One year ago,
his ejection
fraction was
60%; now

it is 35%
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A middle-aged man
with progressive fatigue

61-YEAR-OLD WHITE MAN presents with

progressive fatigue, which began several
months ago and has accelerated in severity
over the past week. He says he has had no
shortness of breath, chest pain, or symptoms
of heart failure, but he has noticed a decrease
in exertional capacity and now has trouble
completing his daily 5-mile walk.

He saw his primary physician, who ob-
tained an electrocardiogram that showed a
new left bundle branch block. Transthoracic
echocardiography indicated that his left ven-
tricular ejection fraction, which was 60% a
year earlier, was now 35%.

He has hypertension, dyslipidemia, type
2 diabetes, and chronic kidney disease. Al-
though he was previously morbidly obese, he
has lost more than 100 pounds with diet and
exercise over the past 10 years. He also used
to smoke; in fact, he has a 30-pack-year his-
tory, but he quit in 1987. He has a family his-
tory of premature coronary artery disease.

Physical examination. His heart rate is
75 beats per minute, blood pressure 142/85
mm Hg, and blood oxygen saturation 96%
while breathing room air. He weighs 169
pounds (76.6 kg) and he is 6 feet tall (182.9
cm), so his body mass index is 22.9 kg/m?.

He is awake and in no acute distress. His
breath sounds are normal, without crackles
or wheezes. His heart has a normal rate and
regular rhythm; he has normal first and sec-
ond heart sounds and no extra sounds or mur-
murs; the apical impulse is not displaced. His
abdomen is soft and nontender, with no he-
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patosplenomegaly or hepatojugular reflex. His
extremities are warm and well perfused, with
normal peripheral pulses and no edema. He
has no gross neurologic defects.

Initial laboratory analysis (7asLE 1) shows
evidence of anemia and renal insufficiency
and a slightly elevated serum level of glu-
cose. His cardiac biomarkers are within nor-
mal limits, but his B-type natriuretic peptide
level is 483 pg/mL (reference range < 100 pg/
mL). His thyroid-stimulating hormone level
is in the normal range.

Electrocardiography reveals sinus rhythm
with a left bundle branch block and left axis
deviation (mGure 1), which were not present 1
year ago.

Chest roentgenography is normal.

B A WORRISOME PICTURE

Which of the following is associated with
left bundle branch block?

[] Myocardial injury

[] Hypertension

[] Aortic stenosis

[] Intrinsic conduction system disease

] All of the above

All of the above are true. For left bundle
branch block to be diagnosed, the rhythm
must be supraventricular and the QRS dura-
tion must be 120 ms or more. There should be
a QS or RS complex in V, and a monophasic
R wave in [ and V. Also, the T wave should
be deflected opposite the terminal deflection
of the QRS complex. This is known as appro-
priate T-wave discordance with bundle branch
block. A concordant T wave is nonspecific but
suggests ischemia or myocardial infarction.
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TABLE 1

The patient’s laboratory values

STUDY VALUE REFERENCE RANGE
White blood cell count 5.83 4.0-11.0 k/uL
Hemoglobin 13.0 13.5-17.5 g/dL
Hematocrit 36.8 40%-52%
Mean corpuscular volume 89.3 80-100 fL
Platelet count 257 150-400 k/uL
Protein, total 5.9 6.0-8.4 g/dL
Albumin 33 3.5-5.0 g/dL
Calcium 8.6 8.5-10.5 mg/dL
Bilirubin, total 0.7 0.0-1.5 mg/dL
Alkaline phosphatase 557 40-150 U/L
Aspartate aminotransferase 59 7-40 U/L
Glucose 95 65—100 mg/dL
Blood urea nitrogen 31 10-25 mg/dL
Creatinine 1.64 0.70-1.40 mg/dL
Sodium 138 135-146 mmol/L
Potassium 4.6 3.5-5.0 mmol/L
Chloride 105 98-110 mmol/L
co, 25 23-32 mmol/L
Anion gap 8 0-15 mmol/L
Alanine aminotransferase 47 5-50 U/L
Thyroid-stimulating hormone  1.870 0.5-5.0 mIU/L
Troponin T <0.01 0.00-0.10 ng/mL
Creatine kinase 83 30-220 U/L
Creatine kinase MB 3.2 0.0-8.8 ng/mL
B-type natriuretic peptide 483 < 100 pg/mL
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Potential causes of a new left bundle branch
block include hypertension, acute myocardial
infarction, aortic stenosis, and conduction sys-
tem disease. A new left bundle branch block
with a concomitant decrease in ejection frac-
tion, especially in a patient with cardiac risk
factors, is very worrisome, raising the possibil-
ity of ischemic heart disease.

I MORE CARDIACTESTING

The patient undergoes more cardiac testing.
Transthoracic echocardiography is done
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again. The left ventricle is normal in size, but
the ejection fraction is 35%. In addition, stage
1 diastolic dysfunction (abnormal relaxation)
and evidence of mechanical dyssynchrony
(disruption in the normal sequence of activa-
tion and contraction of segments of the left
ventricular wall) are seen. The right ventricle
is normal in size and function. There is trivial
mitral regurgitation and mild tricuspid regur-
gitation with normal right-sided pressures.

A gated rubidium-82 dipyridamole stress
test yields no evidence of a fixed or reversible
perfusion defect.

Left heart catheterization reveals angio-
graphically normal coronary arteries.

Magnetic resonance imaging (MRI)
shows a moderately hypertrophied left ven-
tricle with moderately to severely depressed
systolic function (left ventricular ejection
fraction 27%). The left ventricle appears
dyssynchronous. Delayed-enhancement im-
aging reveals patchy delayed enhancement
in the basal septum and the basal infero-
lateral walls. These findings suggest cardiac
sarcoidosis, with a sensitivity of nearly 100%
and a specificity of approximately 78%.!

I SARCOIDOSIS IS A MULTISYSTEM
DISEASE

Sarcoidosis is a multisystem disease charac-
terized by noncaseating granulomas. Almost
any organ can be affected, but it most com-
monly involves the respiratory and lymphatic
systems.’ Although infectious, environmental,
and genetic factors have been implicated, the
cause remains unknown. The prevalence is
approximately 20 per 100,000, being higher in
black’® and Japanese * populations.

I CARDIAC SARCOIDOSIS

What percentage of patients with sarcoi-
dosis have cardiac involvement?

] 10%-20%
] 20%-30%
L] 50%
L] 80%

Cardiac involvement is seen in 20% to 30%
of patients with sarcoidosis.”” However, most
cases are subclinical, and symptomatic cardiac
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The patient’s electrocardiogram
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FIGURE 1. The patient’s electrocardiogram shows sinus rhythm, rate 80 beats per minute, left-axis

deviation, QRS duration 148 ms, a QS complex in lead V, (black arrow), and monophasic R waves
in leads | and V; (red arrows). There are concordant T waves in leads V, and V (blue arrows).

involvement is present in only about 5% of
patients with systemic sarcoidosis.® Isolated
cardiac sarcoidosis has been described in case
reports but is rare.’

The clinical manifestations of cardiac sar-
coidosis depend on the location and extent of
granulomatous inflammation. In a necropsy
study of 113 patients with cardiac sarcoido-
sis, the left ventricular free wall was the most
common location, followed by the interven-
tricular septum. '

How does cardiac sarcoidosis most com-
monly present?

[1 Conduction abnormalities
[J Ventricular tachycardia
[0 Cardiomyopathy

[] Sudden death

[1 None of the above

Common presentations of cardiac sarcoido-
sis include conduction system disease and
arrhythmias (which can sometimes result in
sudden death), and heart failure.

Conduction abnormalities due to granu-
lomas (in the active phase of sarcoidosis)
and fibrosis (in the fibrotic phase) in the
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atrioventricular node or bundle of His are
the most common presentation of cardiac
sarcoidosis.” These lesions may result in
relatively benign first-degree heart block or
may be as potentially devastating as com-
plete heart block.

In almost all patients with conduction ab-
normalities, the basal interventricular septum
is involved.!! Patients who develop complete
heart block from sarcoidosis tend to be young-
er than those with idiopathic heart block.
Therefore, complete heart block in a young
patient should raise the possibility of this di-
agnosis.?

Ventricular tachycardia (sustained or non-
sustained) and ventricular premature beats are
the second most common presentation. Up to
22% of patients with sarcoidosis have electro-
cardiographic evidence of ventricular arryth-
mias.”? The cause is believed to be myocardial
scar tissue resulting from the sarcoid granu-
lomas, leading to electrical reentry.'* Sudden
death due to ventricular tachyarrhythmias or
conduction blocks accounts for 25% to 65%
of deaths from cardiac sarcoidosis.”!>16

Heart failure may result from sarcoidosis
when there is extensive granulomatous disease
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Sarcoid most
often affects
the lungs and
lymph nodes,
but it can also
affect the heart
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Diagnosing
cardiac
sarcoidosis
is often
challenging
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in the myocardium. Depending on the loca-
tion of the granulomas, both systolic and dia-
stolic dysfunction can occur. In severe cases,
extensive granulomas can cause left ventricu-
lar aneurysms.

The diagnosis of cardiac sarcoidosis as the
cause of heart failure can be difficult to estab-
lish, especially in patients without evidence
of sarcoidosis elsewhere. Such patients are
often given a diagnosis of idiopathic dilated
cardiomyopathy. However, compared with pa-
tients with idiopathic dilated cardiomyopathy,
those with cardiac sarcoidosis have a greater
incidence of advanced atrioventricular block,
abnormal wall thickness, focal wall motion
abnormalities, and perfusion defects of the an-
teroseptal and apical regions.!’

Progressive heart failure is the second most
frequent cause of death (after sudden death)

and accounts for 25% to 75% of sarcoid-relat-
ed cardiac deaths.”'%"

[ DIAGNOSING CARDIAC SARCOIDOSIS
4How is cardiac sarcoidosis diagnosed?

[] Electrocardiography

[] Echocardiography

(] Computed tomography

[J Endomyocardial biopsy

[] There are no guidelines for diagnosis

Given the variable extent and location of
granulomas in sarcoidosis, the diagnosis of
cardiac sarcoidosis is often challenging.

To make the diagnosis of sarcoidosis in
general, the American Thoracic Society? says
that the clinical picture should be compatible
with this diagnosis, noncaseating granulomas
should be histologically confirmed, and other
diseases capable of producing a similar clinical
or histologic picture should be excluded.

A newer diagnostic tool, the Sarcoidosis
Three-Dimensional Assessment Instrument,?
incorporates two earlier tools.?®?! It assesses
three axes: organ involvement, sarcoidosis
severity, and sarcoidosis activity and catego-
rizes the diagnosis of sarcoidosis as “definite,”
“probable,” or “possible.”?

In Japan, where sarcoidosis is more com-
mon, the Ministry of Health and Welfare?
says that cardiac sarcoidosis can be diagnosed

histologically if operative or endomyocar-
dial biopsy specimens contain noncaseating
granuloma. In addition, the diagnosis can be
suspected in patients who have a histologic
diagnosis of extracardiac sarcoidosis if the first
item in the list below and one or more of the
rest are present:

e Complete right bundle branch block, left
axis deviation, atrioventricular block, ven-
tricular tachycardia, premature ventricular
contractions (> grade 2 of the Lown clas-
sification), or QQ or ST-T wave abnormali-
ties

e Abnormal wall motion, regional wall thin-
ning, or dilation of the left ventricle on
echocardiography

e Perfusion defects on thallium 201 myocar-
dial scintigraphy or abnormal accumula-
tion of gallium citrate Ga 67 or technetium
99m on myocardial scintigraphy

e Abnormal intracardiac pressure, low car-
diac output, or abnormal wall motion or
depressed left ventricular ejection fraction
on cardiac catheterization

e Nonspecific interstitial fibrosis or cellular
infiltration on myocardial biopsy.

The current diagnostic guidelines from the
American Thoracic Society’ and the Japa-
nese Ministry of Health and Welfare?? and the
Sarcoidosis Three-Dimensional Assessment
Instrument,”® however, do not incorporate
newer imaging studies as part of their criteria.

I A DEFINITIVE DIAGNOSIS

Endomyocardial biopsy often provides the
definitive diagnosis of cardiac sarcoidosis.

L[] True
[ False

False. Endomyocardial biopsy often fails to
reveal noncaseating granulomas, which have
a patchy distribution." 7aBLE 2 summarizes the
accuracy of tests for cardiac sarcoidosis.

Electrocardiography is abnormal in up to
50% of patients with sarcoidosis,? reflecting
the conduction disease or arrhythmias com-
monly seen in cardiac involvement.

Chest radiography classically shows hilar
lymphadenopathy and interstitial disease, and
may show cardiomegaly, pericardial effusion,
or left ventricular aneurysm.
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Echocardiography is nonspecific for sar-
coid disease, but granulomatous involvement
and scar tissue of cardiac tissue may appear
hyperechogenic, particularly in the ventricu-
lar septum or left ventricular free wall.*

Angiography. Primary sarcoidosis rarely
involves the coronary arteries,” so angiogra-
phy is most useful in excluding the diagnosis
of atherosclerotic coronary artery disease.

Radionuclide imaging with thallium 201
in patients with suspected cardiac sarcoidosis
may be useful to suggest myocardial involve-
ment and to exclude cardiac dysfunction sec-
ondary to coronary artery disease. Segmen-
tal areas with defective thallium 201 uptake
correspond to fibrogranulomatous tissue. In
resting images, the pattern may be similar to
that seen in coronary artery disease. However,
during exercise, perfusion defects increase in
patients who have ischemia but actually de-
crease in those with cardiac sarcoidosis.?

Nevertheless, some conclude that thallium
scanning is too nonspecific for it to be used
as a diagnostic or screening test.?”?® The com-
bined use of thallium 201 and gallium 67 may
better detect cardiac sarcoidosis, as gallium is
taken up in areas of active inflammation.

Positron-emission tomography (PET)
with fluorodeoxyglucose F 18 (FDG), with the
patient fasting, appears to be useful in detect-
ing the early inflammation of cardiac sarcoi-
dosis?®?* and monitoring disease activity.*®’!
FDG is a glucose analogue that is taken up
by granulomatous tissue in the myocardium.**
The uptake in cardiac sarcoidosis is in a focal
distribution.’®’** The abnormal FDG uptake
resolves with steroid treatment.’!*

MRI has promise for diagnosing cardi-
ac sarcoidosis. With gadolinium contrast,
MRI has superior image resolution and
can detect cardiac involvement early in its
Course.27’29’35_44

Inflammation of the myocardium due to
sarcoid involvement appears as focal zones of
increased signal intensity on both T2-weight-
ed and early gadolinium T1-weighted images.
Late myocardial enhancement after gadolini-
um infusion is the most typical finding of car-
diac sarcoidosis on MRI, and likely represents
fibrogranulomatous tissue.?’” Delayed gadolin-
ium enhancement is also seen in myocardial
infarction but differs in its distribution.!*#%
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TABLE 2

Sensitivity and specificity of diagnostic

studies for cardiac sarcoidosis

DIAGNOSTIC STUDY SENSITIVITY

SPECIFICITY

Electrocardiography Low

Echocardiography Low
Low
High
High
Low

Thallium radionuclide imaging
Positron-emission tomography
Magnetic resonance imaging
Endomyocardial biopsy

Low
Low
Low
Low-medium
Medium-high
High

Cardiac sarcoidosis most commonly affects
the basal and lateral segments. In one study,
the finding of delayed enhancement had a
sensitivity of 100% and a specificity of 78%,*
though it may not sufficiently differentiate ac-
tive inflammation from scar.*®

Like FDG-PET, MRI has also been shown
to be useful for monitoring treatment.’>*
However, PET is more useful for follow-up in
patients who receive a pacemaker or implant-
able cardioverter-defibrillator, in whom MRI
is contraindicated. One case report? described
using both delayed-enhancement MRI and
FDG-PET to diagnose cardiac sarcoidosis.

B TREATMENT

6 How is cardiac sarcoidosis currently treated?

[] Implantable cardioverter-defibrillator
[] Corticosteroids

[l Heart transplantation

1 All of the above

] None of the above

Corticosteroids

Corticosteroids are the mainstay of treatment
of cardiac sarcoidosis, as they attenuate the
characteristic inflammation and fibrosis of
sarcoid granulomas. The goal is to prevent
compromise of cardiac structure or function.*
Although most of the supporting data are an-
ecdotal, steroids have been shown to improve
ventricular contractility,® arrhythmias,* and
conduction abnormalities.”® MRI and FDG-
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MRl is a
promising tool
for diagnosing
cardiac
sarcoidosis
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Our patient
subsequently
had a
defibrillator
implanted
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The patient’s cardiac MRI
Long-axis phase-sensitive image

B

FIGURE 2. Magnetic resonance imaging of
the patient’s heart. The long-axis phase-
sensitive image shows delayed enhance-
ment in the basal septum and basal infero-
lateral walls (arrows), strongly suggesting
sarcoidosis. End-systolic and end-diastolic
steady-state free precession images in the
same plane show a moderately hypertro-
phied but contractile left ventricle, which
argues against ischemia.

PET studies have shown cardiac lesions re-
solving after steroids were started.’’*40

The optimal dosage remains unknown. Ini-
tial doses of 30 to 60 mg daily, gradually tapered
over 6 to 12 months to maintenance doses of 5
to 10 mg daily, have been effective.*!

Relapses are common and require vigilant
monitoring.

Alternative agents such as cyclophospha-
mide (Cytoxan),” methotrexate (Rheum-
atrex),” and cyclosporine (Sandimmune)**
can be given to patients whose disease does
not respond to corticosteroids or who cannot
tolerate their side effects.

Implantable cardioverter-defibrillator
Sudden death due to ventricular tachyar-
rhythmias or conduction block accounts
for 30% to 65% of deaths in patients with
cardiac sarcoidosis.!® The rates of recurrent
ventricular tachycardia and sudden death
are high, even with antiarrhythmic drug
therapy.”

Although experience with implantable
cardiac defibrillators is limited in patients with
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End-systolic steady-state free precession image

End-diastolic steady-state free precession image

55-58

cardiac sarcoidosis,”® some have argued that
they be strongly considered to prevent sudden
cardiac death in this high-risk group.’”

Heart transplantation
The largest body of data on transplantation
comes from the United Network for Organ
Sharing database. In the 65 patients with
cardiac sarcoidosis who underwent cardiac
transplantation in the 18 years from October
1987 to September 2005, the 1-year post-
transplant survival rate was 88%, which was
better than in patients with all other diag-
noses (85%). The 5-year survival rate was
80%‘59,60

Recurrence of sarcoidosis within the car-
diac allograft and transmission of sarcoidosis
from donor to recipient have both been docu-
mented after heart transplantation.®!:¢?
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B CAUSES OF DEATH

What is the most common cause of death
in patients with cardiac sarcoidosis?

[] Respiratory failure
[J Conduction disturbances
[] Progressive heart failure

[] Ventricular tachyarrhythmias
[] None of the above

The prognosis of symptomatic cardiac sarcoidosis
is not well defined, owing to the variable extent
and severity of the disease. The mortality rate in
sarcoidosis without cardiac involvement is about
1% to 5% per year.” Cardiac involvement por-
tends a worse prognosis, with a 55% survival rate
at 5 years and 44% at 10 years.!"® Most patients
in the reported series ultimately died of cardiac
complications of sarcoidosis, including ventricu-
lar tachyarrhythmias, conduction disturbances,
and progressive cardiomyopathy.!®!”

Since corticosteroids, pacemakers, and im-
plantable cardioverter-defibrillators have begun
to be used, the cause of death has shifted from

McDIVIT AND ASKARI

I CASE CONTINUED

While hospitalized, our patient had two epi-
sodes of nonsustained ventricular tachycardia
(7 and 12 beats) on telemetry. Cardiac MRI
showed a lesion in the basal septum most
likely involving the left bundle and an area
of lateral basilar involvement near the mitral
annulus (rGURe 2). Ventricular dyssynchrony
was clearly evident on both echocardiogra-
phy and MRI, with depressed left ventricu-
lar function (ejection fraction 28% on MRI,
35% on echocardiography).
Electrophysiologic testing revealed in-
ducible monomorphic sustained ventricular
tachycardia. The patient subsequently had
a biventricular cardioverter-defibrillator im-
planted. He was started on an angiotensin-
converting enzyme inhibitor and a beta-
blocker for his heart failure. Further imaging
of his chest and abdomen revealed lesions in
his thyroid and liver. As of this writing, he
is undergoing further workup. Because of ac-
tive infection with Clostridium difficile, steroid

sudden death to progressive heart failure.*

therapy was deferred. [ |
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