

Clinical features—fever, RUQ pain, nausea/vomiting, hepatomegaly, diarrhea.
Serologic testing (immunoglobulin G enzyme immunoassay) establishes diagnosis.
LFTs are often elevated. The E. histolytica stool antigen test (detects protozoa in stool)
is not sensitive. Imaging studies (ultrasound, CT) identify the abscess, but it is diffi-
cult to distinguish from a pyogenic abscess.

IV metronidazole is effective treatment in most cases. Therapeutic aspiration of the
abscess (image-guided percutaneous aspiration) may be necessary if the abscess is
large (high risk of rupture), or if there is no response to medical therapy.

o e Budd-Chiari Syndrome

General characteristics

1. Liver disease caused by occlusion of hepatic venous outflow, which leads to
hepatic congestion and subsequent microvascular ischemia

2. The course is variable, but most cases are indolent, with gradual development of
portal HTN and progressive deterioration of liver function.

3. Rarely, disease is severe and leads to acute liver failure, which may be fatal without
immediate therapy.

. Causes—hypercoagulable states, myeloproliferative disorders (e.g.,

polycythemia vera), pregnancy, chronic inflammatory diseases, infection,
various cancers, trauma. Condition is idiopathic in up to 40% of cases.

Clinical features (resemble those of cirrhosis)—hepatomegaly, ascites,
abdominal pain (RUQ), jaundice, variceal bleeding

Diagnosis—hepatic venography; serum ascites albumin gradient >1.1 g/dL

Treatment

1. Medical therapy is usually unsatisfactory (e.g., anticoagulation, thrombolytics,
diuretics)

2. Surgery is eventually necessary in most cases (balloon angioplasty with stent
placement in inferior vena cava, portacaval shunts)

3. Liver transplantation if cirrhosis is present

ee Jaundice

General characteristics
1. Yellow coloration of skin, mucous membranes, and sclerae due to overproduction
or underclearance of bilirubin (see also Clinical Pearl 3-4)
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Bilirubin Metaholism

e Eighty percent of hilirubin is derived from hemoglobin (RBC breakdown). The rest comes from myoglobin
breakdown and liver enzymes.

e Hemoglobin is converted to bilirubin in the spleen. This unconjugated bilirubin circulates in plasma, bound
to albumin. This bilirubin—albumin complex is not water soluble; therefore, it is not excreted in urine. In
the liver, it dissociates from albumin, and the bilirubin is conjugated and excreted into the intestine, where
bacteria act on it to produce urobilinogen and urobilin.

¢ Therefore, unconjugated hyperbilirubinemia results when there is a defect before hepatic uptake.
Conjugated hyperbilirubinemia results when there is a defect after hepatic uptake.

2. Clinical jaundice usually becomes evident when total bilirubin is >2 mg/dL
3. Conjugated versus unconjugated bilirubin
a. Conjugated (direct)
* Loosely bound to albumin and therefore water soluble
e When present in excess, it is excreted in urine. Therefore, dark urine is only
seen with conjugated bilirubin!
* Nontoxic
b. Unconjugated (indirect)
¢ Tightly bound to albumin and therefore not water soluble
¢ Cannot be excreted in urine even if blood levels are high
¢ Toxic—unbound form can cross blood-brain barrier and cause neurologic
deficits

B. Causes
1. Conjugated hyperbilirubinemia—urine positive for bilirubin (see also Clinical
Pearl 3-5)
a. Decreased intrahepatic excretion of bilirubin
* Hepatocellular disease (viral or alcoholic hepatitis, cirrhosis)
¢ Inherited disorders (Dubin—Johnson syndrome, Rotor syndrome)
* Drug-induced (oral contraceptives)
e PBC
e Primary sclerosing cholangitis (PSC)
b. Extrahepatic biliary obstruction
* Gallstones
¢ Carcinoma of head of pancreas
¢ Cholangiocarcinoma
* Periampullary tumors
* Extrahepatic biliary atresia
2. Unconjugated hyperbilirubinemia—urine negative for bilirubin
a. Excess production of bilirubin—hemolytic anemias

cumont PEARL 55

Cholestasis

e This refers to blockage of hile flow (whether intrahepatic or extrahepatic) with a resultant increase in conju-
gated bilirubin levels.
e (linical findings
e Jaundice, gray stools, dark urine
e Pruritus (bile salt deposition in skin)
e Flevated serum alkaline phosphatase
e Elevated serum cholesterol (impaired excretion)
e Skin xanthomas (local accumulation of cholesterol)
e Malabsorption of fats and fat-soluble vitamins

Quick

Dark urine and pale stools
signal a diagnosis of conju-
gated hyperbilirubinemia.
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b. Reduced hepatic uptake of bilirubin or impaired conjugation
¢ Gilbert syndrome
* Occurs in up to 7% of the population—autosomal dominant condition in
which there is decreased activity of hepatic uridine diphosphate glucuronyl
transferase activity
» Common cause of isolated elevation of unconjugated bilirubin
* Exacerbated by fasting (crash diets), fever, alcohol, and infection
* Asymptomatic in most cases, but occasionally mild jaundice may be present
* Liver biopsy results are normal, and usually no treatment is necessary
¢ Drugs (e.g., sulfonamides, penicillin, rifampin, radiocontrast agents)
* Crigler—Najjar syndrome
* Type 1—Complete absence of UDP glucuronosyltransferase in hepatic
tissue. Severe unconjugated bilirubinemia, often resulting in brain damage
at birth.

L
au ic k * Type 2—Reduced UDP glucuronosyltransferase activity, but can detected in

hepatic tissue. Not as severe as type 1.

If there is no hemolysis, ¢ Physiologic jaundice of the newborn (immaturity of conjugating system)
isolated hyperbilirubinemia « Diffuse liver disease (hepatitis, cirrhosis)

(unconjugated) may indicate

Gilbert syndrome, which is C. Diagnosis

IS EE ERITLE: 1. Serum levels of total conjugated and unconjugated bilirubin (Figure 3-2)

2. If unconjugated hyperbilirubinemia, CBC, reticulocyte count, haptoglobin, LDH,
peripheral smear may aid in diagnosis of hemolysis as the cause of jaundice

2 x 3. If conjugated hyperbilirubinemia, LFTs may point to the cause
OU’Ck 4. Ultrasound (or CT scan) to assess biliary tract for obstruction or anatomic
o - changes
: ﬁllél'l;\sléar.nmanly found in 5. Additional tests (e.g., endoscopic retrograde cholangiopancreatography [ERCP],
« ASTis found in many percutaneous transhepatic cholangiography [PTC])—depending on the findings of
tissues (e.g., skeletal the above tests
muscle, heart, kidney, 6. Liver biopsy may be indicated in some cases to determine cause of hepatocellular
brain). injury

D. Treatment: Treat the underlying cause

Quick e Liver Function Tests

A. Aminotransferases (ALT and AST)

In alcoholic hepatitis, the

ST [evell s elliiast fEver 1. ALT is more sensitive and specific than AST for liver damage.
>500, and the ALT level is 2. ALT and AST usually have a similar increase. The exception is in alcoholic
almost never >300. hepatitis, in which the AST-ALT ratio may be >2:1.

* The higher the AST-ALT 3. If ALT and AST levels are mildly elevated (low hundreds), think of chronic viral

ratio, the greater the like-

lihood that alcohol is con- hepatitis or acute alcoholic hepatitis.
tributing to the abnormal 4. If ALT and AST levels are moderately elevated (high hundreds to thousands),
LFTs. think of acute viral hepatitis.

5. If ALT and AST levels are severely elevated (>10,000), extensive hepatic necrosis
has occurred. Typical cases are:
a. Ischemia, shock liver (prolonged hypotension or circulatory collapse)

au i c k b. Acetaminophen toxicity

c. Severe viral hepatitis

LFT Pearls 6. Note that liver transaminases are often normal or even low in patients with cir-
* Cholestatic LFTs: mark- rhosis (without any active cell necrosis) or metastatic liver disease, because the
edly elevated alkaline number of healthy functioning hepatocytes is markedly reduced.
phosphatase and GGT; 7 The followi 1 ion in ALT or AST levels i .
ALT and AST slightly - The following can cause an elevation in or evels in asymptomatic
elevated patients (note the mnemonic):

* Hepatocellular necrosis
or inflammation: normal or
slightly elevated alkaline
phosphatase; markedly
elevated ALT and AST

Autoimmune hepatitis
Hepatitis B

Hepatitis C

. Drugs or toxins
Ethanol

P ao T
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History

Physical exam

Labs (LFTs)-ALT, AST,
bilirubin, ALK-P,
albumin, PT

v v v v

Conjugated Unconjugated Suspected Suspected
hyperbilirubinemia hyperbilirubinemia intrahepatic disease extrahepatic
obstruction

based on LFTs

* Dubin—Johnson
syndrome
* Rotor syndrome

See test for
differential-hemolysis
and Gilbert syndrome
most common

Noninvasive
imaging (U/S, CT)

v v v

Normal Normal Dilated
ducts ducts but ducts
still suspect
v extrahepatic
cholestasis

+ Specific tests:
Viral serology
AMA, ANA, SMA

AMA = Antimitochondrial antibody

Ceruloplasmin

Fe/TIBC visualization
oy —Antitrypsin level (ERCP or PTC)
* Stop drugs

« Consider liver biopsy
» Consider CT scan to
rule out structural disease
» Medical management vs.
observation

Direct duct

Obstruction
visualized?

ANA = Antinuclear antibody No Yes
ERCP = Endoscopic retrograde cholangiopancreatography | ¢
Fe/TIBC = Iron/total iron-binding capacity

PTC = Percutaneous transhepatic cholangiogram

SMA = Smooth muscle antibody
U/S = Ultrasound

FIGURE
3-2 Evaluation of jaundice.

f. Fatty liver (triglyceridemia)
g. Growths (tumors)

h. Hemodynamic disorders (e.g., CHF)

Relief of
obstruction
* Surgical

» Endoscopic
« Percutaneous

i. Iron (hemochromatosis), copper (Wilson disease), or AAT deficiency
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Quick

Cholestasis refers to
obstruction of bile flow
from any cause. If LFTs
reveal cholestasis, obtain
an abdominal or RUQ
ultrasound.

Quick

One-third of patients with
biliary colic develop acute
cholecystitis within 2 years.

B. Alkaline phosphatase [ALK-P): Not specific to liver—also found in bone, gut, and
placenta

1.

2.

3.

ALK-P is elevated when there is obstruction to bile flow (e.g., cholestasis) in any
part of the biliary tree. Normal levels make cholestasis unlikely.

If levels are very high (10-fold increase), think of extrahepatic biliary tract
obstruction or intrahepatic cholestasis (e.g., PBC or drug-induced cirrhosis).

If levels are elevated, measure the gamma-glutamyl-transferase (GGT) level to
make sure the elevation is hepatic in origin (rather than bone or intestinal). If the
GGT level is also elevated, this strongly suggests a hepatic origin. If the GGT level
is normal but ALK-P is elevated, consider pregnancy or bone disease.

G. Bilirubin (see Jaundice section)

D. GGT is often used to confirm that the ALK-P elevation is of hepatic origin

E. Albumin—decreased in chronic liver disease, nephrotic syndrome, malnutrition,
and inflammatory states (e.g., burns, sepsis, trauma)

F. Prothromhin time

1.

The liver synthesizes clotting factors I, 11, V, VII, 1X, X, XII, and XIII, the function
of which is reflected by PT.

PT is not prolonged until most of the liver’s synthetic capacity is lost, which cor-
responds to advanced liver disease.

® Diseases of the Gallbladder

and Biliary Tract

o Gholelithiasis

2.

A. General characteristics
1.
2.

Cholelithiasis refers to stones in the gallbladder (i.e., gallstones).
There are three types of stones.
a. Cholesterol stones (yellow to green)—associated with the following:
¢ Obesity, diabetes, hyperlipidemia
¢ Multiple pregnancies, oral contraceptive use
¢ Crohn disease, ileal resection
¢ Advanced age
¢ Native American ancestry
e Cirrhosis
e Cystic fibrosis
b. Pigment stones
* Black stones are usually found in the gallbladder and are associated with either
hemolysis (e.g., sickle cell disease, thalassemia, hereditary spherocytosis, arti-
ficial cardiac valves) or alcoholic cirrhosis.
¢ Brown stones are usually found in bile ducts and are associated with biliary
tract infection.
c. Mixed stones have components of both cholesterol and pigment stones and
account for the majority of stones.

B. Clinical features
1.

Most cases are asymptomatic. Majority of patients found to have incidental gall-

stones will remain asymptomatic.

Biliary colic is the cardinal symptom of gallstones and is due to temporary

obstruction of cystic duct by a gallstone. Pain occurs as the gallbladder contracts

against this obstruction.

a. Pain is typically located in the RUQ or epigastrium and may be mild, moderate,
or severe.
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\7
b. Patients classically report pain after eating and at night. -
c. Boas sign—referred right subscapular pain of biliary colic. OU’ Ck H IT
c l:omplil:ations Pain in acute cholecystitis
) . ) ) ) ) is secondary to gallbladder
1. Cholecystitis (chronic or acute) with prolonged obstruction of cystic duct wall inflammation, whereas
2. Choledocholithiasis with its associated complications—see below the pain of biliary colic is
3. Gallstone ileus secondary to the contrac-

tion of the gallbladder
against the obstructed

: : cystic duct. Also, the pain of
D. IllagnuS|s acute cholecystitis persists
1. RUQ ultrasound has high sensitivity and specificity (>95%) for stones >2 mm. for several days, whereas
2. CT scan and MRI are alternatives. the pain of biliary colic lasts
only a few hours.

4. Malignancy

E. Treatment
1. No treatment if the patient is asymptomatic.

2. Elective cholecystectomy for patients with recurrent bouts of biliary colic. L
Quick

ee Acute Eholecystitis Signs of Biliary Tract

A. General characteristics Obstruction
¢ Elevated alkaline phos-

1. Obstruction of the cystic duct (not infection) induces acute inflammation of the ;
phatase, increased GGT

gallbladder wall. « Elevated conjugated
2. Chronic cholecystitis may develop with recurrent bouts of acute cholecystitis. bilirubin
3. Ten percent of patients with gallstones develop acute cholecystitis. * Jaundice
* Pruritus
B. Clinical features * Clay-colored stools
* Dark urine

1. Symptoms
a. Pain is always present and is located in RUQ or epigastrium; it may radiate to
the right shoulder or scapula.

\/
b. Nausea and vomiting, anorexia . =
2. Signs GU’ Ck

a. RUQ tenderness, rebound tenderness in RUQ

Acute cholecystitis i
b. Murphy sign is pathognomonic—inspiratory arrest during deep palpation of the i Sl i

syndrome of RUQ pain,

RUQ; not present in many cases fever, and leukocytosis
c¢. Hypoactive bowel sounds associated with gallbladder
d. Low-grade fever, leukocytosis inflammation.

1. RUQ ultrasound is the test of choice. <
a. High sensitivity and specificity. au i C k

b. Findings include thickened gallbladder wall, pericholecystic fluid, distended

gallbladder, and presence of stone(s). Complications of Chol-
2. CT scan is as accurate as ultrasound but is more sensitive in identifying complica- ecystitis N
. .. . - * Gangrenous cholecystitis
tions of acute cholecystitis (e.g., perforation, abscess, pancreatitis). .
. . .. . . . » Perforation of gallbladder
3. Radionuclide scan (hepatoiminodiacetic acid [HIDA]). « Emphysematous chol-
a. Used when ultrasound is inconclusive. Its sensitivity and specificity parallel ecystitis
that of ultrasound. If HIDA scan is normal, acute cholecystitis can be ruled ¢ Cholecystoenteric fistula
out. with gallstone ileus

b. A positive HIDA scan means the gallbladder is not visualized. o IR

c. If gallbladder is not visualized 4 hours after injection, diagnosis of acute chole-
cystitis is confirmed.

D. Treatment
1. Patient should be admitted. Conservative measures include hydration with IV
fluids, bowel rest (NPO), IV antibiotics, analgesics, correction of electrolyte abnor-
malities.
2. Surgery—Cholecystectomy is indicated in most patients with symptomatic gall-
stones. Early cholecystectomy is preferred (first 24 to 48 hours). Recurrence
rate with nonsurgical treatment is as high as 70%. Timing of surgery depends
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- on severity of symptoms and patient’s risk assessment for surgery, but in most
QU’ Ck patients, early cholecystectomy is preferred.
Gallstone ileus .
e (Gallstone enters bowel L4 Acalcl“ous cholecvstltls

lumen via cholecys-

tosntaric fistula—gets ¢ Acute cholecystitis without stones obstructing the cystic duct (up to 10% of patients

“stuck” in terminal ileum with acute cholecystitis).
and causes obstruction * Usually idiopathic and seen in patients with severe underlying illness; possibly associ-
* Accounts for 1% to 2% of ated with dehydration, ischemia, burns, severe trauma, and a postoperative state.

bowal obstructions « Signs and symptoms are the same as for acute cholecystitis.

 Diagnosis may be difficult because patients with this condition are often severely ill
and have other medical problems, so clinical features are less apparent.

z JE ¢ Emergent cholecystectomy is the treatment of choice. For patients who are too ill for
surgery, perform percutaneous drainage of the gallbladder with cholecystostomy.
gery, p p g g y Y.

Complications of acute e .

cholecystitis include o Gholedocholithiasis

gangrene and gallbladder . .

perforation, which can be A. General characteristics

life-threatening. 1. Refers to gallstones in the CBD (see Table 3-2)

2. Primary versus secondary stones
a. Primary stones originate in the CBD (usually pigmented stones).

o b. Secondary stones originate in the gallbladder and then pass into the CBD
= 1 ()

au’ck (usually cholesterol or mixed stones). These account for 95% of all cases.
Complications of CBD B. Clinical features
Stones 1. Patients may be asymptomatic for years.
: g'l;(s)L?Sc?tT\llz jaundice 2. Symptoms, when present, include RUQ or epigastric pain and jaundice.
¢ Acute pancreatitis c Iliagnosis
« Biliary colic ’ ] o
« Biliary cirrhosis 1. Laboratory tests—Total and direct bilirubin levels are elevated, as well as ALK-P.

2. RUQ ultrasound is usually the initial study, but is not a sensitive study for cho-
ledocholithiasis. It detects CBD in only 50% of cases, so it cannot be used to rule
out this diagnosis.

\/
g 3. ERCP is the gold standard (sensitivity and specificity of 95%) and should follow
Quick : hempem (e

ultrasound. ERCP is diagnostic and therapeutic (see below).

Patients with CBD stones 4. PTC is an alternative to ERCP.

may be asymptomatic for

years. However, unlike D. Treatment

patients with cholelithiasis, 1. ERCP with sphincterotomy and stone extraction with stent placement (successful

in which biliary colic may
lead to acute cholecystitis,
the onset of symptoms in
choledocholithiasis can
signal the development of

life-threatening complica-

tions such as cholangitis

in 90% of patients)
2. Laparoscopic choledocholithotomy (in select cases)

GG ENE Cholelithiasis Choledocholithiasis
Abnormality Stone in gallbladder Stone in CBD
\/
7 ~ Clinical features Asymptomatic; biliary colic Asymptomatic, RUQ/epigastric pain,
alIlck H IT jaundice
Do the following in patients Complications Cholecystitis, choledocholithiasis, Cholangitis, obstructive jaundice, acute
with cholangitis: gallstone ileus, malignancy pancreatitis, biliary cirrhosis
¢ Blood cultures
o |V fluids Diagnosis RUQ ultrasound is highly sensitive ERCP is test of choice; RUQ ultrasound is
|V antibiotics after blood not sensitive
cultures obtained . . . .
« Decompress CBD when Treatment No treatment in most cases; elective Removal of stone via ERCP and sphinc-
patient stable cholecystectomy if biliary colic is terotomy

severe or recurrent
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ee Cholangitis

A. General characteristics

1. Infection of biliary tract secondary to obstruction, which leads to biliary stasis and
bacterial overgrowth.
a. Choledocholithiasis accounts for 60% of cases.
b. Other causes include pancreatic and biliary neoplasm, postoperative strictures,
invasive procedures such as ERCP or PTC, and choledochal cysts.
2. Cholangitis is potentially life-threatening and requires emergency treatment.

. Clinical features

1. Charcot triad: RUQ pain, jaundice, and fever—this classic triad is present in only
50% to 70% of cases.

2. Reynolds pentad: Charcot triad plus septic shock and altered mental status (CNS
depression—e.g., coma, disorientation).

3. Patient is acutely ill, and abdominal symptoms may be lacking or may go unrecog-
nized.

Diagnosis

1. RUQ ultrasound is the initial study.

2. Laboratory findings—hyperbilirubinemia, leukocytosis, mild elevation in serum
transaminases.

3. Cholangiography (PTC or ERCP).

a. This is the definitive test, but it should not be performed during the acute
phase of illness. Once cholangitis resolves, proceed with PTC or ERCP to
identify the underlying problem and plan treatment.

b. Perform PTC when the duct system is dilated (per ultrasound) and ERCP when
the duct system is normal.

D. Treatment

1. IV antibiotics and IV fluids

a. Close monitoring of hemodynamics, BP, and urine output is important.

b. Most patients respond rapidly. Once the patient has been afebrile for 48 hours,
cholangiography (PTC or ERCP) can be performed for evaluation of the under-
lying condition.

2. Decompress CBD via PTC (catheter drainage); ERCP (sphincterotomy), or laparot-
omy (T-tube insertion) once the patient is stabilized, or emergently if the condition
does not respond to antibiotics.

ee (arcinoma of the Gallbladder

Most are adenocarcinomas and typically occur in the elderly.

Associated with gallstones in most cases; other risk factors include cholecystoenteric
fistula and porcelain gallbladder (Figure 3-3).

Clinical features are nonspecific and suggest extrahepatic bile duct obstruction: jaun-
dice, biliary colic, weight loss, anorexia, and RUQ mass. Palpable gallbladder is a sign
of advanced disease.

Difficult to remove with surgery: cholecystectomy versus radical cholecystectomy
(with wedge resection of liver and lymph node dissection) depending on depth of
invasion.

Prognosis is dismal—more than 90% of patients die of advanced disease within 1 year
of diagnosis. Disease often goes undetected until it is advanced.

e e Primary Sclerosing Cholangitis

A. General characteristics

1. A chronic idiopathic progressive disease of intrahepatic and/or extrahepatic
bile ducts characterized by thickening of bile duct walls and narrowing of their
lumens; leads to cirrhosis, portal hypertension, and liver failure (Table 3-3).

Quick

Reynolds pentad is a highly
toxic state that requires
emergency treatment. It
can be rapidly fatal.

Quick

RUQ ultrasound is very
accurate in detecting
gallstones and biliary tract
dilatation, but not very
accurate in detecting CBD
stones.

Quick

Hepatic abscess is the
most serious and dreaded
complication of acute
cholangitis—it has a high
mortality rate.

Quick

Porcelain Gallbladder

¢ Definition: intramural
calcification of the gall-
bladder wall

* Prophylactic cholecys-
tectomy is recommended
because approximately
50% of patients with
porcelain gallbladder
will eventually develop
cancer of the gallbladder.
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FIGURE

3-3  Porcelain gallbladder. Note the thin layer of mineralization surrounding the
gallbladder wall.
(Courtesy of Dr Frank Gaillard, Radiopaedia.org.)

e
H IT 2. There is a strong association with UC (less so with Crohn disease). UC is present
in 50% to 70% of patients with PSC; often the UC may dominate the clinical pic-

Complications of PSC ture. (Note: The course of PSC is unaffected by a colectomy done for UC.)
¢ Cholangiocarcinoma
(in up to 20% to 30% of B. Clinical features
patients) 1. Signs and symptoms begin insidiously.
° :r?;il:i:?ir:lt :g(‘)‘;: :’;(y‘;h:fl' 2. Chronic cholestasis findings, including jaundice and pruritus; all patients eventu-
R ally present with chronic obstructive jaundice
« Can progress to second- 3. Other symptoms: fatigue, malaise, weight loss
ary biliary cirrhosis, por- B .
tal HTN, and liver failure C. Diagnosis

1. ERCP and PTC are diagnostic studies of choice—see multiple areas of bead-like
stricturing and bead-like dilatations of intrahepatic and extrahepatic ducts.
2. Laboratory tests show cholestatic LFTs.
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D. Treatment
1. There is no curative treatment other than liver transplantation.

TaBLlE3-3  Primary Biliary Cirrhosis Versus Primary

Sclerosing Cholangitis

Primary Biliary Cirrhosis Primary Sclerosing Cholangitis

Pathology Intrahepatic bile duct destruction Intra- and extrahepatic bile duct thick-
ening and lumenal narrowing

Demographics Female > Male 9:1 Male > Female
Association with None Strong association with ulcerative
Inflammatory colitis (UC) and also Crohn Disease

Bowel Disease

Diagnosis + antimitochondrial antibodies (AMAs) ERCP will show bead-like dilations in
in 90%-95% of patients. Liver biopsy to intra- and extrahepatic bile ducts
confirm diagnosis

Treatment Ursodeoxycholic acid slows progression, Liver transplantation
liver transplantation
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2. When a dominant stricture causes cholestasis, ERCP with stent placement for biliary
drainage and bile duct dilatation may relieve symptoms.
3. Use cholestyramine for symptomatic relief (to decrease pruritus).

e e Primary Biliary Cirrhosis

A. General characteristics

1. PBC is a chronic and progressive cholestatic liver disease characterized by destruc-
tion of intrahepatic bile ducts with portal inflammation and scarring (Table 3-3).

2. Itis a slowly progressive disease with a variable course. It may progress to cirrhosis
and end-stage liver failure.

3. Itis an autoimmune disease that is often associated with other autoimmune dis-
orders.

4. It is most common in middle-aged women.

. Clinical features

. Fatigue

. Pruritus (early in course of disease)

. Jaundice (late in course of disease)
RUQ discomfort

. Xanthomata and xanthelasmata

. Osteoporosis

. Portal HIN (with resultant sequelae)

N U W

. Diagnosis
1. Laboratory findings

a. Cholestatic LFTs (elevated ALK-P)

b. Positive antimitochondrial antibodies (AMAs) found in 90% to 95% of
patients. This is the hallmark of the disease (specificity of 98%). If serum is
positive for AMAs, perform a liver biopsy to confirm diagnosis

c. Elevated cholesterol, HDL

d. Elevated immunoglobulin M

2. Liver biopsy (percutaneous or laparoscopic) to confirm the diagnosis
3. Abdominal ultrasound or CT scan to rule out biliary obstruction

. Treatment
1. Treatment is symptomatic for pruritus (cholestyramine) and osteoporosis (calcium,
bisphosphonates, vitamin D).
2. Ursodeoxycholic acid (a hydrophilic bile acid) has been shown to slow progres-
sion of the disease.
3. Liver transplantation is the only curative treatment available.

e e (Cholangiocarcinoma

A. General characteristics

1. Tumor of intrahepatic or extrahepatic bile ducts: most are adenocarcinomas.

2. Mean age of diagnosis is in the seventh decade.

3. Located in three regions: proximal third of the CBD (most common, also called
Klatskin tumor), distal extrahepatic (best chance of resectability), intrahepatic
(least common).

4. Prognosis is dismal—survival is less than 1 year after diagnosis.

5. Risk factors
a. PSC is the major risk factor in the United States.

b. Other risk factors include UC, choledochal cysts, and Clonorchis sinensis infes-
tation (in Hong Kong).

. Clinical features
1. Obstructive jaundice and associated symptoms: dark urine, clay-colored stools,
and pruritus
2. Weight loss

Quick

Etiology of Secondary

Biliary Cirrhosis. This dis-

ease occurs in response to

chronic biliary obstruction

from the following:

¢ Long-standing mechani-
cal obstruction

¢ Sclerosing cholangitis

¢ Cystic fibrosis

 Biliary atresia

Quick

Klatskin Tumors

e Tumors in proximal third
of CBD—involve the
junction of right and left
hepatic ducts

¢ \Very poor prognosis
because they are unre-
sectable
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Quick

CCK is the hormone that
relaxes the sphincter of
0ddi and contracts the
gallbladder.

Quick

Perforation of Appendix

Complicates 20% of
cases

Risk factors: delay in
treatment (>24 hours)
and extremes of age
Signs of appendiceal
rupture (high fever,
tachycardia, marked
leukocytosis, peritoneal
signs, toxic appearance)

C.

Diagnosis

1. Cholangiography (PTC or ERCP) for diagnosis and assessment of resectability.

2. 1f the patient has an unresectable tumor (more likely the case with proximal than
distal bile duct tumors), stent placement is an option during either PTC or ERCP
and may relieve biliary obstruction.

Treatment

1. Most patients do not have resectable tumors at diagnosis.

2. The survival rate is low despite aggressive chemotherapy, stenting, or biliary drain-
age.

ee (holedochal Cysts

Cystic dilatations of biliary tree involving either the extrahepatic or intrahepatic ducts,
or both; more common in women (4:1)

Clinical features: epigastric pain, jaundice, fever, and RUQ mass

Complications: cholangiocarcinoma (most feared complication—risk is about 20%
over 20 years), hepatic abscess, recurrent cholangitis/pancreatitis, rupture, biliary
obstruction, cirrhosis, and portal HTN

Ultrasound is the best noninvasive test, and ERCP is definitive for diagnosis
Treatment is surgery: complete resection of the cyst with a biliary-enteric anastomosis
to restore continuity of biliary system with bowels

e e Bile Duct Stricture

Most common cause is iatrogenic injury (e.g., prior biliary surgery such as cholecys-
tectomy, liver transplantation); other causes include recurring choledocholithiasis,
chronic pancreatitis, and PSC.

Clinical features are those of obstructive jaundice.

Complications can be life-threatening: secondary biliary cirrhosis, liver abscess, and
ascending cholangitis.

Treatment involves endoscopic stenting (preferred) or surgical bypass if obstruction is
complete or if endoscopic therapy fails.

ee Biliary Dyskinesia

Motor dysfunction of the sphincter of Oddi, which leads to recurrent episodes of bili-
ary colic without any evidence of gallstones on diagnostic studies such as ultrasound,
CT scan, and ERCP

Diagnosis is made by HIDA scan. Once the gallbladder is filled with labeled radionu-
clide, give cholecystokinin (CCK) intravenously, then determine the ejection fraction
of the gallbladder. If the ejection fraction is low, dyskinesia is likely.

Treatment options include laparoscopic cholecystectomy and endoscopic sphincter-
otomy.

@@ Diseases of the Appendix

ee Acute Appendicitis

A. General characteristics

1. Pathogenesis

a. The lumen of the appendix is obstructed by hyperplasia of lymphoid tissue
(60% of cases), a fecalith (35% of cases), a foreign body, or other rare causes
(parasite or carcinoid tumor [5% of cases]).

b. Obstruction leads to stasis (of fluid and mucus), which promotes bacterial
growth, leading to inflammation.

c. Distention of the appendix can compromise blood supply. The resulting isch-
emia can lead to infarction or necrosis if untreated. Necrosis can result in
appendiceal perforation, and ultimately peritonitis.
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2. Peak incidence is in the teens to mid-20s. Prognosis is far worse in infants and
elderly patients (higher rate of perforation).

B. Clinical features
1. Symptoms
a. Abdominal pain—Classically starts in the epigastrium, moves toward umbili-
cus, and then to the RLQ. With distention of the appendix, the parietal perito-
neum may become irritated, leading to sharp pain.
b. Anorexia always present. Appendicitis is unlikely if patient is hungry.
¢. Nausea and vomiting (typically follow pain).
2. Signs
a. Tenderness in RLQ (maximal tenderness at McBurney point: two-thirds of the
distance from the umbilicus to the right anterior superior iliac spine).
. Rebound tenderness, guarding, diminished bowel sounds.
Low-grade fever (may spike if perforation occurs).
. Rovsing sign: Deep palpation in LLQ causes referred pain in RLQ.
. Psoas sign: RLQ pain when right thigh is extended as patient lies on left side.
Obturator sign: Pain in RLQ when flexed right thigh is internally rotated when
patient is supine.

o a0 o

C. Diagnosis
1. Acute appendicitis is a clinical diagnosis.
2. Laboratory findings (mild leukocytosis) are only supportive.
3. Imaging studies may be helpful if diagnosis uncertain or in atypical presentations.
a. CT scan (sensitivity 98% to 100%)—Ilowers the false-positive rate significantly.
b. Ultrasound (sensitivity of 90%).

D. Treatment is an appendectomy (usually laparoscopic). Up to 20% of patients who
are diagnosed with acute appendicitis are found to have a normal appendix during
surgery. Because the illness is potentially life-threatening, this is an acceptable
risk even during pregnancy.

e e (Garcinoid Tumors and Garcinoid Syndrome

e Carcinoid tumors originate from neuroendocrine cells and secrete serotonin.
¢ The most common site for these tumors is the appendix, but they can be found in a
variety of locations (e.g., small bowel, rectum, bronchus, kidney, pancreas).

@@ Diseases of the Pancreas

oo Acute Pancreatitis

A. General characteristics
1. There is inflammation of the pancreas resulting from prematurely activated pan-
creatic digestive enzymes that invoke pancreatic tissue autodigestion.
2. Most patients with acute pancreatitis have mild to moderate disease but up to 25%
have severe disease. There are two forms of acute pancreatitis, mild and severe:
a. Mild acute pancreatitis is most common and responds well to supportive
treatment.
b. Severe acute pancreatitis (necrotizing pancreatitis) has significant morbidity
and mortality.

B. Causes
1. Alcohol abuse (40%)
2. Gallstones (40%)—the gallstone passes into the bile duct and blocks the ampulla
of Vater
Post-ERCP—pancreatitis occurs in up to 10% of patients undergoing ERCP
4. Viral infections (e.g., mumps, Coxsackievirus B)

W

Quick

Acute appendicitis is a clin-
ical diagnosis. Laboratory
findings (mild leukocytosis)
are only supportive. Radio-
graphs or other imaging
studies are unnecessary
unless the diagnosis is
uncertain or the presenta-
tion is atypical.

Quick

Carcinoid syndrome devel-

ops in 10% of patients with

carcinoid tumors.

¢ Excess serotonin secre-
tion can lead to carcinoid
syndrome, which is
manifested by cutaneous
flushing, diarrhea, sweat-
ing, wheezing, abdominal
pain, and heart valve
dysfunction.

¢ Risk factors of metastasis
increase with the size of
the tumor. Metastases
are rare with appendiceal
tumors. lleal tumors have
the greatest likelihood of
malignancy.

¢ Surgical resection is the
treatment of choice.
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- - . Drugs—sulfonamides, thiazide diuretics, furosemide, estrogens, HIV medica-
QUI Ck H IT tions, and many other drugs have been implicated
Postoperative complications (high mortality rate)
Scorpion bites
Pancreas divisum (controversial)
Pancreatic cancer
10. Hypertriglyceridemia, hypercalcemia

2L 11. Uremia
au ic k 12. Blunt abdominal trauma (most common cause of pancreatitis in children)

Recurrences are common C. Clinical features
in alcoholic pancreatitis. 1. Symptoms
a. Abdominal pain, usually in the epigastric region
¢ May radiate to back (50% of patients)
¢ Often steady, dull, and severe; worse when supine and after meals
b. Nausea and vomiting, anorexia
2. Signs

Most cases of acute pan-
creatitis are due to alcohol
or gallstones (70% to 80%).

© XN

a. Low-grade fever, tachycardia, hypotension, leukocytosis
D b. Epigastric tenderness, abdominal distention
a = k c. Decreased or absent bowel sounds indicate partial ileus
uic H IT d. The following signs are seen with hemorrhagic pancreatitis as blood tracks
The diagnosis of acute along fascial planes:
pancreatitis is usually made * Grey Turner sign (flank ecchymoses)
based on clinical presenta- * Cullen sign (periumbilical ecchymoses)

tion. Laboratory studies are
supportive, and CT scan is

confirmatory. D. Diagnesis

1. Laboratory studies
a. Serum amylase is the most common test, but many conditions cause hyper-
amylasemia (nonspecific) and its absence does not rule out acute pancreatitis
(nonsensitive). However, if levels are more than five times the upper limit of
normal, there is a high specificity for acute pancreatitis.
. Serum lipase—more specific for pancreatitis than amylase.
LFTs—to identify cause (gallstone pancreatitis).
. Hyperglycemia, hypoxemia, and leukocytosis may also be present.
Order the following for assessment of prognosis (see Table 3-4—Ranson crite-
ria): glucose, calcium, hematocrit, BUN, arterial blood gas (PaO,, base deficit),
L LDH, AST, WBC count.
au i C k HIT . Abdominal radiograph
a. Has a limited role in the diagnosis of acute pancreatitis.
Hypocalcemia that results b. More helpful in ruling out other diagnoses, such as intestinal perforation (free
from acute pancreatitis is air). The presence of calcifications can suggest chronic pancreatitis.
il e c. In some cases, one may see a sentinel loop (area of air-filled bowel usually
necrosis binds calcium. . o . . . . .
in LUQ, which is a sign of localized ileus) or a colon cut-off sign (air-filled

Admission Criteria (GA LAW) Initial 48-hr Criteria (C HOBBS) Mortality

e Fox sign (ecchymosis of inguinal ligament)

\7
Quick ;111
The level of either amylase
or lipase does not reli-

ably predict the severity of
disease.

P oo o

N

Glucose >200 mg/dL Calcium <8 mg/dL <3 criteria—1%
Decrease in Hematacrit >10%

Age >55 yrs Pa0, <60 mm Hg 34 criteria—15%

LDH >350 BUN increase >8 mg/dL 56 criteria—40%

AST >250 Base deficit >4 mg/dL >7 criteria—100%

WBC >16,000 Fluid sequestration >6 L
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segment of transverse colon abruptly ending or “cutting off” at the region of
pancreatic inflammation).
3. Abdominal ultrasound
a. Can help in identifying cause of pancreatitis (e.g., gallstones)
b. Useful for following up pseudocysts or abscesses
4. CT scan of the abdomen
a. Most accurate test for diagnosis of acute pancreatitis and for identifying com-
plications of the disease
b. Indicated in patients with severe acute pancreatitis
5. ERCP (indications):
a. Severe gallstone pancreatitis with biliary obstruction
b. To identify uncommon causes of acute pancreatitis if disease is recurrent

E. Complications
1. Pancreatic necrosis (may be sterile or infected)

a. Sterile pancreatic necrosis—infection may develop, but half of all cases
resolve spontaneously. These patients should be monitored closely in an ICU.
Prophylactic antibiotics are controversial but if necrosis involves more than
30% of pancreas, antibiotics should be strongly considered.

b. Infected pancreatic necrosis—has high mortality rate (results in multiple organ
failure in 50% of cases); surgical débridement and antibiotics indicated.

c. The only way to distinguish sterile from infected necrosis is via CT-guided per-
cutaneous aspiration with Gram stain/culture of the aspirate.

2. Pancreatic pseudocyst

a. Encapsulated fluid collection that appears 2 to 3 weeks after an acute attack—
unlike a true cyst, it lacks an epithelial lining

b. Complications of untreated pseudocysts include rupture, infection, gastric
outlet obstruction, fistula, hemorrhage into cyst, and pancreatic ascites. It may
impinge on adjacent abdominal organs (e.g., duodenum, stomach, transverse
colon) if large enough; or if located in the head of the pancreas, it may cause
compression of the CBD.

c. Diagnosis: CT scan is the study of choice.

d. Treatment
¢ Cysts <5 cm: observation
¢ Cysts >5 cm: drain either percutaneously or surgically

3. Hemorrhagic pancreatitis
a. Characterized by Cullen sign, Grey Turner sign, and Fox sign
b. CT scan with IV contrast is the study of choice

4. Adult respiratory distress syndrome—a life-threatening complication with high
mortality rate

5. Pancreatic ascites/pleural effusion—the most common cause is inflammation of
peritoneal surfaces

6. Ascending cholangitis—due to gallstone in ampulla of Vater, leading to infection
of biliary tract; see section on cholangitis

7. Pancreatic abscess (rare)—develops over 4 to 6 weeks and is less life-threatening
than infected pancreatic necrosis

F. Treatment
1. Patients with mild acute pancreatitis:

a. Bowel rest (NPO)—goal is to rest the pancreas.

b. IV fluids—patients may have severe intravascular volume depletion. Correct
electrolyte abnormalities.

c. Pain control, but be cautious in giving narcotics. Fentanyl and meperidine
preferred over morphine which causes an increase in sphincter of Oddi
pressure.

d. Nasogastric tube if severe nausea/vomiting or ileus present; routine use is con-
troversial.

2. Patients with severe pancreatitis should be admitted to the ICU. Early enteral
nutrition in the first 72 hours is recommended through a nasojejunal tube. If the

Quick

Pseudocysts may be
present at sites distant from
the pancreas.

Quick

Most patients with acute
pancreatitis respond to sup-
portive care of pain control,
bowel rest, 1V fluids, and
correction of electrolyte
abnormalities and do not
require any further therapy.
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Quick

The combination of chronic A
epigastric pain and calcifi- ’
cations on plain abdominal

films is diagnostic for

chronic pancreatitis. The

classic triad of steator-

rhea, diabetes mellitus, and

pancreatic calcification

on plain films or CT scan is

also diagnostic.

3 \7 B.
Chronic pancreatitis
presents as chronic unre-
lenting pain with episodic
flare-ups.
C.
D.
E.

severe acute pancreatitis has not resolved in a few days, supplemental parenteral
nutrition should be started. If more than 30% of the pancreas is necrosed, prophy-
lactic antibiotics (imipenem) should be considered to prevent infection (which has
high morbidity and mortality).

Prognosis

1. Ranson criteria are used to determine prognosis and mortality rates.

2. Patients with more than three or four Ranson criteria should be monitored in an
ICU setting.

e e Chronic Pancreatitis

General characteristics

1. Persistent or continuing inflammation of the pancreas, with fibrotic tissue replac-

ing pancreatic parenchyma, and alteration of pancreatic ducts (areas of stricture/

dilation); eventually results in irreversible destruction of the pancreas

The endocrine and exocrine functions of the pancreas are impaired

Causes

a. Chronic alcoholism is the most common cause (>80% of cases).

b. Other causes include hereditary pancreatitis, tropical pancreatitis, and idiopathic
chronic pancreatitis.

w N

Clinical features
1. Severe pain in the epigastrium; recurrent or persistent abdominal pain
a. Often accompanied by nausea and vomiting
b. May be aggravated by a drinking episode, or by eating
c. Radiates to the back (in 50% of cases)
2. Weight loss, due to malabsorption, alcohol abuse, and diabetes; steatorrhea sec-
ondary to malabsorption

Diagnosis

1. CT scan (Figure 3-4) is the initial study of choice. It may show calcifications not
seen on plain films. Mild to moderate cases may not be detectable, so a normal CT
scan does not necessarily rule out chronic pancreatitis.

2. Abdominal radiograph—the presence of pancreatic calcifications is 95% specific,

but is found in only 30% of cases.

ERCP is the gold standard, but is not done routinely because it is invasive.

4. Laboratory studies are not helpful in diagnosis. Serum amylase and lipase levels
are not elevated in chronic pancreatitis.

w

Complications

1. Narcotic addiction—probably the most common complication

2. Diabetes mellitus/impaired glucose tolerance
a. Caused by progressive loss of islets of Langerhans
b. Eventually appears in up to 70% of patients

3. Malabsorption/steatorrhea

a. Caused by pancreatic exocrine insufficiency—occurs when pancreatic enzyme
secretion decreases significantly

b. A late manifestation of chronic pancreatitis

Pseudocyst formation

Pancreatic ductal dilation

CBD obstruction (may occur secondary to fibrosis in head of gland)

Vitamin By, malabsorption

Effusions (e.g., pleural, pericardial, peritoneal)

9. Pancreatic carcinoma—patients with chronic pancreatitis have an increased risk

PN R

Treatment
1. Nonoperative management
a. Narcotic analgesics for pain
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FIGURE

3-4  A: CT scan of chronic pancreatitis. Note the area of calcification (small arrow) and a
pseudocyst (/arge arrow) in the head of the pancreas. B: Typical findings on ERCP in
chronic pancreatitis. Note the areas of stricture (/arge arrow) and duct dilatation (small
arrow) throughout the pancreatic duct. This creates a “chain of lakes” appearance.

(From Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins, 2000:958, Figures 117.9 and 117.10, respectively.)

b. Bowel rest (NPO)
c. Pancreatic enzymes and H, blockers (give simultaneously)
* Pancreatic enzymes inhibit CCK release and thus decrease pancreatic secre-
tions after meals.
* H, blockers inhibit gastric acid secretion, preventing degradation of the pan-
creatic enzyme supplements by gastric acid.
d. Insulin—may be necessary due to severe pancreatic endocrine insufficiency
e. Alcohol abstinence
f. Frequent, small-volume, low-fat meals—may improve abdominal pain
2. Surgery—main goal is relief of incapacitating abdominal pain
a. Pancreaticojejunostomy (pancreatic duct drainage procedure to decompress the
dilated pancreatic duct)—most common procedure
b. Pancreatic resection (distal pancreatectomy, Whipple procedure)
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Quick

Painless jaundice is not
common in pancreatic
cancer!

Quick

The early clinical findings
of pancreatic cancer are
very vague and nonspecific.
By the time a diagnosis

is made, most patients

have an incurable level of
advanced disease.

Quick

Aortoenteric Fistula is a
rare but lethal cause of Gl
bleeding. The classic pres-
entation is a patient with a
history (sometimes distant)
of aortic graft surgery who
has a small Gl bleed involv-
ing the duodenum before
massive, fatal hemorrhage
hours to weeks later. Per-
form endoscopy or surgery
during this small window
of opportunity to prevent
death.

e e Pancreatic Cancer
A. General characteristics

1.

2.

4.

Most common in elderly patients (75% of patients are >60 years old); rare before
age 40; more common in African Americans

Anatomic location

a. Pancreatic head (75% of cases)

b. Pancreatic body (20% of cases)

c. Pancreatic tail (5% to 10% of cases)

Risk factors

a. Cigarette smoking (most clearly established risk)

b. Chronic pancreatitis

c. Diabetes

d. Heavy alcohol use

e. Exposure to chemicals—benzidine and f-naphthylamine

The prognosis is dismal: most patients die within months of diagnosis

B. Clinical features

1.
2.

~N o U AW

Abdominal pain (90% of patients)—may be a vague and dull ache

Jaundice

a. Most common with carcinoma of head of pancreas—less than 10% of patients
with cancer involving body and tail of pancreas have jaundice

b. Indicates obstruction of intrapancreatic CBD and is a sign of advanced disease

. Weight loss (common due to decreased food intake and malabsorption); anorexia

Recent onset of glucose intolerance, but the diabetes is mild
Depression, weakness, fatigue

. Migratory thrombophlebitis—develops in 10% of cases
. Courvoisier sign (palpable gallbladder)—present in 30% of patients with cancer

involving head of pancreas; presents without pain

C. Diagnosis

1.

ERCP is the most sensitive test for diagnosing pancreatic cancer. It can also dis-
tinguish cancer of the head of the pancreas from tumors of the CBD, duodenum,
ampulla, and lymphomas, which have a more favorable prognosis.

CT scan is the preferred test for diagnosis and assessment of disease spread.
Tumor markers.

a. CA 19-9 (sensitivity of 83% and specificity of 82%).

b. CEA (sensitivity of 56% and specificity of 75%).

D. Treatment

1.

2.

Surgical resection (Whipple procedure) is the only hope for a cure; however, only
a minority of tumors are resectable (roughly 10%). The prognosis is grim even
after resection, with a 5-year survival rate of 10%.

If the tumor is unresectable and biliary obstruction is present, perform PTC or
ERCP with stent placement across the obstruction for palliation.

® Gastrointestinal Bleeding
A. General characteristics

1.

2.

Upper GI bleeding refers to a source of bleeding above the ligament of Treitz in
the duodenum.
Lower GI bleeding is classically defined as bleeding below the ligament of Treitz.

B. Causes

1.

Upper GI bleeding

a. Peptic ulcer disease (PUD)—duodenal ulcer (25% of cases), gastric ulcer (20%
of cases), gastritis (25% of cases)

b. Reflux esophagitis
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Esophageal varices (10% of cases)—venous bleeding

. Gastric varices

Gastric erosions, duodenitis
Mallory—Weiss tear
Hemobilia

. Dieulafoy’s vascular malformation—submucosal dilated arterial lesions that can

cause massive GI bleeding
Aortoenteric fistulas—after aortic surgery (ask about prior aortic aneurysm/graft)
Neoplasm—bleeding is not rapid—usually not an emergency

2. Lower GI bleeding

a.

o

50 o Ao

Diverticulosis (40% of cases)—most common source of GI bleeding in patients
over age 60; usually painless

. Angiodysplasia (40% of cases)—second most common source in patients over

age 60
IBD (UC, Crohn disease)

. Colorectal carcinoma

Colorectal adenomatous polyps
Ischemic colitis
Hemorrhoids, anal fissures

. Small intestinal bleeding—diagnosed by excluding upper GI and colonic bleeding

C. Clinical features
1. Type of bleeding:

a.

e.

Hematemesis—vomiting blood; suggests upper GI bleeding (bleeding proximal

to ligament of Treitz). Indicates moderate to severe bleeding that may be ongo-

ing.

“Coffee grounds” emesis—suggests upper GI bleeding as well as a lower rate of

bleeding (enough time for vomitus to transform into “coffee grounds”).

Melena—black, tarry, liquid, foul-smelling stool.

e Caused by degradation of hemoglobin by bacteria in the colon; presence of
melena indicates that blood has remained in GI tract for several hours.

¢ The further the bleeding site is from the rectum, the more likely melena will
occur.

* Note that dark stools can also result from bismuth, iron, spinach, charcoal,
and licorice.

¢ Melena suggests upper GI bleeding 90% of the time. Occasionally, the jejunum
or ileum is the source. It is unusual for melena to be caused by a colonic
lesion, but if it is, the ascending colon is the most likely site.

. Hematochezia—bright red blood per rectum.

¢ This usually represents a lower GI source (typically left colon or rectum).
Consider diverticulosis, arteriovenous malformations, hemorrhoids, and
colon cancers.

e It may result from massive upper GI bleeding that is bleeding very briskly (so
that blood does not remain in colon to turn into melena—see above). This
often indicates heavy bleeding, and patient often has some degree of hemo-
dynamic instability. An upper GI source is present in about 5% to 10% of
patients with hematochezia.

Occult blood in stool—source of bleeding may be anywhere along GI tract.

2. Signs of volume depletion (depending on rate and severity of blood loss).
3. Symptoms and signs of anemia (e.g., fatigue, pallor, exertional dyspnea).

D. Diagnosis
1. Laboratory tests (see also Clinical Pearl 3-6 and Figure 3-5)

a.

b.

Stool guaiac for occult blood.

Hemoglobin/hematocrit level (may not be decreased in acute bleeds): A hemo-
globin level >7 to 8 g/dL is generally acceptable in young, healthy patients
without active bleeding. However, most elderly patients (especially those with
cardiac disease) should have a hemoglobin level >10 g/dL.

Quick

A lower Gl bleed (or
positive occult blood test of
stool) in patients over 40 is
colon cancer until proven
otherwise.

Quick

About 80% of episodes
of upper Gl bleeding stop
spontaneously and only
need supportive therapy.

Quick

* Bleeding from the small
bowel may manifest as
melena or hematochezia.

¢ Colonic sources of bleed-
ing present with either
occult blood in the stool
or hematochezia.

Quick

Always ask patients with

Gl bleeding if they take any
NSAIDs/aspirin, clopidogrel
or anticoagulants.

Quick

Hematemesis and melena
are the most common pres-
entations of acute upper

Gl bleed, and patients

may have both symptoms.
Occasionally, a brisk upper
Gl bleed presents as hema-
tochezia.

Quick

An elevated PT may be
indicative of liver dysfunc-
tion, vitamin K deficiency, a
consumptive coagulopathy,
or warfarin therapy.



(c) ketabton.com: The Digital Library

® STEP-UP TO MEDICINE

. \7
Quick ;1)
If you suspect lower Gl
bleeding, still exclude upper
Gl bleeding before attempt-

ing to localize the site of the
lower Gl bleed.

Quick

Initial Steps in any Patient

with Gl Bleeding

* Vital signs: Decreased
BP, tachycardia, or pos-
tural changes in BP or HR
are signs of significant
hemorrhage. However,
vital signs may also be
normal when significant
hemorrhage is present.

* Resuscitation is the
first step (e.g., IV fluids,
transfusion).

¢ Perform rectal examina-
tion (hemoccult test).

cuinicat PEARL. |36

Tests to Order in Patients With Gl Bleeding

e Hematemesis—An upper Gl endoscopy is the initial test.

e Hematochezia—First rule out an anorectal cause (e.g., hemorrhoids). Colonoscopy should be the initial test
because colon cancer is the main concern in patients over age 50.

e Melena—Upper endoscopy is usually the initial test because the most likely bleeding site is in the upper Gl
tract. Order a colonoscopy if no bleeding site is identified from the endoscopy.

e (Qccult blood—Colonoscopy is the initial test in most cases (colon cancer is the main concern). Order an
upper endoscopy if no bleeding site is identified from the colonoscopy.

c. A low mean corpuscular volume is suggestive of iron deficiency anemia (chronic
blood loss). Patients with acute bleeding have normocytic red blood cells.

d. Coagulation profile (platelet count, PT, PTT, INR).

LFTs, renal function.

f. The BUN-creatinine ratio is elevated with upper GI bleeding. This is suggestive
of upper GI bleeding if patient has no renal insufficiency. The higher the ratio,
the more likely the bleeding is from an upper GI source.

2. Upper endoscopy

a. Most accurate diagnostic test in evaluation of upper GI bleeding.

b. Both diagnostic and potentially therapeutic (coagulate bleeding vessel).

c. Most patients with upper GI bleeding should have upper endoscopy within
24 hours.

3. Nasogastric tube

a. This is often the initial procedure for determining whether GI bleeding is from

an upper or lower GI source.

o

Presence of occult
blood in stool

v

Iron-deficient anemia

No I Yes

Patient age Colonoscopy
v I v y !
<40 >40 Positive Negative
Clinical follow-up, Upper Gl Treat Upper
repeat guaiac test symptoms endoscopy
No Yes
Colonoscopy Colonoscopy
plus upper
endoscopy

FIGURE
3-5 Evaluation of occult Gl bleeding.
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b. Use the nasogastric tube to empty the stomach to prevent aspiration.
c. False-negative findings are possible if upper GI bleeding is intermittent or from
a lesion in the duodenum.
d. Evaluation of aspirate
¢ Bile but no blood—upper GI bleeding unlikely; source is probably distal to
ligament of Treitz.
* Bright red blood or “coffee grounds” appearance—upper GI bleeding.
 Nonbloody aspirate (clear gastric fluid)—upper GI bleeding unlikely, but can-
not be ruled out definitively (source may possibly be in the duodenum).
4. Anoscopy or proctosigmoidoscopy can exclude an anal/rectal source. Perform this
if there is no obvious bleeding from hemorrhoids.
5. Colonoscopy identifies the site of the lower GI bleed in >70% of cases, and can
also be therapeutic (see below).
6. A bleeding scan (radionuclide scanning) reveals bleeding even with a low rate
of blood loss. It does not localize the lesion; it only identifies continued bleed-
ing. Its role is controversial, but it may help determine whether arteriography is
needed.
7. Arteriography definitively locates the point of bleeding.
a. Mostly used in patients with lower GI bleeding.
b. Should be performed during active bleeding.
c. Potentially therapeutic (embolization or intra-arterial vasopressin infusion).
8. Exploratory laparotomy—Ilast resort.

Treatment
1. If patient is hemodynamically unstable, resuscitation is always top priority.

Remember the ABCs. Once the patient is stabilized, obtain a diagnosis (see also

Clinical Pearl 3-7).

a. Supplemental oxygen.

b. Place two large-bore IV lines. Give IV fluids or blood if patient is volume
depleted.

c. Draw blood for hemoglobin and hematocrit, PT, PTT, and platelet count.
Monitor hemoglobin every 4 to 8 hours until the patient is hemoglobin stable
for at least 24 hours.

d. Type and crossmatch adequate blood (PRBCs). Transfuse as the clinical condi-
tion demands (e.g., shock, patients with cardiopulmonary disease).

2. Treatment depends on the cause/source of the bleed.

a. Upper GI bleeding.

* EGD with coagulation of the bleeding vessel. If bleeding continues, repeat
endoscopic therapy or proceed with surgical intervention (ligation of bleeding
vessel).

b. Lower GI bleeding.
¢ Colonoscopy—polyp excision, injection, laser, cautery.

e Arteriographic vasoconstrictor infusion.

* Surgical resection of involved area—last resort.

cumons PEARL 57

Factors That Increase Mortality in Gl Bleeding

Age >65 years

Severity of initial bleed

Extensive comorbid illnesses

Onset or recurrence of bleeding while hospitalized for another condition
Need for emergency surgery

Significant transfusion requirements

Diagnosis (esophageal varices have a 30% mortality rate)

Endoscopic stigmata of recent hemorrhage

Quick

In elderly patients and
patients with known
cardiovascular disease
who present with severe
bleeding, rule out myocar-
dial infarctions, especially
if there has been hemody-
namic instability.
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Quick [k}
Barrett Esophagus is a
complication of longstand-
ing acid reflux disease in
which there is columnar
metaplasia of the squamous
epithelium. Patients with
Barrett esophagus are at
increased risk of develop-
ing adenocarcinoma of the
esophagus. Monitor these
patients with routine endo-
scopic surveillance.

3. Indications for surgery.

a. Hemodynamically unstable patients who have not responded to IV fluid, trans-
fusion, endoscopic intervention, or correction of coagulopathies.

. Severe initial bleed or recurrence of bleed after endoscopic treatment.
Continued bleeding for more than 24 hours.

. Visible vessel at base of ulcer (30% to 50% chance of rebleed).
Ongoing transfusion requirement (five units within first 4 to 6 hours).

P oo o

® Diseases of the Esophagus

o Esophageal Cancer
A. General characteristics

1.

5.
6.

7.
8.

2.

There are two pathologic types. In the past, squamous cell carcinoma (SCC)
accounted for up to 90% of cases. However, the incidence of adenocarcinoma has
increased dramatically in the United States, and it now accounts for up to 50% of
new cases.
a. SCC
¢ Incidence is higher in African-American men than in other groups.
¢ Most common locations are the upper- and midthoracic esophagus. About
one-third may be in distal 10 cm of esophagus.
¢ Risk factors are alcohol and tobacco use, diet (nitrosamines, betel nuts,
chronic ingestion of hot foods and beverages such as tea), human papilloma-
virus, achalasia, Plummer—Vinson syndrome, caustic ingestion, and nasopha-
ryngeal carcinoma.
b. Adenocarcinoma
e More common in Caucasians and men (5:1 over women).
* Most common in distal third of the esophagus/gastroesophageal junction (in
80% of cases).
* Risk factors: GERD and Barrett esophagus are main risk factors; alcohol and
tobacco may not be as important as in SCC.
The prognosis is poor: Five-year survival rate is about 30% to 40% if locoregional
disease, but only 5% if distant metastasis present at diagnosis.
Staging
a. Stage I—tumor invades lamina propria or submucosa; nodes negative
b. Stage Ila—tumor invades muscularis propria or adventitia; nodes negative
c. Stage IITb—tumor invades up to muscularis propria; positive regional nodes
d. Stage IIl—tumor invades adventitia (positive regional nodes) or tumor invades
adjacent structures (positive or negative nodes)
e. Stage IV—distant metastasis

. Clinical features
1.

Dysphagia—most common symptom (initially solids only, then progression to liquids)

2. Weight loss—second most common symptom
3.
4. Odynophagia (pain with swallowing)—a late finding that suggests extraesophageal

Anorexia

involvement (mediastinal invasion)

Hematemesis, hoarseness of voice (recurrent laryngeal nerve involvement)
Aspiration pneumonia, respiratory symptoms due to involvement of tracheobron-
chial tree

Tracheoesophageal or bronchoesophageal fistula

Chest pain

Diagnosis
1.

Barium swallow useful in evaluation of dysphagia. A presumptive diagnosis can be
made.

Upper endoscopy with biopsy and brush cytology is required for definitive diagno-
sis. It confirms the diagnosis in 95% of cases.
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3. Transesophageal ultrasound helps determine the depth of penetration of the tumor
and is the most reliable test for staging local cancer.
4. Full metastatic workup (e.g., CT scan of chest/abdomen, CXR, bone scan).

. Treatment

1. Palliation is the goal in most patients because the disease is usually advanced at
presentation.

2. Surgery (esophagectomy) may be curative for patients with disease in stage 0, 1, or 2A.

3. Chemotherapy plus radiation before surgery has been shown to prolong survival
more than surgery alone.

o Achalasia

. General characteristics

1. Acquired motor disorder of esophageal smooth muscle in which the lower esopha-
geal sphincter (LES) fails to completely relax with swallowing, and abnormal peri-
stalsis of esophageal body replaces normal peristalsis of the esophageal body

2. Absolute criteria for diagnosis
a. Incomplete relaxation of the LES
b. Aperistalsis of esophagus

. Causes

1. The majority in the United States are idiopathic.

2. In the United States, adenocarcinoma of proximal stomach is the second most
common cause.

3. Worldwide, Chagas disease is an important cause.

. Clinical features
1. Dysphagia (odynophagia is less common)

a. Equal difficulty swallowing solids and liquids (in contrast to esophageal cancer,
in which dysphagia for solids starts first, than later for liquids).

b. Patients tend to eat slowly and drink lots of water to wash down food. Also,
they may twist their body, extend their neck, or walk about the room in an
effort to force food into the stomach.

c. It is exacerbated by fast eating and by emotional stress.

2. Regurgitation

a. Food gets “stuck” in the esophagus and then comes back up.

b. Regurgitation may lead to aspiration.

Chest pain

Weight loss

5. Recurrent pulmonary complications secondary to aspiration, which may cause
lung abscess, bronchiectasis, or hemoptysis

W

. Diagnosis

1. Barium swallow (Figure 3-6)—“bird’s beak”—beak-like narrowing of distal esoph-
agus and a large, dilated esophagus proximal to the narrowing

2. Upper GI endoscopy—to rule out secondary causes of achalasia (gastric carci-
noma) and retention esophagitis or esophageal cancer

3. Manometry—to confirm the diagnosis; reveals failure of LES relaxation and aperi-
stalsis of esophageal body

. Treatment
1. Instruct patient on adaptive measures: chew food to consistency of pea soup
before swallowing; sleep with trunk elevated; avoid eating before sleep.
2. Medical therapy
a. Antimuscarinic agents (dicyclomine)—usually unsatisfactory
b. Sublingual nitroglycerin, long-acting nitrates, and calcium channel blockers
* May improve swallowing in early stages of achalasia (before esophageal dila-
tation occurs)

Quick

Patients with achalasia
have a sevenfold increase
in the risk of esophageal
cancer (usually squamous
cell)—it occurs in 10% of
patients 15 to 25 years after
the initial achalasia diagno-
sis. Often tumors go unno-
ticed (even when large) due
to a dilated esophagus and
chronic dysphagia. There-
fore, perform surveillance
esophagoscopy to detect
the tumor at an early stage.
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There is no Cure for Acha-

lasia. Treatment modalities
(including surgery) are only
palliative.

It can be difficult to dis-
tinguish the chest pain of
diffuse esophageal spasm
(DES) from cardiac chest
pain. Therefore, many
patients undergo a cardiac
workup, including cardiac
catheterization to rule out
ischemic causes of chest
pain, before an esophageal
cause is investigated.

B

FIGURE

3-6 Radiographs of achalasia (A) and diffuse esophageal spasm (B).
(From Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins, 2000:821, Figure 106.4.)

¢ Most useful in the short-term treatment of achalasia (before more definitive
therapy)
3. Injection of botulinum toxin into the LES during endoscopy
a. Blocks cholinergic activity in the LES
b. Can be effective in up to 65% of cases; however, repeat procedure needs to be
performed every 2 years
4. Forceful dilatation—mechanical, pneumatic, or hydrostatic
a. Pneumatic balloon dilatation is most effective
b. Lowers basal LES tone by disrupting the muscular ring
c. Can be effective, but there is a 5% risk of perforation
5. Surgical
a. “Heller myotomy”—circular muscle layer of LES is incised
b. Usually reserved for patients who do not respond to dilation therapy

6. Early results are promising (80% to 90% of patients experience good to excellent

palliation of dysphagia at 1 year)
7. Long-term data are needed

e oo Diffuse Esophageal Spasm

A. General characteristics
1. Nonperistaltic spontaneous contraction of the esophageal body—several segments
of the esophagus contract simultaneously and prevent appropriate advancement of

food bolus.
2. In contrast to achalasia, sphincter function is normal (normal LES pressure).
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B. Clinical features

1.

2.

There is noncardiac chest pain that mimics angina and may radiate to the jaw,
arms, and back.
Dysphagia is common; however, regurgitation of food is uncommon.

1.

2.

Esophageal manometry is diagnostic—simultaneous, multiphasic, repetitive con-
tractions that occur after a swallow; sphincter response is normal

Upper GI barium swallow (“corkscrew esophagus”)—in 50%, which represents
multiple simultaneous contractions

D. Treatment

1.

In general there is no completely effective therapy—treatment failure rates are
high.

Medical treatment involves nitrates and calcium channel blockers (decreases
amplitude of contractions). Tricyclic antidepressants may provide symptomatic
relief.

Esophagomyotomy is usually not performed, and its efficacy is controversial.
Some support its use, whereas others only recommend it when a patient is inca-
pacitated by symptoms.

e e Esophageal Hiatal Hernias

A. General characteristics: There are two types of hiatal hernias: sliding (type 1) and
paraesophageal (type 2) (Figure 3-7)

1.

Sliding hiatal hernias (type 1) account for >90% of cases. Both the gastroesopha-
geal junction and a portion of the stomach herniate into the thorax through the
esophageal hiatus (so that the gastroesophageal junction is above the diaphragm).
This is a common and benign finding that is associated with GERD.
Paraesophageal hiatal hernia accounts for <5% of cases. The stomach herniates
into the thorax through the esophageal hiatus, but the gastroesophageal junction
does not; it remains below the diaphragm. This uncommon hernia can become
strangulated and should be repaired surgically.

B. Clinical features

1.
2.
3.

4.

The majority of cases are asymptomatic and are discovered incidentally.
Possible symptoms include heartburn, chest pain, and dysphagia.
Complications of sliding hiatal hernias include GERD (most common), reflux
esophagitis (with risk of Barrett esophagus/cancer), and aspiration.
Complications of paraesophageal hernias are potentially life-threatening and
include obstruction, hemorrhage, incarceration, and strangulation.

C. Diagnesis: barium upper GI series and upper endoscopy

D. Treatment

1.

Type 1 hernias are treated medically (with antacids, small meals, and elevation of
the head after meals); 15% of cases may require surgery (Nissen fundoplication) if
there is no response to medical therapy or if there is evidence of esophagitis.

Type 2 hernias treated with elective surgery due to risk of above complications.

ee |allory—Weiss Syndrome

¢ This is a mucosal tear at (or just below) the gastroesophageal junction as a result of
forceful vomiting or retching. It usually occurs after repeated episodes of vomiting,
but it may occur after one episode.

e It is most commonly associated with binge drinking in alcoholics, but any disorder
that causes vomiting can induce the mucosal tear.

* Hematemesis is always present—it varies from streaks of blood in vomitus to massive
bright red blood.

Quick

* Paraesophageal hernias
tend to enlarge with time,
and the entire stomach
may ultimately move into
the thorax.

* Type 3 hernias (combina-
tion of type 1 and 2) are
treated as type 2 hernias
(surgically).

Quick

If a patient with GERD also
has a hiatal hernia, the
hernia often worsens the
symptoms of GERD.

Quick

During forceful vomiting,
the marked increase in
intra-abdominal pres-

sure is transmitted to the

esophagus. This can lead to

two conditions, depending
on the severity and location
of the tear.

o |f the tear is mucosal and
at the gastroesophageal
junction, it is referred
to as Mallory—Weiss
syndrome.

 |f atearis transmural
(causing esophageal per-
foration), it is referred to
as Boerhaave syndrome.
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FIGURE
3-7 Types of esophageal hiatal hernias. A sliding hiatal hernia (Type |) involves both the gastro-
esophageal junction and the proximal portion of the stomach. Comparatively, a paraesopha-
geal hernia (Type Il) involves the stomach only and is at risk for strangulation.
(From Mulholland MH, Albo D, Dalman R, et al. Operative Techniques in Surgery. Phildelphia, PA: Lippincott Williams &
Wilkins, 2014.)

* Upper endoscopy is diagnostic.

* Most cases (90%) stop bleeding without any treatment.

¢ Treatment is surgery (oversewing the tear) or angiographic embolization if bleeding
continues, but this is rarely necessary. Acid suppression is used to promote healing.

e oo Plummer-Vinson Syndrome (Upper Esophageal Wehs)

* Key features: upper esophageal web (causes dysphagia), iron deficiency anemia, koil-
onychia (spoon-shaped fingernails), and atrophic oral mucosa.

¢ Ten percent of patients develop SCC of the oral cavity, hypopharynx, or esophagus;
therefore, this is considered a premalignant lesion.

¢ Treatment: esophageal dilatation; correct nutritional deficiency.
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ee Schatzki Ring (Distal Esophageal Webs)

A circumferential ring in the lower esophagus that is always accompanied by a sliding
hiatal hernia.

It is usually asymptomatic, but mild to moderate dysphagia may be present.

o If the patient is symptomatic (but has no reflux), consider esophageal dilatation. If the
patient has reflux, consider antireflux surgery.

Usually due to ingestion of alkali, acids, bleach, or detergents (e.g., in suicide attempts).
Ingesting alkali is more dangerous than ingesting acid because it may lead to liquefac-
tive necrosis of the esophagus with full-thickness perforation. Acid ingestion does not
cause full-thickness damage (only causes necrosis of esophageal mucosa).

e Complications: stricture formation and risk of esophageal cancer.

¢ Treatment is esophagectomy if full-thickness necrosis has occurred. Patient should avoid
vomiting, gastric lavage, and all oral intake (can compound the original injury). Give
the patient steroids and antibiotics as well. Perform bougienage for esophageal stricture.

e e Esophageal Diverticula

Most esophageal diverticula are caused by an underlying motility disorder of the
esophagus (Figure 3-8).

e Zenker diverticulum is the most common type; found in upper third of the esophagus.
Failure of the cricopharyngeal muscle to relax during swallowing leads to increased
intraluminal pressure. This causes outpouching of mucosa through an area of weak-
ness in the pharyngeal constrictors.

Clinical features include dysphagia, regurgitation, halitosis (bad breath), weight loss,
and chronic cough.

It is typically seen in patients >50 years old.

Traction diverticula are located in the midpoint of the esophagus near the tracheal
bifurcation. It is due to traction from contiguous mediastinal inflammation and

Dysphagia

v v

Difficulty with Difficulty with
solids only solids and liquids
Mechanical obstruction Motility problem

v v v

v

B "4
Quick

An underlying motility dis-
order is the cause of both
proximal (Zenker) and distal
(epiphrenic) esophageal
diverticula. Surgical treat-
ment is aimed at correcting
the motility disorder (i.e.,
myotomy). Diverticulectomy
is of secondary importance.

Intermittent Progressive Intermittent Progressive

) | v

Lower ¢ ¢ Chgst ¢ ¢
esophageal * Chronic « Age 50 Rai « Chronic * Regurgitation
ring heartburn/GERD - Weight loss + heartburn/GERD » Weight loss
* No weight loss
Diffuse l l
l l esophageal
spasm Scleroderma Achalasia
Peptic
stricture Esophageal
carcinoma

FIGURE
3-8 Causes of dysphagia.
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Quick

If gastric/esophageal
contents leak into the medi-
astinum or pleura, infection
and septic sequelae may
result.

Quick

The time interval between
esophageal perforation

and surgery is the most
important factor in deter-
mining survival. If surgery
is delayed beyond 24 hours,
the mortality rate and the
likelihood of fistulization
increase.

Quick

Most cases of PUD are
due to H. pyloriinfection
and NSAID use. It can be
difficult to determine the
cause in a patient with H.
pyloriinfection who also
uses NSAIDs. Both may be
responsible. Therefore, if in
doubt, test for H. pylori.

adenopathy (pulmonary tuberculosis). Tuberculosis causes hilar node scarring, which
causes retraction of esophagus. It is usually asymptomatic and does not require
treatment.

¢ Epiphrenic diverticula are found in lower third of esophagus. It is usually associated
with spastic esophageal dysmotility or achalasia. Symptoms of dysphagia are more
often related to the underlying motility disorder, unless the diverticulum is very
large.

¢ Barium swallow is the best diagnostic test for diverticula.

Treatment of Zenker diverticula is surgery. Cricopharyngeal myotomy has excellent

results. Treatment of epiphrenic diverticula is esophagomyotomy. Diverticulectomy is

of secondary importance in both cases.

ee Esophageal Perforation

Etiology: blunt trauma, medical tubes and instruments, forceful vomiting (Boerhaave
syndrome) that is associated with alcoholic binges and bulimia.

Clinical features: pain (severe retrosternal/chest/shoulder pain), tachycardia, hypoten-
sion, tachypnea, dyspnea, fever, Homman sign (“mediastinal crunch” produced by the
heart beating against air-filled tissues), pneumothorax, or pleural effusion.

¢ Contrast esophagram is definitive diagnostic study (soluble Gastrografin swallow
preferred).

CXR usually shows air in the mediastinum.

* If the patient is stable and the perforation is small (draining into lumen), medical
management is appropriate: IV fluids, NPO, antibiotics, and H, blockers.

If patient is ill and the perforation is large (or if there is communication into pleural
cavity), surgery should be performed within 24 hours of presentation (success rate is
higher).

@@ Diseases of the Stomach

e e Peptic Ulcer Disease

A. Causes
1. Most common causes
a. Helicobacter pylori infection
b. NSAIDs—inhibit prostaglandin production, which leads to impaired mucosal
defenses
c. Acid hypersecretory states, such as Zollinger—Ellison syndrome
2. Other causes
a. Smoking—ulcers twice as likely in cigarette smokers as in nonsmokers
b. Alcohol and coffee—may exacerbate symptoms, but causal relationship as yet
unproven
c. Other potential but unproven causes include emotional stress, personality type
(“type A7), and dietary factors

B. Clinical features
1. Epigastric pain
a. Aching or gnawing in nature
b. Nocturnal symptoms and the effect of food on symptoms are variable (see
Table 3-5).
2. May be complicated by upper GI bleeding
3. Other symptoms: nausea/vomiting, early satiety, and weight loss

C. Diagnosis
1. Endoscopy
a. Most accurate test in diagnosing ulcers.
b. Essential in diagnosis of gastric ulcers because biopsy is necessary to rule out
malignancy—duodenal ulcers do not require biopsy.
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Duodenal Ulcers Gastric Ulcers
Pathogenesis Caused by an increase in offensive Caused by a decrease in defensive factors
factors (higher rates of basal and (gastric acid level is normal/low unless
stimulated gastric acid secretion) ulcer is pyloric or prepyloric)
Helicobacter pylori  70%—-90% of patients 60%—70% of patients

Infection

Malignant Potential  Low (malignancy is very rare) should  High (5%—10% are malignant}—

undergo hiopsy to rule out malignancy
Location Majority are 1-2 cm distal to pylorus  Type | (most common, 70%): on lesser
(usually on posterior wall) curvature
Type II: gastric and duodenal ulcer
Type lII: prepyloric (within 2 cm of pylorus)
Type IV: near esophagogastric junction
Age Distribution QOccurs in younger patients (<40) Occurs in older patients (>40)
Associated Blood Type O Type A
Type
Risk Factors NSAIDs Smoking
Other Eating usually relieves pain Eating does not usually relieve pain
Nocturnal pain is more common than ~ Complication rates are higher than those
in gastric ulcers of duodenal ulcers. There is a higher recur-
rence rate with medical therapy alone
c. Preferred when severe or acute bleeding is present (can perform electrocautery
of bleeding ulcers).
d. Can obtain endoscopic biopsy for diagnosis of H. pylori.
2. Barium swallow

a. Sometimes used initially but is less reliable than endoscopy.

b. Double-contrast techniques preferred due to improved accuracy.
3. Laboratory test—for diagnosis of H. pylori infection

a. Biopsy: Histologic evaluation of endoscopic biopsy is the gold standard.

b. Urease detection via urea breath test is the most convenient test (sensitivity and
specificity >95%). It documents active infection and helps to assess the results
of antibiotic therapy.

c. Serology (lower specificity)—The presence of antibodies to H. pylori does not

necessarily indicate current infection—Antibodies to H. pylori can remain ele-

vated for months or even years after eradication of infection (90% sensitive).

¢ The following may lead to false-negative test results: proton pump inhibitors
(PPIs), bismuth, many antibiotics and upper GI bleeding.

4. Serum gastrin measurement—if considering Zollinger—Ellison syndrome as a diagnosis

D. Treatment
1. Medical—Majority of patients with PUD can be successfully treated by curing
H. pylori infection, avoidance of NSAIDs, and appropriate use of antisecretory drugs.

a.

Supportive (patient directives)

* Discontinue aspirin/NSAIDs.

* Restrict alcohol use but do not restrict any foods.

* Stop smoking, decrease emotional stress.

* Avoid eating before bedtime (eating stimulates nocturnal gastric acid levels);
decrease coffee intake (although no strong link has been established with
ulcer disease).

Quick

If a peptic ulcer is
uncomplicated, a barium
study or endoscopy is not
needed initially. Initiate
empiric therapy. However,
if you suspect any of the
complications of PUD, order
confirmatory studies.
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Quick

Acid Suppression Therapy

H, blockers
Ranitidine
Famotidine
Nizatidine
Cimetidine
PPIs
Esomeprazole
Omeprazole
Lansoprazole
Pantoprazole
Rabeprazole

Triple Therapy

Regimen

PPI plus amoxicillin
and clarithromycin

Advantage

Twice daily dosing

Disadvantage

More expensive than
bismuth-based triple therapy

Quadruple Therapy

PPI, bismuth subsal-

Half the time as triple

Expense of PPI

icylate, metronida-
z0le, and tetracycline

therapy (a 1-week program
as opposed to 2 weeks

for triple therapy), yet has
similar eradication results

b. Acid suppression therapy

* H, receptor blockers—Cimetidine (Tagamet) and Ranitidine (Zantac). Block

histamine—based parietal cell acid secretion. Accelerate healing of ulcers.
¢ PPIs—omeprazole (Prilosec), lansoprazole (Prevacid), Block H+/K+ ATPase
pump directly in parietal cell membrane. Most effective antisecretory agents
(although expensive).

¢ Antacids—somewhat outdated for primary therapy and more appropriately
used for adjunctive therapy/symptomatic relief. Examples include alumi-
num hydroxide (Mylanta), calcium carbonate (Tums), Bismuth subsalicylate
(Pepto-Bismol).

c. Eradicate H. pylori with triple or quadruple therapy (see Table 3-5). Once infec-

tion is cleared, the rate of recurrence is very low.

e For initial therapy, triple therapy (PPI, amoxicillin and clarithromycin) for 10

days to 2 weeks.

* For retreatment, quadruple therapy (PPI, bismuth, metronidazole, and tetra-

cycline).
d. Cytoprotection

* Sucralfate—facilitates ulcer healing, must be taken frequently, is costly, and

can cause GI upset.

* Misoprostol—reduces risk for ulcer formation associated with NSAID therapy;,

is costly, and can cause GI upset (common side effect).
e. Treatment regimens
o If H. pylori test is positive, begin eradication therapy with either triple or qua-
druple therapy (see Table 3-6). Also begin acid suppression with antacids, an
H, blocker, or a PPIL.

o If the patient has an active NSAID-induced ulcer, stop NSAID use (may
switch to acetaminophen). Also begin with either a PPI or misoprostol.
Continue for 4 to 8 weeks, depending on severity. Treat the H. pylori infection
as above if present.

Antisecretory drugs can be discontinued after 4 to 6 weeks in patients with

uncomplicated ulcers who are asymptomatic. Patients at increased risk of

recurrence (especially if underlying cause of ulcer is not reversed) may ben-

efit from maintenance therapy.

* H. pylori-negative ulcers that are NOT caused by NSAIDs can be treated with
antisecretory drugs (either H, blockers or PPI).

2. Surgical

a. Rarely needed electively
b. Required for the complications of PUD (bleeding, perforation, gastric outlet
obstruction) (see Table 3-7 and Figure 3-9)

o QAcute Gastritis

* Acute gastritis refers to inflammation of the gastric mucosa.
¢ There are multiple causes: NSAIDs/aspirin; H. pylori infection; alcohol, heavy cigarette
smoking, or caffeine; extreme physiologic stress (e.g., shock, sepsis, burns).
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1aBLlE3-7  Complications of Peptic Ulcer Disease

Perforation

Clinical Findings

Acute, severe abdominal pain,
signs of peritonitis, hemody-
namic instability

Diagnostic Studies

Upright CXR (free air under
diaphragm), CT scan is the
most sensitive test for perfora-
tion (detects free abdominal air)

Management

Emergency surgery to close
perforation and perform defini-
tive ulcer operation (such as
highly selective vagotomy or
truncal vagotomy/pyloroplasty)

Other

Can progress to
sepsis and death if
untreated

Gastric Outlet

Nausea/vomiting (poorly

Barium swallow and upper

Initially, nasogastric suction;

Most common with

Obstruction digested food), epigastric full-  endoscopy; saline load test replace electrolyte/volume duodenal ulcers and
ness/early satiety, weight loss  (empty stomach with a nasogas-  deficits; supplement nutrition type Il gastric ulcers
tric tube, add 750 mL saline, if obstruction is longstanding
aspirate after 30 min—test is Surgery is eventually neces-
positive if aspirate >400 mL) sary in 75% of patients
Gl Bleeding Bleeding may be slow (lead- Stool guaiac, upper Gl endos- Resuscitation; diagnose site of ~ Peptic ulcer disease

ing to anemic symptoms)
or can be rapid and severe
(leading to shock)

copy (diagnostic and therapeutic)

bleed via endoscopy and treat;
perform surgery for acute
bleeds that require transfusion
of >6 units of blood

is the most common
cause of upper Gl
bleeding

\'l/

e It can either be asymptomatic or cause epigastric pain. The relationship between
eating and pain is not consistent (i.e., food may either aggravate or relieve the pain).

* If epigastric pain is low or moderate and is not associated with worrisome symptoms/
findings, empiric therapy with acid suppression is appropriate. Stop NSAIDs.

e If there is no positive response after 4 to 8 weeks of treatment, consider a diagnostic
workup. Include upper GI endoscopy and ultrasound (to rule out gallstones), and test
for H. pylori infection.

* If H. pylori infection is confirmed, antibiotic therapy is indicated (see Table 3-6).

Upper Gl endoscopy is the
best test for evaluating a
patient with epigastric pain.
It can diagnose PUD, gastri-
tis, and esophagitis. It can
also rule out cancers of the
esophagus and stomach,

. . and H. pyloriinfection with
e e e (hronic Gastritis biopsy.

¢ The most common cause is H. pylori infection (over 80% of cases).
e Autoimmune gastritis leads to chronic atrophic gastritis with serum antiparietal and
anti-intrinsic factor antibodies (and possible development of pernicious anemia).
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Gastric fundus air

B

FIGURE
3-9

A: An AP chest radiograph in a patient with a perforated duodenal ulcer and acute
abdomen. The curved arrow shows free subdiaphragmatic air due to the perforated ulcer.
The straight arrows show the diaphragms bilaterally. B: Chest radiograph (upright) show-
ing bilateral subdiaphragmatic intraperitoneal air. Double arrows represent right and left
hemidiaphragms. Note the bilateral subdiaphragmatic air (straight arrows). There is air in
the gastric fundus as well as free air surrounding the gastric fundus.

(From Erkonen WE, Smith WL. Radiology 101: The Basics and Fundamentals of Imaging. Philadelphia, PA: Lippincott
Williams & Wilkins, 1998:103, Figure 6-46, and 159, Figure 8-22, respectively.)
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Metastases of Gastric
Carcinoma

Krukenberg tumor—
metastasis to the ovary
Blumer’s shelf—metasta-
sis to the rectum (pelvic
cul-de-sac)—can palpate
on rectal examination
Sister Mary Joseph
node—metastasis to the
periumbilical lymph node
Virchow node—metasta-
sis to the supraclavicular
fossa nodes

Irish node—metasta-

sis to the left axillary
adenopathy

* Most patients with chronic gastritis due to H. pylori are asymptomatic and never
develop complications. The condition may manifest as epigastric pain similar to PUD.
Other associated symptoms such as nausea/vomiting and anorexia are rare.

* Complications include PUD, gastric carcinoma, and mucosa-associated lymphoid
tissue lymphoma.

e Upper GI endoscopy with biopsy is the test of choice for diagnosis of chronic gastritis.
Other tests should be used to find the cause (usually H. pylori).

o If the patient is symptomatic, treatment involves H. pylori eradication with triple or
quadruple therapy (see Table 3-6).

o [astric Cancer

A. General characteristics

1. The majority are adenocarcinomas

2. Gastric cancer is rare in the United States (more common in Japan)

3. Morphology
a. Ulcerative carcinoma—ulcer through all layers
b. Polypoid carcinoma—solid mass projects into stomach lumen
c. Superficial spreading—most favorable prognosis
d. Linitis plastica—"“leather bottle”—infiltrates early through all layers, stomach

wall is thick and rigid, poor prognosis

B. Risk factors

1. Severe atrophic gastritis, intestinal metaplasia, gastric dysplasia

2. Adenomatous gastric polyps, chronic atrophic gastritis
3. H. pylori infection—threefold to sixfold increase in risk
4. Postantrectomy—many cases reported after Billroth II anastomosis (15 to 20 years
after surgery)
5. Pernicious anemia—threefold increase in risk
6. Ménétrier disease—10% of these patients develop cancer
7. High intake of preserved foods (high salt, nitrates, nitrites—smoked fish)
8. Blood type A
C. Clinical features

1. Abdominal pain and unexplained weight loss are most common symptoms
2. Reduced appetite, anorexia, dyspepsia, early satiety
3. Nausea and vomiting, anemia, melena, guaiac-positive stool

D. Diagnosis
1. Endoscopy with multiple biopsies—most accurate test
2. Barium upper GI series—less accurate, but can complement upper endoscopy/
biopsy findings
3. Abdominal CT scan—for staging and to detect presence of metastases
4. FOBT

E. Treatment
1. Surgical resection with wide (>5 cm) margins (total or subtotal gastrectomy) with
extended lymph node dissection.
2. Chemotherapy may be appropriate in some cases.

® (Gastric Lymphoma

* A type of non-Hodgkin lymphoma that arises in the stomach.

¢ Clinical features are similar to those of adenocarcinoma of the stomach (e.g., abdominal
pain, weight loss, anorexia).

¢ Complications include bleeding, obstruction, and perforation (possibly presented as
an emergency).

¢ EGD with biopsy is the standard for diagnosis (same as adenocarcinoma of stomach).

¢ Treatment depends on the stage of the disease and the presence of complications.
Options include surgical resection, radiation, and chemotherapy.
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@@ Diseases of the Small Intestine

e e Small Bowel Ohstruction

A. General characteristics

1. There are three main points of differentiation to consider in small bowel obstruc-
tion (SBO).
a. Partial versus complete obstruction
* With partial obstruction, patients are able to pass gas or have bowel move-
ments, as opposed to complete obstruction.
* However, patients with complete obstruction may occasionally be able to pass
gas or stool because they may have residual stool or gas in the colon.
b. Closed loop versus open loop obstruction
* With closed loop obstruction, the lumen is occluded at two points by an
adhesive band or hernia ring. This can compromise the blood supply, requir-
ing emergent surgery.
c. Proximal versus distal SBO
* Distal obstruction causes distention of proximal bowel segments, making
diagnosis easier on plain radiograph.
2. Pathophysiology
a. Dehydration is a key event in SBO. Intestinal distention causes reflex vomit-
ing, increased intestinal secretion proximal to the point of obstruction, and
decreased absorption. This leads to hypochloremia, hypokalemia, and meta-
bolic alkalosis.
b. The resulting hypovolemia leads to systemic findings such as tachycardia,
hypotension, tachypnea, altered mental status, and oliguria.

. Causes

1. Adhesions from previous abdominal surgery—most common cause in adults

2. Incarcerated hernias—second most common cause

3. Malignancy, intussusception, Crohn disease, carcinomatosis, and superior mesen-
teric artery syndrome (compression of third portion of duodenum)

Clinical features

1. Cramping abdominal pain—if pain is continuous and severe, strangulation may be
present

2. Nausea, vomiting—may be feculent

3. Obstipation (absence of stool and flatus)

4. Abdominal distention

1. Abdominal plain films—dilated loops of small bowel, air—fluid levels proximal
to point of obstruction (on upright film), and minimal gas in colon (if complete
SBO) (Figure 3-10)

2. Barium enema—to rule out colonic obstruction if plain films do not distinguish
small from large bowel obstruction; barium enema identifies site of obstruction

3. Upper GI series—with small bowel follow-through if above are not diagnostic

Treatment

1. Nonoperative management—appropriate if bowel obstruction is incomplete and
there is no fever, tachycardia, peritoneal signs, or leukocytosis

2. IV fluids to establish adequate urine output; add potassium to fluids to correct
hypokalemia (which is typically present)

3. Nasogastric tube to empty stomach (gastric decompression)

Antibiotics

5. Surgery is indicated for complete obstruction, for partial obstruction that is persistent
and/or associated with constant pain, or if strangulation is suspected. Perform an
exploratory laparotomy with lysis of adhesions and resection of any necrotic bowel

ha

s
Quick

SBO

¢ Proximal obstruction:
frequent vomiting, severe
pain, minimal abdominal
distention

¢ Distal obstruction: less
frequent vomiting and
significant abdominal
distention

Quick

Excessively high intralumi-
nal pressure may compro-
mise blood supply, leading
to strangulation. This can
lead to shock, gangrene,
peritonitis, or perforation
of bowel—all devastating
complications.

Quick

Large Bowel Obstruction

¢ Causes: volvulus, adhe-
sions, hernias, colon
cancer (most common
cause)

¢ Results in less fluid and
electrolyte disorder than
SBO

¢ See Figure 3-11 for radio-
graphic findings

Quick

Manifestations of strangu-
lated bowel in SBO include
fever, severe and con-
tinuous pain, hematemesis,
shock, gas in the bowel wall
or portal vein, abdominal
free air, peritoneal signs,
and acidosis (increased
lactic acid).
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FIGURE

Colon splenic flexure

Transverse colon

Smali intestine

Ascending colon

3-10 A: An AP supine film of small bowel obstruction shows prominent valvulae conniventes. Air
is confined to the small bowel, with no obvious air in the colon. Note surgical clips from
previous surgery. B: An AP upright film in the same patient as shown in A. Note air—fluid
levels in the small bowel (arrow) with little or no distal bowel gas. C: An AP supine film of
postoperative ileus. Note the presence of air throughout the entire Gl tract.

(From Erkonen WE, Smith WL. Radiology 101: The Basics and Fundamentals of Imaging. Philadelphia, PA: Lippincott
Williams & Wilkins, 1998:157, Figure 8-20a and c, and 156, Figure 8-19a.)

eee Paralytic lleus

b 74
)
Paralytic ileus resolves with .

time or when the cause is
addressed medically. Sur-
gery is usually not needed.

Peristalsis is decreased or absent (no mechanical obstruction is present).

Causes include medications (e.g., narcotics, drugs with anticholinergic effects), post-
operative state (after abdominal surgery), spinal cord injury, shock, metabolic disor-
ders (especially hypokalemia), and peritonitis.

Abdominal plain films show a uniform distribution of gas in the small bowel, colon,
and rectum (in contrast to small bowel or colonic obstruction).

Failure to pass contrast medium beyond a fixed point is diagnostic.

Treatment involves IV fluids, NPO, correction of electrolyte imbalances (especially
hypokalemia), nasogastric suction if necessary, and placement of a long tube if ileus
persists postoperatively.
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A B
FIGURE
3-11 A: An AP supine film of large bowel obstruction. Note the dilated air-filled proximal colon
with an absence of air in the distal colon. B: An AP upright film of large bowel obstruction.
Note multiple colon air-fluid levels (curved arrows).

(From Erkonen WE, Smith WL. Radiology 101: The Basics and Fundamentals of Imaging. Philadelphia, PA: Lippincott
Williams & Wilkins, 1998:158, Figure 8-21A and B.)

eee (eliac Sprue

¢ Characterized by hypersensitivity to gluten (in wheat products).

¢ Prevalence of the condition in first-degree relatives is approximately 10%

¢ Results in diarrhea (most common symptom), weight loss, abdominal distention,
bloating, weakness, and fatigue.

¢ Patients may suffer from vitamin deficiency secondary to fat malabsorption, leading to
osteoporosis (vitamin D deficiency), easy bleeding (vitamin K deficiency), and mega-
loblastic anemia (secondary to impaired folate and vitamin By, absorption).

¢ Dermatitis herpetiformis (papulovesicular lesion seen on the extensor surfaces), is
found in 10% to 20% of patients with celiac disease.

* Biopsy in proximal small bowel reveals flattening of villi, which causes malabsorption.

e Strict adherence to a gluten-free diet is essential.
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eee Whipple Disease

¢ Rare disease caused by infection by the bacterium Tropheryma whipplei

¢ Inflammation secondary to the infection damages villi in the small intestine

* Weight loss, diarrhea, joint pain, and arthritis are common symptoms but clinical pre-
sentation is extremely variable

¢ Diagnosis is made by visualization of periodic acid-Schiff stain (PAS)—positive macro-
phages in the lamina propria containing non—acid-fast gram-positive bacilli

¢ Treatment is with antibiotic therapy for up to 1 to 2 years

eee Tropical Sprue

¢ Also known as “environmental enteropathy,” occurs in people who live in or visit
tropical areas
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Quick

Epidemiology of IBD

* More common in Cauca-
sians than other racial
groups

* Particularly common in
Jewish populations

¢ Mean age of onsetis 15
to 35 years

Quick

Crohn disease has a
chronic, indolent course
characterized by unpredict-
able flares and remissions.
The effectiveness of medi-
cal treatment decreases
with advancing disease,
and complications eventu-
ally develop, requiring
surgery. There is no cure,
and recurrence is common
even after surgery.

\/

Quick [k}
Patients may have vague
abdominal pain and diar-
rhea for years before a

diagnosis of Crohn disease
is considered.

e Unknown etiology, believed to be casued by overgrowth of bacteria

e Similar symptoms to celiac sprue including weight loss, diarrhea, cramps, fatigue,
malabsorption

e Abnormal flattening of villi can be observed during endoscopy

e Treat with antibiotics and folic acid for 6 months or longer

Inflammatory Bowel Disease
Grohn Disease [(“Regional Enteritis”)

A. General characteristics

1.

Crohn disease is a chronic transmural inflammatory disease that can affect any
part of the GI tract (mouth to anus) but most commonly involves the small bowel
(terminal ileum).

Distribution: There are three major patterns of disease.

a. Forty percent of patients have disease in the terminal ileum and cecum.

b. Thirty percent of patients have disease confined to the small intestine.

c. Twenty-five percent of patients have disease confined to the colon.

d. Rarely, other parts of GI tract may be involved (stomach, mouth, esophagus).
Pathology

a. Terminal ileum is the hallmark location, but other sites of GI tract may also be
involved

Skip lesions—discontinuous involvement

Fistulae

. Luminal strictures

Noncaseating granulomas

Transmural thickening and inflammation (full-thickness wall involvement)—
results in narrowing of the lumen

g. Mesenteric “fat creeping” onto the antimesenteric border of small bowel

-0 a0 o

B. Clinical features

ik W =

Diarrhea (usually without blood)

Malabsorption and weight loss (common)

Abdominal pain (usually RLQ), nausea, and vomiting

Fever, malaise

Extraintestinal manifestations in 15% to 20% of cases (uveitis, arthritis, anky-
losing spondylitis, erythema nodosum, pyoderma gangrenosum, aphthous oral
ulcers, cholelithiasis, and nephrolithiasis) (see also Clinical Pearl 3-8)

C. Diagnosis

1.

2.
3.

Endoscopy (sigmoidoscopy or colonoscopy) with biopsy—typical findings are
aphthous ulcers, cobblestone appearance, pseudopolyps, patchy (skip) lesions
Barium enema

Upper GI with small bowel follow-through

D. Complications

1.

W

Fistulae—Dbetween colon and other segments of intestine (enteroenteral), bladder
(enterovesical), vagina (enterovaginal), and skin (enterocutaneous)

Anorectal disease (in 30% of patients)—fissures, abscesses, perianal fistulas
SBO (in 20% to 30% of patients) is the most common indication for surgery.
Initially, it is due to edema and spasm of bowel with intermittent signs of
obstruction; later, scarring and thickening of bowel cause chronic narrowing of
lumen

Malignancy—increased risk of colonic and small bowel tumors (but less com-
mon than in UC)

Malabsorption of vitamin By, and bile acids (both occur in terminal ileum)
Cholelithiasis may occur secondary to decreased bile acid absorption
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Extraintestinal Manifestations of IBD

e Eye lesions
e Episcleritis—parallels bowel disease activity
e Anterior uveitis—independent course
e Skin lesions
e Erythema nodosum—especially in Crohn disease; parallels bowel disease activity
¢ Pyoderma gangrenosum—especially in UC; parallels bowel disease activity in 50% of cases
e Arthritis—most common extraintestinal manifestation of IBD
e Migratory monoarticular arthritis—parallels bowel disease activity (coincides with exacerbation of
colitis)
¢ Ankylosing spondylitis—patients with UC have a 30 times greater incidence of ankylosing spondylitis
than the general population; the course is independent of the colitis
e Sacroiliitis—does not parallel bowel disease activity
e Thromboembolic-hypercoagulable state—can lead to deep venous thrombosis (DVT), pulmonary embolism
(PE), or a cardiovascular accident (CVA)
e |diopathic thrombocytopenic purpura
e (steoporosis
e (allstones in Crohn disease (ileal involvement)
e Sclerosing cholangitis in UC

7. Nephrolithiasis—increased colonic absorption of dietary oxalate can lead to
calcium oxalate kidney stones
8. Aphthous ulcers of lips, gingiva, and buccal mucosa (common)
9. Toxic megacolon—Iless common in Crohn disease than in UC
10. Growth retardation
11. Narcotic abuse, psychosocial issues due to chronicity and often disabling nature
of the disease

E. Treatment
1. Medical
a. Sulfasalazine
* This is useful if the colon is involved. 5-ASA (mesalamine) is the active com-
pound and is released in the colon—it is more useful in UC than in Crohn
disease.
* 5-ASA compounds block prostaglandin release and serve to reduce inflamma-
tion.
e There are preparations of 5-ASA that are more useful in distal small bowel
disease.
b. Metronidazole—if no response to 5-ASA
c. Systemic corticosteroids (prednisone)—for acute exacerbations and if no
response to metronidazole
d. Immunosuppressants (azathioprine, 6-mercaptopurine)—in conjunction with
steroids if the patient does not respond to above agents
e. Bile acid sequestrants (cholestyramine or colestipol)—for patients with termi-
nal ileal disease who cannot absorb bile acids
f. Antidiarrheal agents generally not a good choice (may cause ileus)
2. Surgical (eventually required in most patients)
a. Reserve for complications of Crohn disease
b. Involves segmental resection of involved bowel
c. Disease recurrence after surgery is high—up to 50% of patients experience
disease recurrence at 10 years postoperatively
d. Indications for surgery include SBO, fistulae (especially between bowel and
bladder, vagina), disabling disease, and perforation or abscess
3. Nutritional supplementation and support—parenteral nutrition is sometimes
necessary
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Patients with UC may have
nonbloody diarrhea at first,
with eventual progression
to bloody diarrhea.

e lUlcerative Colitis
A. General characteristics

1.

2.
3.

S

UC is a chronic inflammatory disease of the colon or rectal mucosa (see also

Table 3-8).

It may occur at any age (usually begins in adolescence or young adulthood).

Distribution: UC involves the rectum in all cases and can involve the colon either

partially or entirely.

Rectum alone (in 10% of cases)

Rectum and left colon (in 40% of cases)

Rectum, left colon, and right colon (in 30% of cases)

. Pancolitis (in 30% of cases)

The small bowel is not usually involved in UC, but it may reach the distal

ileum in a small percentage of patients (“backwash ileitis” in 10% of cases)

The course is unpredictable and variable and is characterized by periodic exacer-

bations and periods of complete remission. Less than 5% of patients have an initial

attack without any recurrence.

. Pathology

a. Uninterrupted involvement of rectum and/or colon—no skip lesions

b. Inflammation is not transmural (as it is in Crohn disease). It is limited to the
mucosa and submucosa.

c. PMNs accumulate in the crypts of the colon (crypt abscesses).

oo o

. Clinical features (wide range of presentation)

Hematochezia (bloody diarrhea)

Abdominal pain

Bowel movements are frequent but small

Fever, anorexia, and weight loss (severe cases)

Tenesmus (rectal dry heaves)

Extraintestinal symptoms (e.g., jaundice, uveitis, arthritis, skin lesions)—see
Clinical Pearl 3-8

C. Diagnosis: perform the following initial studies

1.

2
3.
4

Stool cultures for C. difficile, ova, and parasites—to rule out infectious diarrhea
. Fecal leukocytes

WBCs can appear in UC, ischemic colitis, or infectious diarrhea

. Colonoscopy—to assess the extent of disease and the presence of any
complications

D. Complications

1. Iron deficiency anemia
2. Hemorrhage

TABLE 3-8

Crohn Disease Ulcerative Colitis
Involvement Transmural—intestinal wall from mucosa Mucosa and submucosa

to serosa

Discontinuous involvement (skip lesions) Continuous involvement (no skip lesions)
Location Terminal ileum (most common) Confined to colon and rectum

Can involve any part of the Gl tract (resec-  Colectomy is curative
tion is not curative—recurrences occur)

Complications  Fistulae and abscesses are more common  SC and colorectal cancer are more common

than in UC because the entire wall is than in Crohn disease
involved
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3. Electrolyte disturbances and dehydration secondary to diarrhea
4. Strictures, benign and malignant (usually malignant)
5. Colon cancer—The risk correlates with extent and duration of colitis. In distal
proctitis there is no increased risk of CRC
6. Sclerosing cholangitis (SC)—The course not parallel with bowel disease and is
not prevented by colectomy
7. Cholangiocarcinoma—Half of all bile duct cancers are associated with UC
8. Toxic megacolon is the leading cause of death in UC and affects <5% of patients.
It is associated with the risk of colonic perforation
9. Growth retardation
10. Narcotic abuse
11. Psychosocial issues (e.g., depression) due to chronicity and often disabling
nature of the disease
Abdominal pain
y Y
Acute Chronic
Red flags*? < Yes [————————— Acutely worse?
Y y No
Yes No 1
v v \
Upper abdomen Lower abdomen
Surgery consult Assess quality
* Ulcer «IBS
* Nonulcer dyspepsia « Diverticulitis
* Reflux * Lactose intolerance
* Biliary colic  Dysmenorrhea
« Chronic pancreatitis » Endometriosis
l i * Cancer (stomach, » Chronic pelvic pain
) . pancreas, liver) « Inguinal hernia
Visceral Parietal . IBS «IBD
| | « Cancer (colon, pelvic)
y A 4 y A4 v y
Epigastric Periumbilical RLQ RUQ LLQ LUQ
* Ulcer « Early appendicitis * Appendicitis + Cholecystitis « Diverticulitis * Pancreatitis
* Nonulcer dyspepsia  * Gastroenteritis « Perforated ulcer + Cholangitis *PID * Splenic disease
« Biliary colic * Mesenteric ischemia * PID * Ulcer » Ectopic pregnancy  * Subphrenic abscess
* Reflux » Small bowel « Ectopic pregnancy ~ + Hepatitis * Ovarian cyst * Pneumonia
Ml obstruction * Ovarian cyst * Pneumonia * Inguinal hernia * PE
* Inguinal hernia * PE * Epididymitis
IBD = Inflammatory bowel disease * Epididymitis + Testicular torsion
IBS = Irritable bowel syndrome + Testicular torsion +1BD
MI = Myocardial infarction +1BD + Ureteral stone
PE = Pulmonary embolus + Ureteral stone

PID = Pelvic inflammatory disease

*'Red flags" include peritoneal signs such as
rigid abdomen, guarding, and rebound tenderness.

FIGURE

3-12 Approach to the diagnosis of nontraumatic abdominal pain in adults.

(Adapted from Sloane PD, Slatt LM, Ebell MH, et al. Essentials of Family Medicine. 4th ed. Philadelphia, PA: Lippincott
Williams & Wilkins, 2002:245, Figure 16.2.)
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HIT E. Treatment
1. Medical (Figure 3-12)

Sulfasalazine is metabo- a. Systemic corticosteroids are used for acute exacerbations.

lized by bacteria to 5-ASA b. Sulfasalazine (topical application as a suppository) is the mainstay of treat-

and sulfapyridine. 5-ASA ment. Preferred over topical steroids because they are effective as maintenance

(B G CI ) 6 therapy. Remission rates as high as 93% have been reported.

the drug, and sulfapyridine . .. L. .. . . .

causes the side effects. ¢ It is effective in maintaining remissions. 5-ASA (mesalamine) is the active
component.

¢ 5-ASA enemas can be used for proctitis and distal colitis.
c. Immunosuppressive agents in patients with refractory disease may prevent
relapses but are not effective for acute attacks.
2. Surgical—often curative (unlike Crohn disease) and involves total colectomy.
Indications for surgery include:
a. Severe disease that is debilitating, refractory, and unresponsive to medical
therapy
b. Toxic megacolon (risk of perforation), obstruction (due to stricture), severe
hemorrhage, perforation
Fulminant exacerbation that does not respond to steroids
. Evidence of colon cancer or increased risk of colon cancer
Growth failure or failure to thrive in children
Systemic complications
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ENDOCRINE AnD
METABOLIC

DISEASES

@@ Diseases of the Thyroid Gland

e e Hyperthyroidism

A. Causes
1. Graves disease (diffuse toxic goiter) is the most common cause—80% of all
cases.
a. An autoimmune disorder: A thyroid-stimulating immunoglobulin (IgG) anti-
body binds to the TSH receptors on the surface of thyroid cells and triggers the
synthesis of excess thyroid hormone.

b. Seen most often in younger women. Commonly associated with other autoim- A
mune disorders. auic k

c. A radioiodide scan shows diffuse uptake because every thyroid cell is hyperfunc-
tioning. Hyperthyroidism in the
2. Plummer disease (multinodular toxic goiter)—15% of all cases. Elderly
a. Characterized by hyperfunctioning areas that produce high T, and Tj; levels, > NGOG s

sic symptoms of
thereby decreasing TSH levels. As a result, the rest of the thyroid is not func- hypeYthsroidism (e.q.
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tioning (atrophy due to decreased TSH). nervousness, insomnia,
b. Consequently, patchy uptake appears on the thyroid scan. hyperactivity) may be
¢. More common in elderly patients, and more common in women than men. absent. The only mani-
. . . o festations may be weight
3. Toxic thyroid adenoma (single nodule)—2% of all cases.
. e e loss, weakness, and/or
4. Hashimoto thyroiditis and subacute (granulomatous) thyroiditis (both can cause atrial fibrillation.
transient hyperthyroidism). * Consider hyperthyroid-
5. Other causes (rare) ism before assuming that
a. Postpartum thyroiditis (transient hyperthyroidism) an elderly patient with

unexplained weight loss
has depression or occult
malignancy.

b. Iodine-induced hyperthyroidism
c. Excessive doses of levothyroxine (e.g., iatrogenic by health care provider or
surreptitious self-administration)

B. Clinical features

\/
1. Symptoms - 3
. Nervousness, insomnia, irritability GU’ Ck

¢ Pretibial myxedema
* Thyroid bruit

a

b. Hand tremor, h}fperaCUVle, tremulousness There fe o S &

c. Excessive sweating, heat intolerance hyperthyroidism specific to
d. Weight loss despite increased appetite Graves disease:

e. Diarrhea * Exophthalmos

f.

Palpitations (due to tachyarrhythmias)
g. Muscle weakness
2. Signs
a. Thyroid gland
* Graves disease: a diffusely enlarged (symmetric), nontender thyroid gland; a
bruit may be present
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Thyroid Hormones and TBG

¢ T,is converted to T; by
deiodination outside of
the thyroid.

* T, is more biologically
active than T,.

e Most of T, (and Ts) is
reversibly bound to TBG
and is inactive.

* Factors thatincrease TBG
(and therefore total T,)
include pregnancy, liver
disease, oral contracep-
tives, and aspirin.
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FIGURE
4.1

Exophthalmos (thyrotoxicosis).
(From Goodheart HP. Goodheart's Photoguide of Common Skin Disorders. 2nd ed. Philadelphia, PA: Lippincott Williams
& Wilkins, 2003, Photo 25.9).

¢ Subacute thyroiditis: an exquisitely tender, diffusely enlarged gland (with a
viral illness)

¢ Plummer disease and Hashimoto thyroiditis (if multinodularity is present):
thyroid gland is bumpy, irregular, and asymmetric

¢ Toxic adenoma: single nodule with an otherwise atrophic gland

b. Extrathyroidal

¢ Eyes: Proptosis, due to edema of the extraocular muscles and retro-orbital
tissue, is a hallmark of Graves disease (but not always present). Irritation
and excessive tearing are common due to corneal exposure. Lid retraction
may be the only sign in milder disease (Figure 4-1). Lid lag may be present

e Cardiovascular effects: arrhythmias (sinus tachycardia, atrial fibrillation, and
premature ventricular contractions), elevated BP

e Skin changes: warm and moist, pretibial myxedema (edema over tibial
surface due to dermal accumulation of mucopolysaccharides)

¢ Neurologic: brisk deep tendon reflexes, tremor

C. Diagnosis

1.

Serum TSH level (low)—initial test of choice: If TSH is normal or high, hyperthy-
roidism is unlikely. (TSH-induced hyperthyroidism is quite uncommon.)

Next order thyroid hormone levels: T, level should be elevated. Consider a free T,
assay.

Testing the T; level is usually unnecessary but may be helpful if TSH level is low
and free T, is not elevated, because excess T alone can cause hyperthyroidism.
Other tests (less commonly used but often tested).

a. Radioactive T; uptake.

* Gives information regarding the status of thyroid-binding globulin (TBG)

e Radioactive T; can bind either to TBG or to “resin” that has been given
(binds to resin only if there is no “space” on TBG, as in hyperthyroidism
when T, is bound to TBG). Consequently, you measure how much radioac-
tive T; was taken up by the resin.

¢ The importance of this test is that it helps differentiate between elevations
in thyroid hormones due to increased TBG from true hyperthyroidism (due
to an actual increase in free T,).

¢ Consider hyperthyroidism when the thyroid gland is producing excess Tj.
In this case, all of the binding sites on TBG will be bound by T4, so radioac-
tive T; uptake will increase.

¢ Consider pregnancy when there is high TBG. There are more binding sites
for radioactive Ts, so radioactive T5 uptake decreases. Therefore, high TBG
production leads to low radioactive T; uptake.

b. Free thyroxine index (FTI).
¢ FTI 5 (radioactive T5 uptake 3 serum total T,)/100.
e FTI 5 (patient’s radioactive T; uptake/normal radioactive T; uptake) 3 total T,.
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e Normal FTI values are 4 to 11. FTI should not change (as T, decreases, radio-
active T; uptake increases and vice versa).
* FTI is proportional to actual free T, concentration.

D. Treatment types

1. Pharmacologic

a. Thionamides—Methimazole and propylthiouracil (PTU) inhibit thyroid hor-
mone synthesis, and PTU also inhibits conversion of T, to T;. Treatment with
thionamides results in long-term remission in a minority of patients; a major
serious side effect is agranulocytosis. Other side effects shared by both methim-
azole and PTU include skin rash, arthralgias, and hepatotoxicity.

b. B-blockers—for acute management of some symptoms such as palpitations,
tremors, anxiety, tachycardia, sweating, and muscle weakness.

¢. Sodium ipodate or iopanoic acid—lowers serum T5 and T, levels and causes
rapid improvement of hyperthyroidism; appropriate for acute management of
severe hyperthyroidism that is not responding to conventional therapy.

Quick

For all patients taking
antithyroid medication,
consider monitoring the leu-
kocyte count on a regular
basis (for agranulocytes).

2. Radioiodine 131 (*'1).
a. Causes destruction of thyroid follicular cells. iy
b. Most common therapy in the United States for Graves hyperthyroidism. -
¢. Main complication is hypothyroidism and occurs in majority of patients. au’ ck H IT
d. If the first dose does not control the hyperthyroidism within 6 to 12 months, Thyroid cells are the only
then administer another dose. cells in the body that absorb
e. Contraindicated during pregnancy and breastfeeding due to risk of cretinism iodine. Therefore, giving
(stunted physical and mental growth from severe hypothyroidism). radioactive iodine destroys
3. Surgical—subtotal thyroidectomy. O HHITE RS

a. Very effective, but only 1% of patients with hyperthyroidism are treated with
surgery due to the following side effects: permanent hypothyroidism (30%),
recurrence of hyperthyroidism (10%), recurrent laryngeal nerve palsy (1%), and
permanent hypoparathyroidism (1%).

b. Often reserved for patients with very large goiters (more common in TMNG),
those who are allergic to antithyroid drugs, or patients who prefer surgery over
medication.

c. Watch for clinical manifestations of hypocalcemia after surgery that may not
return to normal due to parathyroid inflammation or accidental removal.

E. Treatment

1.

For immediate control of adrenergic symptoms of hyperthyroidism (of any cause):

B-blocker (propranolol).

For nonpregnant patients with Graves disease.

a. Start methimazole (in addition to the S-blocker).

b. Taper B-blocker after 4 to 8 weeks (once methimazole starts to take effect).

c. Continue methimazole for 1 to 2 years. Measure thyroid-stimulating IgG anti-
body at 12 months. If it is absent, then discontinue therapy. If relapse occurs,
then resume methimazole for about 1 more year or consider radioiodine therapy.

For pregnant patients with Graves disease.

a. Endocrinology consult is indicated before starting treatment.

b. PTU is preferred.

Radioactive iodine ablation therapy.

a. Leads to hypothyroidism over time in many patients.

b. Consider therapy with "*'I for the following patients:

e Elderly patients with Graves disease.

* Patients with a solitary toxic nodule.

* Patients with Graves disease in whom therapy with antithyroid drugs fails
(e.g., due to relapse, agranulocytosis).

m
—]
=
o
()
=.
—]
@
@
—]
=
)
=t
Yy
=
=
=3
=
w
@
=@
(7
@
w

®e Thyroid Storm

¢ This is a rare, life-threatening complication of thyrotoxicosis characterized by an
acute exacerbation of the manifestations of hyperthyroidism.
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- 1 * There is usually a precipitating factor, such as infection, diabetic ketoacidosis (DKA),
OU’ Ck H IT or stress (e.g., severe trauma, surgery, illness, childbirth).
The terms hyperthyroid- ¢ High mortality rate: up to 20% of patients enter a coma or die.
ism and thyrotoxicosis are ¢ Clinical manifestations include marked fever, tachycardia, agitation or psychosis, con-
interchangeable and refer fusion, and GI symptoms (e.g., nausea, vomiting, diarrhea).
to hyperfunctioning thyroid * Provide supportive therapy with IV fluids, cooling blankets, and glucose.

disease. Thyroid storm is a
medical emergency with
life-threatening sequelae.

¢ Give antithyroid agents (PTU every 2 hours). Follow with iodine to inhibit thyroid
hormone release.

Administer B-blockers for control of heart rate. Give dexamethasone to impair periph-
eral generation of T; from T, and to provide adrenal support.

oo Hypothyroidism

A. General characteristics
1. The onset of symptoms is usually insidious, and the condition may go undetected
for years (see also Clinical Pearl 4-1).
2. Sometimes a diagnosis is made solely on laboratory evidence in an asymptomatic
patient.

Quick B. Causes

Hashimoto thyroiditis is 1. Primary hypothyroidism is the failure of the thyroid to produce sufficient thyroid

iG] Wi @ hormone. This accounts for about 95% of all cases

autoimmune disorders a. Hashimoto disease (chronic thyroiditis)—most common cause of primary

(e.g., lupus, pernicious hypothyroidism

anemial. _ b. latrogenic—second most common cause of primary hypothyroidism; results
Pa:ﬁyﬁz(m;:aﬂzsﬂl?:m from prior treatments of hyperthyroidism, including:

increased risk of thyroid * Radioiodine therapy

carcinoma and thyroid * Thyroidectomy

lymphoma. * Medications (e.g., lithium)

2. Secondary hypothyroidism (due to pituitary disease; i.e., deficiency of TSH) and
tertiary hypothyroidism (due to hypothalamic disease; i.e., deficiency of TRH)
account for less than 5% of cases. Both are associated with a low free T, and a
low TSH level.

C. Clinical features
1. Symptoms

a. Fatigue, weakness, lethargy

b. Heavy menstrual periods (menorrhagia), slight weight gain (10 to 30 1b)—
patients are not typically obese

c. Cold intolerance

d. Constipation

e. Slow mentation, inability to concentrate (mild at first, in later stages dementia
can occur), dull expression

f. Muscle weakness, arthralgias

g. Depression

h. Diminished hearing

cumont PEARL. i

Myxedema Coma

¢ Arare condition that presents with a depressed state of consciousness, profound hypothermia, and
respiratory depression

May develop after years of severe untreated hypothyroidism

Precipitating factors are trauma, infection, cold exposure, and narcotics.

A medical emergency, with a high mortality rate (50% to 75%) even with treatment

Provide supportive therapy to maintain BP and respiration. Give IV thyroxine and hydrocortisone while
carefully monitoring the hemodynamic state.
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cumon. PEARLJiz I

Subclinical Hypothyroidism

e Thyroid function is inadequate, but increased TSH production maintains T, level within the reference range
of normalcy; therefore, TSH level is elevated and T, level is normal.

e | ook for nonspecific or mild symptoms of hypothyroidism, as well as elevated serum LDL levels.

e Treat with thyroxine if patients develop goiter, hypercholesterolemia, symptoms of hypothyroidism, or
significantly elevated TSH level (>20 pU/mL).

2. Signs

a. Dry skin, coarse hair; thickened, puffy features

b. Hoarseness

c. Nonpitting edema (edema due to glycosaminoglycan in interstitial tissues, not
water and salt)

d. Carpal tunnel syndrome

e. Slow relaxation of deep tendon reflexes

f. Loss of lateral portion of eyebrows

g. Bradycardia

h. Goiter (Hashimoto disease—goiter is rubbery, nontender, and even nodular;
subacute thyroiditis—goiter is very tender and enlarged, although not always
symmetrically.)

i. History of upper respiratory infection and fever (subacute thyroiditis)

D. Diagnosis Quick ;11

1. High TSH level—most sensitive indicator of hypothyroidism (see also Clinical TSH is the primary testin
Pearl 4-2). screening for thyroid dys-
2. Low TSH level (secondary hypothyroidism). O L0, a0

. . . . . . profile and a CBC.
3. Low free T, level (or free T, index) in patients with clinically overt hypothyroid-

ism. Free T, may be normal in subclinical cases.
4. Increased antimicrosomal antibodies (Hashimoto thyroiditis).
5. Other laboratory value abnormalities that may be present:

a. Elevated LDL and decreased HDL levels.

b. Anemia—mild normocytic anemia is the most common.

E. Treatment: levothyroxine (T,)—treatment of choice
1. Effect is evident in 2 to 4 weeks; highly effective in achieving euthyroid state.
2. Convenient once—daily morning dose.
3. Treatment is continued indefinitely.
4. Monitor TSH level and clinical state periodically.
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oo Thyroiditis

A. Subacute (viral) thyreiditis (subacute granulomatous thyroiditis)
1. Causes—usually follows a viral illness; associated with HLA-B35
2. Clinical features

a. Prodromal phase of a few weeks (fever, flu-like illness)

b. It can cause transient hyperthyroidism due to leakage of hormone from
inflamed thyroid gland. This is followed by a euthyroid state and then a hypo-
thyroid state (as hormones are depleted)

c. Painful, tender thyroid gland (may be enlarged)

3. Diagnosis

a. Radioiodine uptake is low because thyroid follicular cells are damaged and
cannot trap iodine.

b. Low TSH level secondary to suppression by increased T4 and T; levels; high
erythrocyte sedimentation rate (ESR).
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4. Treatment
a. Use NSAIDs and aspirin for mild symptoms; corticosteroids, if the pain is more
severe.
b. Most patients have recovery of thyroid function within a few months to 1 year.

B. Subacute lymphocytic thyroiditis (painless thyroiditis, silent thyroiditis)

1. A transient thyrotoxic phase of 2 to 5 months may be followed by a hypothyroid
phase. The hypothyroid phase is usually self-limited and may be the only manifes-
tation of this disease if the hyperthyroid phase is brief.

2. Low radioactive iodine uptake—differentiates it from Graves disease during thyro-
toxic phase.

3. Similar to subacute (viral) thyroiditis, only without the pain or tenderness of the
thyroid gland.

C. Chronic lymphocytic thyreiditis (Hashimoto thyroiditis, lymphocytic thyroiditis)
1. Most common cause of autoimmune thyroid disorder; more common in women
2. Causes
a. Genetic component—family history is common.
b. Antithyroid antibodies are present in the majority of patients.
3. Clinical manifestations (see also Clinical Pearl 4-3)
a. Goiter is the most common feature.
b. Slow decline in thyroid function is common. Hypothyroidism is present in 20%
of cases when first diagnosed but often occurs later in disease.
4. Diagnosis
a. Thyroid function studies are normal (unless hypothyroidism is present).
b. Antithyroid antibodies: antiperoxidase antibodies (present in 90% of patients),
antithyroglobulin antibodies (present in 50%).
c. ITrregular distribution of *'T on thyroid scan—not required for diagnosis.
5. Treatment—thyroid hormone (to achieve euthyroid state)

D. Fibrous thyroiditis (Riedel thyroiditis)
1. Fibrous tissue replaces thyroid tissue, leading to a firm thyroid.
2. Surgery may be necessary if complications occur.
3. Patient may be hypothyroid as well, in which case thyroid hormone should be
prescribed.

e e Thyroid Nodules

A. General characteristics

1. Cancer is found in 4% to 10% of nodules that are investigated.

2. A solitary nodule can be either thyroid cancer or a benign adenoma. However,
multinodular conditions may cause confusion because only one of these nodules
may be palpable.

3. The most important function of the physical examination is the detection of the
thyroid nodule, rather than the determination of its benign or malignant status.

4. To be detectable on palpation, a nodule must be at least 1 cm in diameter.

cumont PEARL. s

Thyroid-associated Ophthalmopathy (TAD)

e TAQ is an autoimmune attack on the periorbital connective tissue and extraocular muscles.

e Clinical findings include lid retraction (“thyroid stare”), proptosis, eyelid edema, lagophthalmos (inability
to close eyelids completely), and diplopia.

e Patients may be hypothyroid, hyperthyroid (Graves disease), or euthyroid when TAQ presents. Most
euthyroid patients will go on to develop thyroid dysfunction within 2 years of developing TAO.

e Treatment of thyroid dysfunction has little effect on the course of TAQ. TAQ is usually self-limited, but
surgery may be required if disease is severe. Oral steroids may also be helpful.
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Solitary thyroid nodule

!

Benign < FNA ———»| Malignant

v v v

» Observation Indeterminate Surgery
» Repeat FNA or
U/S if persists l

Thyroid scan

Cold Hot
Surgery » Close observation

* Periodic thyroid
studies and physical
exam of thyroid

FIGURE

4-2 Algorithm for the evaluation of a solitary thyroid nodule. Once a thyroid nodule is detected
on physical examination, FNA is the initial study of choice.

5. Malignancy is suggested by the following:

If the nodule is fixed in place and no movement occurs on swallowing
. Unusually firm consistency or irregularity of the nodule

If the nodule is solitary

. History of radiation therapy to the neck

History of rapid development

Vocal cord paralysis (recurrent laryngeal nerve paralysis)

Cervical adenopathy

. Elevated serum calcitonin

Family history of thyroid cancer

et~ N s I <V el

B. Diagnosis
1. Fine-needle aspiration (FNA) biopsy (see also Clinical Pearl 4-4) (Figure 4-2).
a. Test of choice for initial evaluation of a thyroid nodule—often combined with
ultrasound guidance for better diagnostic utility.

cumen PEARL )4 I

Fine-needle Aspiration

e Aneedle is inserted into the nodule, and cells are aspirated and then examined under a microscope.
® False-positive and false-negative rates approach 5%.
¢ This is the only test that can reliably differentiate between benign and malignant nodules.
e Ultrasound differentiates between solid and cystic nodules, but either may be malignant.
¢ (On the thyroid scan, “cold” nodules are more likely to be malignant than “hot,” but this is not reliable.
® FNA findings:
e Probable cancer (15%): Most of these are really cancers. Surgery is indicated.
e Indeterminate (19%): A thyroid scan should be performed, and if the lesion is “cold” by the scan, surgical
resection is indicated because about 20% of these lesions are found to be malignant.
e Benign (66%): Most of these are benign. Observe for 1 year, then follow up with an ultrasound.
e Follicular neoplasm: Surgery is recommended because it is difficult to distinguish between benign and
malignant follicular cells on histology.
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FIGURE
4-3 A '® thyroid scan showing a large “cold” nodule (arrow).

(From Fishman MC, Hoffman AR, Klausner RD, et al. Medicine. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2004:185, Figure 22-1.)

b. Accuracy.
¢ FNA has a sensitivity of 95% and a specificity of 95%. Therefore, if FNA
shows a benign nodule, the nodule is likely to be benign.
¢ However, FNA biopsies have 5% false-negative results, so follow up with
periodic FNA if thyroid nodularity persists. Benign lesions should continue to
show consistently benign cytology.
¢ FNA is reliable for all cancers (papillary, medullary, anaplastic) except follicular.
2. Thyroid scan (radioactive iodine) (Figure 4-3)

a. Thyroid scan plays a supplemental role. It is performed if the FNA biopsy is
indeterminate. It is also performed in patients with a low TSH, as these patients
are more likely to have a hyperfunctioning nodule.

b. It gives graphic representations of the distribution of radioactive iodine in the
gland—useful in identifying whether thyroid nodules show decreased (“cold”)
or increased (“hot”) accumulation of radioactive iodine compared with normal
paranodular tissue. Nodules are classified as “cold” (hypofunctional), “warm”
(normally functioning), or “hot” (hyperfunctional).

c. It should be limited to patients whose FNA biopsy results suggest neoplasm.
(It is not cost effective to scan all patients with thyroid nodules.) When such
lesions are “cold” on scan, thyroid lobectomy is recommended.

3. Thyroid ultrasound

a. Differentiates a solid from a cystic nodule; most cancers are solid.

b. Can identify nodules 1 to 3 mm in diameter.

c. Cystic masses larger than 4 cm in diameter are not malignant.

d. Cannot distinguish between benign and malignant thyroid nodules.

e e e Thyroid Cancer
Quick A. General characteristics

1. Risk factors
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In general, most patients

with thyroid cancer do a. Head and neck radiation (during childhood)
not die of thyroid cancer b. Gardner syndrome and Cowden syndrome for papillary cancer
(although this depends on c. MEN type II for medullary cancer

R T G T s 2. Types (see also Clinical Pearl 4-5)

a. Papillary carcinoma
¢ Accounts for 70% to 80% of all thyroid cancers
e Least aggressive thyroid cancer—slow growth and slow spreading with
excellent prognosis
¢ Most important risk factor is a history of radiation to the head/neck
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Nodules
“Cold” Nodules “Hot” Nodules
e Decreased iodine uptake = hypofunctioning nodule e Increased iodine uptake = hyperfunctioning
e Significant risk of malignancy—approximately 20% of nodule
cold nodules are malignant e Rarely associated with malignancy

e (Of all nodules, 70% to 90% are cold and most of these
are benign. Therefore, scanning may indicate a greatly
reduced risk of malignancy in a nodule that is warm or
hot, but it does not yield much additional information in
a nodule that is cold

f 4
* Spreads via lymphatics in neck; frequently metastasizes to cervical lymph =
nodes (cervical lymphadenopathy); distant metastasis is rare au I ck H IT
* Positive iodine uptake Hiirthle Cell Tumor
b. Follicular carcinoma * Avariant of follicular can-
¢ Accounts for 15% of all thyroid cancers; avidly absorbs iodine cer but more aggressive
* Prognosis is worse than for papillary cancer—it spreads early via a hematog- * Spread by lymphatics;

does not take up iodine

. . . . ) o
enous route (brain, lung, bone, liver). Distant metastasis occurs in 20% of S -

patients; lymph node involvement is uncommon

ectomy
* May be associated with iodine deficiency
* Tumor extension through the tumor capsule or vascular invasion distinguishes
it from a benign adenoma. A tissue sample is therefore needed for diagnosis bV
* More malignant than papillary cancer, but these are also slow growing a u i C k
* One variant is the Hurthle cell carcinoma—characteristic cells contain abun-
dant cytoplasm, tightly packed mitochondria, and oval nuclei with prominent Papillary carcinoma is
nucleoli. These tumors are radioiodine resistant. the most common type of
c. Medullary carcinoma thyroid cancer to develop

N for 29 % of all thyroi after radiation exposure
ccounts for 2% to 3% of all thyroid cancers (accounts for 80% to 90%

¢ One-third sporadic, one-third familial, one-third associated with MEN II of postradiation cancers of
(always screen for pheochromocytoma) the thyroid).

¢ Arises from the parafollicular cells (C cells)—produces calcitonin

* More malignant than follicular cancer but less so than anaplastic cancer—
survival of approximately 10 years

d. Anaplastic carcinoma

¢ Accounts for 5% of all thyroid cancers; mostly seen in elderly patients

¢ Highly malignant

¢ May arise from a longstanding follicular or papillary thyroid carcinoma

* Prognosis (grim)—death typically occurs within a few months. Mortality is
usually due to invasion of adjacent organs (trachea, neck vessels)
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B. Diagnosis
1. Thyroid hormone level (frequently normal)
2. Calcitonin level (if medullary carcinoma)
3. Refer to the section on thyroid nodules for diagnostic approach

C. Treatment
1. Papillary carcinoma
a. Lobectomy with isthmusectomy.
b. Total thyroidectomy if tumor is >3 cm, tumor is bilateral, tumor is advanced, or
distant metastases are present.
c. Adjuvant treatment: TSH suppression therapy; radioiodine therapy for larger
tumors.
2. Follicular carcinoma—total thyroidectomy with postoperative iodine ablation.
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3. Medullary carcinoma—total thyroidectomy; radioiodine therapy usually unsuc-
cessful. Modified radical neck dissection is also indicated when there is lymph
node involvement (most cases).

4. Anaplastic carcinoma—chemotherapy and radiation may provide a modest
improvement in survival. Palliative surgery for airway compromise may be needed.

@@ Diseases of the Pituitary Gland

ee Pituitary Adenomas

A. General characteristics
1. Pituitary adenomas account for about 10% of all intracranial neoplasms.
2. Almost all pituitary tumors are benign. They may grow in any direction causing
“parasellar” signs and symptoms.
3. Size: microadenoma (diameter <10 mm); macroadenoma (diameter >10 mm).

B. Clinical features
1. Hormonal effects occur due to hypersecretion of one or more of the following hor-
mones:
a. Prolactin—see the following section on hyperprolactinemia
b. GH—results in acromegaly (or gigantism if epiphyseal closure has not
occurred; seen in the pediatric population)
c. Adrenocorticotropic hormone (ACTH)—results in Cushing disease
d. TSH—results in hyperthyroidism
2. Hypopituitarism—compression of hypothalamic-pituitary stalk; GH deficiency and
hypogonadotropic hypogonadism are the most common problems
3. Mass effects
a. Headache
b. Visual defects—Bitemporal hemianopsia (due to compression of optic chiasm) is
the most common finding, but it depends on the size and symmetry of the tumor

G. Diagnosis
1. MRI is the imaging study of choice
2. Pituitary hormone levels

D. Treatment
1. Transsphenoidal surgery is indicated in most patients (except patients with prolac-
tinomas, for which medical management can be tried first).
2. Radiation therapy and medical therapy are adjuncts in most patients.
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ee Hyperprolactinemia

Quick A. Causes

1. Prolactinoma

High levels of prolactin

inhibit secretion of GnRH. a. Most common cause of hyperprolactinemia
This leads to decreased b. Most common type of pituitary adenoma (up to 40%)
secretion of LH and FSH, 2. Medications (e.g., psychiatric medications, H, blockers, metoclopramide, vera-

which in turn leads to

decreased production of pamil, estrogen)

estrogen and testosterone 3. Pregnancy

(see clinical features). 4. Renal failure
5. Suprasellar mass lesions (can compress hypothalamus or pituitary stalk)
6. Hypothyroidism
7. ldiopathic

B. Clinical features
1. Men
a. Hypogonadism, decreased libido, infertility, impotence
b. Galactorrhea or gynecomastia (uncommon)
c. Parasellar signs and symptoms (visual field defects and headaches)
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2. Women
a. Premenopausal: menstrual irregularities, oligomenorrhea or amenorrhea,
anovulation and infertility, decreased libido, dyspareunia, vaginal dryness, risk
of osteoporosis, galactorrhea
b. Postmenopausal: parasellar signs and symptoms (less common than in men)
G. Diagnosis

1. Elevated serum prolactin level.

2. Order a pregnancy test and TSH level, because both pregnancy and primary hypo-
thyroidism are on the differential diagnosis for hyperprolactinemia.

3. CT scan or MRI to identify any mass lesions.

D. Treatment

1. Treat the underlying cause (e.g., stop medication, treat hypothyroidism).

2. If prolactinoma is the cause and the patient is symptomatic, treat with bromocrip-
tine, a dopamine agonist that secondarily diminishes the production and release
of prolactin. Continue treatment for approximately 2 years before attempting ces-
sation. Cabergoline (another dopamine agonist) may be better tolerated than bro-
mocriptine and is often chosen as first-line therapy.

3. Consider surgical intervention if symptoms progress despite appropriate medical

therapy. However, the recurrence rate after surgery is high.

ee Acromegaly
A. General characteristics

1.

Acromegaly is broadening of the skeleton, which results from excess secretion

of pituitary GH after epiphyseal closure (if before epiphyseal closure, gigantism
[excessive height] results).

It is almost always caused by a GH-secreting pituitary adenoma (represents 10% of
pituitary adenomas).

B. Clinical features

1. Growth promotion
a. Soft tissue and skeleton overgrowth
b. Coarsening of facial features
c. Abnormally large hand and foot size (ask about increasing glove/ring size)
d. Organomegaly
e. Arthralgia due to joint tissue overgrowth
f. Hypertrophic cardiomyopathy
g. Enlarged jaw (macrognathia)
2. Metabolic disturbances
a. Glucose intolerance and DM in 10% to 25% of patients
b. Hyperhidrosis
3. Parasellar manifestations
a. Headache
b. Superior growth leads to compression of the optic chiasm, which results in
visual loss (bitemporal hemianopsia)
c. Lateral growth leads to cavernous sinus compression
d. Inferior growth leads to sphenoid sinus invasion
e. HTN, sleep apnea
C. Diagnosis
1. IGF-1, also known as somatomedin C, should be significantly elevated in acro-
megaly.
2. Oral glucose suppression test—glucose load fails to suppress GH (as it should in
healthy individuals). This confirms the diagnosis if the IGF-1 level is equivocal.
3. MRI of the pituitary.
4. A random GH level is not useful because there is wide physiologic fluctuation of

GH levels.

Quick

Parasellar signs and symp-
toms (mass effects of the
tumor) are more prevalent
in men than in women.

This is largely because

the early symptoms in men
(e.g., impotence) are often
attributed to psychological
causes and medical evalua-
tion is delayed, allowing for
larger tumor growth.

Quick

Microadenomas (<10 mm
diameter) tend to either
remain the same size or
regress with time. Only 10%
to 20% continue to grow.

Quick

Cardiovascular disease
(cardiomyopathy) is the
most common cause of
death in patients with
acromegaly.
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Quick §;1hI
Other Laboratory

Abnormalities in Patients

with Acromegaly

¢ Hyperprolactinemia
(tumor secretes prolactin
and growth hor-
mone)—30% of patients

¢ Elevations in serum glu-
cose, triglycerides, and
phosphate levels
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D. Treatment
1. Transsphenoidal resection of pituitary adenoma—treatment of choice
2. Radiation therapy if IGF-1 levels stay elevated after surgery
3. Octreotide or other somatostatin analog to suppress GH secretion

ee (raniopharyngioma

Tumors of the suprasellar region arising from embryologic remnants of Rathke pouch.

* These tumors comprise 20% to 25% of all pituitary mass lesions (pituitary adenoma
is most common).

¢ They result in visual field defects (bitemporal hemianopsia) due to compression of the

optic chiasm and may also cause headaches, papilledema, and changes in mentation.

s
- ° ¢ They are diagnosed by brain MRI.
alll L‘k ¢ They may cause hyperprolactinemia, diabetes insipidus, or panhypopituitarism.

Calcification of the supra- ¢ Treatment is surgical excision (total or partial resection) with or without radiation

sellar region seen on brain therapy.
imaging is nearly diagnostic
of craniopharyngioma. o0 vaopituitarism

A. General characteristics
1. All or some of the hormones released from the anterior pituitary may be absent.
2. Loss of hormones is unpredictable, but LH, FSH, and GH are usually lost before
TSH and ACTH.
3. Clinical manifestations depend on which hormones are lost.

B. Causes
1. Hypothalamic or pituitary tumor is the most common cause.
2. Other causes: radiation therapy, Sheehan syndrome, infiltrative processes (e.g., sar-
coidosis, hemochromatosis), head trauma, cavernous sinus thrombosis, surgery.

C. Clinical features

1. Reduced GH: growth failure (decreased muscle mass in adults), increased LDL,
increased risk of heart disease, increased LDL
Reduced prolactin: failure to lactate
Reduced ACTH: adrenal insufficiency
Reduced TSH: hypothyroidism
Reduced gonadotropins (LH and FSH): infertility, amenorrhea, loss of secondary
sex characteristics, diminished libido
Reduced antidiuretic hormone (ADH) (if hypothalamic lesion): diabetes insipidus
Reduced melanocyte-stimulating hormone (MSH): decreased skin and hair pig-
mentation

Uk wN
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D. Diagnosis
1. Low levels of target hormones with low or normal levels of trophic hormones (it
is the suppression of the trophic hormone that is important, although the absolute
level may be in the normal reference range)
2. MRI of the brain (may miss microadenomas)

E. Treatment
1. Replacement of appropriate hormones
2. Women who want to conceive should be referred to an endocrinologist

oo Diahetes Insipidus

A. General characteristics
1. Two forms
a. Central DI is the most common form—due to low ADH secretion by posterior
pituitary
b. Nephrogenic DI—ADH secretion is normal but tubules cannot respond to ADH
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2. Causes

a.

Central DI

* Idiopathic—50% of all cases

e Trauma—surgery, head trauma

* Other destructive processes involving the hypothalamus, including tumors,
sarcoidosis, tuberculosis, syphilis, Hand-Schuller—Christian disease, eosino-
philic granuloma, and encephalitis

. Nephrogenic DI—the most common cause in adults is chronic lithium use.

Other causes include hypercalcemia, pyelonephritis, and demeclocycline use. It
may also be congenital—caused by mutations in the ADH receptor gene or the
aquaporin-2 gene

B. Clinical features
1. Polyuria is a hallmark finding: 5 to 15 L daily; urine is colorless (because it is so
dilute).
2. Thirst and polydipsia—hydration is maintained if the patient is conscious and has
access to water.
3. Hypernatremia is usually mild unless the patient has an impaired thirst drive.

C. Diagnosis
1. Urine—low specific gravity and low osmolality indicate DI
2. Plasma osmolality

a.

Normal: 250 to 290 mOsmvkg

b. Primary polydipsia: 255 to 280 mOsm/kg

C.

DI: 280 to 310 mOsm/kg

3. A water deprivation test (dehydration test) is required to make the diagnosis (see
Table 4-1)

a.

Procedure

* Withhold fluids, and measure urine osmolality every hour

* When urine osmolality is stable (<30 mOsm/kg hourly increase for 3 hours),
inject 2 g desmopressin subcutaneously. Measure urine osmolality 1 hour
later

b. Response—see Table 4-1
4. ADH level (not the test of choice; takes a long time to get results)

a.

Low in central DI

b. Normal or elevated in nephrogenic DI

D. Treatment
1. Central DI

a.

Desmopressin (DDAVP) is the primary therapy and can be given by nasal spray,
orally, or by injection.

b. Chlorpropamide increases ADH secretion and enhances the effect of ADH.

Treat the underlying cause.

Increase in Urine Osmolality
Above 280 mOsm/kg with

Dehydration Further Response to ADH

Normal Patients + =

Diabetes Insipidus - +

Patients

Nephrogenic - -
Diabetes Insipidus

Patients

Quick

If a patient presents with
polyuria and polydipsia,
consider the following first
in the differential diagnosis:
¢ Diabetes mellitus

e Diuretic use

¢ Diabetes insipidus

¢ Primary polydipsia

Quick

* Primary polydipsia is usu-
ally seen in patients with
psychiatric disturbances.

* [fthe patient is deprived of
water, urine osmolarity will
increase appropriately.
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2. Nephrogenic DI—treat with sodium restriction and thiazide diuretics.
a. These deplete the body of sodium, which leads to increased reabsorption of
sodium and water in the proximal tubules.
b. The reabsorption of sodium and water in the proximal tubules means that less
water reaches the distal tubules, leading to decreased urine volume.

Quick ee Syndrome of Inappropriate Secretion of Antidiuretic Hormone

I SIADH. vo A. General characteristics
n volume expan- )
,  Vouime expa 1. Pathophysiology
sion occurs (due to water _ . ,
retention), but edema is pre- a. Excess ADH is secreted from the posterior pituitary or an ectopic source.
vented (due to natriuresis). Elevated levels lead to water retention and excretion of concentrated urine.
This has two major effects: hyponatremia and volume expansion.
b. Despite volume expansion, edema is not seen in syndrome of inappropriate
B4 secretion of antidiuretic hormone (SIADH). This is because natriuresis (excre-
au ic k tion of excessive sodium in urine) occurs despite hyponatremia.
c. Reasons for natriuresis
Hyponatremia Pearls ¢ Volume expansion causes an increase in atrial natriuretic peptide (increases
* Hypovolemic hypona- urine sodium excretion).
tremia—volume con- . . . . .
¢ Volume expansion leads to a decrease in proximal tubular sodium absorption.

tracted . . . o1
« Hypervolemic hypona- ¢ The renin-angiotensin—aldosterone system is inhibited.

tremia—volume
expanded with edema B. Causes
* SIADH—volume 1. Neoplasms (e.g., in lung, pancreas, prostate, bladder), lymphomas, leukemia
expanded without edema 2. CNS disorders (e.g., stroke, head trauma, infection)

3. Pulmonary disorders (e.g., pneumonia, tuberculosis)

4. Ventilators with positive pressure

5. Medication (e.g., vincristine, selective serotonin reuptake inhibitors [SSRIs],

chlorpropamide, oxytocin, morphine, desmopressin)
6. Postoperative state (e.g., as a result of anesthesia, pain)

C. Clinical features

1. Acute hyponatremia—Signs and symptoms are secondary to brain swelling
(osmotic water shifts, leading to increased ICF volume) and are primarily neuro-
logic
a. Lethargy, somnolence, weakness
b. Can lead to seizures, coma, or death if untreated

2. Chronic hyponatremia
a. May be asymptomatic
b. Anorexia, nausea, and vomiting
c. CNS symptoms are less common because chronic loss of sodium and potassium

\/
o from brain cells decreases brain edema (due to secondary water shifts from ICF
Quick ’
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to ECF)
Major characteristics of . .
SIADH D. Diagnosis
* Hyponatremia 1. SIADH is a diagnosis of exclusion (after other causes of hyponatremia have been

* Zﬁ’lcuerz(;n?;pansmn with- ruled out). The following help in supporting the diagnosis:

« Natriuresis a. Hyponatremia and inappropriately concentrated urine; plasma osmolality, 270
* Hypouricemia and low mmol/kg

BUN b. Low serum uric acid level
* Normal or reduced serum c. Low BUN and creatinine
creatinine level because d. Normal thyroid and adrenal function, as well as renal, cardiac, and liver function
of dilution M t of vl d urine ADH level
« Normal thyroid and adre- e. Measurement of plasma and urine eve
nal function f. Absence of significant hypervolemia

E. Treatment
1. Correct the underlying cause, if known.
2. For asymptomatic patients
a. Water restriction is usually sufficient.



(c) ketabton.com: The Digital Library

3.

ENDOCRINE AND METABOLIC DISEASES @ 181

b. Use normal saline in combination with a loop diuretic if faster results are
desired.

c. Lithium carbonate or demeclocycline are other options (with side effects)—
both inhibit the effect of ADH in the kidney.

For symptomatic patients

a. Restrict water intake.

b. Give isotonic saline. Hypertonic saline may occasionally be indicated in severe
cases.

4. Do not raise the serum sodium concentration too quickly. Rapid flux of water

into the ECF can result in central pontine myelinolysis (demyelination syndrome
may result). A general guideline is that the rate of sodium replacement should not
exceed 0.5 mEq/L per hour.

@@ Diseases of the Parathyroid Glands

e e Hypoparathyroidism
A. Causes

1. Head and neck surgery account for the majority of cases—thyroidectomy, parathy-

2.

roidectomy, radical surgery for head and neck malignancies.
Nonsurgical hypoparathyroidism is rare.

B. Clinical features

1.
2.
3.

6.

Cardiac arrhythmias
Rickets and osteomalacia
Increased neuromuscular irritability due to hypocalcemia
a. Numbness/tingling—circumoral, fingers, toes
b. Tetany
* Hyperactive deep tendon reflexes
* Chvostek sign—Tapping the facial nerve elicits contraction of facial muscles
* Trousseau sign—Inflating the BP cuff to a pressure higher than the patient’s
systolic BP for 3 minutes elicits carpal spasms
c. Grand mal seizures
Basal ganglia calcifications
Prolonged QT interval on ECG—Hypocalcemia should always be in the differen-
tial diagnosis of a prolonged QT interval
Cataracts

1.

L
—

W

Low serum calcium

2. High serum phosphate
3.
4. Low urine cAMP

Serum PTH inappropriately low

reatment

IV calcium gluconate in severe cases, oral calcium in mild to moderate cases.
Vitamin D supplementation (calcitriol).

Note that both vitamin D and calcium replacement can increase urinary calcium
excretion, precipitating kidney stones. Therefore, administer with caution to avoid
hypercalciuria (the goal is to keep serum calcium at 8.0 to 8.5 mg/dL).

oo Primary Hyperparathyroidism
A. General characteristics

1.

2.

One or more glands produce inappropriately high amounts of PTH relative to the
serum calcium level.
Most common cause of hypercalcemia in the outpatient setting.

Quick

Pseudohypoparathyroidism
¢ End-organ resistance to

action of PTH
¢ Laboratory value find-
ings: hypocalcemia,

hyperphosphatemia, high

PTH, low urinary cAMP
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FIGURE

4-4 X-ray of the clavicle in a patient with osteitis fibrosa cystica (“brown tumors”), a disease
in which cystic bone spaces are filled with brown fibrous tissue. Brown tumors predispose
patients to pathologic fractures.

(From Becker KL, Bilezikian JP, Brenner WJ, et al. Principles and Practice of Endocrinology and Metabolism, 3rd ed.
Philadelphia, PA: Lippincott Williams & Wilkins, 2001.)

B. Causes
1. Adenoma (80% of cases)—majority involve only one gland
2. Hyperplasia (15% to 20% of cases)—all four glands usually affected
3. Carcinoma (<1% of cases)

C. Clinical features
1. “Stones”
a. Nephrolithiasis
b. Nephrocalcinosis
2. “Bones”
a. Bone aches and pains
b. Osteitis fibrosa cystica (“brown tumors”)—predisposes patient to pathologic
fractures (Figure 4-4)
3. “Groans”
Muscle pain and weakness
Pancreatitis
Peptic ulcer disease
. Gout
. Constipation
4. “Psychiatric overtones”—depression, fatigue, anorexia, sleep disturbances, anxiety,
lethargy
5. Other symptoms:
a. Polydipsia, polyuria
b. HTN, shortened QT interval
c. Weight loss

oan T
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D. Diagnosis
1. Laboratory (see also Clinical Pearl 4-6)
a. Calcium levels (hypercalcemia)—when calculating calcium levels, be aware of
albumin levels. Calculate the ionized fraction or get an ionized calcium level

cumont PEARL s

Secondary Hyperparathyroidism

e Characterized by an elevated concentration of PTH and a low or low-normal serum calcium level.

e Caused by chronic renal failure (most common cause), as well as vitamin D deficiency and renal hypercalciuria.

¢ Treatment depends on the cause: if vitamin D deficiency, give vitamin D; if renal failure, give calcitriol and
oral calcium supplements plus dietary phosphorus restriction.
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b. PTH levels
* Should be elevated relative to serum calcium level
* Note that in the presence of hypercalcemia, a normal PTH level is “abnormal”
(i.e., high) because high calcium levels suppress PTH secretion
Hypophosphatemia
. Hypercalciuria
Urine cAMP is elevated
Chloride/phosphorus ratio of >33 is diagnostic of primary hyperparathyroidism
(33-to-1 rule). Chloride is high secondary to renal bicarbonate wasting (direct
effect of PTH).
2. Radiographs
a. Subperiosteal bone resorption (usually on radial aspect of second and third
phalanges), but can appear in any location (see Figure 4-4)
b. Osteopenia

—e oo

E. Treatment
1. Surgery is the only definitive treatment, but not all patients require it. If the
patient is over 50 years of age and is asymptomatic (with normal bone mass and
renal function), surgery may not be needed.

a. Primary hyperparathyroidism due to hyperplasia—All the four glands are
removed. A small amount of parathyroid tissue is placed in the forearm muscle
(prevents the need for reexploration of the neck if hyperplasia recurs postop-
eratively) to retain parathyroid function.

b. Primary hyperparathyroidism due to adenoma—Surgical removal of the adeno-
ma is curative.

c¢. Primary hyperparathyroidism due to carcinoma—Remove the tumor, ipsilateral
thyroid lobe, and all enlarged lymph nodes.

2. Medical—Encourage fluids. Give diuretics (furosemide) to enhance calcium excre-
tion if hypercalcemia is severe. (Do not give thiazide diuretics!)

@@ Diseases of the Adrenal Glands

e e Gushing Syndrome

A. General characteristics
1. Cushing syndrome results from excessive levels of glucocorticoids (cortisol is the
principal glucocorticoid) due to any cause.
2. Cushing disease results from pituitary Cushing syndrome (pituitary adenoma).

B. Causes

1. Iatrogenic Cushing syndrome is the most common cause, and is due to prescribed
prednisone or other steroids. Androgen excess is absent (because the exogenous
steroid suppresses androgen production by the adrenals).

2. ACTH-secreting adenoma of the pituitary (Cushing disease) is the second most com-
mon cause and leads to bilateral adrenal hyperplasia. Androgen excess is common.

3. Adrenal adenomas and carcinomas (10% to 15%).

4. Ectopic ACTH production (10% to 15%).

a. ACTH-secreting tumor stimulates the cortisol release from the adrenal glands
without the normal negative feedback loop (because the source of the ACTH is
outside the pituitary gland).

b. More than two-thirds are small cell carcinomas of the lung. Bronchial carcinoid
and thymoma may be the cause.

C. Clinical features
1. Changes in appearance: central obesity, hirsutism, moon facies, “buffalo hump,”
purple striae on abdomen, lanugo hair, acne, easy bruising
2. HIN
3. Decreased glucose tolerance (diabetes)

Quick

Relative Indications for

Surgery in Primary Hyper-

parathyroidism

¢ Age <50 years

* Marked decrease in bone
mass

¢ Nephrolithiasis, renal
insufficiency

* Markedly elevated serum
calcium level or episode
of severe hypercalcemia

e Urine calcium >400 mg in
24 hours

Quick

Effects of cortisol

(Generally Catabolic)

* Impaired collagen
production, enhanced
protein catabolism

¢ Anti-insulin effects (lead-
ing to glucose intolerance)

e Impaired immunity (has
inhibitory effects on
PMNs, T cells)

* Enhances catecholamine
activity (HTN)

Quick

Some signs and symptoms
in patients with high cortisol
(e.g., obesity, HTN, osteopo-
rosis, DM) are nonspecific
and less helpful in diagnos-
ing the patient. On the other
hand, easy bruising, typical
striae, myopathy, and viriliz-
ing signs are more helpful
in diagnosis.
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i .
FIGURE
4.5 Androgen excess manifesting as masculinization in females, only seen in
ACTH-dependent forms of Cushing syndrome.
(From Rubin E. Essential Pathology, 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2000.)

4. Hypogonadism—menstrual irregularity and infertility

5. Masculinization in females (androgen excess, see Figure 4-5)—only seen in
ACTH-dependent forms

6. Musculoskeletal—proximal muscle wasting and weakness (due to protein catabo-
lism), osteoporosis, aseptic necrosis of femoral head may occur (especially with
exogenous steroid use)

7. Psychiatric disturbances—depression, mania

8. Increased likelihood of infections (due to impaired immunity)

_ " D. Diagnosis
au, Ck 1. Initial screening (Figure 4-6 and Table 4-2).

a. An overnight (low-dose) dexamethasone suppression test is the initial screen-

Patients with Cush- . ; .
ing test. Give the patient 1 mg of dexamethasone at 11 pm. Measure the serum

ing disease may have

hyperpigmentation due cortisol level at 8 am.
to elevated ACTH levels, ¢ If the serum cortisol is <5, Cushing syndrome can be excluded (this test is
whereas patients with very sensitive).

Cushing syndrome due to
other causes will not have
hyperpigmentation.

¢ If the serum cortisol is >5 (and often >10), the patient has Cushing syn-
drome. Order a high-dose dexamethasone suppression test to determine the
cause (Cushing disease vs. adrenal tumor vs. ectopic ACTH tumor).
b. The 24-hour urinary free cortisol level is another excellent screening test;
values greater than four times normal are rare except in Cushing syndrome.

2. ACTH level—Once you establish a diagnosis of Cushing syndrome, measure the
ACTH level. If it is low, the cause of high cortisol levels is likely an adrenal tumor
or hyperplasia, not a pituitary disease or an ectopic ACTH-producing tumor.

3. High-dose dexamethasone suppression test.

a. In Cushing disease, the result is a decrease in cortisol levels (greater than 50%
suppression occurs).

b. If cortisol suppression does not occur and plasma ACTH levels are high, an
ectopic ACTH-producing tumor is likely the diagnosis.

4. CRH stimulation test—CRH is administered intravenously.

a. If ACTH/cortisol levels increase (deemed a “response”), then Cushing disease is
the diagnosis.

b. If ACTH/cortisol levels do not increase (deemed “no response”), then the
patient has either ectopic ACTH secretion or an adrenal tumor.

5. Imaging tests (once hormonal studies have established the site of disease, e.g.,
pituitary or adrenal)—CT scan or MRI of the appropriate area.
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E. Treatment
1. Iatrogenic Cushing syndrome: tapering of glucocorticoid



(c) ketabton.com: The Digital Library
ENDOCRINE AND METABOLIC DISEASES @ 185

Cushing syndrome?

'

Overnight dexamethasone suppression
test or 24-hr urinary free cortisol level

li Abnormal AI— Normal ﬁ

Measure ACTH level Stop workup
(no Cushing syndrome)

1 High

l Goal is to determine
source of ACTH

Adrenal tumor or

hyperplasia l
l >50% | High-dose dexamethasone <50%
Adrenal suppression suppression test suppression
imaging
A4 l Y
Cushing disease @ _ CRH stimulation _ No —-> Ectopic ACTH-
(pituitary) response test response producing tumor
Pituitary » Chest CT
MRI » Abdominal CT
* Octreotide scan
FIGURE

4-6 Algorithm for the diagnosis of Cushing syndrome and its cause.
(Adapted from Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 2000:2725, Figure 407-3.)
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Healthy Patient e Normal cortisol/normal ACTH
e Suppression with low-dose dexamethasone
e Suppression with high-dose dexamethasone
e Mild increase with CRH test

Cushing Disease e High cortisol/high ACTH
* No suppression with low-dose dexamethasone
e Suppression with high-dose dexamethasone
e (Great increase in cortisol with CRH test

Adrenal Tumor e High cortisol/low ACTH
¢ No suppression with low-dose dexamethasone
* No suppression with high-dose dexamethasone
¢ No change after CRH test

Ectopic ACTH-producing Tumor e High cortisol/high ACTH
e No suppression with low-dose dexamethasone
¢ No suppression with high-dose dexamethasone
¢ No change after CRH test
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2. Pituitary Cushing syndrome: surgery (transsphenoidal ablation of pituitary ade-
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Quick

Any 24 urine collection

(i.e., 24 urine collection

of metanephrines and
catecholamines for pheo-
chromocytoma) should also
test the amount of urine
creatinine to determine if
the patient has provided an
appropriate sample.

Quick

Rule of 10s for Pheochro-
mocytoma Tumors
¢ 10% are familial
* 10% are hilateral (sus-

3.

noma)—usually safe and effective
Adrenal adenoma or carcinoma: surgery (adrenalectomy)

®e Pheochromocytoma
A. General characteristics

1.

w

Pheochromocytomas are rare tumors that produce, store, and secrete catechol-
amines.

Ninety percent found in adrenal medulla (10% extra-adrenal).

Curable if diagnosed and treated, but may be fatal if undiagnosed.

Arise from the chromaffin cells of the adrenal medulla or from the sympathetic
ganglia if extra-adrenal.

B. Clinical features

HTN—BP is persistently high, with episodes of severe HTN (paroxysmal).
Severe pounding headache
Inappropriate severe sweating

pect MEN type Il) Tachycardia
* 10% are malignant Palpitations, with sudden severe HTN
* 10% are multiple Anxiet
* 10% occur in children . Y . .
« 10% are extra-adrenal Feeling of impending doom

(more often malignant)—
The most common site is
the organ of Zuckerkandl,
which is located at the
aortic bifurcation.

. \7
Quick [k}
If the following are all pre-
sent, pheochromocytoma is
the diagnosis until proven
otherwise.
* Headache
¢ Profuse sweating
* Palpitations
¢ Tachycardia
¢ Apprehension or sense of
impending doom

Quick T*1h)

Always suspect hyperaldo-
steronism in a hypertensive
patient with hypokalemia
who is not on a diuretic.

PN VR W=

Laboratory findings: hyperglycemia, hyperlipidemia, hypokalemia

C. Diagnosis

1.

4.

Urine screen—test for the presence of the following breakdown products of cat-
echolamines:

a. Metanephrine

b. Vanillylmandelic acid, homovanillic acid, normetanephrine

Plasma metanephrines have been proposed by some investigators as a superior test
to urine metanephrines, especially when clinical suspicion is high

Urine/serum epinephrine and norepinephrine levels—if the epinephrine level

is elevated, the tumor must be adrenal or near the adrenal gland (organ of
Zuckerkandl) because nonadrenal tumors cannot methylate norepinephrine to
epinephrine

Tumor localization tests—CT, MRI

D. Treatment

1.

Surgical tumor resection with early ligation of venous drainage is the treatment
of choice. Ligation lowers the possibility of catecholamine release/crisis by tying
off drainage. Patients should be treated with o-blockade (typically phenoxybenza-
mine) for 10 to 14 days prior to surgery as well as -blockade (i.e., propranolol)
for 2 to 3 days prior to surgery. The o-blockade is used to control BP, and the
B-blockade is used to decrease tachycardia. Laparoscopic adrenalectomy can be
safely performed for most small- to medium-sized pheochromocytomas.

e e Primary Hyperaldosteronism
A. General characteristics

1.

2.

3.

Excessive production of aldosterone by the adrenal glands independent of any
regulation by the renin—angiotensin system (see also Clinical Pearl 4-7)

Excessive mineralocorticoids increase the activity of the Na’/K* pumps in the cor-
tical collecting tubules

a. Sodium retention, causing ECF volume expansion and HTN

b. Potassium loss—results in hypokalemia

Excess aldosterone also increases the secretion of hydrogen ions into the lumen of
the medullary collecting tubules; results in metabolic alkalosis
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Multiple Endocrine Neoplasia (MEN) Syndrome

e |nherited condition: propensity to develop multiple endocrine tumors
e Autosomal dominant inheritance with incomplete penetrance
* Types
e MEN type I (Wermer syndrome}—"3 Ps”
e Parathyroid hyperplasia (in 90% of the patients with MEN I)
e Pancreatic islet cell tumors (in two-thirds of the patients with MEN [}—ZES (50%), insulinoma (20%)
e Pituitary tumors (in two-thirds of the patients with MEN 1)
e MEN type IIA (Sipple syndrome}—"MPH"
e Medullary thyroid carcinoma (in 100% of the patients with MEN [IA)
e Pheochromocytoma (in more than one-third of the patients with MEN IIA)
o Hyperparathyroidism (in 50% of the patients with MEN [1A)
e MEN type IIB—"MMMP”
e Mucosal neuromas (in 100% of the patients with MEN IIB}—in the nasopharynx, oropharynx, larynx,
and conjunctiva
e Medullary thyroid carcinoma (in 85% of the patients with MEN [1B)—more aggressive than in MEN II1A
e Marfanoid body habitus (long/lanky)
e Pheochromocytoma

B. Causes

1. Adrenal adenoma (in two-thirds of the cases)—aldosterone producing adenoma
(Conn syndrome)

2. Adrenal hyperplasia (in one-third of the cases)—almost always bilateral

3. Adrenal carcinoma (in <1% of the cases)

. Clinical features
1. HTN (most common clinical feature); may otherwise be asymptomatic
2. Headache, fatigue, weakness
3. Polydipsia, nocturnal polyuria (due to hypokalemia)
4. Absence of peripheral edema

. Diagnosis
1. Ratio of the plasma aldosterone level to plasma renin—A screening test in primary
hyperaldosteronism reveals inappropriately elevated levels of plasma aldosterone
with coexistent decreased plasma renin activity. Therefore, if the plasma aldoste-
rone-to-renin ratio is >30, evaluate further.
2. For definitive diagnosis, one of the two tests is usually performed.

a. Saline infusion test

* Infusion of saline will decrease aldosterone levels in normal patients but not
in those with primary aldosteronism.

* If aldosterone levels are <8.5 ng/dL after saline infusion, primary aldosteron-
ism may be ruled out.

b. Oral sodium loading
* The patient is given a high salt diet for 3 days. Serum and urine electrolytes,

aldosterone, and creatinine are measured on the third day. High urine aldo-
sterone in the setting of high urine sodium (to document appropriate sodium
loading) confirms the diagnosis.

3. To diagnose the cause of primary aldosteronism:

a. Adrenal venous sampling for aldosterone levels—A high level of aldosterone
on one side indicates an adenoma. High levels on both sides indicate bilateral
hyperplasia.

b. Renin-aldosterone stimulation test—Recumbency or upright positions are
assumed, followed by measurement of serum aldosterone.

< \7
Quick [;/h}

The prevalence of adrenal
incidentaloma is on the rise
with the more widespread
use of imaging techniques.
An adrenal incidentaloma
is a nonfunctioning adrenal
tumor. Most are benign,
but the risk of malignancy
increases with increasing
size. Treat by first ruling
out a functioning tumor
and then resect any tumor
greater than 6 cm (high risk
of malignant disease).
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Quick |1}
Itis important to distinguish
adenoma from hyperplasia
because HTN associated
with hyperplasia is not
benefited by bilateral adre-
nalectomy, whereas HTN
associated with adenoma is
usually improved/cured by
removal of the adenoma.
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Adrenal Crisis

e An acute and severely symptomatic stage of adrenal insufficiency that can include severe hypotension and
cardiovascular collapse, abdominal pain (can mimic an acute abdomen), acute renal failure, and death.

e Any stress (e.g., trauma, infection, surgery) can precipitate an adrenal crisis.

e (Can be fatal if untreated.

e Treat with IV hydrocortisone, IV fluids (several liters of normal saline with 5% dextrose), and a search for
the underlying condition that precipitated the crisis.
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Quick

The most common cause of
Addison disease worldwide
is tuberculosis (autoimmune
disease is the most com-
mon cause in the Western
world). However, the most
common cause of adrenal
insufficiency overall (99%
of all cases) is abrupt
cessation of exogenous
glucocorticoids.

< \/

Quick
Most Common Clinical
Findings of Adrenal
Insufficiency
* Weight loss
Weakness
Pigmentation
Anorexia
Nausea
Postural hypotension
Abdominal pain
Hypoglycemia

~ \_I—/
Hyperpigmentation and
hyperkalemia appear in
primary, not secondary,
adrenal insufficiency.

\/

Quick

The most common presen-
tation of secondary adrenal
insufficiency is a patient
who has been on long-term
steroids who stops them
suddenly (i.e., for surgery)
or who has an increased
need (infection). Treatment
is easy—give corticos-
teroids until the patient is
stable clinically.

Imaging tests

¢ CT scan/MRI of adrenals—may demonstrate adenoma or hyperplasia anatom-
ically.

¢ Todocholesterol scanning—a functional approach to differentiating between
adenoma and hyperplasia.

e Arteriography/venography (retrograde).

E. Treatment
1. For adenoma—Surgical resection (adrenalectomy) is often curative.
2. For bilateral hyperplasia

a.

b.

Spironolactone inhibits the action of aldosterone.
Surgery is not indicated.

ee Adrenal Insufficiency

A. Causes
1. Primary adrenal insufficiency (Addison disease) (see also Clinical Pearl 4-8).

a.

b.

C.

d.

Idiopathic (thought to be autoimmune disease) is the most common type in the
industrialized world.

Infectious diseases—these include tuberculosis (most common cause world-
wide) and fungal infections. Causes also include cytomegalovirus, cryptococ-
cus, toxoplasmosis, and pneumocystis.

latrogenic—for example, a bilateral adrenalectomy.

Metastatic disease—from lung or breast cancer.

2. Secondary adrenal insufficiency

a.

b.

Patients on long-term steroid therapy—This is the most common cause of sec-
ondary adrenal insufficiency today. When these patients develop a serious ill-
ness or undergo trauma, they cannot release an appropriate amount of cortisol
because of chronic suppression of CRH and ACTH by the exogenous steroids.
Therefore, symptoms of adrenal insufficiency result.

Hypopituitarism (rare)—due to a variety of insults.

3. Tertiary adrenal insufficiency—hypothalamic disease.

B. Clinical features
1. Lack of cortisol

a.
b.
C.

d.

e.

GI symptoms—anorexia, nausea and vomiting, vague abdominal pain, weight loss

Mental symptoms—Ilethargy, confusion, psychosis.

Hypoglycemia—Cortisol is a gluconeogenic hormone.

Hyperpigmentation

e This is a common finding in primary adrenal insufficiency; not seen in sec-
ondary adrenal insufficiency because in secondary adrenal insufficiency
ACTH levels are low, not high.

* Low cortisol stimulates ACTH and MSH secretion.

Intolerance to physiologic stress is a feared complication.

2. Low aldosterone (only seen in primary adrenal insufficiency because aldosterone
depends on the renin—angiotensin system, not ACTH). Results in:
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Adrenal insufficiency?

Plasma cortisol level

v v

Low Normal
ACTH, Consider other
aldosterone, renin diagnosis

|
! l

+ACTH, Vv ACTH,
¥ aldosterone, aldosterone normal,
4 renin renin normal
Primary adrenal Secondary adrenal
insufficiency insufficiency
Confirm with * Check other
standard pituitary hormones
ACTH test * Pituitary MRI
FIGURE

4-7 Algorithm for the diagnosis of adrenal insufficiency.

(Adapted from Humes DH, DuPont HL, Gardner LB, et al. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 2000:2730, Figure 407-5.)

a. Sodium loss, causing hyponatremia and hypovolemia, which may lead to:
* Hypotension, decreased cardiac output, and decreased renal perfusion.
* Weakness, shock, and syncope.

b. Hyperkalemia (due to retention of potassium).

C. Diagnosis
1. Decreased plasma cortisol level (Figure 4-7).
2. Plasma ACTH level—if low, this implies a secondary adrenal insufficiency (ACTH-
dependent cause).
3. Standard ACTH test.
a. This is a definitive test for primary adrenal insufficiency; give an IV infusion of
synthetic ACTH, and measure plasma cortisol at the end of the infusion.
b. In primary adrenal insufficiency, cortisol does not increase sufficiently.
c¢. In secondary adrenal insufficiency, cortisol fails to respond to ACTH infusion,
as in primary adrenal insufficiency (the adrenals are not used to being stimu-
lated, so they do not respond right away). If the test is repeated for 4 or 5 days,
the adrenals eventually respond normally.
4. Perform imaging tests (MRI of brain—pituitary/hypothalamus) if secondary or
tertiary adrenal insufficiency is diagnosed.

D. Treatment
1. Primary adrenal insufficiency: daily oral glucocorticoid (hydrocortisone or predni-
sone) and daily fludrocortisone (mineralocorticoid).
2. Secondary adrenal insufficiency: same as in primary adrenal insufficiency, except
that mineralocorticoid replacement is not necessary.
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Quick e (Gongenital Adrenal Hyperplasia

A. General characteristics

Congenital adrenal hyper- . .
Y YR 1. Autosomal recessive disease.

plasia (CAH) is a very treat-

able condition. Affected 2. Ninety percent of the cases are due to 21-hydroxylase deficiency. (11-hydroxylase
female patients will develop deficiency is the next most common cause.)

normally and will be fertile

if treated early. B. Clinical features

1. Decreased cortisol and aldosterone production are the main events. Increased
ACTH secretion (due to the lack of negative feedback) causes adrenal hyper-
plasia.

2. As precursors of cortisol and aldosterone build up, they are shunted toward the
synthesis of androgens (e.g., DHEA, testosterone), causing virilization.

3. Virilizing features.

a. Female infants—born with ambiguous external genitalia but normal female
ovaries and uterus.
b. Male infants—no genital abnormalities.

4. Salt wasting form (more severe form of disease).

a. Emesis, dehydration, hypotension, and shock—can develop in first 2 to 4
weeks of life.

b. Hyponatremia and hyperkalemia—due to lack of aldosterone.

c. Hypoglycemia—due to lack of cortisol.

C. Diagnosis: High levels of 17-hydroxyprogesterone in the serum. Neonatal screening
for 21-hydroxylase deficiency is approved in all 50 states, leading to early diagnosis
in many cases.

D. Treatment
1. Medically—Use cortisol and mineralocorticoid; this shuts off the excess ACTH
secretion (via negative feedback). Beware of undertreatment and overtreatment.
2. Surgically—Early correction of female genital abnormalities is generally recom-
mended.

@@ Diseases of the Pancreas

oo Diahetes Mellitus

A. General characteristics
1. Classification (see also Table 4-3).
a. Type I IDDM—approximately 5% of all diabetic patients.
¢ This is characterized by a severe deficiency of insulin. Patients require insu-
lin to live.
¢ The onset is typically in youth (before age 20), but can occur at any age.
¢ Not related to obesity.
b. Type II NIDDM—90% or more of all diabetic patients.
¢ Insulin levels are usually normal to high but may diminish over many years
of having diabetes.
¢ Insulin resistance (due to obesity) plays a major role.
¢ It often goes undiagnosed for many years.
c. Impaired glucose tolerance.
e Fasting glucose between 110 and 125 mg/dL or a 2-hour postprandial glucose
between 140 and 199 mg/dL.
* One percent to five percent annual increase in risk of developing type II dia-
betes.
e Increased risk for cardiovascular disease.
2. Pathogenesis of type I diabetes (see also Clinical Pearls 4-9 and 4-10)
a. An autoimmune disease—The immune system mediates the destruction of
B-cells.
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Typel Type ll
Onset Sudden Gradual
Age at Onset Any age (typically young) Mostly in adults
Body Habitus Usually thin Frequently obese
Ketosis Common Rare
Autoantibodies Present in most cases Absent

Endogenous Insulin

Low or absent

Can be normal, decreased, or increased

HLA Association

Yes (HLA-DOQ/DR)

No

Genetic Factors

Concordance rate
between identical twins
is 50%

Concordance rate between identical twins is 90%.
Therefore, type Il demonstrates a much stronger
genetic component than type I.

b. It develops in genetically susceptible individuals who are exposed to an environ-
mental factor that triggers the autoimmune response; -cell destruction ensues.
c. Overt IDDM does not appear until about 90% of S-cells are destroyed.
3. Pathogenesis of type II diabetes.
a. Risk factors
* Obesity (greatest risk factor)
* Genetics
* Age (insulin production decreases with age)
b. Obesity (plays a major role)
¢ Obesity is associated with increased plasma levels of free fatty acids, which
make muscles more insulin resistant, reducing glucose uptake. Therefore,
obesity exacerbates insulin resistance.
* In the liver, free fatty acids increase the production of glucose.
c¢. Lack of compensation in type II diabetic patients
¢ In normal individuals, the pancreas secretes more insulin in response to free measurements greater
fatty acids, thus neutralizing the excess glucose. than 125 mg/dL
¢ In type II diabetic patients, free fatty acids fail to stimulate pancreatic insu- 2. Single glucose level of
lin secretion. Therefore, compensation does not occur and hyperglycemia 200 mg/dL with symp-

develops; B-cells become desensitized to glucose, leading to decreased insulin Rkl
. 3. Increased glucose level
secretion. on oral glucose toler-
ance testing
4. Hemoglobin Alc >6.5%

Quick

Hypertriglyceridemia

with HDL depletion is the
characteristic lipid profile
of insulin resistance and
poorly controlled diabetes.

Quick

Diabetes is diagnosed by
one of the following:
1. Two fasting glucose
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Dawn Phenomenon and Somogyi Effect

e Both cause morning hyperglycemia.

® The dawn phenomenon is probably due to an increase in the nocturnal secretion of growth hormone. This
phenomenon is independent of the Somogyi effect.

e The Somogyi effect is a rebound response to nocturnal hypoglycemia—that is, counterregulatory systems
are activated in response to hypoglycemia, leading to morning hyperglycemia.

e |f morning hyperglycemia is present, check the glucose level at 3:00 am. If the glucose level is elevated, the
patient has the dawn phenomenon and his or her evening insulin should be increased to provide additional
coverage in the overnight hours. If the glucose level is low, the patient has the Somogyi effect and his or her
evening insulin should be decreased to avoid nocturnal hypoglycemia.
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General Principles in Outpatient Management
and Monitoring of All Diahetic Patients

e Monitor HbA,, level every 3 months. Keeping HbA,, <7 is the objective (although difficult to achieve)
because it is associated with a marked reduction in risk for microvascular complications.

e All diabetic patients should monitor daily glycemic levels with home blood glucose determinations. Patients
on insulin therapy should check blood glucose levels before meals and at bedtime. Monitoring blood glu-
cose 90 to 120 minutes after meals enables the patient to control postprandial hyperglycemia and should be
strongly encouraged.

e Screen for microalbuminuria at least once per year in diabetic patients with no evidence of nephropathy.
Prescribe ACE inhibitor or ARB if urine test is positive for microalbuminuria.

e Check BUN and creatinine level at least once per year.

e QOrder eye screening yearly by an ophthalmologist to screen for diabetic retinopathy.

e Check the feet at every visit. Refer high-risk patients to a foot care specialist (e.g., podiatrist). Patients
should check their feet regularly for ulcers and neuropathy.

e Check cholesterol levels at least once per year. Give statin medication if LDL is above 100 mg/dL.

o Take BP at every visit. Give ACE inhibitor or ARB if BP is greater than 130/80 mm Hg.

e Daily aspirin in all diabetics over age 30.

® Pneumococcal vaccine.

B. Diagnosis
1. Testing recommendations (see also Table 4-4).

a. Screen all adults over age 45 every 3 years.

b. For those with risk factors for diabetes (obesity, family history, history of ges-
tational diabetes), start screening earlier. Some recommend early screening for
African Americans and Native Americans.

c. Test anyone with signs or symptoms of diabetes.

2. Perform any one of the following tests on two separate days (see Table 4-4).

a. Fasting plasma glucose—criteria for DM: glucose >126 mg/dL.
¢ Preferred test for screening.
¢ If between 100 and 126 mg/dL, perform a 75 g oral glucose tolerance test

(although this is rarely done) or recheck fasting glucose.

b. Random plasma glucose—criteria for DM: glucose >200 mg/dL in a person
with diabetic symptoms.

c. Two-hour postprandial plasma glucose level—criteria for DM: glucose >200
mg/dL after administration of the equivalent of a 75 g glucose load (more sensi-
tive than fasting glucose level, but less convenient).

d. Hemoglobin Alc—criteria for DM: Alc >6.5% (repeat test should occur several
months later as opposed to the next day).

Impaired Glucose

Glucose Test Tolerance (mg/dL) Diabetes Mellitus (mg/dL)
Random plasma — >200 with diabetic symptoms
Fasting 110-126 >126 on two occasions

2-hr postprandial 140-200 >200

Hemoglobin Alc (%) 5.7-6.4 >6.5
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Symptom Cause

Polyuria Glucose in renal tubule causes osmotic retention of water,
causing a diuresis

Polydipsia A physiologic response to diuresis to maintain plasma volume

Fatigue Mechanism unknown, but probably due to increased glucose in
plasma

Weight loss Due to loss of anabolic effects of insulin

Blurred vision

Swelling of lens due to osmosis (caused by increased glucose)

Fungal infections

Fungal infections of mouth and vagina common—~Candida
albicans thrives under increased glucose conditions

Numbness, tingling of hands and feet

C. Clinical presentation

Neuropathy

Mononeuropathy: due to microscopic vasculitis leading to
axonal ischemia

Polyneuropathy: etiology is probably multifactorial

1. Type I (see Table 4-5 and Figure 4-8)
a. Symptoms develop quickly over days to weeks.
b. Sometimes symptoms appear after an illness.
c. Patients often present with acute DKA.

2. Typell

a. This is usually discovered on screening urinalysis or blood sugar measurement.

Sometimes the diagnosis is made during evaluation for other diseases (e.g.,
heart, kidney, neurologic, infection).
b. Symptomatic patients may present with polyuria, polydipsia, polyphagia,

fatigue, blurred vision, weight loss, and/or candidal vaginitis. These symptoms

are usually noted in retrospect, after elevated blood glucose has been docu-

mented.

c. Patients who have not routinely sought medical attention may present with
complications such as myocardial ischemia, stroke, intermittent claudication,
impotence, peripheral neuropathy, proteinuria, or retinopathy.

Stage 1

Stage 2 ! Stage 3

p-cell mass

Stage 1: Genetic susceptibility

Stage 4 | Stage 5

is released.

C-peptide is still present.
Stage 5: No C-peptide present

i

f Age
Autoimmune Inadequate
process insulin
begins production
FIGURE
4-8 Progression of type | diabetes mellitus.

Stage 2: Autoimmune process of 3-cell
destruction begins. Normal insulin

Stage 3: As f-cell destruction continues,
insulin release is decreased.
Glucose level is still normal.

Stage 4: Overt diabetes mellitus. Patient
is insulin dependent at this point.
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Quick

While evaluating a diabetic

patient, focus on:

¢ The feet

e Vascular disease (CAD,
PVD)

¢ Neurologic disease
(neuropathies)

¢ Eyes (retinopathy)

¢ Renal disease

¢ Infectious disease

~ \Z

Quick

Optimal Treatment for Type

Il Diabetic Patients

¢ Glycemic control

¢ BP control—goal is
<130/85 (the lower the
better, as long as toler-
ated by the patient)

¢ Optimization of serum
lipids—goals: LDL <100,
HDL >40. Check lipids
annually

¢ Smoking cessation

¢ Daily aspirin (if not con-
traindicated)

* Inspect feet at every visit

¢ Dilated eye examination
yearly

¢ Urine albumin—creatinine
ratio annually

* Measure A1C every 3 to 6
months.
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Medication Mechanism Site of Action  Advantages Side Effects
Sulfonylureas (e.g., ~ Stimulate pancreas  Pancreas Effective Hypoglycemia,
glyburide, glip- to produce more Inexpensive weight gain
izide, glimepiride) insulin

Metformin? Enhances insulin Liver May cause mild Gl upset (diar-
sensitivity weight loss rhea, nausea,

Does not cause abdominal pain),
hypoglycemia lactic acidosis,
(insulin levels do metallic taste
not increase)

Acarbose Reduces glucose Gl tract Low risk (does not Gl upset (diar-
absorption from the have significant rhea, abdominal
gut, thereby reduc- toxicity) cramping,
ing calorie intake flatulence)

Thiazolidinediones  Reduce insulin Fat, muscle Reduce insulin Hepatotoxicity

(e.g., rosiglitazone,  resistance levels (monitor LFTs)

pioglitazone)

Note: Most oral hypoglycemic drugs are contraindicated in pregnancy (potentially teratogenic). Treat with insulin.
“Serum creatinine >1.5 (>1.4 in women) is a contraindication to metformin.

D. Treatment
1. Diet and exercise should ideally be the only interventions in most type II diabetic
patients.

Quick

Insulin Versus Oral

Hypoglycemic a. Diet and exercise are especially effective in obese and sedentary patients (who

Agents in Type Il Diabetes constitute the majority of type II diabetic patients).

O GIE CERERIEESERD b. Most patients, however, do not lose enough weight to control glucose levels
hyperglycemia (fasting h h di d . 1 d will . h looi
glucose >240 mg/dL), through diet and exercise alone, and will require pharmacologic treatment.
insulin typically is the c. Glycemic control minimizes risks for nephropathy, neuropathy, and retinopathy

agent of choice (whether
type | or type Il disease).
» Oral hypoglycemic

agents are effective

in type Il disease with
moderate hyperglycemia
(fasting glucose between
140 and 240 mg/dL).

in both Type 1 and 2 DM, and decreases risk for cardiovascular disease for Type
1 DM.
2. Oral hypoglycemic drugs (see Table 4-6; Figures 4-9 and 4-10)
a. Use these in type II diabetic patients when conservative therapy (diet and exer-
cise) fails.
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72 kg x 0.5 units/kg = | 36 units/day

24 units (2/3 am) 12 units (1/3 pm)

b b

70% NPH (2/3)  30% NPH (1/3) 70% NPH (2/3)  30% NPH (1/3)
or or or or

16 units NPH 8 units regular 4 units regular

8 units NPH ,

Lo b

This is same as
24 units of "70/30"

This is same as
12 units of "70/30"

FIGURE
4-9 Atypical two-third to one-third insulin dosing regimen in a 72 kg patient.



(c) ketabton.com: The Digital Library
ENDOCRINE AND METABOLIC DISEASES @ 195
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FIGURE

4-10 Graphic depiction of three different insulin dosing regimens, illustrating time of injection
(30 minutes before each meal) and insulin effect. Note that many different regimens exist
and each patient has unique needs.
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b. Start with one agent (metformin is best initial drug therapy). If monotherapy . >
fails, use two agents from different classes in combination. Each agent has OU’Ck
advantages and disadvantages, so clinical judgment is required in selecting the
initial agent. Treatment of Diabetes

¢ Type | diabetic patients

c. Metformin blocks gluconeogenesis. It is contraindicated in patients with renal e TR0 e e,

failure. * Type Il diabetic patients
d. Other oral hypoglycemics include: require exercise and diet

* Sulfonylureas (initial steps) as well as

* Thiazolidinediones (glitazones) oral hypoglycemic drugs.

. L 1. The current emphasis is
* Alpha glucosidase inhibitors (acarbose, miglitol) s e

¢ Incretins move quickly to insulin if
¢ Pramlintide needed to optimize hga;,.
* Repaglinide/nateglinide
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Type Onset Duration Comments

Human insulin lispro 15 min 2—4 hrs

Regular insulin 30-60 min 4-6 hrs Only type that can be given intravenously
NPH insulin/lente insulin 2-4 hrs 18-28 hrs Most widely used form of insulin

Insulin Detemir 2 hrs 6-24 hrs Duration is dose-dependent

70/30 mixture 30 min 10-16 hrs 70% NPH, 30% regular

Glargine (lantus) 34 hrs 24 hrs Given at bedtime

e. In patients with relatively mild disease, use of these drugs (alone or in com-
bination) can bring glucose levels to normal, but patients with severe disease
often do not respond adequately. Therefore, many type II diabetic patients
eventually require insulin (see above).

f. Do not give to patients who cannot eat (e.g., because of illness or surgery).

3. Insulin (see Table 4-7).

a. Method of administration.
¢ Self-administered by SC injection in abdomen, buttocks, arm, leg.
¢ Given intravenously for emergency ketoacidosis.

b. Regimens
* Most type I diabetic patients require 0.5 to 1.0 unit/kg per day to achieve

acceptable glycemic control.

e Start with a conservative dose and adjust the regimen according to the
patient’s glucose levels.

¢ Many different regimens exist, and every patient has unique needs (see
Table 4-7).

c. Intensive insulin therapy
* Long-acting insulin is given once daily in the evening. Regular insulin is

given 30 to 45 minutes before each meal, and should be adjusted according
to preprandial home glucose measurements.

* These more aggressive therapies have been shown to significantly decrease
the incidence of diabetes complications such as retinopathy and microalbu-
minuria when compared to prior regimens. All attempts should be made to
get patients on more aggressive treatment protocols.

* With intensive insulin therapy, the risk for hypoglycemia is a serious concern.

* Alternatively, a continuous SC infusion of insulin can be given via an insulin
pump. Preprandial boluses are given in addition to the basal infusion.

d. If the patient is unable/unwilling to carry out an intensive insulin program:

* Give 70/30 units before breakfast and before the evening meal for basal cover-
age.

* Give a short-acting insulin (regular) for prandial control if necessary.

¢ Adjust doses according to fasting and 4 pm glucose determinations.

e. Inpatient management of diabetic patients (sliding scale).

* An insulin sliding scale (SSI) of regular insulin doses given according to bed-
side finger-stick glucose determinations is helpful in controlling blood glu-
cose levels in the hospital setting.

¢ In general, SSI should be used in addition to a regimen of intermediate-acting
insulin. If given alone, hyperglycemia usually results.

* Monitor blood glucose four times per day: before meals and at bedtime.

¢ If the home insulin dose is unclear, or if the patient anticipates greater
requirements of insulin due to an illness, use the following approach to
adjust appropriate insulin doses:
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Monitoring Glucose Levels in DM

e HbA, gives an estimate of the degree of glucose control over 2 to 3 months.

e The American Diabetes Association recommends a treatment goal of HbA,;; <7.0%. In general, HbA;; >10%
is poor control, 8.5% to 10% is fair control, 7.0% to 8.5% is good control, and <7.0% is ideal.

e The American Diabetes Association recommends keeping fasting blood glucose level <130 mg/dL and peak
postprandial blood glucose <180 mg/dL.

* Take the total number of units of regular insulin that the patient required in
1 day (while on the sliding scale).
¢ Add two-thirds of this to the prebreakfast dose and one-third before dinner.
It should be given as 70/30 (i.e., 70% NPH/30% regular).
f. Modifying insulin doses (see also Clinical Pear] 4-11)

* Physical activity—depending on the intensity of the activity, decrease insulin
dosage 1 to 2 units per 20 to 30 minutes of activity.

* During illness, administer all of the routine insulin. Many episodes of DKA
occur during episodes of illness.

e Stress and changes in diet require dosing adjustments.

* Patients undergoing surgery should get one-third to one-half of the usual
daily insulin requirement that day, with frequent monitoring and adjustments
as necessary.

4. Surgical treatment—Surgical weight loss therapy (i.e., gastric bypass) is an effec-
tive treatment for some patients, including adolescents. Additionally, islet cell
transplantation offers definitive treatment for selected qualified patients.

e e Chronic Complications of Diahetes Mellitus

A. Macrovascular complications
1. The main problem is accelerated atherosclerosis, which puts patients at increased
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risk of stroke, MI, and CHF (Figure 4-11). The accelerated atherosclerosis in dia- z <
betics is the reason the target BP is lower in diabetics (130/80) than in general au,ck
population (140/90), and the reason the target LDL is lower in diabetics is less :
than 100 mg/dL. The cause of accelerated atherosclerosis is not known, although s sl o oLy 5.8

. . . . . . is greatly reduced if the
glycation of lipoproteins and increased platelet adhesiveness/aggregation are patient can eliminate or
thought to be two potential causes. In addition, the process of fibrinolysis may be reduce other major cardio-
impaired in diabetic patients. vascular risk factors (smok-

2. The manifestations of atherosclerosis include the following: ing, HTN, hyperlipidemia,
a. Coronary artery disease (CAD). obesity).
¢ Risk of CAD is two to four times greater in diabetic than in nondiabetic per-
sons.

* Most common cause of death in diabetic patients. z s
e Silent myocardial infarctions are common. au,ck H IT
b. Peripheral vascular disease—in up to 60% of diabetic patients.

c. Cerebrovascular disease (strokes). Definition of

Microalbuminuria

. . e . .. . ¢ 30to 300 mg/day
B. Microvascular complications—risk can be markedly reduced by achieving tight « Albumin—creatinine ratio

glucose control (see also Clinical Pearl 4-12) of 0.02 to 0.20
1. Diabetic nephropathy—most important cause of end-stage renal disease (ESRD)
a. Pathologic types
* Nodular glomerular sclerosis (Kimmelstiel-Wilson syndrome)—hyaline
deposition in one area of glomerulus—pathognomonic for DM
* Diffuse glomerular sclerosis—hyaline deposition is global—also occurs in HTN
* Isolated glomerular basement membrane thickening
b. Microalbuminuria/proteinuria
¢ If microalbuminuria is present, strict glycemic control is critical (has been
shown to limit progression from microalbuminuria to clinical proteinuria).
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4-11 Chronic complications of diabetes mellitus.

¢ Without effective treatment, the albuminuria gradually worsens—HTN usual-
ly develops during the transition between microalbuminuria and progressive
proteinuria. Persistent HTN and proteinuria cause a decrease in glomerular
filtration rate (GFR), leading to renal insufficiency and eventually ESRD.

* HTN increases the risk of progression of diabetic nephropathy to ESRD.
Control BP aggressively.

¢ Initiate ACE inhibitors or ARB immediately. These agents are proven to
decrease the rate of progression of nephropathy.

¢ Microalbuminuria is the screening test! If you wait for the dipstick to be
positive for protein, you have waited too long. Remember that microalbu-
minuria means levels of albumin are between 30 and 300 mg per 24 hours.
But the dipstick for urine becomes trace positive at 300 mg of protein per
24 hours.

cumcat PEARL J a2 [

Radiocontrast Agents in Diabetic Patients

e Patients with diabetes are particularly susceptible to developing radiocontrast-induced acute renal failure.

e [f IV contrast is necessary, give generous hydration before administering the contrast agent to avoid precipi-
tating acute renal failure.

¢ Hold metformin for 48 hours after radiocontrast is given to prevent renal damage, and make sure renal func-
tion has returned to baseline before resuming it.
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e It usually takes 1 to 5 years for microalbuminuria to advance to full-blown
proteinuria. However, with proper treatment (i.e., using ACE inhibitors to
control BP) this can be prolonged.

c¢. Once diabetic nephropathy has progressed to the stage of proteinuria or early
renal failure, glycemic control does not significantly influence its course. ACE
inhibitors and dietary restriction of protein are recommended.

\7
2. Diabetic retinopathy - 1
a. Prevalence is approximately 75% after 20 years of diabetes. Annual screening au’ ck H IT
of all diabetic patients by an ophthalmologist is recommended. « Ocular problems in dia-
b. Background (nonproliferative) retinopathy accounts for the majority of cases. betic patients include
¢ Funduscopic examination shows hemorrhages, exudates, microaneurysms, cataracts, retinopathy,
and venous dilatation. and glaucoma.

* These patients are usually asymptomatic unless retinal edema or ischemia 0 WG GRS
the leading cause of

involves the central macula. blindness in the United
¢ Edema of the macula is the leading cause of visual loss in diabetic patients. States.
e HTN and fluid retention exacerbate this condition.
c. Proliferative retinopathy
* Key characteristics are new vessel formation (neovascularization) and scarring.
¢ Two serious complications are vitreal hemorrhage and retinal detachment.
¢ Can lead to blindness. Laser photocoagulation is the treatment.

3. Diabetic neuropathy (Figure 4-12) B4
a. Peripheral neuropathy (distal symmetric neuropathy) au ic k H IT
e Usually affects sensory nerves in a “stocking/glove pattern”—Usually begins
in feet, later involves hands (longest nerves affected first). Numbness and The Diabetes Control and
paresthesias are common. Complications Trial showed
* Loss of sensation leads to the following: ulcer formation (patients do not shift that tight glucose control
their weight) with subsequent ischemia of pressure point areas; Charcot joints. reduces the risk of micro-
- ’ vascular disease by 50%
e Painful diabetic neuropathy—hypersensitivity to light touch; severe “burn- to 60%. However, whether
ing” pain (especially at night) that can be difficult to tolerate. Treatment is it can reduce the risk of
with gabapentin, tricyclic antidepressants, or pregabalin. macrovascular disease

b. CN complications—secondary to nerve infarction. remains to be proven.
It is the macrovascular

* Most often involves CN III, but may also involve CN VI and IV. S [ r—
* Diabetic third nerve palsy: eye pain, diplopia, ptosis, inability to adduct the death in the majority of type
eye; pupils are spared. Il diabetic patients.
¢. Mononeuropathies—secondary to nerve infarction.
* Median nerve neuropathy, ulnar neuropathy, common peroneal neuropathy.
* Diabetic lumbosacral plexopathy—severe, deep pain in the thigh; atrophy and
weakness in thigh and hip muscles; recovery takes weeks to months.
* Diabetic truncal neuropathy—pain in distribution of one of the intercostal
nerves.
d. Autonomic neuropathy
* Impotence in men (most common presentation)
* Neurogenic bladder—retention, incontinence
* Gastroparesis—chronic nausea and vomiting, early satiety
¢ Constipation and diarrhea (alternating)
e Postural hypotension
4. Diabetic foot
a. Caused by a combination of artery disease (ischemia) and nerve disease (neu-
ropathy)—can lead to ulcers/infections and may require amputation.
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Hyperglycemia —>» 1 GFR [—» Microalbuminuria |—» Proteinuria —»| VGFR |—>»| ESRD

*

4-12 Progression in diabetic nephropathy. Strict glycemic control has been shown to slow
or prevent progression from microalbuminuria to proteinuria. This is the critical stage
(marked by star)—once proteinuria develops, glycemic control does little to control the
course and will eventually lead to ESRD.
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Quick

Key Features of DKA

¢ Hyperglycemia

¢ Positive serum or urine
ketones

¢ Metabolic acidosis

Quick

Differential Diagnosis

of DKA

» Alcoholic ketoacidosis

¢ Hyperosmolar hypergly-
cemic nonketotic syn-
drome (HHNS)

¢ Hypoglycemia (altered

mental status, abdominal

pain, and acidosis are
possible)

¢ Sepsis

¢ Intoxication (e.g., metha-
nol, ethanol, salicylates,
isopropyl alcohol, paral-
dehyde, ethylene glycol)

b. With neuropathy, the patient does not feel pain, so repetitive injuries go unno-
ticed and ultimately lead to nonhealing.

c. In addition, neuropathy may mask symptoms of PVD (claudication/rest pain).
Also, calcific medial arterial disease is common and can cause erroneously high
BP readings in lower extremities.

5. Increased susceptibility to infection

a. This results from impaired WBC function, reduced blood supply, and neuropa-
thy. Wound healing is impaired in diabetic patients, and this can be problematic
postoperatively.

b. Diabetic patients are at increased risk for the following infections: cellulitis,
candidiasis, pneumonia, osteomyelitis, and polymicrobial foot ulcers.

c. Infections of ischemic foot ulcers may lead to osteomyelitis and may require
amputation.

G. Specific treatment of chronic diabetic complications

1.

Macrovascular disease—treatment involves reduction of risk factors (e.g., BP
reduction, lipid-lowering agents, smoking cessation, exercise), a daily aspirin (if
not contraindicated), and strict glycemic control.

Nephropathy—ACE inhibitors, benefits of which include:

a. Slow progression of microalbuminuria to proteinuria.

b. Slow decline of GFR.

Retinopathy—Treatment involves referral to an ophthalmologist and possible
photocoagulation.

Neuropathy—Treatment is complex. Pharmacologic agents that may be helpful
include NSAIDs, tricyclic antidepressants, and gabapentin. For gastroparesis, a
promotility agent such as metoclopramide can be helpful, in addition to exercise
and a low-fat diet.

Diabetic foot—The best treatment is prevention: regular foot care, regular podiatrist
visits. Amputation is a last resort.

ee Acute Complications of Diahetes Mellitus
A. Diabetic ketoacidosis

1.

2.

General characteristics

a. DKA is an acute, life-threatening medical emergency that can occur in both
type I and type II diabetic patients (more common in type I).

b. Pathogenesis
¢ This is secondary to insulin deficiency and glucagons excess, both of which

contribute to accelerated severe hyperglycemia and accelerated ketogenesis.
e Severe hyperglycemia leads to an osmotic diuresis, which causes dehydration
and volume depletion.

c. Consequences of DKA include hyperglycemia, ketonemia, metabolic acidosis,
and volume depletion.

Precipitating factors

a. Any type of stress or illness (e.g., infectious process, trauma, myocardial infarc-
tion, stroke, recent surgery, sepsis, GI bleeding)

b. Inadequate administration of insulin

Clinical featu