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Abstract 
Sarcoidosis is a multisystem inflammatory disorder with an unknown origin. Symptomatic 

cardiac involvement is rare and occurs in about 5% of patients with sarcoidosis. Fatal 

ventricular arrhythmias are the most severe clinical presentation of the disease. Cardiac 

magnetic resonance (CMR) is a useful noninvasive tool for the risk stratification of ventricular 

arrhythmias and sudden cardiac death (SCD) in patients with cardiac sarcoidosis (CS). More 

specifically, late gadolinium enhancement (LGE), a CMR tool for scar detection, has been 

found to be significantly associated with arrhythmic events in CS patients. This review aims to 

present the existing evidence regarding the association of LGE with adverse events and 

especially with fatal ventricular arrhythmias. 
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Introduction 
 
Sarcoidosis is an inflammatory disorder that affects mainly the lungs, but any organ can be 

involved [1]. Clinically manifested cardiac involvement is rare and is estimated to occur in 

about 5% of patients with sarcoidosis [2, 3]. The clinical presentation of cardiac sarcoidosis 

(CS) ranges from clinically silent cases to heart failure, conduction anomalies and severe forms 

with ventricular arrhythmias and sudden cardiac death [2, 4]. An analysis of nationwide clinical 

and cause-of-death registries showed that high-grade atrioventricular block was the most 

common presentation of CS followed by heart failure, unexpected fatal or aborted sudden 

cardiac death (SCD) and sustained ventricular tachycardia [4]. Criteria for the diagnosis of 

sarcoidosis have been developed [5-7]. However, a study that compared the performance of 

the diagnostic criteria showed that a high proportion of patients clinically judged to have CS 

were unable to be classified according to the three main diagnostic criteria. Interestingly, the 

low concordance between the criteria was revealed [8]. The risk stratification of SCD plays a 

significant role in the management of CS patients. Reduced right and left ventricular ejection 

fraction, positive electrophysiology study and standardized uptake value in FDG PET scan have 

been proposed as valuable tools for the risk stratification of CS patients [9-12]. Cardiac 

magnetic resonance (CMR) is a radiation-free noninvasive method for diagnosing and 

evaluating cardiomyopathies and valve diseases [13-15]. This review aims to summarize the 

role of CMR and especially the association of late gadolinium enhancement (LGE) with adverse 

outcomes in CS patients.  

 

 
The role of LGE in predicting arrhythmic events in CS patients 
 
We performed a comprehensive search in the Medline and Cochrane databases to retrieve 

the studies that provide data about the role of LGE presence in the future adverse outcomes 

of CS patients (supplementary data). The main characteristics of the retrieved studies and the 

outcomes of our interest are summarized in table 1.  

The cardiac involvement in the clinical setting of sarcoidosis includes three successive 

histological stages: edema, granulomatous inflammation, and fibrosis (scar) [16]. Various 

patterns of LGE have been described in CS patients, but findings are usually patchy and 

multifocal with subendocardial sparing. Occasionally CS may demonstrate subendocardial LGE 

mimicking a prior myocardial infarction. Specifically, typical LGE patterns in CS patients include 

subepicardial and mid-wall LGE along the basal septum, while an extension into the right 

ventricular insertion points as well as the inferolateral wall can be noted [17, 18].  The 



presence of LGE is associated with a worse prognosis and arrhythmic risk. Discrimination of 

edema from a myocardial scar is crucial for prognostic purposes. A CMR examination when 

the patient is no longer in the acute phase or a multiparametric mapping with T2 can help to 

confirm the scar-related LGE by identifying areas of reversible myocardial tissue pathology, 

including edema and inflammation [19]. Regarding the pathophysiology of arrhythmogenesis 

in the setting of CS, scar formation instead of active inflammation seems to serve as the main 

arrhythmogenic substrate [20, 21]. Specifically, one study showed that among the seven CS 

patients with sustained ventricular tachycardia (VT), only one patient had cardiac 

inflammation by Gallium-67 citrate scintigraphy [21]. Similarly, another study included CS 

patients with VT history who underwent CMR, PET, and electroanatomical mapping [20]. The 

authors found that myocardial segments with abnormal electrograms tended to have more 

scar as depicted by CMR and less inflammation by PET [20]. On the other hand, a retrospective 

study showed a significant association between focal FDG uptake on cardiac PET (a marker of 

inflammation) with future VT or death [22]. However, the retrospective nature of this study 

makes it unclear if inflammation and not a downstream scar formation is the primary 

pathophysiological mechanism of VT occurrence in CS patients[22]. 

 The existing data provide evidence that LGE can be a valuable tool for the risk 

stratification of CS patients. Cain et al., in a retrospective study, examined the distribution of 

atrial and ventricular arrhythmias in patients with and without LGE in the CMR examination 

[23]. Interestingly, they found that both atrial and ventricular arrhythmias were more 

frequently observed in LGE-positive patients. Moreover, in the subgroup of LGE-positive 

patients with implantable cardioverter defibrillators (ICDs), 30.8% received therapies, 1.5% of 

which were inappropriate for atrial arrhythmias [23]. In another observational study, the 

authors found a strong association of myocardial scar with potentially lethal events [24]. 

Specifically, LGE patients had a 31.6 times greater risk for death, aborted SCD, or appropriate 

ICD discharge compared to patients without myocardial scar [24]. Nadel et al., in a 

retrospective study, provided data about the incidence of adverse cardiovascular events in CS 

as depicted by the presence of LGE on CMR compared to patients with extracardiac 

sarcoidosis [25]. The authors found that patients with CS had significantly higher rates of the 

combined endpoint consisting of SCD and VT as well as higher rates of SCD or ICD aborted SCD 

compared to patients with extracardiac sarcoidosis [25]. Interestingly, in the CS subgroup, 

patients without an ICD were more likely to die of SCD compared to patients with an ICD 

implanted [25]. Another study found that LGE burden was the best predictor of death/VT, and 

interestingly for every 1% increase of LGE burden, the hazard of death/VT increased by 8% 



[26]. Another interesting finding of this study was also that sarcoidosis patients with LGE are 

at significant risk for death/VT, even with preserved left ventricular ejection fraction [26]. The 

routine measurement of LGE in CS patients is also supported by the findings of another 

observational study that aimed to investigate the role of CMR in predicting adverse outcomes 

[27]. More specifically, the authors found that the extent of LGE was the only independent 

predictor of outcome events on CMR imaging, with a hazard ratio of 2.22 per tertile [27]. 

Another interesting finding was that an extent of LGE >22% (the tertile with the higher scan 

burden) had positive and negative predictive values for serious cardiac events of 75% and 

76%, respectively [27]. The distribution and the percentage of myocardial scar seem to be 

correlated with the type of adverse outcomes in CS patients. Okada et al. showed that patients 

with atrioventricular block had a higher percentage mass scar in the anterior and anteroseptal 

walls while patients with ventricular arrhythmias had a higher percentage scar in the basal 

inferoseptum [28]. Furthermore, a scar in the anteroseptal wall was significantly associated 

with the combined endpoint consisting of death, heart transplantation and arrhythmic events 

[28]. Moreover, it was found that in patients with CS, left ventricular fibrosis mass and 

localization of LGE defined as the sum of LGE in left ventricular basal anterior and basal 

anteroseptal areas, or the right ventricular area were significantly associated with increased 

prevalence of ventricular arrhythmias [29]. 

Beyond the CMR abnormalities of the left ventricle, right ventricular abnormalities, 

including right ventricular systolic dysfunction and right ventricular LGE, have also been found 

to have a prognostic role in CS patients [30]. Interestingly, right ventricular systolic dysfunction 

but no LGE was independently associated with all-cause death. In contrast, right ventricular 

LGE but not systolic dysfunction was associated with the arrhythmic endpoint (SCD or 

ventricular arrhythmia) [30]. Similar results were reported recently by another observational 

study. Specifically, this study included patients with definite and probable CS. The authors 

showed that decreased right ventricular ejection fraction or the presence of right ventricular 

LGE were associated with major adverse cardiac events, while the combined analysis of right 

ventricular systolic dysfunction and LGE showed better risk stratification for cardiac events 

[31].  

Positron emission tomography (PET) has been reported to have a prognostic value in 

CS patients [22]. However, the combined use of both LGE and fluorodeoxyglucose (FDG) PET 

has been reported not to have an incremental prognostic value than LGE alone [32]. Notably, 

a study showed that LGE-positive/abnormal-FDG and LGE-positive/normal-FDG patients had 



a comparable risk of events (deaths and ventricular arrhythmias) [32]. These data support the 

unique role of LGE in the risk stratification of CS patients. Similarly, Kouranos et al. highlighted 

the valuable role of CMR in the diagnosis and prognosis of CS patients [33]. CMR was the most 

accurate diagnostic modality regarding CS diagnosis compared to the other tests, including 

cardiac symptoms, electrocardiogram, transthoracic echocardiography, and Holter 

monitoring [33]. Specifically, CMR showed a sensitivity of 96,9%, a specificity of 100% and an 

area under the curve of 0,984. An interesting finding was the limited diagnostic value of 

echocardiography as a screening test [33]. In the same study, LGE was an independent 

predictor of the primary outcome that consisted of the composite of all-cause mortality, 

sustained VT and hospitalization for heart failure [33].  Finally, the role of LGE was studied in 

a meta-analysis designed to investigate the predictive value of LGE in CS patients [34]. The 

authors found that LGE-positive patients had approximately three times higher risk of all-

cause mortality, 10.7 times higher risk of cardiovascular mortality and 19.5 times higher risk 

of ventricular arrhythmias [34]. 

 

Current recommendations for implantable cardioverter-defibrillator (ICD) implantation in 

CS patients 

 

According to the 2017 AHA/ACC/HRS Guideline Recommendations for ICD Implantation in 

cardiac sarcoidosis, an ICD is recommended (Class I) in patients with spontaneous sustained 

ventricular tachycardia (VT) or SCD and in patients with a left ventricular ejection fraction 

(LVEF) < 35%. An ICD should be considered (IIa) in patients with LVEF>35% with one of the 

following characteristics: a) syncope, b) need for a pacemaker, c) inducible sustained VA, d) 

any LGE [35]. A retrospective study that evaluated the 2017 AHA/ACC/HRS recommendations 

showed that all patients with an arrhythmic event had a class I or IIa indication for ICD 

placement [36]. Furthermore, patients that fulfill one of the following two indications: LVEF 

>35% with a need for a permanent pacemaker and LVEF >35% with LGE >5.7%, had high 

annualized event rates [36]. 

A recent meta-analysis including 585 patients with a mean LVEF of 38.4% and an ICD 

implanted showed a high incidence of ICD treatments in CS patients. Specifically, the pooled 

analysis showed that appropriate and inappropriate ICD treatments were reported in 39% and 

15%, respectively [37]. Another meta-analysis showed that patients who received an 

appropriate therapy were younger, more likely to be male, had a lower LVEF, had a higher 

rate of complete heart block and more frequently had ventricular pacing [38]. 



 

Conclusions 
 
Existing evidence highlights the prognostic role of LGE in CS patients. The presence of any LGE, 

if it represents scar as opposed to edema, is associated with worse arrhythmic risk. Future 

studies can focus on determining whether the LGE on a single scan represents edema or scar 

and identify a potential threshold or location associated with significant risk to guide 

management. More data are needed for developing a reliable CMR-derived risk score for 

identifying those patients who will benefit from an implantable cardioverter-defibrillator. 
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