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Abstract

Clinically evident sarcoidosis involving the heart has been noted in at least 2 to 7% of patients 

with sarcoidosis, but occult involvement is much higher (> 20%). Cardiac sarcoidosis is often not 

recognized antemortem, as sudden death may be the presenting feature. Cardiac involvement may 

occur at any point during the course of sarcoidosis and may occur in the absence of pulmonary or 

systemic involvement. Sarcoidosis can involve any part of the heart, with protean manifestations. 

Prognosis of cardiac sarcoidosis is related to extent and site(s) of involvement. Most deaths due to 

cardiac sarcoidosis are due to arrhythmias or conduction defects, but granulomatous infiltration of 

the myocardium may be lethal. The definitive diagnosis of isolated cardiac sarcoidosis is difficult. 

The yield of endomyocardial biopsies is low; treatment of cardiac sarcoidosis is often warranted 

even in the absence of histologic proof. Radionuclide scans are integral to the diagnosis. Currently, 

18F-fluorodeoxyglucose positron emission tomography/computed tomography and gadolinium-

enhanced magnetic resonance imaging scans are the key imaging modalities to diagnose cardiac 

sarcoidosis. The prognosis of cardiac sarcoidosis is variable, but mortality rates of untreated 

cardiac sarcoidosis are high. Although randomized therapeutic trials have not been done, 

corticosteroids (alone or combined with additional immunosuppressive medications) remain the 

mainstay of treatment. Because of the potential for sudden cardiac death, implantable cardioverter-

defibrillators should be placed in any patient with cardiac sarcoidosis and serious ventricular 

arrhythmias or heart block, and should be considered for cardiomyopathy. Cardiac transplantation 

is a viable option for patients with end-stage cardiac sarcoidosis refractory to medical therapy.
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Prevalence and Epidemiology

Clinically evident sarcoidosis involving the heart has been noted in at least 2 to 7% of 

patients with sarcoidosis1-8 but occult involvement is much higher (> 20%).9-13 Cardiac 

sarcoidosis is often not recognized antemortem, as sudden death may be the presenting 

feature.14-19 A recent survey of sarcoid experts underscored lack of agreement in criteria for 

diagnosis or optimal treatment of cardiac sarcoidosis.20 In a 2002 issue of Seminars in 

Respiratory and Critical Care Medicine, we reviewed cardiac sarcoidosis in depth21; in this 

updated article, we discuss new insights that have developed over the past decade.

Incidence of Cardiac Involvement

Several necropsy series in the United States and United Kingdom cited pathological 

evidence for cardiac involvement in 19.5 to 28% of sarcoid patients.3,14-16,22,23 The 

incidence of cardiac sarcoidosis is higher in Japanese patients with sarcoidosis24-26 (50–78% 

in necropsy studies).19,27,28 In Japan, cardiac involvement is the leading cause of death due 

to sarcoidosis, accounting for 77 to 85% of deaths.19,29 By contrast, in the United States, 13 

to 50% of sarcoid deaths have been attributed to myocardial involvement.14,30

Genetics of Cardiac Sarcoidosis

The increased frequency of cardiac involvement in Japanese patients with sarcoidosis 

suggests genetic influences,26,27,31 but the specific genes responsible for cardiac sarcoidosis 

have not been elucidated.32 An early study in 26 Japanese patients with cardiac sarcoidosis 

suggested a higher frequency of the allele tumor necrosis factor-α2 compared with 

controls,33 but this has not been replicated. In 2008, Myer et al reported a case of a 33-year-

old female with cardiomyopathy and nonnecrotizing granulomas on endomyocardial 

biopsies (EMBs) consistent with cardiac sarcoidosis.34 Sequencing of the patient’s 

butyrophilin-like 2 (BTNL2) gene revealed a homozygous G→A transition in exon 5, 

constituting variant rs2076530 that was associated with sarcoidosis in some,35,36 but not 

all,37 European and North American cohorts. Importantly, a study of 293 Japanese patients 

with sarcoidosis found no independent genetic association between the rs2076530 BTNL2 

polymorphism and susceptibility to sarcoidosis.38 However, in a Japanese cohort of 26 

patients with cardiac sarcoidosis, polymorphisms along with HLA-DQB1 (in particular 

DQB1*0601) were significantly associated with disease.39 The genetics of sarcoidosis 

(cardiac and noncardiac) are exceptionally complex,40 and are beyond the scope of this 

article. The genetics of sarcoidosis are elegantly discussed in article “Cardiac Involvement 

in Sarcoidosis: Evolving Concepts in Diagnosis and Treatment” by Drs. Fischer et al in this 

issue.

Pathology and Sites of Involvement

In the 1970s, sentinel publications delineated the salient pathological and clinical features of 

cardiac sarcoidosis.15,16,19 Granulomatous inflammation, the hallmark of sarcoidosis, may 

involve any part of the heart (i.e., myocardium, endocardium, or pericardium).6,15,16,41 

Nonnecrotizing granulomas, epithelioid histiocytes, multinucleated giant cells, Schaumann 
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bodies or asteroid bodies, patchy fibrosis, and lymphocytic infiltration may be 

observed6,18,41 (Fig. 1A–E).

Sarcoidosis can involve any part of the heart, with protean manifestations.2,15,16,22,42 The 

myocardium is most frequently involved in cardiac sarcoidosis; pericardial and endocardial 

involvement usually reflect direct extensions of myocardial disease.15,16,24 The areas of 

involvement in descending order of frequency are the left ventricular free wall, 

interventricular septum (IVS), papillary muscles, right ventricle (RV), and atria.15,43 

Grossly, the myocardium shows fibrosis in unusual locations. Myocardial scars in unusual 

locations, not typical for ischemic injury, in the absence of coronary artery disease, in 

otherwise young individuals, should suggest cardiac sarcoidosis.

Prognosis of Cardiac Sarcoidosis

Cardiac involvement may occur at any point during the course of sarcoidosis and may occur 

in the absence of pulmonary or systemic involvement.2,15,16,19,22,44 In one necropsy series, 

10 of 25 deaths attributed to sarcoid heart disease had no extracardiac disease.43 Although 

the disease is often clinically silent, cardiac sarcoidosis has been associated with an 

attributable mortality rate of up to 50 to 85% in autopsy series.19,45 In one study of 95 

Japanese patients with cardiac sarcoidosis seen between 1984 and 1996, 40 died from 

cardiac causes during follow-up (congestive heart failure in 29; sudden death in 11).25 

Overall survival rates were 85% at 1 year, 60% at 5 years, and 44% at 10 years.25 In that 

study, the following parameters were independent predictors of morality by multivariate 

analysis: (1) New York Heart Association functional class (hazard ratio 7.7 per class I 

increase, p = 0.0008); (2) left ventricular end-diastolic diameter (hazard ratio 2.6/10 mm 

increase, p = 0.02); and (3) sustained ventricular tachycardia (VT) (hazard ratio 7.2, p = 

0.03).25 Fleming and Bailey reported a cohort of 197 patients with cardiac sarcoidosis in the 

United Kingdom; sudden death occurred in 48 (24%), and was the presenting symptom in 34 

(17%).46

Prognosis of cardiac sarcoidosis is related to extent and site (s) of involvement. Most deaths 

due to cardiac sarcoidosis are due to arrhythmias or conduction defects; progressive heart 

failure due to massive granulomatous infiltration of the myocardium accounts for at least 

25% of deaths.2,15,16,19,22,24,25

In 1977, Roberts et al described 35 necropsy patients with cardiac sarcoidosis at the National 

Heart, Lung, and Blood Institute (NHLBI) and Armed Forced Institute of Pathology and 

reviewed 78 previously published necropsies with cardiac sarcoidosis.15 Interestingly, 24 of 

113 patients (21%) had no cardiac signs or symptoms. Among the entire cohort of 113 

patients, 108 had sarcoid granulomas in the heart; 5 had myocardial scarring without 

granulomata. Macroscopic, grossly evident granulomata were present in the heart in 25 of 26 

patients with clinically significant cardiac sarcoidosis in the NHLBI subset. Among the 89 

patients with clinically evident cardiac dysfunction, two-thirds died suddenly, presumably 

due to arrhythmias or heart block; 23% died from progressive heart failure. All patients who 

died from myocardial sarcoidosis had grossly visible cardiac granulomas at necropsy. All 

eight patients with left ventricular failure had extensive infiltration of the left ventricle (LV) 
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at necropsy. Papillary muscle dysfunction was noted in 16 patients; 8 had ventricular 

aneurysms. Of the eight patients, seven with ventricular aneurysms had been treated with 

corticosteroids (CSs), raising the possibility that CS may promote aneurysm formation. 

Recurrent pericardial effusions were fatal in three patients. In 1978, Silverman et al 

reviewed 84 consecutive necropsies from patients with sarcoidosis seen at the Johns 

Hopkins Hospital from 1899 to 1977; 23 patients (27%) had cardiac (granulomatous) 

involvement.16 Among four patients with widespread grossly evident lesions, three had 

arrhythmias and sudden unexpected death. Of the 19 patients with microscopic evidence for 

myocardial granulomas, only 4 had symptoms attributed to cardiac sarcoidosis. In a review 

of 25 necropsies from patients who died as a result of cardiac sarcoidosis, all had 

macroscopic lesions involving the myocardium.43 Hence, gross evidence of macroscopic 

lesions are nearly invariably present among patients who die from cardiac sarcoidosis, but 

small histologic foci of sarcoidosis involving the heart may be clinically silent.15,16,43 

Nonetheless, aggressive imaging studies to identify active sites of granulomatous 

inflammation are critical as treatment may avert potentially lethal progression of the cardiac 

lesion(s).

Conduction Disturbances and Arrhythmias

Conduction disturbances and arrhythmias are the most common cardiac manifestations and 

reflect granulomatous infiltration within the conduction system (e.g., sinoatrial node, 

atrioventricular [AV] node, or bundle of His) or ventricular walls.2,15,22 Although AV block 

is the most common arrhythmic manifestation of cardiac sarcoid (26–67%),47 bundle branch 

block (BBB), nonspecific interventricular conduction delay, premature ventricular 

contractions (PVCs), VT, and other arrhythmias may be observed.2,15,48,49 In the series 

reported by Roberts et al, the following electrocardiogram (ECG) abnormalities were cited: 

complete heart block (22%); complete BBB (22%); VT (17%); PVCs (29%); and atrial 

arrhythmias (16%).15 In an English series of 300 patients with cardiac sarcoidosis, 

predominant features included: ventricular arrhythmias (VA) (45%); BBBs (38%); supra-

VA (28%); and sudden death (16%).2 Atrial arrhythmias may reflect atrial dilatation 

secondary to ventricular dysfunction, pulmonary parenchymal involvement, or direct atrial 

involvement from granulomas or scar tissue.15,45,47 In a retrospective study of 100 patients 

with cardiac sarcoidosis, 32% had supra-VA during a mean follow-up period of 5.8 years.50 

In any sarcoid patient with arrhythmias, early involvement of electrophysiologists as part of 

a multidisciplinary team is warranted.51

Cardiomyopathy

Extensive myocardial disease may result in dilated cardiomyopathy and heart 

failure.5,22,25,52 In a study of 43 patients with myocardial sarcoidosis seen at the Johns 

Hopkins Hospital from 1889 to 1991, cardiomyopathy was noted in 21 (49%) and was 

associated with a mortality of 62%.5 Other features included: syncope in 14 (33%); heart 

block in 13 (30%); and tachyarrhythmias in 12 (28%). In a Japanese study of cardiac 

sarcoidosis, congestive heart failure was the most common cause of death.52 In a subsequent 

study, these investigators described 95 Japanese patients with cardiac sarcoidosis.25 The 

diagnosis was made at necropsy in 20 patients; in 75 patients, the diagnosis of cardiac 
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sarcoidosis was established antemortem. All 75 patients were treated with CSs. During the 

mean follow-up of 68 months, 29 of 75 patients (39%) died of congestive heart failure and 

11 (15%) died suddenly.

Cardiac Valvular Involvement

Severe involvement of cardiac valves is uncommon (< 3%),2,15,16,22,53 but valvular 

dysfunction may result from sarcoid involvement of the papillary muscles.15,45,54 The 

degree of papillary muscle dysfunction is usually mild, but severe granulomatous infiltration 

mandating mitral valve replacement has been described.53,55 Less commonly, the tricuspid, 

aortic, or pulmonary valves are involved.15

Pericardial Involvement

Infiltration of the pericardium may lead to pericardial effusion15,22,56-62 and, rarely, 

constrictive pericarditis.57 In most patients with pericardial involvement, concomitant 

myocardial involvement is present.15,16,24,62 In one study, 13 of 14 sarcoidosis patients with 

pericardial effusions had abnormal99 technetium (99Tc)-pyrophosphate scans, consistent 

with infiltrative cardiomyopathy.62

Cardiac Vasculature

Coronary arteries are typically normal in patients with cardiac sarcoidosis. Coronary arterial 

aneurysms,63 coronary artery spasm,64 acute coronary syndrome,65 coronary artery 

vasculitis,66 and ventricular aneuryms2,22,67-71 have been described, but are exceptionally 

rare. Scans in the myocardium in the absence of coronary disease are typical of cardiac 

sarcoidosis.

Involvement of Other Organs

Extracardiac involvement is usually present in patients with cardiac sarcoidosis, but 

symptoms may be absent until the initial presentation with sudden cardiac death.15,43 In the 

necropsy series from the NHLBI, 26 patients died of arrhythmias or conduction 

disturbances.15 In this subset, 25 (96%) had lymph node involvement; 20 (77%) had lung 

involvement; and 17 (68%) had granulomas on liver biopsy. Among 95 Japanese patients 

with cardiac sarcoidosis, extracardiac involvement included: pulmonary in 56 patients 

(59%); ocular in 39 (41%); and skin in 16 (16%).25 In a British study of 20 necropsies in 

patients with cardiac sarcoidosis, other sites of organ involvement included: lung in 19 

(95%); lymph nodes in 19 (95%); liver in 7 (35%); and spleen in 7 (35%).3 In a French 

study of 41 patients with cardiac sarcoidosis, extracardiac involvement was present in all 

cases.42 In 63% of cases, cardiac involvement developed during the follow-up of systemic 

sarcoidosis.

Isolated Cardiac Sarcoidosis

Isolated cardiac sarcoidosis, once thought to be relatively rare, is much more common than 

previously suspected. As we previously noted, in a necropsy study, 40% (12 of 25) patients 

who died as a result of cardiac sarcoidosis had no signs of extracardiac involvement.43 
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Further, in a recent retrospective study, 33 of 52 (66%) patients with cardiac sarcoidosis 

seen between 2000 and 2010 had disease isolated to the heart.

Diagnosis of Cardiac Sarcoidosis

The definitive diagnosis of isolated cardiac sarcoidosis is difficult. The yield of EMBs is low 

and clinicians must often rely on noninvasive imaging to diagnose and follow cardiac 

sarcoidosis. Treatment of cardiac sarcoidosis is often warranted even in the absence of 

histologic proof. Guidelines to diagnose cardiac sarcoidosis were developed in 1993 by the 

Japanese Ministry of Health and Welfare (Table 1) and in 1999 by the research group in the 

United States conducting the ACCESS (A Case Controlled Etiologic Study of Sarcoidosis) 

study.74 Given the potential mortality associated with cardiac sarcoidosis, early diagnosis 

and treatment is critical and may be lifesaving. Serum angiotensin converting enzyme levels 

are insensitive for cardiac sarcoidosis.75 ECG abnormalities or cardiac failures are 

nonspecific and may be related to other causes (e.g., coronary artery disease, idiopathic 

cardiomyopathy, or severe pulmonary sarcoidosis with cor pulmonale). Techniques to 

diagnose cardiac sarcoidosis have evolved over the past two decades. Currently, gadolinium-

enhanced cardiac magnetic resonance imaging (MRI)76-78 and positron emission 

tomography/computed tomography (PET/CT)76,79-81 are the best tests to determine the 

presence and extent of cardiac involvement (discussed in detail later).

Electrocardiogram

A resting ECG is an appropriate screening test in all patients with sarcoidosis.4,8 

Abnormalities on ECG (e.g., conduction disturbances, arrhythmias, or nonspecific ST and 

T-wave changes) have been noted in 20 to 31% of sarcoid patients.11,16,82,83 In one 

necropsy study, 42% of patients with mild cardiac involvement (microscopically evident 

granulomas) and 75% of patients with severe involvement (gross evidence of cardiac 

granulomas or infiltration at necropsy) had arrhythmias or conduction disturbances.16 

However, resting ECGs are insensitive for detecting cardiac involvement; further, the 

clinical significance of nonspecific ECG abnormalities is unclear. Signal-averaged ECG 

may improve sensitivity.84 In addition, specific ECG characteristics may be useful 

diagnostically. In a study of 112 patients with pulmonary sarcoidosis and possible cardiac 

symptoms, ECG characteristics were assessed.85 Of the 52 subjects eventually diagnosed 

with cardiac sarcoid, fragmented QRS (fQRS) was noted in 39 (75%) compared with 21 of 

60 (35%) patients without cardiac involvement (p > 0.01).85 Right or left BBBs were more 

prevalent in patients with cardiac involvement compared with those without (right BBB: 

23.1 vs. 6.7%, p = 0.016; left BBB: 3.8 vs. 1.7%, p = 0.6). QRS duration was significantly 

associated with cardiac involvement after exclusion of those with BBB (93.5 ± 10.6 vs. 88 ± 

11 ms; p = 0.04). ECC findings of fQRS or BBB were cited in 90.4% of patients with 

cardiac involvement compared with 36.7% sarcoid patients without cardiac involvement (p 

< 0.01).

Twenty-four hours Holter monitoring and exercise ECGs can detect abnormalities (e.g., 

tachyarrhythmias or heart block) even when resting ECGs are normal.22,83,86,87 Any 
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abnormality on ECG or Holter monitor should be further evaluated by 

echocardiography11,13,88 or other imaging studies (discussed later).

Echocardiography

Doppler echocardiography (DE) is nonspecific, but is invaluable to assess cardiac 

chamber(s) size and function in patients with suspected or confirmed myocardial 

sarcoidosis.11,24 In early studies, abnormalities on DE were detected in 14 to 41% of 

patients with sarcoidosis, even in the absence of ECG abnormalities and clinical 

symptoms.9,11,13,88,89 Salient abnormalities include: global or focal hypokinesis or 

dyskinesia; wall motion abnormalities; chamber enlargement; ventricular wall thinning or 

aneurysms; ventricular dilatation or hypertrophy; depressed ejection fraction; diastolic 

dysfunction; valvular regurgitation; papillary muscle dysfunction; and pericardial 

effusions.24,88,90 In some cases, macroscopic areas of bright echoes were noted, reflecting 

granulomatous inflammation,62 described as a “speckled or snowstorm pattern.”22 Wall 

thinning or thickening of the IVS localized to the basal portion is characteristic of 

sarcoidosis.91,92 Yazaki et al reported DE findings from 15 patients with cardiac sarcoidosis 

and 30 patients with idiopathic dilated cardiomyopathy.24 Thinning (< 7 mm) or thickening 

(> 13 mm) of the ventricular wall (typically in the IVS) were noted in 11 of 15 (73%) 

patients with cardiac sarcoidosis (73%). Heart block was noted on ECG in all 11 patients. 

By contrast, only 17% of patients with idiopathic dilated cardiomyopathy had abnormal wall 

thickness. Interestingly, 201thallium scans, performed in 14 patients with cardiac sarcoidosis 

in that study, revealed perfusion defects in 13 (93%) patients.24 Echocardiography alone is 

not sensitive to detect early myocardial sarcoid lesions8,11 but is noninvasive and a 

relatively inexpensive way to assess and follow cardiac size and function.

Radionuclide Scans

Radionuclide scans are integral to the diagnosis of cardiac sarcoidosis. Beginning in the 

1970s and 1980s, gallium67 (Ga67) citrate75,93-96 and thallium201 (Tl201) scans95,96 were 

used to diagnosis and follow cardiac sarcoidosis. In sentinel studies, thallium201 scanning 

was found to be superior to echocardiography to diagnose cardiac sarcoidosis.9,10,12,75,97-99 

Tellier et al described a phenomenon of “reverse distribution” in cardiac sarcoidosis.10 

Perfusion defects were noted on Tl201 scans at rest in 16 patients with cardiac sarcoidosis; 

the perfusion defects improved or completely resolved in 13 of 16 patients with exercise or 

dipyridamole. Subsequent studies affirmed that perfusion defects noted at rest in cardiac 

sarcoidosis disappeared or decreased in size following exercise or infusions of dipyridamole 

or adenosine.9,93 This differs from coronary artery disease, in which defects at rest worsen 

or fail to improve with exercise, dipyridamole, or adenosine.10,97,98,100 Segmental areas of 

decreased Tl201 uptake are believed to correspond to areas of fibrosis or granulomatous 

replacement.12

Refinements in techniques and radioisotopes, including the combination of Tl201 and Ga67 

scanning with single photon emission CT (SPECT)75,95,96,101-103, 99technetium (Tc99) 

pyrophosphate,62,104 and technetium99m-sesta-methoxy-isobutyl-isonotrile (sestamibi)97,105 

were evaluated. In one study, Tl201 and Tc99-setamibi SPECT scans were performed in 37 

Lynch et al. Page 7

Semin Respir Crit Care Med. Author manuscript; available in PMC 2014 December 03.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



patients with sarcoidosis and suspected cardiac involvement (i.e., all had chest pain, LV 

failure, or abnormal ECGs).97 Tc99m-sestamibi was more sensitive than Tl201 in detecting 

defects (65 vs. 46%), and the abnormalities seen were larger with Tc99m than with Tl201.97 

After dipyridamole, Tc99m sestamibi defects improved in 21 of 24 patients (88%) and did 

not change in 3. Repeat SPECT scans were performed in 13 patients after 3 months of CS 

therapy; sestamibi defects resolved completely in 8, improved in 4, and were stable in 1. 

Further, these was a high linear correlation between the improvement of defects after 

dipyridamole infusion and their improvement after CS therapy (r = 0.85, p < 0.001).

Other radionuclide agents that have been studied in cardiac sarcoidosis include iodine123-

labeled 15-(p-iodophenyl)-3R,S-methylpentadecanoic acid (BMIPP)106; iodine123-meta-

iodobenzylguianidine (MIBG),107 indium111-labeled antimyosin antibody,108 but data are 

sparse and we see no role for those agents.

The above studies are useful primarily for historical interest. Currently, 18F-

fluorodeoxyglucose (18FDG)-PET/CT76,78 and gadolinium-enhanced MRI scans77 have 

supplanted other radionuclide scans to diagnose cardiac sarcoidosis.

Positron Emission Tomography/Computed Tomography

PET/CT with 18FDG has become a key technique to diagnose active cardiac 

sarcoidosis78,109-112 (Figs. 2-6). 18FDG-PET/CT has been used to diagnose and “stage” 

sarcoidosis involvement in thoracic and extrathoracic sites.113-116 Increased update 

of 18FDG occurs within activated leukocytes, macrophages, and CD4+ T lymphocytes, 

major components of granulomas.117 The specificity of PET as a diagnostic tool relies on 

the suppression of normal myocyte uptake of glucose. For this reason, prolonged fasting (> 

12 hours),118,119 fatty acid loading, and heparin are commonly used before imaging to 

suppress myocardial glucose metabolism in favor of oxidation of free fatty acids.120 PET 

scans may show different patterns of diffuse and focal uptake (Fig. 2).121 Patchy and focal 

uptake patterns are most specific for cardiac sarcoidosis (Figs. 4–6).

In pulmonary sarcoidosis, increased update on 18FDG correlated with clinical activity of 

disease.113-116 Further, 18FDG-PET/CT was a sensitive marker of disease activity in patients 

with extrapulmonary sarcoidosis.115 In 2006, Nishiyama et al reported that 18FDG-PET/CT 

was more sensitive than Ga67 scans, particularly in extrapulmonary sarcoidosis.111 In 

addition, several studies showed that PET/CT was more sensitive than Ga67118,122 or Tl201 

scans to diagnose cardiac sarcoidosis.122,123 Japanese investigators retrospectively evaluated 

17 patients with cardiac sarcoidosis.123 Increased 18FDG uptake was noted in 14 of 17 

patients, whereas Ga67 scans were abnormal in only three patients. The largest review on 

PET/CT to diagnose cardiac sarcoidosis was published in 2012 by Youssef et al.79 In this 

study, a meta-analysis was performed on all studies relevant to 18FDG-PET/CT to diagnose 

cardiac sarcoidosis. Seven studies were evaluated, including patients from the Cardiac FDG-

PET Registry Study which comprised patients referred for 18FDG -PET/CT in Ontario, 

Canada.79 Total 164 patients were included in the analysis; the range of sensitivities and 

specificities for 18FDG-PET/CT were 79 to 100% and 38 to 100%, respectively. Pooled 

estimates demonstrated a sensitivity of 89% and specificity of 78% (Table 2).
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Serial PET-CT scans may be useful to evaluate response to therapy in cardiac 

sarcoidosis.112,123 Improvement in PET scans (i.e., reduction in 18FDG uptake) has been 

noted following therapy with CSs.112,122–124 In an early study, 16 patients with sarcoidosis 

underwent 18FDG-PET/CT, 67Ga, and 201Tl scans; cardiac sarcoidosis was documented 

clinically or by EMBs in 10 patients.12218FDG uptake was increased in all 10 

patients; 99mTc and 67Ga scans were abnormal in 8 (80%) and 5 (50%) patients, 

respectively. In a subsequent study, 18FDG-PET/CT scans were performed in 17 patients 

with cardiac sarcoidosis.123 18FDG uptake in the heart was increased in 14/17 (82%); by 

contrast, abnormal myocardial uptake was noted in only 6 (35%) and 3 (18%) patients with 

Tl201 or Ga67 scans, respectively. Increased 18FDG uptake was observed most frequently in 

the basal and mid-anteroseptal lateral wall of the LV; involvement of the apex was rare. 

PET/CT scans were repeated in seven patients after 1 month of CS therapy; 18FDG defects 

disappeared entirely in five and improved in two.123 Currently, 18FDG-PET/CT is often 

combined with MRI to diagnose cardiac sarcoid76 to provide complementary information. 

Although PET may be more sensitive for early phases of inflammation, MRI is more 

specific for later phases of scar formation.125 Recently, Blankstein et al demonstrated that 

focal perfusion detection and 18FDG uptake on PET in patients with suspected cardiac 

sarcoidosis provided additional prognostic value for death and VT beyond Japanese clinical 

criteria.119 In this study, 18FDG-PET scans were per formed in 118 patients with known or 

suspected cardiac sarcoidosis. PET scans were abnormal in 71 (60%). Over a median 

follow-up of 1.5 years, there were 31 (26%) adverse events (AE) (i.e., 27 VT and 8 deaths). 

Cardiac PET findings were predictive of AE; the presence of both a perfusion defect and 

abnormal 18FDG update (29% of patients) was associated with a hazard ratio of 3.9 (p < 

0.01) and remained significant after adjusting for LV ejection fraction (LVEF) and clinical 

criteria.119

Although 18FDG-PET is a pivotal test in patients with cardiac sarcoidosis for initial 

diagnosis and follow-up, pitfalls have been noted including: (1) physiological uptake 

of 18FDG in myocardium may be found in healthy subjects; (2) normal myocardium may 

exhibit increased physiologic uptake on the basal and lateral LV walls; (3) pulmonary 

hypertension increases RV and IVS 18FDG update because of the mechanical overload; and 

(4) nonspecific 8FDG uptake may be observed in patients with nonsarcoid dilated 

cardiomyopathies.8

Gadolinium-Enhanced Cardiac MRI

Gadolinium-enhanced cardiac MRI (CMR) may identify regional differences in 

enhancement between diseased and normal myocardial tissue.126,127 Gadolinium contrast 

media has a molecular size that distributes rapidly into the extracellular space of the 

myocardium and is excluded from normal myocardial cells. In the setting of fibrosis, the 

extracellular space is larger than in normal myocardium, accounting for the regional 

enhancement of myocardial scar tissue.128,129 In cardiac sarcoidosis, gadolinium may 

demonstrate diffuse or focal enhancement, particularly in the myocardial wall or 

subepicardial region, thought to be related to edema associated with inflammation and 

infiltration from granuloma formation in addition to myocardial scar126,127 (Fig. 7).
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Early experience with CMR in cardiac sarcoidosis showed this imaging modality to be 

superior to echocardiography.130-136 In a sentinel report, CMR was performed in 16 patients 

with suspected cardiac sarcoidosis.131 Localized enhancement of signal intensity on T1-

weighted images was noted in the LV in eight patients (50%) indicative of interstitial edema 

or scarring. Importantly, echocardiograms were abnormal in only two patients. After 1 

month of CS treatment, MRI signal intensity was markedly diminished in all eight 

patients.131 Vignaux et al prospectively performed Tl201 scans and gadolinium-enhanced 

MRI in 40 patients with sarcoidosis.137 CMRs were abnormal in all 5 with cardiac 

sarcoidosis and in 17 of 31 (54%) with multiorgan sarcoidosis but without cardiac 

symptoms. Thus, subclinical myocardial involvement may be detected by CMR even in 

patients lacking cardiac symptoms.

In 2005, Smedema et al reported 58 patients with biopsyproven pulmonary sarcoidosis; 12 

(21%) had cardiac sarcoidosis.138 All 58 patients had both Tl201 scans and CMR. CMR 

revealed late gadolinium enhancement in 19 patients, mostly involving basal and lateral 

segments. In 8 of the 19 patients, Tl201 scintigraphy was normal. The sensitivity and 

specificity of CMR were 100% (confidence interval [CI], 78–100%) and 78% (CI, 64–89%), 

respectively. Positive and negative predictive values were 55 and 100%, respectively; 

overall accuracy was 83%.138

In 2008, Ichinose et al reported 40 patients with sarcoidosis; 11 had cardiac involvement.139 

Gadolinium myocardial enhancement was noted in 10 of 11 patients with cardiac sarcoidosis 

but in none of the 29 patients without cardiac sarcoidosis. Enhancement was seen most 

frequently in the subepicardial and mid-myocardial layers (p < 0.001).139 In two studies 

comprising five patients with cardiac sarcoidosis, delayed enhancement in MRI was evident, 

mainly distributed in the mid- to epimyocardium.140,141 Yoshida et al performed EMBs and 

CMR in 17 patients with cardiac sarcoid diagnosed according to the Japanese Ministry 

guidelines.142 CMR demonstrated findings consistent with cardiac sarcoidosis in 13 of 17 

(76%) patients, whereas EMB were positive in only 6 of 17 (35%). Sensitivities and 

specificities were 76 and 92%, respectively, with CMR, as compared with 35 and 100%, 

respectively, with EMB.142 Multicontrast late phase gadolinium enhancement MRI may 

exhibit improved sensitivity for cardiac sarcoidosis.78 Cardiac sarcoid lesions appears as 

patchy or focal hyperenhancement patterns in the LV free wall, papillary muscles, or IVS.78 

Upon review of numerous published studies, sensitivity of gadolinium-enhanced CMR for 

cardiac sarcoidosis ranges from 75 to >95%, with specificities of approximately 75 to 

80%.110,126,138,143,144

In addition to providing a valuable diagnostic tool for cardiac sarcoidosis, delayed 

enhancement on CMR (possibly reflecting the absence of viable myocytes in collagenous 

scar) may serve as a prognostic indicator for severity of disease.140,141,145 In a review of 61 

consecutive patients with cardiac sarcoidosis seen in the Netherlands from 2002 to 2012, 

CMR was performed in 37 patients.145 Delayed enhancement on MRI was noted in 26 

patients. Compared with patients without delayed enhancement, there was a trend to a higher 

rate of VA (29 vs. 0%, p = 0.12) and higher rate of composite clinical endpoint (i.e., VA, 

heart failure hospitalization, or cardiovascular death) (41 vs. 0%, p < 0.05).145 In a recent 

study of 19 Japanese patients with cardiac sarcoidosis, the total number of affected segments 
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on CMR correlated with duration of sarcoidosis in patients with onset in extracardiac sites (p 

= 0.005) as well as LVEF and LV diastolic volume.141 All patients with LVEF < 30% had 

both subepicardial and transmural lesions.

Serial CMR may be valuable to follow the course of cardiac sarcoidosis.131 However, until 

recently, CMR could not be done in patients with pacemakers or implantable cardioverter-

defibrillators (ICDs). The recent development of MRI-compatible pacemakers and 

pacemaker leads146 has made it possible to perform serial CMR even after ICD 

placement.144 In addition, we have developed a protocol for device artifact reduction at our 

institution to optimize the ability to interpret delayed enhancement images in patients with 

ICDs.147

Coronary Angiography

Coronary angiographies are often performed in patients with suspected cardiac sarcoidosis 

to exclude atherosclerotic coronary artery disease. Coronary angiograms are typically 

normal, but wall motion abnormalities may be observed on ventriculograms.148 Rarely, 

vascular filling defects due to granulomatous vasculitis66 have been described.

What Is the Role of Endomyocardial Biopsies?

Transvenous right ventricular EMBs have been used to diagnose cardiac sarcoidosis, 

particularly when multisystem disease is not evident,149 but sensitivity is low (19–

32%).28,72,90,150 The presence of granulomas on histologic samples confirms the 

diagnosis41,149 (Fig. 1E). Other histopathologic findings (e.g., myocardial interstitial 

fibrosis; heart muscle disarrangement and fragmentation; inflammatory mononuclear cell 

infiltrates)28,41,151 may support the diagnosis of sarcoidosis, but are nonspecific. In two 

series of patients with probable cardiac sarcoidosis, the yield of EMB was only 19% (5 of 

26)150 and 22% (4 of 18), respectively.28 In a recent study of 52 patients with cardiac 

sarcoidosis seen at one institution, EMB demonstrated sarcoidosis in 10 of 31 (32%) patients 

at initial biopsy.72 The diagnosis was established in 7 additional patients by repeat EMB 

(targeted by cardiac imaging); in 11 patients, the diagnosis of cardiac sarcoidosis was 

affirmed by sampling 18FDG -PET (+) mediastinal lymph nodes. Importantly, the diagnosis 

of cardiac sarcoidosis was established in four patients after cardiac transplantation and in 

one at necropsy who died suddenly.

The low yield of biopsy likely reflects sampling error.2,90,151 Cardiac sarcoidosis involves 

the myocardium in a patchy fashion, particularly in early or mild disease.2 EMBs are 

obtained mostly from the RV free wall and apex of the IVS, whereas granulomas more 

commonly are found in the LV free wall or base of the septum.15 Given the low yield of 

EMB,72,150,151 and potential morbidity,97,152,153 we do not recommend routine EMB to 

confirm myocardial involvement provided other objective measures of cardiac dysfunction 

or abnormality are substantiated (particularly by radionuclide techniques). Sarcoid patients 

with cardiac dysfunction or ECG aberrations and no alternative etiology should be presumed 

to have cardiac involvement, even when EMB are nondiagnostic.
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Differential Diagnosis and Mimics of Cardiac Sarcoidosis

The differential diagnosis of cardiac sarcoidosis is complex as the clinical signs (if present) 

and features on imaging studies may overlap with other cardiac disorders. The differential 

diagnosis includes: dilated cardiomyopathy (all causes),18,24 arrhythmogenic right 

ventricular cardiomyopathy (ARVC),154-156 idiopathic giant cell myocarditis,157,158 

lymphocytic myocarditis,159 connective tissue disease,160 vasculitis (especially Takayasu 

arteritis161 and Wegener granulomatosis162), amyloidosis,163 dengue fever,164 Chagas 

disease,165 and other infectious causes (e.g., rheumatic fever, syphilis, fungal infections, and 

tuberculosis [TB]).8

When cardiomyopathy is present, the most common diagnoses (in addition to cardiac 

sarcoid) include: ARVC; ischemic cardiomyopathy (ICM); nonischemic dilated 

cardiomyopathy (NICM); infiltrative cardiomyopathies (e.g., amyloidosis); and RV 

infarction. When VA are the presenting feature, distinguishing cardiac sarcoidosis from 

other entities may be difficult. Because sarcoidosis can present with isolated RV or LV 

involvement, or both, 12-lead ECG morphology cannot differentiate cardiac sarcoidosis 

from other scar-related re-entrant VA.155 Twelve-lead morphology of arrhythmias of RV 

origin can be similar to either idiopathic RV outflow tract (RVOT) arrhythmias or those 

secondary to ARVC.155

When the clinical presentation is isolated conduction system disease (first, second, or third 

degree heart block or BBB), the differential includes age-related conduction system disease, 

Lyme disease, Brugada syndrome, and myocarditis. QRS fractionation can occur with 

sarcoidosis and is associated with delayed enhancement on CMR.166 QRS fractionation can 

be seen in several other pathologic structural conditions such as ICM, NICM, and ARVC. It 

can also been found in primary electrical diseases of the RV such as Brugada 

syndrome.167,168 Further, RV conduction delay related to sarcoidosis could be confused 

with a Brugada pattern ECG. Brugada syndrome is thought to be a primary electrical 

disorder; however, these patients may have underlying structural abnormalities of the 

RVOT.169 Further discussion of the entities included in the differential diagnosis is beyond 

the scope of this article.

EMB demonstrating nonnecrotizing granulomata is the gold standard to diagnose cardiac 

sarcoidosis, but its low sensitivity limits the clinical applicability of EMB. Radionuclide and 

MRI are critical to narrow the diagnosis. In particular, differentiating sarcoidosis from 

ARVC can be difficult.170 Many patients who met task force criteria for ARVC were 

ultimately found to have biopsy-proven cardiac sarcoidosis. MRI criteria have been assessed 

to help differentiate these two entities, but sensitivity and specificity are again limited.170,171

Is There a Role for Routine Screening for Cardiac Sarcoidosis?

Mehta et al screened 62 ambulatory patients with sarcoidosis for possible cardiac 

involvement by ECG, Holter monitoring, DE, and cardiac symptoms (i.e., palpitations, 

syncope, or presyncope).172 Those with positive symptoms or screening tests underwent 

MRI and PET scans. Overall, 24 (39%) had cardiac sarcoid. Patients with cardiac 

sarcoidosis had more cardiac symptoms than those without cardiac involvement (46 vs. 5%, 
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respectively; p < 0.001), and were more likely to have abnormal Holter monitor (50 vs. 3%, 

respectively; p < 0.001) and DE (25 vs. 5%, respectively; p = 0.02). Electrophysiological 

testing was performed in 17 patients, 2 of whom had abnormal findings and received ICD. 

During almost 2 years of follow-up, no patients died or had VA that triggered ICD therapy 

or had heart failure.172 In an earlier article, these authors evaluated a cohort of 76 patients 

with biopsy-proven systemic sarcoidosis without cardiac symptoms, but with evidence of 

cardiac sarcoidosis by PET/CT or MRI scans.173 All patients underwent programmed 

electric stimulation (PES) of the ventricle. Sustained VA were induced in eight (11%) 

subjects; all eight received an ICD. None of 68 noninducible patients received an ICD. All 

patients were followed up for survival and arrhythmic events. Initial LVEF (by DE) was 

lower in patients with inducible VA (36.4 vs. 55.8%; p < 0.05). Over a median follow-up of 

5 years, six of eight patients in the group with inducible VA had further episodes of VA or 

died, compared with one death in the negative group (p < 0.0001).173 Finnish investigators 

described nine patients in whom VA (VT or ventricular fibrillation) was the presenting 

feature of sarcoidosis; EMBs were positive in eight.174 All patients received antiarrhythmics 

and ICDs; high-dose CS were given in eight. During follow-up (50 ± 34 months), five 

patients underwent appropriate ICD therapies and nonsustained VT episodes were detected 

in four. Two developed incessant VT, treated by catheter ablation. One patient was referred 

for heart transplantation.

Since sudden death can occur even in asymptomatic patients with cardiac sarcoidosis, 

placement of ICDs is mandatory in any patient with cardiac sarcoidosis and a history of 

serious VA or inducible VT. The course of patients with cardiac sarcoidosis and negative 

PES (noninducible) appears to be benign, but additional studies are required to determine 

long-term prognosis and appropriate therapeutic management in these cases.

Treatment of Cardiac Sarcoidosis

The prognosis of symptomatic cardiac sarcoidosis is not well defined, but mortality rates of 

untreated cardiac sarcoidosis are high.2,19,24,25,45 Numerous publications (individual case 

reports and small series) cited favorable responses to CSs in patients with cardiac 

sarcoidosis,6,24,54,75,148,149,175 but randomized trials have not been done. Nonetheless, CS, 

alone or combined with additional immunosuppressive medications, remains the mainstay of 

treatment.8,176-179

In 1998, Yazaki et al cited 3- and 5-year survival rates of 50 and 37% in a cohort of 15 

Japanese patients with cardiac sarcoidosis (14 were treated with CS).24 In 2001, these 

investigators described 95 Japanese patients with cardiac sarcoidosis seen between 1984 and 

1996.25 The diagnosis was made at necropsy in 20 patients, none of whom had received CS. 

All 75 in whom the diagnosis was established antemortem were treated with CS. During the 

mean follow-up of 68 months, 29 of 75 patients (39%) died of congestive heart failure and 

11 (15%) died suddenly. The 5-year survival rates (by Kaplan-Meier analysis) were 75% in 

the CS-treated patients compared with only 10% in autopsy cases (subjects had not been 

treated with CS). However, there were no significant differences in survival curves of 

patients treated with a high initial dose (> 30 mg) or a low initial dose (> or = 30 mg) of 

prednisone. Another Japanese study cited a lower response rate to CS (48%) among cardiac 
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sarcoid patients compared with > 70% response for sarcoid patients with involvement of 

noncardiac sites.180 In a retrospective French study, 39 patients with cardiac sarcoidosis 

were treated with CS (initial dose prednisone ~ 1 mg/kg/ day); 13 also received another 

immunosuppressive agent (IA).42 The average duration of CS therapy was 43 months 

(range, 6–168 months). During long-term follow-up (average 58 months), 87% of the 

patients improved and 54% were presumed cured. Importantly, no patient died suddenly. 

Two patients worsened, one of whom did not receive pharmacological therapy. During 

follow-up, nine patients relapsed. Upon relapse, prednisone dose was < 10 mg/day in five 

patients; prednisone had been stopped in three patients. All nine relapses were treated with 

CS (alone, or combined with IA). Cures were noted in six of nine; three showed clinical and 

laboratory improvement. These data are too limited to comment on appropriate duration of 

CS therapy and/or when to initiate IA (or which agent).

Extent and severity of disease may influence therapeutic responsiveness. Kato et al 

described 40 patients with cardiac sarcoidosis, 20 of whom had AV block but normal 

cardiac function (LVEF > 50%). In the subset of 20 patients with normal LV function, 7 

were treated with CS and 13 were not treated. During a mean observation period of 79.4 ± 

39.9 months, none of 7 CS-treated patients died, whereas 2 of 13 (15.4%) untreated patients 

died.175 Importantly, AV block resolved in 4 of 7 CS-treated patients, but did not resolve in 

any of the 13 untreated patients (p < 0.05). Although LVEF did not differ significantly 

between the treated and untreated groups at the time of initial evaluation (66.7 vs. 60.5), a 

marked decline in LVEF was noted in the untreated patients during follow-up (37.6 ± 

17.3%), but not in the treated group (62.1 ± 4.4%; p < 0.005).25 VT was not present at the 

initial assessment in any patient in either group. During follow-up, VT occurred in only 1 of 

7 treated patients (14.3%) compared with 8 of 13 untreated patients (61.5%; p < 0.05). 

Sadek et al recently performed a meta-analysis of 10 publications that evaluated CS 

treatment of cardiac sarcoidosis.177 Among 57 patients with AV conduction disease treated 

with CS, 47.4% improved, whereas none of 16 untreated patients improved.177 Japanese 

investigators evaluated 31 patients with cardiac sarcoidosis with frequent PVCs (> 300/day); 

14 had nonsustained VT (NSVT).181 All patients were treated with prednisone (initial dose 

30 mg/day). Overall, there was no difference in the number of PVCs or incidence of NSVT 

before or after CS therapy. However, in patients with LVEF > 35%, a significant reduction 

in number of PVCs/24 hours (from 1,820 to 742) and prevalence of NSVT (from 41 to 6%) 

was noted. Patients with LVEF > 35% had significantly higher prevalence of Ga67 uptake 

compared with patients with LVEF < 35%. This suggests that CS may be effective in early, 

but not late, stages or cardiac sarcoidosis.181 Recently, these investigators reported 15 

patients with cardiac sarcoidosis with advanced or complete AV block; all were treated with 

prednisone (initial dose 30 mg/day) after placement of ICD.182 During a mean follow-up of 

7.1 years, AV resolved to normal or first degree AV block in 7 of 15 patients. The 

“recovery” group showed a higher LVEF (69.4%) compared with non-responders (LVEF 

44.1%). In the recovery group, advanced AV did not recur. Unfortunately, even with 

aggressive CS therapy, cardiac disease may progress, and may be fatal.5,176

Despite the lack of randomized trials, extensive clinical experience strongly supports 

aggressive treatment with CS for clinically evident cardiac sarcoidosis.8,42,176 However, the 
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appropriate dose and duration of CS therapy, and the role of concomitant IAs, have not been 

defined. Further, failures (including deaths) with high-dose CS have been 

described.174,183,184 A variety of IA and immunomodulatory agents been used to treat 

pulmonary and extrapulmonary sarcoidosis (including CS-recalcitrant cases).179,185–187 

However, experience with cardiac sarcoidosis is limited to anecdotal cases183,188-190 and 

small retrospective series.42 In a retrospective study from France, 11 patients were treated 

with IA (usually combined with CS); complete recovery was cited in 4; 6 improved; 1 

failed. For specific IA, favorable responses were cited as follows: methotrexate (three of 

six); cyclophosphamide (six of eight); cyclosporine (two of three). Given the paucity of data, 

the optimal agent or agents to treat cardiac sarcoidosis, and appropriate duration of therapy, 

have not been elucidated. Our approach to treating cardiac sarcoidosis is outlined below.

Our Approach to Treatment of Cardiac Sarcoidosis

For patients with proven or suspected myocardial sarcoidosis, we initiate treatment with CS. 

Symptomatic patients or those with serious VA typically receive a 3-day pulse of 

intravenous methylprednisolone (500 mg daily), followed by prednisone 40 mg/day for a 

minimum of 4 weeks. Prednisone is gradually tapered to a maintenance dose of 10 mg by 6 

months, but the rate of CS taper is variable depending on clinical status and the presence or 

absence of adverse effects. At 4 weeks, we add an IA (typically azathioprine [AZA], but 

other agents such as methotrexate or cyclophosphamide could be considered. At 6 weeks, 

we add hydroxychloroquine 200 mg bid. The rationale for triple drug therapy is not only to 

enhance efficacy but also as a steroid-sparing strategy. The duration of therapy depends on 

the individual case, but we typically maintain low-dose prednisone (5–10 mg daily), low-

dose AZA (100 mg daily), and hydroxychloroquine 200 mg once daily for a minimum of 2 

to 3 years since relapses can be life threatening and may cause permanent damage. Clinical 

relapses of cardiac sarcoidosis require retreatment with high-dose CS (usually IV pulse 

methylprednisolone) and/or immunosuppressive or cytotoxic agents (Table 3).

For follow-up, serial DE at 3 months (to assess cardiac function and LVEF), PET/CT (at 3–6 

months), and/or CMR (at 3–6 months) are appropriate. When patients have gone into 

complete remission, serial PET/CT and DE at 6-month intervals are reasonable.

Adjunctive Therapy (Catheter Ablation, Antiarrhythmics, and Implantable 

Cardioverter-defibrillators)

The predictive value of programmed electrical stimulation-induced VA and guided 

antiarrhythmic medical therapy is limited in cardiac sarcoidosis.191-194 Serious VT can 

develop even in patients in whom VT could not be induced48,191 and in sarcoid patients 

responding to CS (as evidenced by resolution of abnormal myocardial uptake on 67Ga 

or 99Tc scintiscans).191 In one study, programmed ventricular stimulation was performed in 

32 consecutive patients with cardiac sarcoidosis.48 ICDs were placed in all 12 patients with 

spontaneous or inducible sustained VT; the other 20 did not receive ICD. All 32 patients 

were followed up for the combined arrhythmic event end point of appropriate ICD therapies 

or sudden death. Mean length of follow-up to sustained VA or sudden death was 32 ± 30 

months. Five of six patients with spontaneous sustained VA and four of six patients without 
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spontaneous but with inducible sustained VA received appropriate ICD therapy. 

Importantly, no patient with an ICD died of a primary VA. Among patients with 

spontaneous or inducible sustained VA, mean survival from first appropriate ICD therapy or 

death or cardiac transplant was 60 ± 46 months; only 2 of 12 patients with ICD died or 

required cardiac transplant at study end. Unfortunately, 2 of 20 patients (10%) with neither 

spontaneous nor inducible sustained VA who did not receive ICD experienced sustained VA 

or sudden death.

In addition, the efficacy of antiarrhythmic agents to treat cardiac sarcoidosis is variable and 

breakthroughs (including sudden death) can occur.91,135,195,196 Disease-specific therapy 

may reduce the requirement for antiarrhythmic therapy and catheter ablation in patients with 

recurrent monomorphic VT.49 In one series, seven patients with cardiac sarcoidosis had 

sustained VT; six had a LVEF < 45%.90 All were treated with antiarrhythmic agents; five 

were treated with CS. However, two patients had sudden cardiac death and an additional 

four had recurrent VT 2 or more months after initiation of CS treatment.

Given the potential for serious VA and sudden death, all sarcoid patients with severe VA, 

heart block, or cardiomyopathy should be considered for ICD in addition to medical 

therapy.90,135,191,192,197-200 Currently, Society Guidelines cited primary prevention ICD 

implantation as a class IIA recommendation (level C) for patients with cardiac 

sarcoidosis.201

In a recent study of 45 patients with cardiac sarcoidosis, the incidence of VA requiring ICD 

therapy was approximately 15% per year. Longer follow-up, LV systolic dysfunction, and 

complete heart block were associated with serious VA. A recent multicenter study (13 sites) 

followed 235 patients with cardiac sarcoidosis post-ICD placement.202 Overall, 85 of 234 

(36.2%) patients received an appropriate ICD therapy (shocks and/or antitachycardia pacing) 

and 67 of 226 (29.7%) received an appropriate shock at 4.2 ± 4.0 years. However, 57 

patients (24.3%) received a total of 222 inappropriate shocks; further, 46 AE occurred in 41 

patients (17.4%). Thus, patients with cardiac sarcoidosis and ICDs are a high risk for VA, 

but the rate of inappropriate shocks and device complications is not trivial.

Cardiac Ablation

Cardiac ablation may be efficacious in patients with persistent VT despite medical 

therapy.174,183,184,203,204 In one study of 42 patients with cardiac sarcoidosis, VT was not 

controlled despite medical therapy (CS, antiarrhythmics) and ICD in 9 patients.204 

Endocardial or epicardial radiofrequency ablation resulted in decreased (n = 4) or complete 

elimination (n = 5) of VT in all patients. Arrhythmic events decreased from a mean of 271 ± 

363 episodes preablation to 4.0 ± 9.7 postablation. However, radiofrequency ablation is not 

consistently effective. Thachil et al reported 14 patients with sustained monomorphic VT 

(SMVT), mediastinal adenopathy, and abnormalities on PET-CT in the mid-myocardium 

consistent with scar ± inflammation.49 Mediastinal lymphnode biopsies revealed 

nonnecrotizing granulomas in all 14 patients; 11 (79%) had TB (79%). All patients were 

treated with antiarrhythmics ± radiofrequency ablation, yet SMVT recurred in 92%. The 

addition of disease-specific therapy (for TB or sarcoidosis) ended further recurrences in 

Lynch et al. Page 16

Semin Respir Crit Care Med. Author manuscript; available in PMC 2014 December 03.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



64%. The reduction/disappearance of SMVT correlated with resolution of myocardial 

inflammation on serial PET/CT scans.

Surgical Options

Surgical resection of ventricular aneurysms may be necessary for management of refractory 

VT.2,67,70,205 Massive or recurrent pericardial effusions refractory to medical therapy45,56 

may require pericardiectomy or pericardial window.56

Cardiac Transplantation

Cardiac transplantation should be considered for patients with severe intractable heart failure 

refractory to medical therapy.206-210 In a recent review of 19 patients with cardiac 

sarcoidosis who underwent heart transplantation, 5-year posttransplant survival rate was 

79%, comparable to 83% 5-year survival among recipients transplanted for other 

indications.207 No patient had recurrent sarcoidosis in the cardiac allograft. Zaidi et al 

examined outcomes of 65 heart transplant recipients with cardiac sarcoidosis from 1987 to 

2005 in the national UNOS (United Network for Organ Sharing) database. In that study, 1- 

and 5-year survival rates were 87.7 and 80.5% compared with heart transplant recipients 

without sarcoidosis (84.5 and 70%, respectively).211 Recurrent sarcoidosis has been 

described in cardiac allografts,209,212-215 but is uncommon (< 10%),206,207 and may respond 

to intensification of CSs.
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Fig. 1. 
(A–E) Photomicrographs. (A and B): Gross photographs of heart from young man dying 

suddenly while playing basketball. (A) Cross-section of ventricles showing scars in papillary 

muscles (PM) and subepicardium (SE) with normal coronary artery characteristic of sarcoid 

lesions as opposed to ischemic injury. (B) Right ventricular outflow tract from same patient 

showing scarring below the pulmonary valve (S) and a granuloma in the pulmonary artery 

(arrow). (C) Histologic section of left ventricular lesion showing typical discrete, well-

circumscribed nonnecrotizing granulomas (G) typical of sarcoidosis (hematoxylin and eosin 

[H&E] stain, ×40). (D) High magnification showing typical giant cells with numerous nuclei 

(H&E stain, ×400). (E) Endomyocardial biopsy from patient resuscitated from sudden 

cardiac death, showing nonnecrotizing granuloma (NNG) typical of sarcoidosis (H&E stain, 

×200).
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Fig. 2. 
Patterns of myocardial 18FDG uptake on PET scan (reproduced with permission from 

Ishimaru et al121). 18FDG, 18F-fluorodeoxyglucose; PET, positron emission tomography.
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Fig. 3. 
Patient with nonischemic cardiomyopathy and VT with mismatch. Perfusion shows normal 

septal uptake with decreased lateral uptake by NH3. On 18FDG-PET, the myocardial uptake 

is increased on the lateral wall, which indicates inflammation. 18FDG, 18F-

fluorodeoxyglucose; PET, positron emission tomography; VT, ventricular tachycardia.
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Fig. 4. 
Patient with VT referred for ablation with presumed arrhythmogenic right ventricular 

dysplasia with right precordial T wave inversion. PET/ CT demonstrated 

extracardiac 18FDG uptake in right hilar lymph node and patchy focal uptake throughout 

both ventricles. Biopsy of the right hilar node confirmed NNG consistent with 

sarcoidosis. 18FDG, 18F-fluorodeoxyglucose; NNG, nonnecrotizing granuloma; PET, 

positron emission tomography; VT, ventricular tachycardia.
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Fig. 5. 
Multiphase inflammation in a 49-year-old female with a history of heart block requiring a 

pacemaker. Nonsustained VT was documented on pacer interrogation. PET/CT revealed 

decreased anteroseptal perfusion with focal uptake of 18FDG in the septum and inferolateral 

wall. The mismatch in the septum suggests chronic scarring. 18FDG, 18F-

fluorodeoxyglucose; NNG, nonnecrotizing granuloma; PET, positron emission tomography; 

VT, ventricular tachycardia.
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Fig. 6. 
Typical bilateral hilar update and patchy myocardial uptake in the septum with progressive 

heart block in a patient presenting with intermittent lightheadedness.
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Fig. 7. 
MRI scan showing delayed enhancement throughout RV in a 48-year-old male with 

recurrent VT of RV origin and suspected ARVC. An ICD was placed and he subsequently 

had recurrent ICD shocks. He was referred for VT ablation. MRI showed diffuse 

hyperenhancement of the RV extending into the IVS. The RV was dilated and hypokinetic. 

PET/CT showed intense 18FDG uptake in the interior wall and most of the RV free wall, 

with diffuse lymph node uptake (arrows). Lymph node biopsy revealed NNG consistent with 

sarcoidosis. With treatment of his sarcoidosis, VT has not recurred. CT, computed 

tomography; 18FDG, 18F-fluorodeoxyglucose; ICD, implantable cardioverter-defibrillators; 

MRI, magnetic resonance imaging; NNG, nonnecrotizing granuloma; PET, positron 

emission tomography; RV, right ventricle; VT, ventricular tachycardia
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Table 1

Japanese ministry of health and welfare guidelines for diagnosis of cardiac sarcoidosis, 2006 version (adapted 

and revised from Hiraga et al, 1993)73

Histologic diagnosis group

 Confirmed when myocardial biopsy demonstrates noncaseating epithelioid cell granuloma with histological
 or clinical diagnosis of extracardiac sarcoidosis

Clinical diagnosis group

 Negative myocardial biopsy but extracardiac sarcoidosis is diagnosed histologically or clinically and

 2+ of 4 major criteria are satisfied or

 1+ of 4 major and 2+ of 5 minor

Major criteria Advanced AV block

Basal thinning of the interventricular septum

Positive cardiac 67Ga uptake

Depressed LVEF < 50%

Minor criteria Abnormal ECG findings: ventricular arrhythmias (VT, multifocal or frequent PVCs,
right BBB, axis deviation, or abnormal Q-wave

Abnormal echocardiography: regional abnormal wall motion or morphological abnormality
(ventricular aneurysm, wall thickening)

Nuclear medicine: perfusion defect detected by 201TI myocardial scintigraphy
or 99Tc myocardial scintigraphy

Gadolinium-enhanced MRI: delayed enhancement of myocardium

Endomyocardial biopsy: interstitial fibrosis or monocyte infiltrate over moderate grade

Abbreviations: AV, atrioventricular; BBB, bundle branch block; ECG, electrocardiogram; MRI, magnetic resonance imaging; LVEF, left 
ventricular ejection fraction; PVCs, premature ventricular contractions
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Table 2

Sensitivity of PET for cardiac sarcoid

Study Year Number
of patients

Cohort Diagnosis of
cardiac sarcoid

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

Yamagishi et al123 2003 17 Cardiac sarcoid Histologic 82
(0.57–0.96)

n/a

Okumura et al118 2004 22 Sarcoid Histologic 100
(0.72–1.00)

91
(0.59–1.00)

Ishimaru et al121 2005 32 Sarcoid Clinical 100
(0.48–1.00)

81
(0.62–0.94)

Nishiyama et al111 2006 18 Sarcoid Clinical 100
(0.59–1.00)

100
(0.72–1.00)

Ohira et al125 2008 21 Suspected
cardiac sarcoid

Clinical 88
(0.47–1.00)

38
(0.14–0.68)

Langah et al216 2009 30 Suspected
cardiac sarcoid

Clinical 85
(0.62–0.97)

90
(0.55–1.00)

Ontario CADRE79 2007–2010 24 Suspected
cardiac sarcoid

89
(0.79–0.96)

78
(0.68–0.86)

Weighted mean 164 89.9
(0.79–0.96)

78
(0.68–0.86)

Abbreviations: CI, confidence interval; PET, positron emission tomography.
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Table 3

Treatment of cardiac sarcoidosis (reproduced from Deng et al, 200221)

Treatment modality Indication

CS Conventional therapy (for initial treatment, long-term maintenance,
and relapses)

Hydroxychloroquine (200 mg bid) Steroid sparing; adjunct to CS

Azathioprine (100–200 mg/d) Steroid sparing; adjunct to CS

Methotrexate (10–20 mg once weekly) Steroid sparing; adjunct to CS

Cyclophosphamide (1–2 mg/kg/d) Refractory to other medical therapy

Antiarrhythmic agents Serious tachyarrhythmias

Automatic implantable cardioverter-defibrillator For documented arrhythmias, heart block, or syncope

Surgical resection of ventricular aneurysms Serious tachyarrhythmias

Heart transplantation Severe cardiac failure, refractory to medical therapy

Abbreviation: CS, corticosteroids.
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