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Abstract

Background—Implantable cardiac defibrillators (ICDs) are used to prevent sudden cardiac death 

in patients with cardiac sarcoidosis. The most recent recommendations for ICD implantation in 

these patients are in the 2017 American Heart Association (AHA)/American College of 

Cardiology (ACC)/Heart Rhythm Society (HRS) Guideline for Management of Patients with 

Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death. These recommendations – 

based on observational studies or expert opinion – have not been assessed. We aimed to assess 

them.

Methods—We performed a large retrospective cohort study of patients with biopsy-proven 

sarcoidosis and known or suspected cardiac sarcoidosis that underwent cardiovascular magnetic 

resonance imaging (CMR). Patients were followed for a composite endpoint of significant 

ventricular arrhythmia or sudden cardiac death. The discriminatory performance of the Guideline 

recommendations was tested using time-dependent receiver operating characteristics analyses. The 

optimal cutoff for the extent of late gadolinium enhancement (LGE) predictive of the composite 

endpoint was determined using the Youden index.
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Results—In 290 patients, the class I and IIa recommendations identified all patients who 

experienced the composite endpoint over a median follow up of 3.0 years. Patients meeting class I 

recommendations had a significantly higher incidence of the composite endpoint than those 

meeting class IIa recommendations. Left ventricular ejection fraction (LVEF) >35% with >5.7% 

LGE on CMR was as sensitive as and significantly more specific than LVEF >35% with any LGE. 

Patients meeting 2 class IIa recommendations – LVEF >35% with need for a permanent 

pacemaker, and LVEF >35% with LGE >5.7% – had high annualized event rates. Excluding 2 

class IIa recommendations – LVEF >35% with syncope, and LVEF >35% with inducible 

ventricular arrhythmia – resulted in improved discrimination for the composite endpoint.

Conclusions—We assessed the Guideline recommendations for ICD implantation in patients 

with known or suspected cardiac sarcoidosis and identified topics for future research.
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Introduction

Sarcoidosis is a multisystem granulomatous disease of unknown etiology. An estimated 

200,000 Americans live with sarcoidosis, of which up to 25% have cardiac sarcoidosis1. 

Cardiac sarcoidosis is the second leading cause of sarcoidosis-related mortality, pulmonary 

sarcoidosis being the first2. Most deaths from cardiac sarcoidosis are sudden cardiac deaths 

due to cardiac arrhythmias3. Implantable cardiac defibrillators (ICDs) are used for primary 

and secondary prevention of sudden cardiac death in patients with cardiac sarcoidosis4.

The first recommendations for ICD implantation in patients with cardiac sarcoidosis were 

included in the Heart Rhythm Society (HRS) Expert Consensus Statement on the Diagnosis 

and Management of Arrhythmias Associated with Cardiac Sarcoidosis5. The latest 

recommendations are from the 2017 American Heart Association (AHA)/American College 

of Cardiology (ACC)/HRS Guideline for Management of Patients with Ventricular 

Arrhythmias and the Prevention of Sudden Cardiac Death6 (hereafter referred to as the 

Guideline), listed in Table 1. These recommendations are based on observational studies or 

expert opinion, and they have not been validated. Since ICDs may be associated with 

complications, which are increased in patients with cardiac sarcoidosis4, 7, it is critical to 

assess the current recommendations for ICD implantation in patients with cardiac 

sarcoidosis.

Further, 1 of the class IIa recommendations for ICD implantation in patients with cardiac 

sarcoidosis is in patients with left ventricular ejection fraction (LVEF) greater than 35% with 
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scar by cardiovascular magnetic resonance imaging (CMR). Figure 8 of the Guideline 

clarifies this as “extensive scar”; however, this is not defined6.

We conducted this study with 3 objectives: first, to assess the Guideline recommendations 

for ICD implantation in a large cohort of patients with known or suspected cardiac 

sarcoidosis who underwent CMR; second, to clarify the recommendation involving the 

extent of scar on CMR; and third, to identify topics for future research to improve the 

recommendations.

Methods

Patients and Data Collection

The authors declare that all supporting data are available within the article. We studied 

consecutive patients with biopsy-proven (extra-cardiac or cardiac) sarcoidosis who 

underwent CMR with late gadolinium enhancement (LGE) imaging for the evaluation of 

cardiac sarcoidosis at the University of Minnesota. Eligible patients were identified from the 

University of Minnesota’s Cardiovascular Magnetic Resonance Registry8–10.

Demographic data, medical history, co-morbidities, medications, and outcome data were 

collected blinded to CMR data. Syncope was defined according to the 2017 ACC/AHA/HRS 

Guideline for the Evaluation and Management of Patients with Syncope as “abrupt, 

transient, complete loss of consciousness, associated with an inability to maintain postural 

tone, with rapid and spontaneous recovery. The presumed mechanism is cerebral 

hypoperfusion. There should not be clinical features of other non-syncope causes of loss of 

consciousness, such as seizure, antecedent head trauma, or apparent loss of consciousness 

(i.e., pseudo-syncope)”11. CMRs were interpreted and analyzed blinded to all other patient 

data by the consensus of 2 investigators with expertise in CMR (FK and CS). We did not 

include data from echocardiography or positron emission tomography in our current 

analyses. This retrospective cohort study was approved by University of Minnesota’s 

Institutional Review Board with a waiver of informed consent.

CMR Protocol

CMR was performed on clinical 1.5T Siemens scanners (Avanto and Aera) using phased-

array receiver coils according to standard recommendations12, 13. A typical protocol was as 

follows: First, localizers were acquired to identify the cardiac position. Next, cine CMR 

images were acquired in many short-axis (every 10 mm to cover the entire LV from the 

mitral valve plane through the apex) and 3 long-axis views (2-, 3-, and 4-chamber) using a 

steady-state free-precession sequence. Standard LGE CMR imaging was performed 10–15 

minutes after administration of gadolinium contrast (0.15 mmol/kg), using a 2-dimensional 

segmented inversion-recovery gradient-echo sequence in identical views as cine CMR 

imaging. Typical inversion delay times were 280 to 360 ms.

CMR Analyses

CMR analyses were performed by the consensus of 2 investigators with expertise in CMR 

(FK and CS), blinded to all clinical information. LVEF and right ventricular ejection fraction 
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(RVEF) were determined by quantitative analysis according to standard recommendations14. 

In patients with LGE, the extent was quantified using the signal threshold versus reference 

myocardium approach15. First, the endocardial and epicardial borders were traced and a 

reference region of interest was placed over the largest contiguous region of homogeneously 

nulled (i.e., normal) myocardium. Next, a signal threshold of >5 standard deviations (SD) 

above the mean signal of the reference myocardium was applied to derive the total LGE 

mass, which was then divided by total LV mass to obtain LGE extent as a percentage. The 

>5SD threshold was chosen because it is the best predictor of cardiovascular events in non-

ischemic cardiomyopathy when compared to expert visual scoring and the >2SD and >3SD 

thresholds16. Since LGE could include scar (chronic) or necrosis (acute), we use the term 

“LGE” rather than “scar” as used in the Guideline.

Clinical Follow-up and Endpoints

Follow-up data were collected through a review of electronic medical records from all 

hospitals and clinics within the University of Minnesota Health system. The pre-specified 

endpoint was a composite of sudden cardiac death, resuscitated cardiac arrest with 

documented ventricular tachycardia (VT), or significant ventricular arrhythmia, including 

sustained VT (duration >30 seconds) and appropriate ICD therapy (shock or anti-tachycardia 

pacing). Sudden cardiac death was defined according to the 2017 Cardiovascular and Stroke 

Endpoint Definitions for Clinical Trials17. ICD therapies were adjudicated by board-certified 

cardiac electrophysiologists as part of the patients’ clinical care. Appropriateness of ICD 

therapy was determined from the intracardiac electrograms recorded by the ICD based on 

the tachycardia rate, onset, stability, atrioventricular association, and the QRS morphology. 

Mortality status and death dates were obtained from the electronic medical records and the 

Minnesota State Department of Health’s Office of Vital Records. For patients who died 

outside the hospital, death certificates were reviewed to determine the cause of death.

Statistical Analysis

Normally-distributed continuous variables were expressed as mean ± SD, and non-normally-

distributed continuous variables were presented as medians with interquartile range (IQR). 

Categorical variables were expressed as counts with percentages. Comparison between 

groups was performed with a 2-sample Student t test for continuous, normally-distributed 

variables, and Wilcoxon rank sum test for continuous, non-normally distributed data. Chi-

square tests were used to compare discrete data between groups; in those cases where the 

expected cell count was <5, Fisher exact test was used. The cumulative probability for the 

occurrence of an endpoint was estimated using the Kaplan-Meier method, and hazard ratios 

(HR) were calculated using Cox regression and presented with their associated 95% 

confidence intervals (CIs). Censoring events were orthotopic heart transplantation, left 

ventricular assist device implantation, and death. The discriminating performances of 

Guideline recommendations for ICD implantation were tested using time-dependent receiver 

operating characteristic (ROC) curve analyses using the inverse probability of censoring 

weighting estimation method18–20. Annual event rates were calculated by dividing the 

number of patients with events by the time to the first event or the end of follow-up across 

all patients and expressed as a percentage. The optimal cutoff (i.e., the best compromise 

between sensitivity and specificity) for the extent of LGE predictive of the endpoint was 
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determined using the Youden index21. By assigning equal weight to both sensitivity and 

specificity, the index provides an optimal tradeoff between the two. Statistical analyses were 

performed using R version 3.3.3 (The R Foundation; https://www.r-project.org/). All 

statistical tests were 2-tailed, and a p value of <0.05 was considered statistically significant.

Results

Patient characteristics

Two hundred and ninety consecutive patients with biopsy-proven sarcoidosis underwent 

CMR and were included in the study (Table 2). Of the 290 patients, 284 (98%) had biopsy-

proven extra-cardiac sarcoidosis including 2 with concomitant biopsy-proven cardiac 

sarcoidosis, whereas 6 had biopsy-proven cardiac sarcoidosis without clinical findings 

characteristic of sarcoidosis in any other organs.

Follow-up

The median follow-up time was 3.0 years (IQR 1.4 to 5.5 years) with a total of 1,019 

patient-years of follow-up. No patients were lost to follow-up. During follow-up, 17 patients 

had significant ventricular arrhythmia and 1 had sudden cardiac death. Thus, 18 patients 

reached the composite outcome. Of the 17 with significant ventricular arrhythmia, the details 

of the ventricular arrhythmia that required ICD therapy (shock or anti-tachycardia pacing) 

were available for review in 16. The patient whose arrhythmia details could not be reviewed 

had recurrent ICD shocks and subsequently expired due to cardiogenic shock after being 

listed for heart transplantation. Of the 16 patients with available data, 12 (75%) had 

sustained VT lasting from 40 seconds to >24 hours in duration. The other 4 received ICD 

therapy for VT/ventricular fibrillation (VF) at rates greater than 190 beats/min. Interestingly, 

15/17 (88%) patients with significant ventricular arrhythmia had >1 distinct episode of care 

(hospitalization or outpatient visit) due to recurrent significant ventricular arrhythmia.

Assessment of class I recommendations (Table 3)

Sustained VT or sudden cardiac arrest: Eight patients met the recommendation for an ICD 

due to spontaneous sustained VT or sudden cardiac arrest, of which 6 reached the composite 

endpoint, with an annualized event rate of 81.7%.

LVEF ≤35%: Twenty patients met the recommendation due to LVEF of ≤35%, of which nine 

reached the composite endpoint, with an annualized event rate of 19.4%. Three patients met 

both class I recommendations (sustained VT or sudden cardiac arrest, and LVEF ≤35%), and 

thus, 25 were eligible for ICDs, of which, 12 met the composite endpoint, with an 

annualized event rate of 22.4%.

Assessment of class IIa recommendations (Table 3)

LVEF >35% with syncope: Twelve patients had LVEF >35% with syncope, of which only 1 

reached the composite endpoint, with an annualized event rate of 2.7%. This patient also met 

another class IIa recommendation – need for a permanent pacemaker.
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LVEF >35% with need for a permanent pacemaker: Fourteen patients had LVEF >35% with 

need for a permanent pacemaker, of which, 5 reached the composite endpoint, with an 

annualized event rate of 19.6%.

LVEF >35% with inducible VT: Only 1 patient was eligible for an ICD on this basis, and 

this patient did not reach the composite endpoint.

LVEF >35% with any LGE by CMR: Seventy patients were eligible for an ICD on this 

basis, of which 5 reached the composite endpoint, with an annualized event rate of 2.1%. 

The sensitivity of LVEF >35% with any LGE for the composite endpoint was 83.3%, while 

the specificity was 74.9%. Of the 5 patients with LVEF >35% with any LGE that reached the 

endpoint, none had ICDs at the time of their CMR; one had a permanent pacemaker.

Optimal cutoff of LGE extent by CMR

Using ROC analyses, the optimal cutoff of LGE extent for the prediction of the composite 

endpoint in patients with LGE and without a class I indication for an ICD was >5.7%. This 

cutoff had a sensitivity of 83.3% and a specificity of 94.6%.

LVEF >35% with >5.7% LGE by CMR: Nineteen patients were eligible for an ICD based on 

LVEF >35% with >5.7% LGE by CMR, of which 5 reached the composite endpoint with an 

annualized event rate of 12.0%. Thus, a cutoff of >5.7% for LGE extent significantly 

improved the specificity over any LGE (p<0.0001), while reducing the number of patients 

eligible for an ICD by 73%.

Comparison between the prognostic value of class I and IIa recommendations (Figure 1)

Patients with a class I recommendation for an ICD had a significantly higher incidence of 

the composite endpoint compared with patients with no indication for ICD (log rank 

p<0.0001). Similarly, patients with a class IIa recommendation (using >5.7% LGE) for an 

ICD had a significantly higher incidence of the composite endpoint compared with patients 

with no indication for ICD (log rank p<0.0001). Finally, patients with a class I 

recommendation for an ICD also had a significantly higher incidence of the composite 

endpoint compared with patients with a class IIa recommendation for ICD (log rank 

p=0.01). The Kaplan-Meier estimate of the cumulative incidence of the composite endpoint 

in patients meeting any class I recommendation was 52.6% at 1.9 years and in those meeting 

any class IIa recommendation was 18.0% at the same time. On Cox proportional hazards 

regression analysis, patients with a class I recommendation for an ICD had a hazard ratio 

(HR) of 3.4 (95% confidence interval 1.2–9.0; p=0.01) for the composite endpoint compared 

with patients with a class IIa recommendation (using >5.7% LGE by CMR) for an ICD.

Assessment of class I and IIa recommendations combined (Figure 2)

When class I and class IIa recommendations were evaluated together using >5.7% LGE by 

CMR, 60 patients were eligible for ICDs; this group included all 18 patients who 

experienced the composite endpoint. The area under the curve (AUC) on time-dependent 

ROC analyses was 0.94.
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Select class IIa recommendations (Figure 2)

Since patients with LVEF >35% with syncope had a low incidence of the composite 

endpoint, and LVEF >35% with inducible ventricular arrhythmia was noted in only 1 

patient, we tested the AUC for class IIa recommendations by only including 2 indications – 

LVEF >35% with >5.7% LGE, or with the need for a permanent pacemaker. Combining 

these 2 class IIa indications with class I indications resulted in 50 patients being eligible for 

ICDs, including all 18 patients that experienced the composite endpoint. The AUC on time-

dependent ROC analyses was 0.97. However, this AUC was not statistically higher than the 

AUC of 0.94 with all class I and IIa recommendations (using >5.7% LGE) combined (p = 

0.15).

Discussion

Using a large cohort of 290 patients with known or suspected cardiac sarcoidosis, we 

assessed the recommendations for ICD implantation in patients with cardiac sarcoidosis 

from the 2017 AHA/ACC/HRS Guideline for Management of Patients with Ventricular 

Arrhythmias and the Prevention of Sudden Cardiac Death. We found that the class I and IIa 

recommendations identified all patients who experienced either significant ventricular 

arrhythmia or sudden cardiac death. To assess the recommendations, we included clinical 

data from their presentation, and CMR LVEF and LGE data, but we did not include data 

from echocardiography or positron emission tomography. Patients with 1 or both class I 

indications had a significantly higher incidence of the composite endpoint than patients with 

1 or more class IIa indications. The presence of >5.7% LGE on CMR was as sensitive as and 

significantly more specific than the presence of any LGE for the identification of patients at 

risk for the composite endpoint. Finally, excluding 2 of the 4 class IIa recommendations 

(LVEF >35% with syncope, LVEF >35% with inducible ventricular arrhythmia) resulted in 

improved discrimination for the composite endpoint.

The HRS Expert Consensus Statement on the Diagnosis and Management of Arrhythmias 

Associated with Cardiac Sarcoidosis was written by a committee with specific expertise in 

cardiac sarcoidosis5. The recommendations in the 2017 ACC/AHA/HRS Guideline are very 

similar to those in the HRS Expert Consensus Statement, and the key difference between the 

2 documents pertains to patients with LVEF >35%22.

Prior literature

Class I recommendations—In patients with sustained VT or sudden cardiac arrest, 

previous studies have found high rates of ICD therapies in patients with ICDs implanted for 

secondary prevention4, 7, 23–25. In patients with LVEF ≤35%, previous studies have also 

demonstrated high rates of ICD therapies in patients with ICDs and reduced 

LVEF4, 7, 23, 24, 26, 27.

The annualized rates of appropriate therapies in these studies ranged from 5%27 to 28%24. In 

our study, patients meeting class I recommendations for an ICD had an annualized event rate 

of 22.4%, which is in line with estimates from these prior studies and is well above the 
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threshold event rate for which ICD implantation has been recommended in guidelines for 

other cardiomyopathies28.

Class IIa recommendations—Class IIa recommendations pertain to patients with LVEF 

>35%. Recently, in a post-hoc analysis of the Sudden Cardiac Death in Heart Failure Trial 

(SCD-HeFT) trial, ICDs were shown to be associated with reduced mortality even among 

patients with LVEF of ≤35% who had an improvement to >35% during follow-up29. Thus, 

ICDs may have a role in the prevention of sudden cardiac death in certain subgroups of 

patients with LVEF >35%.

No studies have investigated the prognostic role of syncope in patients with known or 

suspected cardiac sarcoidosis. Syncope in patients with known or suspected cardiac 

sarcoidosis may occur due to arrhythmias such as atrioventricular block or VT, pulmonary 

hypertension related to pulmonary sarcoidosis30, vasovagal syncope, or other causes. 

Patients with syncope with LVEF ≤35%, documented atrioventricular block, LGE >5.7%, or 

VT should be recommended ICDs. In our study, none of the 11 patients with syncope who 

did not also meet other class I or IIa indications experienced significant ventricular 

arrhythmia or sudden cardiac death during follow up. Thus, this is a topic that could benefit 

from future research. If our findings are replicated, in the absence of other indications, 

syncope alone may not warrant ICD implantation. In the absence of other indications, 

syncope could be evaluated carefully to identify its likely etiology – vasovagal, arrhythmic, 

or pulmonary hypertension-related. In those with unexplained syncope of suspected 

arrhythmic etiology, further evaluation with a tilt-table test, an insertable cardiac monitor, or 

programmed electrical stimulation11 may be reasonable to guide decision-making regarding 

the implantation of an ICD.

Several studies have documented a high rate of ventricular arrhythmias in patients presenting 

with an advanced atrioventricular block from cardiac sarcoidosis. Of 18 patients with 

advanced atrioventricular block and either cardiac sarcoidosis or giant cell myocarditis in a 

study by Kandolin et al., 7 (39%) experienced cardiac death, cardiac transplantation, 

ventricular fibrillation, or treated sustained VT at a mean follow-up of 48 months31. Nery et 

al, studied 11 patients with advanced atrioventricular block and cardiac sarcoidosis, 2 (18%) 

had recurrent VT resulting in ICD shocks at a mean follow-up of 21 months32. In a study of 

22 cardiac sarcoidosis patients with advanced atrioventricular block, over a median follow-

up of 45 months, 2 patients suffered aborted sudden cardiac death and 9 had sustained VT33. 

More recently, Nordenswan et al. reported on the arrhythmic outcomes of 143 cardiac 

sarcoidosis patients who presented with advanced atrioventricular block34. Over a median 

follow-up period of 4.1 years, 16.1% (23/143) patients suffered either fatal (n = 13) or 

aborted (n = 10) sudden cardiac death. An additional 21 patients had sustained VT, and the 

composite endpoint of sudden cardiac death or VT occurred in 44/143 (30.8%) patients34. In 

the present study, we found a 19.6% annualized rate of significant ventricular arrhythmia or 

sudden cardiac death, strongly validating this Guideline recommendation.

Three studies have investigated the role of programmed electrical stimulation in patients 

with known or suspected cardiac sarcoidosis35–37; however, in 2 of these studies, patients 

were not stratified by LVEF35, 37. Aizer et al. studied 32 patients with cardiac sarcoidosis 
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who underwent programmed electrical stimulation and found a positive predictive value for 

the prediction of sudden cardiac death or ventricular arrhythmias of 75% and a negative 

predictive value of 90%35. Of these, only 6 had no spontaneous sustained ventricular 

arrhythmias on presentation but had inducible sustained ventricular arrhythmias, and their 

LVEFs were not provided. Mehta et al. subsequently studied 76 patients with suspected 

cardiac sarcoidosis who underwent programmed electrical stimulation and found a positive 

predictive value of 75% and a negative predictive value of 98.5% for the prediction of 

ventricular arrhythmias36. Eight had inducible sustained ventricular arrhythmias, of which 

only 3 had LVEF of >40%. Smedema et al. studied 19 patients with suspected cardiac 

sarcoidosis who underwent programmed electrical stimulation and found a positive 

predictive value for the prediction of ventricular arrhythmias of 75% and a negative 

predictive value of 91%. In this study, the median LVEF for patients with a positive 

programmed electrical stimulation study was 38% while that for a negative study was 61%. 

Due to the small numbers of patients with inducible sustained ventricular tachyarrhythmias 

in these studies, and the lack of stratification by LVEF in 2, the true prognostic value of 

programmed electrical stimulation for patients with LVEF >35% remains unknown. In our 

study, only 1 such patient underwent programmed electrical stimulation, and the patient did 

not reach the composite endpoint.

Several studies have investigated the prognostic role of LGE on CMR to predict adverse 

outcomes. Two meta-analyses on this topic have been performed; Hulten et al.’s meta-

analysis included 7 studies with a total of 694 subjects38, while Coleman et al.’s meta-

analysis included 10 studies of a total of 760 patients39. Both meta-analyses and almost all 

of the studies included in them reached the same conclusion – the presence of LGE on CMR 

imaging is associated with increased odds of arrhythmic events and sudden cardiac death. 

Combining data from 7 studies reporting ventricular arrhythmia outcomes, Hulten et al. 

found an annualized event rate of 5.9% for patients with LGE vs. 0% for those without. In 

concordance with the findings of these 2 meta-analyses, we found that the presence of LGE 

was associated with ventricular arrhythmia or sudden cardiac death.

Seven studies have examined the prognostic value of LGE extent and have identified various 

LGE cut-offs for various composite endpoints including outcomes such as heart failure 

hospitalization and all-cause death25, 37, 40–44. Only Crawford et al. have identified an 

optimal LGE cutoff to predict ventricular arrhythmias; using the full width at half maximum 

thresholding method to quantify LGE, they identified that LGE >6% was associated with a 

sensitivity of 75% and a specificity of 82% to identify patients with ventricular arrhythmias 

(the area under the curve was 0.79)25. Similarly, we found >5.7% to be the optimal LGE 

cutoff for the prediction of sudden cardiac death or ventricular arrhythmias.

Of note, no prior study has examined the associations between clinical markers and sudden 

cardiac death or ventricular arrhythmias using time-dependent ROC analyses. While 

conventional ROC analyses are used to evaluate the discrimination power of a variable for a 

binary outcome, they do not account for the possibility that the outcome status could change 

with time. Time-dependent ROC analyses - using ROC curves that vary as a function of time 

- are more appropriate in this setting where patients may develop the disease later during 

longer study follow-up45, 46.
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Clinical Implications—Comparing the class I and IIa recommendations, we found that 

patients meeting class I recommendations for an ICD had a significantly higher incidence of 

the composite endpoint than patients meeting class IIa recommendations, as would be 

expected. While LVEF >35% with any LGE captured all patients without a class I indication 

that experienced the composite endpoint, an LGE cutoff of >5.7% had a significantly 

improved specificity while maintaining the same sensitivity. Patients with LVEF >35% with 

LGE <5.7% may not benefit from an ICD. Future studies are needed to validate our cutoff. 

Patients meeting 1 of 2 class IIa recommendations – LVEF >35% with the need for a 

permanent pacemaker, or LVEF>35% with LGE >5.7% – had high annualized event rates of 

20% and 12% respectively. If future studies replicate our findings, these 2 recommendations 

may need to be upgraded to class I. Similarly, the class IIa recommendations for an ICD in 

patients with LVEF >35% with syncope, or in patients with LVEF >35% with inducible 

sustained ventricular arrhythmias, would benefit from further research. If future studies 

replicate our findings in patients with LVEF >35% with syncope, the recommendation may 

benefit from either clarification to first consider evaluation with a tilt-table test, an insertable 

cardiac monitor, or programmed electrical stimulation47 to determine the cause of the 

unexplained syncope before implantation of an ICD, or a downgrade to class IIb.

Limitations

Our cohort is a single-center cohort of predominantly white patients who underwent CMR. 

Although it is 1 of the largest cohorts of patients with known or suspected cardiac 

sarcoidosis studied thus far, it may be prone to referral bias and exclusion of patients with 

contraindications for CMR. Since LGE quantification could be time-consuming for routine 

clinical implementation, further studies are warranted comparing it to quick visual LGE 

assessment focusing on patterns48. We do not have an adequate number of patients with a 

positive programmed electrical stimulation to study its prognostic value. We also recognize 

the modest number of events in the study, due to our inclusion of only clinical events that are 

relevant to ICD implantation. Therefore, our findings need to be replicated in a larger, more 

racially-diverse, multicenter cohort. It is well recognized that appropriate ICD therapy is an 

imperfect surrogate for sudden cardiac death and may overestimate risk; some ventricular 

arrhythmias that lead to ICD therapies may have terminated spontaneously without resulting 

in death49. Finally, while guidelines provide guidance, recommending ICD implantation 

requires nuanced decision-making, often incorporating variables not discussed in the 

guidelines.

Conclusions

Using a cohort of 290 patients with known or suspected cardiac sarcoidosis who underwent 

CMR, we assessed the 2017 AHA/ACC/HRS Guideline for Management of Patients with 

Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death. The class I and IIa 

recommendations in the Guideline identified all patients who experienced significant 

ventricular arrhythmia or sudden cardiac death. Concerning the class IIa recommendation 

for ICD implantation in patients with LVEF>35% with LGE, we identified an optimal cutoff 

of 5.7% that provided the highest discriminating performance for the composite endpoint.
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IQR interquartile range

LGE late gadolinium enhancement
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What Is Known

• Implantable cardiac defibrillators (ICDs) are used to prevent sudden cardiac 

death in patients with cardiac sarcoidosis.

• The most recent recommendations for ICD implantation in these patients are 

in the 2017 American Heart Association (AHA)/American College of 

Cardiology (ACC)/Heart Rhythm Society (HRS) Guideline for Management 

of Patients with Ventricular Arrhythmias and the Prevention of Sudden 

Cardiac Death.
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What the Study Adds

• In 290 patients with sarcoidosis, the class I and IIa recommendations 

identified all who experienced significant ventricular arrhythmia or sudden 

cardiac death over a median follow up of 3.0 years.

• Left ventricular ejection fraction (LVEF) >35% with >5.7% late gadolinium 

enhancement (LGE) on cardiovascular magnetic resonance imaging (CMR) 

was as sensitive as and significantly more specific than LVEF >35% with any 

LGE.

• Patients meeting 2 class IIa recommendations – LVEF >35% with need for a 

permanent pacemaker, and LVEF >35% with LGE >5.7% – had high 

annualized event rates.
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Figure 1. 
Kaplan-Meier curves comparing the cumulative incidence of the composite endpoint in 

patients meeting class I, class IIa (includes LVEF >35% with >5.7% LGE by CMR), or no 

recommendations from the Guideline.
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Figure 2. 
Time-dependent ROC curves for the prediction of the composite endpoint in patients 

meeting any class I or IIa recommendation; includes any LGE by CMR (red; AUC = 0.80), 

any class I or IIa recommendation; includes LVEF >35% with >5.7% LGE by CMR (blue; 

AUC = 0.94), any class I or select IIa recommendations: LVEF>35% with >5.7% LGE by 

CMR and/or need for permanent pacemaker (green; AUC = 0.97).

Kazmirczak et al. Page 19

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kazmirczak et al. Page 20

Table 1.

2017 AHA/ACC/HRS Guideline for Management of Patients with Ventricular Arrhythmias and the Prevention 

of Sudden Cardiac Death Recommendations for ICD Implantation in Cardiac Sarcoidosis

Class I Class IIa

Sustained VT or cardiac arrest LVEF >35% with syncope

LVEF ≤35% LVEF >35% with scar by CMR or PET

LVEF >35% with an indication for permanent pacing

LVEF >35% with inducible ventricular arrhythmia

Recommendations apply to patients that are ICD candidates as determined by functional status, life expectancy of >1 year, and patient preference.
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Table 2.

Patient Characteristics at the Time of CMR (n = 290)

Age, years (SD) 53.1 (12.2)

Women, n (%) 141 (48.6)

Race

 Caucasian, n (%) 233 (80.3)

 African-American, n (%) 50 (17.2)

 Other, n (%) 7 (2.4)

Extra-cardiac sarcoidosis Involvement (may be more than one)

  Lung, n (%) 260 (89.7)

  Skin, n (%) 27 (9.3)

  Liver, n (%) 23 (7.9)

  Eye, n (%) 19 (6.6)

  Nervous system, n (%) 11 (3.8)

  Other, n (%) 96 (33.6)

Cardiac symptoms

Palpitations, n (%) 97 (33.4)

Chest pain, n (%) 100 (34.5)

Syncope, n (%) 14 (4.8)

NYHA functional class (I/II/III/IV), n (%) 92/43/22/13 (31.7/14.8/7.6/4.5)

Comorbidities

Hypertension, n (%) 153 (52.8)

Dyslipidemia, n (%) 136 (46.9)

Diabetes mellitus, n (%) 69 (23.8)

Former tobacco use, n (%) 120 (41.4)

Tobacco use, n (%) 28 (9.7)

Coronary artery disease, n (%) 31 (10.7)

Pulmonary hypertension, n (%) 48 (16.6)

Medications

Aspirin, n (%) 90 (31.0)

Beta-blockers, n (%) 87 (30.0)

ACE-inhibitor/ Angiotensin receptor blocker, n (%) 87 (30.0)

Statin, n (%) 91 (31.4)

Steroids, n (%) 98 (33.8)

Non-steroidal immune modulatory agents, n (%) 56 (19.3)

Arrhythmia prior to CMR

PVCs, n (%) 70 (24.1)

Ventricular arrhythmia (sustained or non-sustained), n (%) 20 (6.9)

  Sustained VT 7 (2.4)

  Aborted cardiac arrest 1 (0.3)
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Supraventricular tachycardia, n (%) 27 (9.3)

Atrial fibrillation/Flutter, n (%) 33 (11.3)

Advanced AVB (2nd degree Type 2 or 3rd degree), n (%) 14 (4.8)

CMR findings

LVEDVI, ml/m2 (IQR) 59.9 (50.3 – 71.9)

LVESVI, ml/m2 (IQR) 26.3 (20.8 – 32.5)

LVEF, % (IQR) 56.6 (53.0 – 60.3)

  LVEF ≤35%, n (%) 20 (6.9)

RVEDVI, ml/m2 (IQR) 62.7 (53.3 – 72.8)

RVESVI, ml/m2 (IQR) 28.9 (23.7 – 36.8)

RVEF, % (IQR) 52.5 (49.1 – 56.9)

LV LGE, n (%) 87 (30.0)

Values are n (%), mean ± SD or median (interquartile range).

ACE = angiotensin converting enzyme, AVB = atrioventricular block; CMR = cardiovascular magnetic resonance; EDVI = end-diastolic volume 
index; EF = ejection fraction; ESVI = end-systolic volume index; LV = left ventricle; LGE = late gadolinium enhancement; NYHA = New York 
Heart Association; PVC = premature ventricular complexes; RV = right ventricle; VT = ventricular tachycardia
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