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Abstract: Sarcoidosis is a multisystem granulomatous disease of unknown etiology and with variable presentation. Skin, lymph nodes, lungs,
eyes and the central nervous system are mostly involved. Cardiac sarcoidosis (CS) is a rare condition with clinical manifestations
in about 5% of patients. Since it increases the risk of acute cardiac failure, ventricular arrhythmia, conduction disturbances and
even sudden death, it aggravates markedly the prognosis. The early diagnosis of CS is difficult, requiring the use of diagnostic tools
such as electrocardiographic monitoring, two-dimensional echocardiography, radionuclide scan, cardiac magnetic resonance imag-
ing, positron emission tomography and endomyocardial biopsy. Once the diagnosis of CS is established, there is a need for early
corticosteroids treatment, with or without immunosuppressive therapy, to prevent deterioration of cardiac function. In patients with
refractory ventricular tachyarrhythmia, markedly reduced left ventricular ejection fraction and high risk of sudden death, prophylactic
insertion of a pacemaker or implantable defibrillator is recommended. We had the opportunity to treat a patient with CS and to review
the currently accepted diagnostic and treatment approach.
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1. Introduction

Sarcoidosis has been first described by Hutchison,
a British dermatologist, in 1869 [1]. A few decades later,
Boeck reported on a patient with compact skin nodules,
resembling sarcoma lesions, designated as multiple be-
nign sarcoid of the skin. Sarcoidosis is a multi-system
disease of unknown cause with variable presentation
and characterized by noncaseating granulomas forma-
tion. Although it affects predominantly the lungs, eyes
and skin, almost any body organ may be involved. Sar-
coidosis affects annually 20 per 100.000 individuals of
all races and all ages, but it is more prevalent and se-
vere in blacks [2,3].

Beginning the 20" century, the incidence of cardiac
involvement in sarcoidosis gradually increases and has

* E-mail: bsolun@gmail.com

been associated with poor prognosis. The occurrence
of CS in the US is approximately 20-27%, whereas in
Japan it riches 58% [4]. The heart may be affected at
any stage of the disease, even without evidence of sys-
temic involvement. Different types of arrhythmias and
conduction disturbances resulting from granulomatous
infiltrations in the conduction system or in the ventricular
wall are the most common cardiac manifestations that
may terminate in death [5].

2. Case report

A 51 year-old white woman of Indian descent present-
ed at the Emergency Department with long-standing
history of weakness, palpitations and dyspnea. Three
months previously, she was admitted to the hospi-
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tal because of precordial pains, positive markers for
cardiac damage and signs of non-ST elevated myo-
cardial infarction on the electrocardiogram. However,
coronary angiography revealed no evidence for coro-
nary artery disease. One month later, she experienced
episodes of recurrent palpitations and she was read-
mitted. On physical examination, she was conscious,
well oriented, without pallor, cyanosis or edema. She
was a febrile with no symptoms of respiratory distress.
Her blood pressure was 126/59 mm Hg with no signs
of postural hypotension. Pulse rate was 51/min. and
regular. On chest auscultation, there were decreased
breath sounds on the right lung base. S1, S2 were
normal without murmurs. The abdomen was soft and
non-tender, the bowel sounds were normal and the
liver and spleen were not palpable. Lymph nodes were
not detected in the cervical, supraclavicular, axillary or
inguinal areas.

An electrocardiogram showed complete A-V block
(Fig. 1). 24-hour Holter monitoring revealed bouts of
non-sustained ventricular tachycardia (VT) and there-
fore treatment with 2.5 mg Concor® (Bisoprolol fuma-
rate - Merck Ltd) was started. Chest radiography re-
vealed left hilar lymphadenopathy with right lung low
zone opacity (Fig. 2). However, on CT angiography
bilateral pleural effusions were noted - small on the left
side and moderate on the right (Fig. 3). A trans-thoracic
echocardiogram showed a well preserved left ventricle
systolic function with mild hypertrophy, mild mitral re-
gurgitation, mild to moderate tricuspid regurgitation,
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and mild to moderate pulmonary hypertension (Fig. 4).
Hemoglobin was 14.6 g/dL, white blood cell count,
9300/uL, platelet count- 345/uL, Erythrocyte Sedi-
mentation Rate (ESR) — 30 mm. Peripheral blood film
showed mild hypochromia. Serum angiotensin- con-
verting enzyme level was within our laboratory range,
blood glucose- 102 mg/dL, urea-31 mg/dL, creati-
nine- 0.8 mg/dL, total protein level- 7.1g/dL, albumin-
4.6 g/dL, serum glutamic oxaloacetic transaminase
(SGOT) - 36.2 U/L, serum glutamic pyruvic transami-
nase (SGPT) - 64 U/L, alkaline phosphatase- 86 UI/L,
serum calcium- 9.7 mg/dL, serum sodium- 143 meq/L,
serum potassium- 4.84 mEq/L.

A cardiovascular magnetic resonance (CMR) exami-
nation revealed multiple foci of myocardial damage in the
antero-lateral, inferior-apical wall and in the mid-septum

(Fig. 5).
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Figure 2. Chest radiography showing left hilar lymphadenopathy with
right lung low zone opacity.
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Figure 1. 121ead ECG on admission showing a 3-d degree heart block.
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Figure 4. Echocardiography demonstrating preserved left ventricle systolic function with mild hypertrophy, mild mitral regurgitation, mild to moderate
tricuspid regurgitation, and mild to moderate pulmonary hypertension
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Fig ure 5. Cardiac MRI. Short axis view. Myocardial delayed enhancement (MDE). The dark areas present normal tissue. The patchy areas of MDE (white)
depict areas of cardiac involvement in both lateral wall and septum.

FDG-positron emission tomography (PET) revealed dif-
fuse enhanced FDG uptake in the left ventricle and pres-
ence of mediastinal lymph nodes (Fig. 6). An endomyo-
cardial biopsy showed non-necrotizing granulomatous
myocardiopathy compatible with the diagnosis of sarcoid-
osis (Fig. 7). To prevent complete A-V block, an automatic
implantable cardioverter-defibrillator (ICD DDD) was in-
serted. The patient was given 1mg/kg prednisone daily
with clinical improvement expressed by good functional
activity and lack of episodes of ventricular tachycardia.

3. Discussion

Although the clinical manifestations of CS are not fre-
quent (in only 5% of patients) autopsy examination indi-
cates that myocardial lesions are found in 20-60% of the
cases with sarcoidosis. It is notable that CS is not an en-
tirely benign condition. In Japan, CS is a leading cause of
sudden death in patients with sarcoidosis, whereas in the
US it is the second most prevalent cause of mortality after
respiratory failure [6]. Recognition of cardiac involvement
in sarcoidosis may be difficult because of non-specific

clinical manifestations, and limitations in sensitivity and
specificity of the diagnostic tests. Clinical manifestations,
such as atrioventricular or intraventricular conduction
disturbances, ventricular ectopy, congestive heart failure
and sudden cardiac death are frequent. Congestive heart
failure occurs in 30 % of the cases [7]. Sarcoidosis af-
fects almost all parts of the heart including pericardium,
myocardium and endocardium in descending manner.
The most affected sites are the left ventricular free wall,
septum, papillary muscles, right ventricle and the atria. As
a result, sarcoidosis mimics others cardiovascular condi-
tions, such as pericarditis, acute coronary syndrome and
even acute myocardial infarction. Valvular insufficiency
leading to congestive heart failure may be due to papillary
muscle involvement [5,7]. There are no clinical manifes-
tations specific for CS. Patients’ complaints such as dys-
pnea, palpitations or syncope are associated with heart
failure or arrhythmias.

Since 1993 the Japanese Ministry of Health and Wel-
fare (JMHW) guideline have has been used widely for
diagnostic purposes [8]. However, since the diagnostic
tests and procedures in this guideline are of low specific-
ity and sensitivity, additional diagnostic tests, including
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Figure 7 . Endomyocardial biopsy demonstrates granulomatous infiltration of the myocardium. (hematoxylin-eosin staining, original magnification 40x).
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PET CT and cardiac MR, allow to establish the diagno-
sis of cardiac involvement [9]. Following a Delphi study
with two round questionnaires, sarcoidosis experts
reached a consensus that the best management ap-
proach to the disease should be based on the medical
history, physical examination, 12-lead ECG, echocardio-
gram, Holter monitoring, FD PET CT scan, cardiac MRI
and treatment with steroids. On the other hand, the role
of signal-average ECG in screening, the optimal predni-
sone dose, the question about using of steroid- sparing
drugs, and duration of treatment - are still areas of uncer-
tainty [10]. The revised guidelines for the diagnosis of CS
published by Japanese Society of Sarcoidosis and other
Granulomatous Disorders in 2006 are particularly useful
in patients with sarcoidosis in whom cardiac involvement
is suspected and in contrast to previous guidelines they
include cardiac MRI but still not PET CT [11,12].

Electrocardiographic conduction abnormalities,
such as atrioventricular block, bundle branch block,
premature ventricular contractions or ventricular tachy-
cardia are well known findings in patients with sus-
pected or confirmed CS. Conduction disturbances and
bundle branch blocks, either complete or incomplete,
are the most common arrhythmias with a prevalence
ranging from 12% to 62%. Supraventricular arrhyth-
mias, sinus node dysfunction, pseudo Q- wave infarc-
tion, long QT intervals or U waves, have been less fre-
quently observed [13]. Homsi et al. have found that the
sensitivity and specificity of a fragmented QRS complex
on 12-lead ECG as a marker of myocardial scar were
higher by 100% and 80% respectively in comparison
with gadolinium cardiac magnetic resonance imag-
ing [14]. 24-hour Holter monitoring is useful and may
detect abnormalities even when ECG at rest is normal.
Suzuki et al. reported that Holter monitoring is associ-
ated with a diagnostic sensitivity and specificity of 67%
and 62% respectively and provides a convenient and
non- expensive tool for noninvasive screening of cardiac
involvement in sarcoidosis [15].

Trans-thoracic echocardiography is a helpful imaging
tool for confirming the diagnosis of CS. The echocardio-
graphic features vary widely and include the presence of
abnormal thickening or thinning of the septum, left ven-
tricle dilatation and systolic or diastolic dysfunction, peri-
cardial effusion, valvular abnormalities and ventricular
aneurysmes. A typical, but uncommon lesion, is the thin-
ning of the basal anterior septum. Rarely, signs of hyper-
trophic cardiomyopathy have been described. However,
these findings are usually difficult to detect [16,17]. The
echocardiographic abnormalities are directly related to
the disease’s stage and may be undetectable in its early
phases. It is notable that there is no correlation between
the ECG and echocardiographic findings [13].

Myocardial perfusion scintigraphy with single photon
emission computed tomography (SPECT), the use of
radiochemicals, such as thallium-201, Tc-99m-methoxy-
isobutylisonitrile (Tc-99m-sestamibi) and gallium-67 are
indicated when the diagnosis of cardiac sarcoidosis is
suspected. The characteristic phenomenon that differen-
tiates CS from coronary artery disease is the occurrence
of an improvement or complete resolution of perfusion
defects after pharmacological dilatation with dipyridamole
or adenosine [18]. This phenomenon, known as “reverse
distribution”, may be due to focal microvascular vasocon-
striction surrounding myocardial sarcoid granulomas, but
it has not been fully elucidated. However, the reverse dis-
tribution is not specific for CS since it has been observed
in other cardiomyopathies [19]. Gallium-67 scintigraph,
being positive only in the active stage of the disease,
reflects the activity of sarcoid granulomas. Gallium-67
scintigraphy well correlates with a better response to
corticosteroid treatment [20,21]. Combined use of both
99-mTc sestamibi and gallium-67 increases the diagnos-
tic feasibility for CS. However, the results of radionuclide
scintigraphy should be interpreted with caution consider-
ing the lack of specificity of these tests [11,22].

New cardiac molecular imaging modalities, such
as (18) F-fluoro-2- deoxyglucose positron emission to-
mography (18F-FDG PET), have made important con-
tribution to the diagnosis of CS [23]. In a meta analysis
Youssef et al. have evaluated the accuracy of 18F-FDG
PET for diagnosis of CS. The authors reported estimated
an overall sensitivity and specificity of 89% and 78% re-
spectively [24]. An increased focal or diffuse pattern in
FDG uptake in the myocardium reflects metabolic activity
in the heart, related to sarcoid granulomas and inflamma-
tion. 18F-FDG PET is useful not only for early detection
of sarcoidosis, but also serves for assessment of thera-
peutic efficacy in sarcoid patients with cardiac involve-
ment [25,26].

Cardiac magnetic resonance imaging is a sensitive
non-invasive diagnostic modality and it is considered to
be the technique of choice for evaluation and diagno-
sis of CS [27]. Moreover, this method provides not only
high resolution, but also three dimensional images of
long—axis, short-axis and four-chamber views with re-
producible measurements and lacks radiation exposure.
Currently, cardiac MRI is of increasing use for assess-
ment and quantification of myocardial stroke, ventricular
volume and myocardial mass [28]. From MRI point of
view, the CS findings may be divided into three stages
i. e edema, granulomatous infiltration and scaring. At
the early stage MRI reveals focal zones with increased
signal intensity on T-2 weighted images and an early
contrast enhancement within the myocardium due to in-
flammation associated edema [29]. Granulomatious in-
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filtration appears as areas of high signal intensity at T-1
and T-2 weighted sequences with delayed contrast en-
hancement. These lesions are observed predominantly
in the vicinity of the mid-myocardium and epicardium
and rarely in the endocardium with a preference to the
basal and lateral parts of the left ventricle and papillary
muscles [30,31]. Myocardial scarring is usually patchy
and it is not limited to vascular territories [30]. Several
studies point to the high diagnostic accuracy of cardiac
MRI with a sensitivity and specificity of 100% and 78%
respectively [32]. Ohira et al. have shown that cardiac
MRI has a better specificity, but a lower sensitivity than
FDG-PET [33]. The value of MRI in evaluation of the
prognosis of the disease is directly dependent on the
degree of myocardial involvement [6,34,35]. Since a
powerful magnetic field may affect defibrillator settings,
MRI is not safe for patients with pacemakers and im-
plantable defibrillators and is not recommended in those
cases [36]. Areas of active inflammation and edema are
visible on T2 -weighted imaging during the acute stage
of the disease, and their visualization is useful when en-
domyocardial biopsy is indicated [11].

Endomyocardial biopsy was first introduced in
1962. The histological findings of noncaseating granu-
lomas are almost pathognomonic for CS. Because of
the patchy nature of the disease with frequent involve-
ment of the basal intraventricular septum and the left
ventricle free wall, false negative results are com-
mon [37,38]. Endomyocardial biopsy has a diagnostic
yield ranging between 20-30% [39]. According to Diag-
nostic Standard and Guideline for Sarcoidosis of the
Japanese Society of Sarcoidosis and other Granuloma-
tous Disorders, early endomyocardial biopsy is recom-
mended whenever the diagnosis of CS is suspected. It
should be emphasized that negative biopsy results do
not exclude the diagnosis [22].

The first line of the treatment in patients with CS
should be corticosteroid administration. The initiation
of early steroid therapy is mandatory for prevention of
malignant arrhythmias and improvement of the left ven-
tricular function. However, steroid therapy is less effec-
tive in the later stages of the disease [28]. There is no
agreement upon optimal therapeutic regimens, dosage
and duration of treatment, as well as whether asymp-
tomatic patients require therapy [40,41]. While some
clinicians have advocated high doses of corticosteroids
(1mg/kg/d), the study of Yazaki et al. did not show any
difference between patients receiving more than 40 mg/
daily of prednisone and those with low initial prednisone
dose (< 30 mg) [42]. Londner et al. recommend initial
treatment with 0.5 to 1 mg/kg/d prednisone for 6 to 12
weeks with a gradual tapering every 6-12 weeks [43].
The use of steroid- sparing drugs is indicated when

steroids are not effective or cause serious undesirable
effects. Yet, there is minimal data and lack of control
trials concerning alternatives to corticosteroids. Thus,
methotrexate and azathioprine are indicated in select-
ed patients who failed, or experienced adverse effects
from corticosteroids treatment. If they are ineffective,
especially in patients who have progressive disease,
the available therapeutic armamentarium includes cy-
clophosphamide, leflunomide, hydroxychloroquine and
chloroquine [44-47]. Newer approaches for treatment of
severe cases include administration of thalidomide as a
tumor necrosis factor a (TNF-a) antagonist and mono-
clonal antibodies such as infliximab or adalimumab [48].
Arrhythmias, especially of ventricular origin should be
promptly treated. Amiodarone is the preferred drug,
although it may cause of pneumonitis or pulmonary fi-
brosis. Pulmonary lesions due to amiodarone are indis-
tinguishable from pulmonary sarcoidosis on chest X-ray
examination and may aggravate patients’ respiratory
status. Beta- blockers should be used with caution since
they may increase the incidence of heart block [30].
Considering these limitations, insertion of implantable
cardioverter defibrillator may become mandatory in cas-
es of refractory ventricular tachyarrhythmias, in those
with markedly reduced left ventricular ejection fraction
and in those at high risk of sudden death [1]. Gener-
ally, the indications for permanent pacing are similar to
those in patients with advanced atrioventricular block
and other bradyarhythmias [22]. In patients with CS with
severe symptomatic ventricular arrhythmias with aneu-
rysms, surgery is occasionally required. Cardiac trans-
plantation is rarely indicated, and is reserved for young-
er patients with severe and intractable heart failure, or
resistant ventricular tachycardia. Recurrence of sarcoid-
osis in transplanted hearts has been reported as early
as 24 weeks to 19 months after the procedure. In this
cases administration of high doses of corticosteroids is
necessary to achieve complete resolution [41,49].

4. Conclusion

Sarcoidosis is uncommon multisystem disease of un-
known origin with an elusive diagnostic nature, affect-
ing various body organs and thus contributes to protean
manifestations. The possibility of CS should be consid-
ered in the differential diagnosis of unexplained cardio-
myopathy or arrhythmias particularly in young adults.
Early disease detection is essential given its grave prog-
nosis. Currently, in the absence of any single test for CS
identification, aggressive workup including combination
of multiple diagnostic modalities and ECG, is the most
accepted approach. 18F-FDG PET or CMR are valuable
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tools for both initial diagnosis and follow-up. Endomyo-
cardial biopsy should be carried out in highly suspected
cases, although negative results do not deny the diag-
nosis. Early initiated corticosteroid treatment (with or
without steroid-sparing agents) is mandatory since it
improves patient’ survival. Conduction abnormalities,
such as complete heart block, and high risk of sudden
cardiac death, especially if ventricular arrhythmias or re-
duced ejection fraction are present, require permanent
pacemaker or internal cardiac defibrillator placement.
Cardiac transplantation is rarely indicated and should
be recommended to patients with refractory ventricular
tachycardia or intractable heart failure.
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