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      Sarcoidosis is a multisystem granulomatous disease.  1   
Only 5% of patients with sarcoidosis demonstrate 

cardiac involvement clinically,  2   whereas it was detected 
in at least 27% of cases based on autopsy fi ndings,  3   
strongly suggesting signifi cant underdiagnosis. It is the 

second leading cause of death in patients with sarcoid-
osis (13%-25%).  4,5   Guidelines for diagnosing cardiac 
sarcoidosis have been published by the Japanese Minis-
try of Health and Welfare.  6   However, these guide-
lines have not been offi cially updated since 1993 and 
are based on the Japanese population that has a higher 
prevalence of cardiac sarcoidosis and a different genetic 
background than western populations.  6   

 There are no formal guidelines in the United States 
that address screening methods, workup, diagnostic 
criteria, or management of cardiac sarcoidosis.  7,8   Due 
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existing literature ( Table 2  ). For screening for cardiac 
sarcoidosis, there was consensus for clinical symp-
toms and physical examination and for use of 12-lead 
ECG (87.1%). A few suggested a role for MRI in 
screening. About three-quarters of the experts would 
not perform any further testing in an asymptomatic 
patient with normal cardiac examination and a nor-
mal 12-lead ECG. About one-half of the experts who 
responded to the fi rst questionnaire would perform 
an echocardiogram and just over two-thirds an 
ambulatory ECG (Holter monitor). For suspected 
cardiac sarcoidosis, most would perform a 12-lead 
ECG, an echocardiogram, a cardiac MRI, and about 
two-thirds would perform a cardiac fl uorodeoxyglu-
cose (FDG) PET scan and Holter monitor. For 
12-lead ECG changes, the very high agreement rates 
for changes indicative of potential cardiac sarcoidosis 
were found for bundle branch blocks, ventricular 
ectopies, and third- and second-degree atrioventric-
ular blocks. About three-quarters of the experts do 
not use signal-averaged ECG (SAECG). For Holter 
monitor, runs of ventricular tachycardia (VT) and 
nonsustained VT had the highest agreement, fol-
lowed by frequent isolated premature ventricular 
contractions; a few mentioned heart blocks and 
bundle branch blocks. Left ventricular (LV) dysfunc-
tion and wall motion abnormalities on an echocardio-
gram had the highest agreement for potential cardiac 
sarcoidosis among the experts, followed by right ven-
tricular dysfunction. For cardiac FDG-PET scan pat-
terns indicative of cardiac sarcoidosis, patchy uptake 
had very high agreement, with moderate agreement 
for patchy on diffuse uptake. Comments were made 
on the technical aspects of performing FDG-PET 
scan. For cardiac MRI fi ndings, delayed enhancement 

to the rarity of cardiac sarcoidosis, prospective clin-
ical trials are lacking and diffi cult to conduct. We 
conducted a Delphi study to investigate the approach 
of physicians in the United States with expertise in 
sarcoidosis and to investigate if a consensus could be 
reached on the best approach to screen, work up, and 
manage patients with sarcoidosis with potential car-
diac involvement. 

 Materials and Methods 

 To learn about current clinical practices and attempt to see if 
consensus existed regarding these practices, a Delphi study design 
was used.  9,10   The institutional review board   at National Jewish 
Health approved the study under exempt status (HS#2513). 
Two rounds of questionnaires were e-mailed to sarcoidosis spe-
cialists in the United States. The questions were in the multiple 
choice format but also included an “other” choice for free-text 
comments. 

 The experts were chosen based on their known reputation as 
sarcoid experts and/or based on active involvement in sarcoidosis 
specialty clinics at their respective institutions. The experts were 
invited to participate via e-mail. The questionnaires were admin-
istered using the Web site www.surveymonkey.com. Physicians’ 
names and responses were kept anonymous. The fi rst question-
naire consisted of 17 questions, with question 18 being a free-text 
option for comments. The questions addressed screening methods, 
workup, diagnostic modalities, management, and follow-up for 
cardiac sarcoidosis. The second questionnaire consisted of 
eight questions, with question number 9 being a free-text option. 
The second questionnaire was designed based on the responses 
from the fi rst questionnaire and aimed at clarifying and resolving 
any confl icts in the fi rst questionnaire. Participants who completed 
both questionnaires are listed in e-Appendix 1. Descriptive statis-
tics were used to describe the data. Consensus was operational-
ized as 70% or higher agreement, whereas an agreement rate of 
50% to 70% was moderate, and less than 50% was considered poor. 

 Results 

 Characteristics of the Study Participants 

 Forty-two sarcoid experts were invited to partici-
pate (36 pulmonologists, three cardiologists, three elec-
trophysiologists, one rheumatologist). Thirty-one of 
the 42 (73.8%) responded to the fi rst round of ques-
tions, and 27 of the 31 (87.1%) who responded to 
the fi rst questionnaire responded to the second 
round of questions. Characteristics of the experts 
are shown in  Table 1  . The majority were pulmonolo-
gists and 64.5% have been practicing for  .  10 years, 
and 87.1% (27/31) manage on average  .  100 patients 
with sarcoidosis per year. 

 Screening and Diagnostic Testing for 
Cardiac Sarcoidosis 

 We sought the experts’ opinions on their approach 
to screen for, diagnose, and manage cardiac sarcoid-
osis based on their practice and understanding of 

 Table 1— Characteristics of Sarcoidosis Experts 
Who Participated in the Study  

Characteristic  No. of Respondents

Response rate, N  5  42
 Round 1 31/42 (73.8%)
 Round 2 27/31 (87.1%)
 Overall 27/42 (64.3%)
Years of clinical experience  a  
  ,  10 35.5%
  .  10 64.5%
Average No. of patients with sarcoidosis 
  per year  b  
  ,  50 14.8%
 50-100 37.0%
  .  100 48.1%
Specialty (n  5  31)
 Pulmonary 90.3%
 Cardiology 6.5%
 Electrophysiology 3.2%

 a Question 16 in the fi rst questionnaire.
 b Question 1 in the second questionnaire.
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 Table 2— Diagnostic Testing for Cardiac Sarcoidosis  

Topic Procedure No. (%) Endorsing

Routine screening (R1, Q1)  Clinical symptoms and physical examination  30 (96.8) 
 12-Lead ECG  27 (87.1) 

 Echocardiogram  16 (51.6) 
SAECG 4 (12.9)

Ambulatory ECG (Holter or event monitor) 12 (38.7)
Other 4 (12.9)

Additional tests for asymptomatic patient 
 with normal examination and 12-lead ECG (R2, Q2)

 I would not perform any further screening tests  19 (70.4) 
SAECG 2 (7.4)

Ambulatory ECG (Holter or event monitor) 4 (14.8)
Echocardiogram 5 (18.5)

Brain natriuretic peptide 0 (0)
Cardiac PET scan 2 (7.4)

Cardiac MRI 2 (7.4)
Radionucleotide stress test 0 (0)

Other 2 (7.4)
Testing as part of workup for suspected 
 cardiac sarcoidosis (R1, Q2)

 12-Lead ECG  26 (83.9) 
SAECG 5 (16.1)

 Ambulatory ECG (Holter or event monitor)  20 (64.5) 
 Echocardiogram  27 (87.1) 
 Cardiac PET scan  20 (64.5) 

 Cardiac MRI  24 (77.4) 
Brain natriuretic peptide 2 (6.5)

Troponin levels 0 (0)
Cardiac radionucleotide stress test 2 (6.5)

Cardiology consult 9 (29.0)
Coronary angiography 4 (12.9)

Endomyocardial biopsy 1 (3.2)
Electrophysiological evaluation 6 (19.4)

Other 2 (6.5)
ECG fi ndings indicative of cardiac sarcoidosis (R1, Q3)  First-degree block  17 (54.8) 

 Second-degree block  24 (77.4) 
 Third-degree block  25 (80.6) 

 Atrial arrhythmias (fi brillation/fl utter)  20 (64.5) 
 Ventricular ectopy  26 (83.9) 

Fragmented QRS 10 (32.3)
 Bundle branch blocks  27 (87.1) 

Other 4 (12.9)
SAECG fi ndings indicative of cardiac sarcoidosis (R1, Q4) 1/3 Domains abnormal 4 (12.9)

2/3 Domains abnormal 2 (6.5)
All domains abnormal 1 (3.2)
 I do not use SAECG  23 (74.2) 

Do not have access to SAECG 2 (6.5)
Other 0 (0)

Ambulatory ECG (Holter or event monitor) 
 fi ndings indicative of cardiac sarcoidosis (R1, Q5)

 Frequent isolated PVCs  19 (61.3) 
Frequent PACs 10 (32.3)

 Nonsustained VT  30 (96.8) 
 Runs of VT  30 (96.8) 
Bradycardia 14 (45.2)

Do not use ambulatory ECG testing 1 (3.2)
Do not have access to ambulatory ECG testing 0 (0)

Other 3 (9.7)
Echocardiographic fi ndings indicative 
 of cardiac sarcoidosis (R1, Q6)

 LV dysfunction  28 (90.3) 
 RV dysfunction  20 (64.5) 

 Wall motion abnormalities  27 (87.1) 
Elevated right ventricular systolic pressure 8 (25.8)

Diastolic dysfunction 11 (35.5)
Do not use echocardiogram 0 (0)

Do not have access to echocardiogram 0 (0)
Other 4 (12.9)

(Continued)
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reached in a similar clinical scenario with an asymp-
tomatic patient with a normal cardiac examination 
and workup except for a positive cardiac MRI scan. 
Comments included EP evaluation, would not have 
ordered an MRI in the fi rst place, discuss with patient, 
and close monitoring. Prednisone was nearly univer-
sally the drug of choice when initiating immunosup-
pressive (IS) therapy, but no agreement was reached 
on the optimum starting dose of prednisone, although 
58.1% of the experts chose a dose  �  40 mg  . The 
majority of the experts use the same dosing reg-
imen regardless of the indication to initiate therapy 
(arrhythmias vs cardiomyopathy). The experts were 
divided on initiating a steroid-sparing agent at the 
same time they initiate corticosteroids. No agreement 
was reached on the optimum duration of immuno-
suppressive therapy, and comments were made on 
the lack of evidence to guide us and the role of the 
clinical course and other testing in making a decision. 
There was moderate agreement that the duration of 
therapy was not affected by the indication for therapy 
(arrhythmias vs cardiomyopathy), although several 
comments were made indicating that the degree 
of cardiomyopathy or arrhythmias infl uenced the 
duration. When assessing and following response 
to therapy, more than one-half of the experts use 
echocardiogram and cardiac FDG-PET scan and/or 
cardiac MRI scans. Several experts mentioned they 
follow using the abnormalities that led to the diag-
nosis and symptoms. The role of automated implant-
able cardiac defi brillators (AICDs) in cardiac 

had the highest agreement, whereas myocardial per-
fusion abnormalities and LV dysfunction had mod-
erate agreement. Less than one-half of the experts 
refer their patients for an electrophysiology (EP) 
evaluation only if they had active arrhythmias, 
whereas a smaller percentage did for all their sus-
pected patients. One expert commented on the ejec-
tion fraction as a reason for referral. 

 Management of Cardiac Sarcoidosis 

 Immunomodulatory therapy is generally used 
to manage active or progressive sarcoidosis in the 
various involved organs ( Table 3  ).  1   More than three-
quarters of the experts would initiate immunomod-
ulatory therapy for cardiac sarcoidosis based on the 
presence of ventricular arrhythmias, hypermetabolic 
activity on a cardiac FDG-PET scan, and/or LV dys-
function, whereas many would in the presence of 
conduction defects or in the presence of delayed 
enhancement on cardiac MRI. Comments included 
presence of other abnormalities with an abnormal 
FDG-PET scan. No consensus was reached on the 
role of immunomodulatory therapy in a clinical sce-
nario that was presented describing an asymptomatic 
patient with a normal cardiac examination and workup 
except for a positive cardiac FDG-PET scan. Com-
ments included close monitoring for arrhythmias, 
EP evaluation, extent of FDG-PET scan, would not 
have ordered a FDG-PET scan in the fi rst place, and 
discussions with the patient. No agreement was 

Table 2—(Continued)

Topic Procedure No. (%) Endorsing

Cardiac PET scan fi ndings indicative 
 of cardiac sarcoidosis (R1, Q7)

Diffuse uptake 6 (19.4)
 Patchy uptake  24 (77.4) 

 Patchy on diffuse uptake  16 (51.6 
LV lateral wall uptake 9 (29.0)

No uptake 1 (3.2)
Do not use cardiac FDG-PET scan 3 (9.7)

Do not have access to cardiac FDG-PET scan 0 (0)
Other 5 (16.1)

Cardiac MRI fi ndings indicative of cardiac 
 sarcoidosis (R1, Q8)

 Delayed enhancement  25 (80.6) 
Edema 10 (32.3)

RV dysfunction 10 (32.3)
 LV dysfunction  17 (54.8) 

 Myocardial perfusion abnormalities  18 (58.1) 
Do not use cardiac MRI 1 (3.2)

Do not have access to cardiac MRI 0 (0)
Other 2 (6.5)

EP evaluation as part of workup for suspected 
 cardiac sarcoidosis (R1, Q9)

Yes 12 (38.7)
Only if they have active arrhythmias 13 (41.9)

Do not refer for EP evaluation 3 (9.7)
Do not have access to an electrophysiologist 0 (0)

Other 5 (16.1)

 Round 1 responses rate, 31 of 42; Round 2 response rate, 27 of 31. Bold indicates agreement  �  70%; italic font indicates agreement  �  50% 
but  ,  70%. EP  5  electrophysiologist; FDG-PET  5  fl uorodeoxyglucose PET; LV  5  left ventricular; PAC  5  premature atrial contraction; PVC  5   premature 
ventricular contractions; Q  5  question No.; R  5  questionnaire round; RV  5  right ventricle; SAECG  5  signal-averaged ECG; VT  5  ventricular tachycardia. 
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 Table 3— Management of Cardiac Sarcoidosis  

Topic Procedure

Indications for initiation of immunomodulatory therapy (R1, Q12)  Hypermetabolic activity on a cardiac FDG-PET scan 
  Delayed enhancement on cardiac MRI 
  Conduction defects 
  LV dysfunction 
  RV dysfunction in the absence of pulmonary hypertension 
  Ventricular arrhythmias 
 Atrial arrhythmias
 Other
Clinical scenario: asymptomatic patient with only a 
 positive PET scan (R2, Q3)

No

 Yes
  Other 
Clinical scenario: asymptomatic patient with only a 
 positive MRI scan (R2, Q4)

No

 Yes
  Other 
Immunosuppressive therapies used in treating 
 cardiac sarcoidosis (R1, Q13)

 Prednisone 

 Methotrexate
 Azathioprine
 Mycophenolate mofetil
 Anti-TNF agent
 Other
Dose of prednisone used (R1, Q14) 20 mg
 30-40 mg
 60 mg
 0.5 mg/kg/ideal body weight
 1 mg/kg/ideal body weight
 I do not use prednisone
 Other
Initiation of steroid-sparing agent with corticosteroids (R2, Q5) No
 Yes
 Other
Does the initial dosage of steroids differ depending 
 on indication (active arrhythmias vs cardiomyopathy)? (R2, Q6)

 No, I use the same dosing range no matter what the indication 

 Yes, I choose a higher dose for arrhythmias
 Yes, I choose a higher dose for cardiomyopathy
 Other
Duration of immunosuppressive therapy (R2, Q7) 1 y
 2 y
 Indefi nitely
 Other
Does the duration of IS therapy differ depending 
 on indication (active arrhythmias vs cardiomyopathy)? (R2, Q8)

 No 

 Yes
 Other
Evaluation of response to IS therapy (R1, Q15) 12-Lead ECG
 SAECG
 Ambulatory ECG (Holter or event monitor)
  Echocardiogram 
  Cardiac FDG-PET scan 
  Cardiac MRI 
 Brain natriuretic peptide
 Troponin levels
 Cardiac radionuclide stress test
 Other

(Continued)
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gating the usefulness of baseline testing consisting 
of cardiac symptoms, cardiac examination, 12-lead 
ECG, echocardiogram, and Holter monitor, Mehta 
et al  11   found that the presence of at least one abnor-
mal screening test had a 100% sensitivity and 87% 
specifi city in detecting cardiac sarcoidosis, with his-
tory/examination, echocardiogram, and Holter mon-
itor being the most predictive components. Previous 
studies reported a sensitivity of 33% to 58% and a 
specifi city of 22% to 71% for ECG to detect cardiac 
sarcoidosis. The wide range was due to differences in 
the gold standard used in each study.  12,13   In one pre-
vious study, 24-Holter monitor had a sensitivity of 
67% and a specifi city of 80% in detecting cardiac 
sarcoidosis,  14   and in the study by Mehta et al  11   it had 
a sensitivity of 50% and specifi city of 97%.  11   The role 
of SAECG in cardiac sarcoidosis is yet unknown, and 
the majority of the experts do not use it, although a 
recent study reported a sensitivity of 52% and speci-
fi city of 82% for SAECG as a screening modality in 
cardiac sarcoidosis.  15   Further research investigating 
the role of SAECG in cardiac sarcoidosis is still 
needed. 

 There was a moderate to high agreement on the 
use of echocardiogram, Holter monitor, FDG-PET 
scan, and cardiac MRI in the workup of cardiac sar-
coidosis. In the study by Mehta et al  11  , echocardio-
gram had a sensitivity of 25% and specifi city of 95% 
in detecting cardiac sarcoidosis.  11   Cardiac FDG-PET 
scan and/or MRI scans are becoming the preferred 
imaging modalities in cardiac sarcoidosis.  11,16-21   The 
experts considered a patchy uptake pattern on car-
diac FDG-PET scan the fi nding most likely indica-
tive of cardiac sarcoidosis, followed by patchy on 
diffuse uptake pattern. Previous studies reported an 
85% to 100% sensitivity and 38.5% to 90.9% speci-
fi city for cardiac FDG-PET scan to detect cardiac 
sarcoidosis.  18,19,22   Delayed enhancement on a cardiac 

sarcoidosis remains unknown. Solid agreement was 
reached that AICD placement should be considered 
in patients with a positive EP study and after survival 
from a sudden cardiac death event. Some experts 
commented on LV dysfunction as another factor. No 
agreement was reached on the role of a lone pace-
maker in cardiac sarcoidosis. A few deferred the 
decision to a cardiologist. 

 Discussion 

 In an editorial titled “Cardiac sarcoidosis: there is 
no instant replay,” Dr Marc Judson  8   exemplifi ed the 
anguish physicians have to deal with when caring for 
patients with sarcoidosis. Detected clinically in 5% of 
cases  2   but most likely present in at least 40%,  11   sar-
coid physicians struggle to narrow this gap. There is a 
signifi cant lack of prospective studies that can guide 
physicians on the best screening, diagnostic, and 
management strategies. In addition, the lack of a 
gold standard for the diagnosis of cardiac sarcoidosis 
poses a challenge when conducting and interpreting 
studies and managing patients. 

 We used a modifi ed Delphi method to examine the 
practices of expert sarcoid physicians in the United 
States to determine if consensus could be reached on 
the best screening, diagnostic, and management strat-
egies. Response rate was acceptable. Overall, although 
evidence of signifi cant agreement emerged sugges-
tive of “best practices,” in most areas consensus was 
not achieved. For screening for cardiac sarcoidosis, 
most respondents were satisfi ed with cardiac symp-
toms, cardiac examination, and 12-lead ECG. These 
three elements earned the highest endorsement as 
best screening modalities, and most would not per-
form any further testing in an asymptomatic patient 
with normal testing. In a prospective study investi-

Table 3—( Continued )

Topic Procedure

Consideration for placement of an AICD (R1, Q10)  Survival from a sudden cardiac death event 
  Positive EP study 
 Presence of arrhythmias on ambulatory ECG (Holter or event monitor)
 Abnormal cardiac MRI
 Abnormal cardiac PET scan
 Do not have access to EP
 I do not advocate implanting AICDs

Other
Consideration for placement of a lone pacemaker (R1, Q11) Low-grade conduction blocks

 High-grade conduction blocks 
Do not have access to EP

I do not advocate implanting pacemakers
Other

 Round 1 responses rate, 31 of 42; round 2 response rate, 27 of 31. Bold indicates agreement  �  70%; italic font indicates agreement  �  50% 
but  ,  70%. AICD  5  automated implantable cardiac defi brillator; IS  5  immunosuppressive; TNF  5  tumor necrosis factor. See Table 2 legend for 
expansion of the other abbreviations. 
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for nearly all the experts, and most started predni-
sone at a dose  �  40 mg daily, but there was little 
agreement on the optimum duration of therapy in a 
patient who exhibits an excellent response to IS 
therapy. One retrospective Japanese study demon-
strated that immunosuppressive therapy had an 
impact on the morbidity and mortality of patients 
with cardiac sarcoidosis and that a dose  �  30 mg daily 
was as good as a dose  �  40 mg daily.  24   There have 
been numerous case reports on improved LV func-
tion, rhythm disturbances, and hypermetabolic 
activity  25   with the use of immunosuppressive therapy. 

 The role of AICD in cardiac sarcoidosis is unclear. 
AICDs have been effective in reducing sudden car-
diac death in other cardiac conditions. A report of the 
American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines states 
that “ICD implantation is reasonable for patients 
with cardiac sarcoidosis,” giving it a class IIa indica-
tion rating with a level of evidence C.  26   

MRI was considered indicative of cardiac sarcoidosis 
by the majority of the experts. Previous studies 
reported a sensitivity of 75% to 100% and specifi city 
of 76.9% to 78% for cardiac MRI.  18,23   

 The experts were less clear about the role of IS 
therapy in cardiac sarcoidosis. Most would initiate IS 
therapy for ventricular arrhythmias, hypermetabolic 
activity on a FDG-PET scan, conduction defects, 
and/or delayed enhancement on a cardiac MRI. 
Although more than three-quarters of the experts 
would initiate IS therapy for a positive FDG-PET 
scan, less than one-quarter would initiate therapy in 
an asymptomatic patient with only an abnormal 
FDG-PET scan. Most stated that they would not 
order an FDG-PET scan in an asymptomatic patient. 
Other fi ndings suggestive of possible cardiac sarcoid-
osis raised by individual experts included pericardial 
effusions, myocardial nodules detected on MRI, and 
perfusion-metabolism mismatches on FDG-PET 
scan. Corticosteroids were the treatment of choice 

  Figure  1. Proposed “best practices” for the diagnosis and management of cardiac sarcoidosis. Roman font indicates strong agreement 
(  .  70%); italic font indicates moderate agreement (50%-70%). SAECG  5  signal-averaged ECG.   
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  Figure 1   represents an algorithm for proposed 
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problem, further research is needed to produce 
actual guidelines. 
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rate was adequate, but not optimum, in spite of an 
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