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ABSTRACT

Sarcoidosis is a multisystem granulomatous disorder of unknown etiology. The annual 
incidence of systemic sarcoidosis is estimated at 10–20 per 100,000 individuals. Owing 
to the recent advances in imaging modalities, cardiac sarcoidosis (CS) is diagnosed more 
frequently. The triad of CS includes conduction abnormality, ventricular tachycardia, and 
heart failure. Atrial and ventricular arrhythmias are caused by either inflammation or scar 
formation. Inflammation should be treated with immunosuppression and antiarrhythmic 
agents and scar formation should be treated with antiarrhythmics and/or ablation, in 
addition to implantable cardioverter defibrillator (ICD) implantation, if necessary. Ablation 
can provide a good outcome, but it might require bipolar ablation if the critical portion is 
located mid-myocardium. Late recurrence might be caused by reactivation of sarcoidosis, 
which would need to be evaluated by positron emission tomography-computed tomography 
imaging. Risk of sudden cardiac death (SCD) in patients with advanced atrioventricular 
block is not low, and ICD implantation could be considered instead of a pacemaker. For risk 
stratification for SCD, late gadolinium enhancement by cardiac magnetic resonance imaging 
or program stimulation is often used.

Keywords: Arrhythmias, cardiac; Sarcoidosis; Catheter ablation; Immunosuppression; 
Defibrillators, implantable

CLINICAL MANIFESTATION

Sarcoidosis is a systemic, non-caseating granulomatous disease of unknown etiology, 
and it affects multiple organs, such as the respiratory system, skin, nerves, heart, and 
liver. The etiology remains unknown, but it has been suggested to be the product of 
endogenous genetic susceptibility and an unknown antigenic stimulus. The prognosis 
of sarcoidosis is mainly affected by the cardiac involvement. Clinical cardiac involvement 
occurs in 5% of cases, but subclinical involvement varies widely from 3.7% to 54.9%.1-

4) Clinically manifesting cases are just the tip of the iceberg in cardiac sarcoidosis (CS). 
Typical symptoms of CS include palpitations, near syncope, syncope, dyspnea, orthopnea, 
or sudden cardiac death (SCD).3) These symptoms occur because of atrioventricular block 
(AVB), supraventricular arrhythmias, ventricular arrhythmias, or heart failure.5) Symptomatic 
patients with CS are more likely to be diagnosed with and have worse adverse cardiac events. 
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A nationwide study in Finland over 25 years showed CS patients with heart failure symptoms 
have the worst long-term outcome with a transplantation-free cardiac survival of only 53%.5) 
The majority of asymptomatic patients with CS have a benign clinical course. Patel et al.6) 
showed that 14 of 21 (66.7%) patients who were diagnosed with CS based on positive results 
on late gadolinium enhancement (LGE) cardiac magnetic resonance (CMR) imaging had no 
cardiac symptoms. The presence of LGE was the independent predictor of potentially lethal 
events and other adverse events.7) Ventricular arrhythmias and sudden death can occur in 
asymptomatic patients. As such, risk stratification for SCD in CS, especially in asymptomatic 
patients, is important.

VENTRICULAR ARRHYTHMIAS

Mechanisms of ventricular arrhythmias associated with CS include reentrant and focal 
(triggered activity or abnormal automaticity). The reentrant form is more associated with 
a late scar phase, and triggered activity or abnormal automaticity is more associated with 
an inflammatory phase. Naruse et al.8) reported on a series of 37 patients with CS. Of those, 
14 patients developed recurrence of ventricular tachycardia (VT) following therapy with 
corticosteroid and antiarrhythmic agents. A total of 57 VTs were induced in these patients; 
14 VTs were non-sustained, 6 were polymorphic, 6 were related to the Purkinje system, and 
31 were related to scar areas. Purkinje-related VTs were observed in 5 patients, all of whom 
had conduction abnormalities such as PR prolongation and right bundle branch block. Four 
of the 5 patients had an infra-Hisian conduction defect, one had an H-V block, and 3 had a 
prolonged H-V ≥55 ms.

Risk stratification
In the diagnosis of cardiac involvement of sarcoidosis, CMR,9)10) 18F-fluorodeoxyglucose-
positron emission tomography (FDG-PET),11)12) and the combination of CMR and FDG-
PET13) are all very sensitive modalities. A nationwide study in Finland reported more than a 
20-fold increase in the annual detection rate and predominance of isolated CS that might 
be explained by the advancement of imaging modalities.5) Furthermore, these advanced 
modalities help to predict death and other cardiac events. CMR is one of the established 
imaging modalities for risk stratification of ventricular arrhythmia and death in ischemic and 
non-ischemic cardiomyopathy. Cardiac FDG-PET may also be useful for risk stratification, 
but there has not been enough data for it to be recommended. Programmed electrical 
stimulation (PES) is mainly used to evaluate the indication of ICD for patients with left 
ventricular ejection fraction (LVEF) >35% who had myocardial scars proven by LGE on CMR.

Cardiac magnetic resonance
The characteristic of LGE distribution in CS is a non-coronary artery disease pattern most 
frequently located in the right ventricle (RV) of the interventricular septum, followed by a 
patchy intramural or transmural distribution in the entire left ventricle (LV).7) Several CMR 
studies6)7)14) have evaluated the presence of LGE and its association with adverse events, but 
because of the small size of the studies, various composite end points, and inconsistent 
results, the magnitude of the association between LGE and adverse events has been unclear. 
A systemic review and meta-analysis of the prognostic value of LGE on CMR by Hulten et al.15) 
identified 7 studies with 694 subjects. The mean age of patients was 53 years (42% male) with 
preserved LVEF (mean LVEF: 59±4%). One hundred and ninety-nine of 694 (29%) patients 
were LGE positive. Cardiovascular mortality occurred in 10 LGE-positive versus 2 LEG-
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negative patients (1.9% vs. 0.3%). Ventricular arrhythmias occurred in 41 LGE-positive versus 
0 LGE negative patients (5.9% vs. 0%). It was suggested that a positive LGE in patients with 
CS had an association with cardiovascular death or ventricular arrhythmia.

A systemic review and meta-analysis of the prognostic value of LGE has been reported.16) Ten 
studies with a total of 760 patients and a mean follow-up of 3.0±1.1 years were included. Mean 
age was 53 years (41% male), and the average LVEF was 57.8±9.1%. The LGE-positive patients 
had higher odds of arrhythmogenic events (ventricular arrhythmias, SCD, appropriate ICD 
discharge/aborted SCD) and all-cause mortality compared with those without LGE (odds 
ratio [OR], 10.74; p<0.00001). For the annualized event rates of the composite endpoint, 
patients with LGE had significantly higher rates of events than patients without LGE (11.9% 
vs. 1.1%, p<0.001).

Greulich et al.7) reported a meta-analysis of 155 patients with systemic sarcoidosis who 
underwent CMR for work-up of suspected CS involvement. The 39 patients (25.5%) with LGE 
showed a Cox hazard ratio (HR) of 31.6 for death, aborted SCD, or appropriate ICD discharge. 
In this report, LGE on CMR was superior to functional and clinical parameters such as LVEF 
or LV end-diastolic volume, or presentation such as heart failure. The presence of myocardial 
scarring identified by LGE was the best independent predictor of potentially lethal events.

Risk stratification using CMR was evaluated in 205 patients with LVEF >50% and with 
extracardiac sarcoidosis.17) LVEF, right ventricular ejection fraction (RVEF), and LGE burden 
were measured. Forty-one of 205 (20%) patients had LGE on CMR and 12 of 205 died or had 
VT during follow-up, 10 of which (83%) were in the LGE positive group. The rate of death/VT 
per year was >20 times higher than in the LGE negative group (4.9% vs. 0.2%, p<0.01). Death/
VT were associated with greater burden of LGE (14±11% vs. 5±5%, p<0.01) and right ventricular 
dysfunction (RVEF: 45±12% vs. 53±28%, p=0.04). LGE was the best predictor of death/VT.

There was consensus that risk stratification by CMR for sudden death may be considered in 
patients with CS.

Cardiac positron emission tomography
FDG-PET to assess for inflammation with/without rubidium-82 to assess for myocardial 
perfusion has been used in the evaluation of CS. In a retrospective study of 38 patients 
with suspected CS referred for FDG-PET CT with myocardial perfusion imaging, 9 patients 
experienced adverse clinical events.18) Quantitative measurement of FDG volume-intensity 
was the only independent predictor of events by multivariate analysis. Abnormal FDG uptake 
was improved with immunosuppressive treatment in 5 of 6 patients.

In a larger study of 118 patients with CS, FDG-PET with myocardial perfusion imaging studies 
were performed,19) with 31 (26%) adverse events (27 VT and 8 deaths) observed. This study 
also reported that cardiac PET findings were predictive of adverse events, and the presence 
of both perfusion defects and abnormal FDG uptake (29% of patients) was associated with 
adverse events (HR, 3.9; p<0.01). The presence of a focal perfusion defect and FDG uptake on 
cardiac PET identified patients at higher risk for death or VT.

A retrospective analysis was performed on 203 patients who underwent perfusion and 
FDG-PET imaging with a mean follow-up of 1.8 years.20) Sixty-three of 203 (31%) patients 
developed adverse events (death, heart transplantation, or ventricular arrhythmia requiring 
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defibrillation). After robust adjustment, only the quantitative measures of extent and severity 
of perfusion-metabolism mismatch and the coefficient of variation of FDG uptake provided 
an incremental prognostic advantage.

Although FDG-PET can identify inflammation, it lacks the capability the detect irreversible 
scar tissue, which is a known substrate for reentrant VT. Another study evaluated the use of 
hybrid FDG-PET and CMR for diagnostic and prognostic assessment.21) Fifty-one patients 
underwent simultaneous PET/CMR following a high-fat/low-carbohydrate diet and 12-hour 
fast. The sensitivity and specificity of PET/CMR was estimated using Japanese Ministry of 
Health and Welfare guidelines.22) Hybrid PET/CMR was superior to PET or CMR alone for 
detecting CS with a sensitivity of 0.94, specificity of 0.44, and positive and negative predictive 
values of 0.76 and 0.80, respectively. There were 18 (35%) adverse events with a median 2.2-
year follow-up. Abnormalities in both PET and CMR was the strongest predictor of major 
adverse cardiac events. Hybrid PET/CMR simultaneously evaluated cardiac inflammation and 
scar formation.

Given the paucity of data, the Heart Rhythm Society (HRS) expert consensus recommendation 
did not include FDG-PET in the sudden death risk stratification.4) The main roles of cardiac 
FDG-PET are to evaluate inflammation of the myocardium, decide whether to utilize 
immunosuppressive therapy, or to evaluate efficacy of the treatment.

Programmed electrical stimulation
PES is usually performed for patients with LVEF >35% and positive LGE-CMR. Aizer et al.23) 
reported the usefulness of PES in 32 patients with CS. In their series, patients with spontaneous 
(n=6), inducible sustained ventricular arrhythmia by PES (n=6), inducible non-sustained 
ventricular arrhythmia (n=1), sustained ventricular arrhythmia after PES (n=1), or syncope at 
presentation (n=1) received ICD implantation. Younger patients and men were more likely to 
be inducible for sustained arrhythmias by PES. During a mean follow-up of 32 months, 9 of 12 
(75%) patients received appropriate ICD shock. In contrast, two of 20 (10%) patients without 
ICD insertion experienced sustained ventricular arrhythmia or sudden death. Mehta et al.24) 
reported on 76 patients with evidence of CS on PET or CMR who underwent PES. Over a median 
follow-up of 5 years, 6 of 8 (75%) patients in the group with inducible ventricular arrhythmias 
developed ventricular arrhythmia or death, compared with 1 death in the negative group. 
Positive PES may be useful to identify patients at risk for ventricular arrhythmia. The authors of 
this study emphasized that patients in the cohort with a negative PES appear to have a benign 
course within the first several years following diagnosis.

Immunosuppressive therapy and more
While immunosuppressive therapy may be useful in the inflammatory phase, it is unlikely 
to be useful in the late scar phase. Of the immunosuppressants, corticosteroids are most 
commonly used in CS. However, a majority of the studies on corticosteroids evaluated its 
effect on atrioventricular (AV) conduction recovery25) with a small series on ventricular 
arrhythmia with conflicting data. Futamatsu et al.26) reported on 7 CS patients with VT (6 
sustained and 1 non-sustained) who received corticosteroid therapy. Six of the 7 (86%) patients 
had no recurrence of VT over a 48.8±38.7-month follow-up, but 5 of the 7 (71%) patients were 
concomitantly started on amiodarone therapy. As a result, the pure effect of corticosteroid for 
ventricular arrhythmias was unclear. Yodogawa et al.27) reported the effect of corticosteroid 
therapy (initial dose 30 mg/day) on 31 patients with premature ventricular contraction (PVC; 
≥300 /day) or non-sustained VT (NSVT) using 24-hour Holter ambulatory monitoring before 
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and after therapy. Overall, corticosteroid therapy did not alter PVC or NSVT. However, a 
significant reduction of PVCs (from 1,820±2,969 to 742±1,425, p=0.048) and NSVT (from 
41% to 6%, p=0.039) was found in less advanced LV dysfunction patients (EF ≥35%, n=17). 
This study concluded that corticosteroid therapy may be effective for ventricular arrhythmias 
in the early stage, but less effective in the late stage. Another recent report evaluated the 
time course and factors associated with VT in 68 CS patients treated with a corticosteroid.28) 
Twenty patients (29%) experienced VTs; 14 of 20 (70%) patients had VTs in the first 12 months 
after corticosteroid therapy. The gallium (Ga) scintigraphy had a significant correlation with 
VTs (HR, 11.33; p<0.001). VTs frequently recurred in the first 12 months after initiation of 
corticosteroid therapy. Electrical storm had 2 peaks after corticosteroid therapy: in the first 
12 months and in the very late phase (after 60 months). A multivariable analysis showed 
that positive Ga scintigraphy (HR, 11.33; p<0.001) and low LVEF (HR, 0.94; p=0.001) were 
predictors for VT recurrence. This result suggested that VTs after corticosteroid treatment 
might be related to reactive cardiac sarcoid inflammation proven by Ga scintigraphy.

Methotrexate and azathioprine are used for CS as an alternative for patients who were 
refractory to corticosteroid or were unable to tolerate its side effects. Nagai et al.29) evaluated 
the efficacy of combination therapy of a low dose steroid and weekly methotrexate (n=10) 
when compared with steroid-treated patients (n=7) in CS. The study was a small open-
label study that included 17 patients. LVEF, cardiothoracic ratio and N terminal pro B-type 
natriuretic peptide levels were significantly more stabilized in the combination group than in 
the corticosteroid-only group. However, no data exist regarding this combination therapy in 
ventricular arrhythmia.

If steroids or antimetabolites do not work, targeted tumor necrosis factor alpha can be used. 
Infliximab and adalimumab have shown some efficacy in treating pulmonary sarcoidosis. 
Theodore et al.30) reported a case with electrical storm who failed antiarrhythmics and 
endocardial and epicardial ablation, but was controlled with adalimumab.

Antiarrhythmic therapy
The data on the antiarrhythmic medication in CS is scarce. Class I agents are not 
recommended in patients with scarring based on adverse outcomes reported in other 
structural heart diseases.31) Usually, class III agents are used. However, the incidence of 
amiodarone pulmonary toxicity is 5% to 15% in patients on higher (daily dose of 400 mg or 
more) doses of amiodarone, and 1.6% in patients on lower doses. Therefore, amiodarone 
might be deferred in patients with advanced pulmonary sarcoidosis.

Kron et al.32) reported that 197 of 235 patients (83.8%) had lung involvement of sarcoidosis. 
Sotalol was frequently used in 58 patients (24.7%), compared with 45 patients (19.2%) treated 
with amiodarone. In Naruse's report on 37 patients, 27 patients were on amiodarone, 4 were 
on procainamide, and 1 was on bepridil although, 32 patients had pulmonary sarcoidosis.8)

Device therapy
Implantable cardioverter defibrillator
The general implantable cardioverter defibrillator (ICD) guideline documents apply to 
patients with CS. ICD implantation is recommended in patients with CS and spontaneous 
sustained ventricular arrhythmia, including those with prior cardiac arrest and/or LVEF 
<35% despite optimal medical therapy and a period of immunosuppression if indicated 
(class I). Left ventricular function should be reassessed following heart failure medication 
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optimization and immunosuppression if indicated. The only additional CS-specific class IIa 
recommendation is that an ICD can be useful in patients with an indication for permanent 
pacemaker implantation.4) Implantation of a dual chamber pacemaker defibrillator in CS 
patients has several advantages including potential AVB development and atrial fibrillation 
(AF) detection. However, some CS patients with normal LVEF and no symptoms of heart 
failure have high event rates when LGE is confirmed on magnetic resonance imaging (MRI).

Several papers reported that a lower LVEF in CS was associated with appropriate ICD 
therapy, and even patients with relatively preserved LVEF (36–49%) carried a substantial 
risk with appropriate ICD therapy.32-34) Schuller et al.34) reported that covariates associated 
with appropriate ICD therapies were LVEF <55% (OR, 6.52), RV dysfunction (OR, 6.73), and 
symptomatic heart failure (OR, 4.33). Of 112 patients, 16 patients (14.3%) developed ICD 
storm (3 or more shocks in 24 hours); identified predictors of ICD storm were LV dysfunction 
(OR, 6.71) and RV dysfunction (OR, 3.86). The HRS expert consensus statement summarized 
the class IIb ICD recommendation for those patients with mild-to-moderately reduced 
LVEF (36–49%) and/or reduced RVEF (<40%) despite optimal medical therapy and a period 
of immunosuppression.4) Class IIa ICD indications in CS are as follows: 1) An indication 
for patients with permanent pacemaker implantation, 2) unexplained syncope or near-
syncope, felt to be of arrhythmic etiology, 3) inducible ventricular arrhythmia (>30 seconds 
of monomorphic or polymorphic VT) or clinically relevant VF. For some asymptomatic CS 
patients with normal LVEF and RVEF, CMR and PES are useful for further risk stratification 
of SCD. Patients with both LGE-MRI and PES positivity are classified as having class IIa 
indications for ICD (summarized in Figure 1).
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Figure 1. Management of ventricular arrhythmias in patients with CS. 
CS = cardiac sarcoidosis; CMR = cardiac magnetic resonance; FDG-PET = 18F-fluorodeoxyglucose-positron emission tomography; F/U = follow-up; Ga = gallium; 
ICD = implantable cardioverter defibrillator; LGE = late gadolinium enhancement; LVEF = left ventricular ejection fraction; PES = programmed electrical 
stimulation; RFA = radiofrequency ablation; VT = ventricular tachycardia.
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Adverse events associated with device therapy
The frequency of adverse events associated with CS has been reported at approximately 
15%.32)33) The most common adverse event was lead trouble, including dislodgement or 
fracture, which might be because of the relatively young age and high number of advisory ICD 
leads included in the study. The second most common adverse event was device infection. 
Six of 235 patients (2.6%) had infection complications and 4 patients were on steroids. There 
is not enough data to guide relative timing of immunosuppression and device implantation. 
However, ICD implantation should ideally be performed when immunosuppressive therapy is 
at the lowest possible maintenance dose or is temporarily withheld, if clinically feasible.

Inappropriate ICD shocks have been reported at a rate of 4.1–5.7% per year,32-34) most 
commonly for supraventricular tachycardia, including AF, atrial flutter (AFL), and atrial 
tachycardia (AT). Patients with CS are relatively young and sinus tachycardia also causes 
inappropriate shocks. On the basis of these data, ventricular arrhythmia detection and 
therapy settings should be tailored to each patient with CS. Many patients with CS have NSVT 
and longer tachycardia detection may be useful to avoid unnecessary ICD shock delivery.

Wearable cardioverter defibrillator
The wearable cardioverter defibrillator (WCD) has been shown to be beneficial, especially 
in patients with acute myocardial infarction, newly diagnosed heart failure, or a transient 
condition that will require later assessment.35) Reek et al.35) reported the utility of WCD in 
46 patients with CS. The median age was 48 years and LVEF was 30%. Of these, 10 patients 
(22%) developed ventricular arrhythmias over a range of 1 to 79 days. The first shock 
successfully terminated ventricular arrhythmia in 100% of cases. Seven patients received 
an ICD, 1 died after the discontinuation of WCD, and 2 were lost to follow-up. Among the 
patients without shock, 16 patients received an ICD, while 7 patients had improved LVEF.

Ablation
VT is considered to be caused by reentry associated with scarring, triggered activity, or abnormal 
automaticity due to active inflammation. Therefore, the management of VT with active 
inflammation is somewhat difficult. It is often resistant to drug or immunosuppression therapy.

A systemic review of catheter ablation for VT in patients with CS36) included 83 patients from 
5 papers. The mean age was 50±8 years, 53 males/30 females with a maximum of 56 patients 
receiving immunosuppressive therapy. The mean LVEF was 39.1±3.1% and 94% had ICD. The 
median number of VTs was 3 (2.6–4.9)/patient, and the mean cycle length was 360 ms (326–
400 ms). All patients received endocardial ablation and 18% required epicardial ablation. 
Relapse occurred in 45 of 83 (54.2%) patients; 26 patients underwent a second and 4 patients 
required a third ablation. For the less stringent endpoint (i.e., freedom from arrhythmia or 
reduction of ventricular arrhythmia burden), 61 of 83 (88.4%) patients showed improvement 
after the ablation. Overall, the effectiveness of catheter ablation to diminish or abolish VTs in 
patients with CS has been shown on the basis of the pooled data, with a relapse incidence of 
0.33 (95% confidence interval [CI], 0.108–0.551; p<0.004).

Jefic et al.37) described the role of catheter ablation in 9 patients with CS. Most of the VTs were 
due to the reentrant mechanism and were mapped using entrainment mapping and pace 
mapping. The most common location of the reentrant circuit was the para-tricuspid area, 
and the ablation was based on the predominant location of scarring detected by LGE-CMR to 
eliminate VTs in these patients.38)
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Kumar et al.39) reported the result of VT ablation in 21 patients with CS. Multiple reentrant 
VTs (median of 3 VTs with a median cycle length of 355 ms) were inducible. Eight patients 
underwent epicardial mapping in addition to the endocardial mapping. Mapped chambers 
were RV only (6 patients, 29%), LV only (3 patients, 14%), and both (12 patients, 57%). 
The pattern of the scarring was different for RV and LV. RV scarring was confluent with 
no predilection for any particular region. LV scarring was patchy with predilection for 
the septum, anterior wall, and perivalvular regions. Epicardial RV scarring was present 
in 7 of 8 (88%) patients and exceeded the region of the corresponding endocardial scar. 
The LV epicardial scar did not correspond to the endocardial scar, was patchy, and was 
located in the basal septum, lateral mitral annulus, the crux of the heart, and LV summit. 
Catheter ablation was effective in terminating ≥1 VT in the majority of patients (19 of 
21 patients, 91%). Complete success was achieved in 43% of patients. Non-clinical VT 
remained inducible in 24% of patients. Some clinical VTs remained inducible in 24%, 
and spontaneous VT remained inducible in 10% of patients. Of 7 patients with VT storm, 
ablation resolved 5, or 71%, of VT storm. Nine patients underwent a second ablation and 
7 of 9 (78%) patients had at least one VT abolished. Reasons for failed ablation for some 
inducible VTs were as follows: septal intramural circuits (9 procedures), extensive RV 
scarring with multiple reentry circuits (6 procedures), or sites of origin in close proximity to 
the left anterior descending coronary (3 procedures), the ramus intermedius (1 procedure), 
or the para-Hisian region (1 procedure).

VT recurrence was common, but ablation was particularly effective in treating VT storm and 
may provide palliation of recurrent uncontrollable ventricular arrhythmias.

Predictors of long-term outcomes of catheter ablation for VT in patients with CS have been 
evaluated.40) Twenty-three patients were evaluated by both of LGE-MRI and PET; 21 (91%) 
were LGE positive, and 15 (65%) were PET positive. Immunosuppressive treatment with 
steroids was started before the ablation for patients with active inflammation. Overall, VT-
free survival was 55% at 2-year follow-up. Although VT recurrence occurred in 16 patients 
(52%), VT burden was significantly reduced: 8 patients (50%) had only isolated VT episodes. 
Positive PET predicted a 4-fold VT recurrence, and a 2-fold recurrence if there was no 
improvement of PET despite immunosuppressive therapy. Therefore, inflammation status 
was considered the definite predictor for recurrent ventricular arrhythmia.

Recent report on electroanatomical mapping and imaging modalities, including CMR 
and PET/CT, showed that abnormal electrograms were more likely located in segments 
with more scar transmurality by LGE and a lower degree of inflammation.41) Catheter 
ablation was a safe and effective approach for long-term control of ventricular arrhythmias. 
Advanced imaging of CMR and PET was helpful for identifying a higher risk of VT 
recurrence after ablation.

Differentiating from arrhythmogenic right ventricular cardiomyopathy/dysplasia
There have been several reports on clinically similar manifestations of CS and 
arrhythmogenic right ventricular cardiomyopathy/dysplasia (ARVC/D).38)43) The 2010 
diagnostic criteria for ARVC/D occasionally cannot discriminate ARVD/D from CS.44) The 
discrimination of these two etiologies is challenging but crucial, as immunosuppressive 
therapy could prevent the progression of heart failure, conduction abnormality, or 
tachyarrhythmia. Among 1,140 patients enrolled in the Johns Hopkins ARVC/D registry, 15 
patients with definite 2010 diagnostic criteria for ARVC/D were subsequently diagnosed with 
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CS. Patients with CS were older at presentation, had longer PR or high-grade AVB, longer 
H-V, more inducible VT, and mediastinal lymphadenopathy.45)

Dechering et al.38) compared VTs in 18 patients with CS (n=8) and ARVC/D (n=10). Patients 
with CS had significantly lower LVEF (35.6±19.3% vs. 60.6±9.4%; p=0.02) and wider QRS 
(0.146 vs. 0.110 seconds; p=0.004) than did patients with ARVC/D. Almost all patients with 
CS had reduced LVEF (<50%). The number of inducible VT was 3.7 VTs in patients with CS vs 
1.8 in patients with ARVC/D (p=0.0001). In their cohort, the VT origin was apical more often 
in CS than in ARVC/D.

Kumar et al.39) reviewed 100 consecutive patients with RV cardiomyopathy and/or who 
received RV-related VT ablation with RV cardiomyopathy (51 ARVC/D, 22 CS, 27 RV 
cardiomyopathy of unknown source [RCUS]). Baseline characteristics of patients with 
CS showed a high prevalence of bundle branch block and advanced AVB, wide QRS, and 
lower LVEF. RV endocardial mapping demonstrated larger RV endocardial scars in CS. All 3 
groups had perivalvular (peri-tricuspid and/or peri-pulmonic) RV endocardial scarring and 
RV apical involvement was equally observed. In contrast, RV septal involvement was more 
common in CS. Patients with CS displayed more LV involvement compared with patients 
with ARVC/D and RCUS. Patients were followed up for a median 25 months after their final 
catheter ablation procedure. The VT-free survival and survival free of death or transplant were 
significantly worse in the CS group than in other groups. The results of catheter ablation are 
summarized in Table 1.

CONDUCTION ABNORMALITIES

Right bundle branch block can be observed in 12–32% of patients with CS,47) even with 
relatively preserved left ventricular function. In known extracardiac sarcoidosis patients, 
newly-developed right bundle branch block can be a sign of CS. AV nodal conduction 
could recover with corticosteroids. Patients who were treated with corticosteroids had AV 
conduction improvement, with no improvement in the untreated group.25) Although AV 
conduction recovers in some patients, device implantation is recommended as recovery is 
unpredictable. Also, because of the possible infection risk of immunosuppression, device 
implantation might be better performed before steroid initiation.

Per the 2014 expert consensus statement of the HRS,4) device implantation can be useful in 
patients with CS with an indication for pacing, even if the AVB reverses transiently (class 
IIa). Immunosuppression can be useful in patients with CS presenting with Mobitz II or 3rd 
degree AVB. ICD implantation can be useful in patients with CS and can be an indication 
for permanent pacemaker implantation. Nordenswan et al.48) reported that high-grade AVB 
is not a benign condition, not even when presenting as the only manifestation of cardiac 
involvement. The 5-year risk of SCD in middle-aged patients was 34% if the AVB presented 
with VT or severe LV dysfunction, and was still significant (9–14%) when AVB was the only 
sign of CS or when presented with non-severe LV dysfunction. The 2012 American College 
of Cardiology Foundation (ACCF)/American Heart Association (AHA)/HRS Focused Update 
listed ICD implant for CS as reasonable and class IIa (level of evidence: C).49) Although these 
findings support the ICD implant for all CS patients presenting with high-grade AVB, it is 
not reimbursed in some countries. In addition, if a temporary pacemaker is inserted, it is not 
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possible to obtain CMR. It might be useful to conduct PES with a temporary wire in a patient 
with preserved LVEF to evaluate for the risk of ventricular arrhythmia (Figure 2).

ATRIAL ARRHYTHMIAS

Incidence and mechanism
The data regarding the incidence of atrial arrhythmia in CS is scant. However, atrial 
arrhythmia is likely due to left ventricular dysfunction causing granulomatous inflammation, 
scarring of the atrium, and left atrial enlargement. Cain et al.50) evaluated 192 consecutive 
patients with biopsy-proven extracardiac sarcoidosis with CMR and found that atrial 
arrhythmias were more frequently observed (36%) than ventricular arrhythmias. Viles-
Gonzalez et al.51) reported that the prevalence of atrial arrhythmias was 32% (AF 18%, AT 
7%, and AFL 5%). The scarring and inflammation of atrial tissue and left atrial enlargement 
caused by left ventricular dysfunction might have contributed to the atrial arrhythmias. The 
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Table 1. Baseline characteristics and outcomes of VT ablation studies in patients with CS

Study
Number 

of 
patients

Age Gender 
(No.)

LVEF  
(%)

RVEF  
(%)

Mapping 
system, 

catheters

Power, 
temperature, 

duration

Number of 
inducible  

VTs and CL

Ablation site, No. (%) VT 
recurrenceRV endo LV endo Epi

Koplan  
et al.42)

8 42±8 Male: 6 
Female: 2

34±15 N/A CARTO Max 50 W, 60° 
(non-irrigation)

Mean: 4 Ablation site: 
N/A

Ablation site: 
N/A

Ablation site: 
N/A

6/8 (75%)

Navistar  
4/8 mm

40–50° 
(irrigation)

CL: N/A RV mapping:  
8 (100%)

LV mapping:  
6 (75%)

Epi mapping:  
2 (25%)

Thermocool 
3.5 mm

Jefic  
et al.37)

9 46.7±8.6 Male: 7 
Female: 2

42±14 N/A CARTO 60°, 30–60 
seconds  

(non-irrigation)

Mean: 4.9 6 (67%) 4 (44%) 1 (11%) 4/9 (44%)

Navistar 
4 mm

10 Ω impedance 
drop (irrigation)

Mean CL: 
348±78 ms

Thermocool 
3.5 mm

Dechering 
et al.38)

8 39.1±10.3 Male: 4 
Female: 4

39.1±10.3 40.4±9.6 CARTO Endo: max 
power 50 W, 43°

Mean: 3.7 7 (88%) 1 (13%) 1 (13%) 4/8 (50%)

Thermocool Epi: <50 W with 
flow 20 mL/min

Mean CL: 
326±88 ms

Naruse  
et al.8)

14 60±10 Male: 3 
Female: 11

40±12 N/A CARTO 40–50 W,  
max 58°  

(non-irrigation)

Mean: 2.6 17/37 VTs 
(46%)

20/37 VTs 
(54%)

0 6/14 (43%)

Navistar 30–40 W, 

max 42° 
(irrigation)

Mean CL: 
400±97 ms

Thermocool
Kumar  
et al.46)

21 47±9 Male: 17 
Female: 4

36±14 RV 
dysfunction: 
16/21 (76%)

CARTO 25–50 W, 10–20 
Ω impedance 

drop

Median: 3 Endo 21 (100%) 
(detail of RV and LV: N/A)

5 (24%) 15/21 (71%)

RVEF: N/A Navistar  
4 mm

Median 
CL: 355 ms 
(240–600 

ms)

RV mapping: 18 (86%)

Thermocool/
Thermocool 
SF 3.5 mm

LV mapping: 15 (71%)

Muser  
et al.40)

31 55±10 Male: 22 
Female: 9

42±15 46±11 CARTO Up to 50 W,  
10–15 Ω 

impedance  
drop

Median: 3 Endo 31 (100%)  
(detail of RV and LV: N/A)

8 (26%) 16/31 (52%)

Thermocool 
3.5 mm

Mean CL: 
369±77 ms

RV mapping: 18 (58%)
LV mapping: 21 (68%)

CL = cycle length; CS = cardiac sarcoidosis; LV = left ventricle; LVEF = left ventricular ejection fraction; N/A = non-available; RVEF = right ventricular ejection 
fraction; RV = right ventricle; VT = ventricular tachycardia.
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incidence of atrial arrhythmias was more frequent in patients with left atrial enlargement 
(267.8 vs. 38.3/1,000 person-years, RR, 6.99; 95% CI, 3.31–14.77).51) Left atrial enlargement 
was the only variable associated with atrial arrhythmia by a multivariate analysis.

Immunosuppression
There is paucity of data on the efficacy of immunosuppression to control atrial 
arrhythmias.52)53) Although catheter ablation and class III antiarrhythmics were ineffective to 
control AF, initiation of steroid therapy significantly decreased AF burden.52)

Antiarrhythmic drugs and anticoagulation
Considering that some patients have ventricular scarring, class I agents should be deferred, 
and class III agents are preferred, as discussed in the ventricular arrhythmia section. Patients 
with CS may be at increased risk of venous thrombosis,54)55) but whether CS patients with AF 
are at an increased risk of thrombosis is unknown. A patient's need for anticoagulation is 
based on the CHADS2-VASC score, as estimated for non-valvular AF.

Catheter ablation
Limited data exists regarding the use of catheter ablation for AF associated with CS. In a 
case series of 9 patients with CS who underwent catheter ablation,56) 2 had paroxysmal AF, 
3 had persistent AF, 1 had cavotricuspid isthmus-dependent AFL, 2 had atypical flutter, and 
1 had both cavotricuspid isthmus-dependent flutter and paroxysmal AF. Both patients with 
paroxysmal AF underwent circumferential pulmonary vein isolation with no recurrence 
during 1.8±1.9 years. For persistent AF, bipolar voltage mapping showed a small low voltage 
area in the septum in one patient and diffuse, extensive left atrial scarring in another. Both 
of these patients underwent pulmonary vein isolation and complex fractionated atrial 
electrogram ablation. The other patient with persistent AF underwent minimal atrial scarring 
and pulmonary vein isolation.
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No

VT inducible

or LGE+

AV block

LVEF  > 35%LVEF ≤ 35%

ICD PES or CMR-LGE ICD

Pacemaker

Both negativeEither positive

Immunosuppression Clinical F/U

FDG PET or Ga scintigraphy

Figure 2. Management of AVB in patients with CS. 
AVB = atrioventricular block; CMR = cardiac magnetic resonance; CS = cardiac sarcoidosis; F/U = follow-up; 
FDG-PET = 18F-fluorodeoxyglucose-positron emission tomography; Ga = gallium; ICD = implantable cardioverter 
defibrillator; LGE = late gadolinium enhancement; LVEF = left ventricular ejection fraction; PES = programmed 
electrical stimulation; VT = ventricular tachycardia.

https://e-kcj.org


REFERENCES

	 1.	 Yazaki Y, Isobe M, Hiroe M, et al. Prognostic determinants of long-term survival in Japanese patients with 
cardiac sarcoidosis treated with prednisone. Am J Cardiol 2001;88:1006-10. 
PUBMED | CROSSREF

	 2.	 Smedema JP, Snoep G, van Kroonenburgh MP, et al. Cardiac involvement in patients with pulmonary 
sarcoidosis assessed at two university medical centers in the Netherlands. Chest 2005;128:30-5. 
PUBMED | CROSSREF

	 3.	 Smedema JP, Snoep G, van Kroonenburgh MP, et al. The additional value of gadolinium-enhanced 
MRI to standard assessment for cardiac involvement in patients with pulmonary sarcoidosis. Chest 
2005;128:1629-37. 
PUBMED | CROSSREF

	 4.	 Birnie DH, Sauer WH, Bogun F, et al. HRS expert consensus statement on the diagnosis and management 
of arrhythmias associated with cardiac sarcoidosis. Heart Rhythm 2014;11:1305-23. 
PUBMED | CROSSREF

	 5.	 Kandolin R, Lehtonen J, Airaksinen J, et al. Cardiac sarcoidosis: epidemiology, characteristics, and 
outcome over 25 years in a nationwide study. Circulation 2015;131:624-32. 
PUBMED | CROSSREF

	 6.	 Patel MR, Cawley PJ, Heitner JF, et al. Detection of myocardial damage in patients with sarcoidosis. 
Circulation 2009;120:1969-77. 
PUBMED | CROSSREF

	 7.	 Greulich S, Deluigi CC, Gloekler S, et al. CMR imaging predicts death and other adverse events in 
suspected cardiac sarcoidosis. JACC Cardiovasc Imaging 2013;6:501-11. 
PUBMED | CROSSREF

	 8.	 Naruse Y, Sekiguchi Y, Nogami A, et al. Systematic treatment approach to ventricular tachycardia in 
cardiac sarcoidosis. Circ Arrhythm Electrophysiol 2014;7:407-13. 
PUBMED | CROSSREF

	 9.	 Ichinose A, Otani H, Oikawa M, et al. MRI of cardiac sarcoidosis: basal and subepicardial localization of 
myocardial lesions and their effect on left ventricular function. AJR Am J Roentgenol 2008;191:862-9. 
PUBMED | CROSSREF

	10.	 Cummings KW, Bhalla S, Javidan-Nejad C, Bierhals AJ, Gutierrez FR, Woodard PK. A pattern-based 
approach to assessment of delayed enhancement in nonischemic cardiomyopathy at MR imaging. 
Radiographics 2009;29:89-103. 
PUBMED | CROSSREF

	11.	 Okumura W, Iwasaki T, Toyama T, et al. Usefulness of fasting 18F-FDG PET in identification of cardiac 
sarcoidosis. J Nucl Med 2004;45:1989-98.
PUBMED

	12.	 Ishimaru S, Tsujino I, Takei T, et al. Focal uptake on 18F-fluoro-2-deoxyglucose positron emission 
tomography images indicates cardiac involvement of sarcoidosis. Eur Heart J 2005;26:1538-43. 
PUBMED | CROSSREF

	13.	 Vita T, Okada DR, Veillet-Chowdhury M, et al. Complementary value of cardiac magnetic resonance 
imaging and positron emission tomography/computed tomography in the assessment of cardiac 
sarcoidosis. Circ Cardiovasc Imaging 2018;11:e007030. 
PUBMED | CROSSREF

	14.	 Crawford T, Mueller G, Sarsam S, et al. Magnetic resonance imaging for identifying patients with cardiac 
sarcoidosis and preserved or mildly reduced left ventricular function at risk of ventricular arrhythmias. 
Circ Arrhythm Electrophysiol 2014;7:1109-15. 
PUBMED | CROSSREF

	15.	 Hulten E, Agarwal V, Cahill M, et al. Presence of late gadolinium enhancement by cardiac magnetic 
resonance among patients with suspected cardiac sarcoidosis is associated with adverse cardiovascular 
prognosis: a systematic review and meta-analysis. Circ Cardiovasc Imaging 2016;9:e005001. 
PUBMED | CROSSREF

	16.	 Coleman GC, Shaw PW, Balfour PC Jr, et al. Prognostic value of myocardial scarring on CMR in patients 
with cardiac sarcoidosis. JACC Cardiovasc Imaging 2017;10:411-20. 
PUBMED | CROSSREF

	17.	 Murtagh G, Laffin LJ, Beshai JF, et al. Prognosis of myocardial damage in sarcoidosis patients with 
preserved left ventricular ejection fraction: risk stratification using cardiovascular magnetic resonance. 
Circ Cardiovasc Imaging 2016;9:e003738. 
PUBMED | CROSSREF

130https://e-kcj.org https://doi.org/10.4070/kcj.2018.0432

Arrhythmia Management in Cardiac Sarcoidosis

http://www.ncbi.nlm.nih.gov/pubmed/11703997
https://doi.org/10.1016/S0002-9149(01)01978-6
http://www.ncbi.nlm.nih.gov/pubmed/16002912
https://doi.org/10.1378/chest.128.1.30
http://www.ncbi.nlm.nih.gov/pubmed/16162768
https://doi.org/10.1378/chest.128.3.1629
http://www.ncbi.nlm.nih.gov/pubmed/24819193
https://doi.org/10.1016/j.hrthm.2014.03.043
http://www.ncbi.nlm.nih.gov/pubmed/25527698
https://doi.org/10.1161/CIRCULATIONAHA.114.011522
http://www.ncbi.nlm.nih.gov/pubmed/19884472
https://doi.org/10.1161/CIRCULATIONAHA.109.851352
http://www.ncbi.nlm.nih.gov/pubmed/23498675
https://doi.org/10.1016/j.jcmg.2012.10.021
http://www.ncbi.nlm.nih.gov/pubmed/23498675
https://doi.org/10.1016/j.jcmg.2012.10.021
http://www.ncbi.nlm.nih.gov/pubmed/18716120
https://doi.org/10.2214/AJR.07.3089
http://www.ncbi.nlm.nih.gov/pubmed/19168838
https://doi.org/10.1148/rg.291085052
http://www.ncbi.nlm.nih.gov/pubmed/15585472
http://www.ncbi.nlm.nih.gov/pubmed/15809286
https://doi.org/10.1093/eurheartj/ehi180
http://www.ncbi.nlm.nih.gov/pubmed/29335272
https://doi.org/10.1161/CIRCIMAGING.117.007030
http://www.ncbi.nlm.nih.gov/pubmed/25266311
https://doi.org/10.1161/CIRCEP.113.000156
http://www.ncbi.nlm.nih.gov/pubmed/27621357
https://doi.org/10.1161/CIRCIMAGING.116.005001
http://www.ncbi.nlm.nih.gov/pubmed/27450877
https://doi.org/10.1016/j.jcmg.2016.05.009
http://www.ncbi.nlm.nih.gov/pubmed/26763280
https://doi.org/10.1161/CIRCIMAGING.115.003738
https://e-kcj.org


	18.	 Ahmadian A, Brogan A, Berman J, et al. Quantitative interpretation of FDG PET/CT with myocardial 
perfusion imaging increases diagnostic information in the evaluation of cardiac sarcoidosis. J Nucl Cardiol 
2014;21:925-39. 
PUBMED | CROSSREF

	19.	 Blankstein R, Osborne M, Naya M, et al. Cardiac positron emission tomography enhances prognostic 
assessments of patients with suspected cardiac sarcoidosis. J Am Coll Cardiol 2014;63:329-36. 
PUBMED | CROSSREF

	20.	 Sperry BW, Tamarappoo BK, Oldan JD, et al. Prognostic impact of extent, severity, and heterogeneity 
of abnormalities on 18F-FDG PET scans for suspected cardiac sarcoidosis. JACC Cardiovasc Imaging 
2018;11:336-45. 
PUBMED | CROSSREF

	21.	 Wicks EC, Menezes LJ, Barnes A, et al. Diagnostic accuracy and prognostic value of simultaneous 
hybrid 18F-fluorodeoxyglucose positron emission tomography/magnetic resonance imaging in cardiac 
sarcoidosis. Eur Heart J Cardiovasc Imaging 2018;19:757-67. 
PUBMED

	22.	 Soejima K, Yada H. The work-up and management of patients with apparent or subclinical cardiac 
sarcoidosis: with emphasis on the associated heart rhythm abnormalities. J Cardiovasc Electrophysiol 
2009;20:578-83. 
PUBMED | CROSSREF

	23.	 Aizer A, Stern EH, Gomes JA, Teirstein AS, Eckart RE, Mehta D. Usefulness of programmed ventricular 
stimulation in predicting future arrhythmic events in patients with cardiac sarcoidosis. Am J Cardiol 
2005;96:276-82. 
PUBMED | CROSSREF

	24.	 Mehta D, Mori N, Goldbarg SH, Lubitz S, Wisnivesky JP, Teirstein A. Primary prevention of sudden 
cardiac death in silent cardiac sarcoidosis: role of programmed ventricular stimulation. Circ Arrhythm 
Electrophysiol 2011;4:43-8. 
PUBMED | CROSSREF

	25.	 Sadek MM, Yung D, Birnie DH, Beanlands RS, Nery PB. Corticosteroid therapy for cardiac sarcoidosis: a 
systematic review. Can J Cardiol 2013;29:1034-41. 
PUBMED | CROSSREF

	26.	 Futamatsu H, Suzuki J, Adachi S, et al. Utility of gallium-67 scintigraphy for evaluation of cardiac 
sarcoidosis with ventricular tachycardia. Int J Cardiovasc Imaging 2006;22:443-8. 
PUBMED | CROSSREF

	27.	 Yodogawa K, Seino Y, Ohara T, Takayama H, Katoh T, Mizuno K. Effect of corticosteroid therapy on 
ventricular arrhythmias in patients with cardiac sarcoidosis. Ann Noninvasive Electrocardiol 2011;16:140-7. 
PUBMED | CROSSREF

	28.	 Segawa M, Fukuda K, Nakano M, et al. Time course and factors correlating with ventricular 
tachyarrhythmias after introduction of steroid therapy in cardiac sarcoidosis. Circ Arrhythm Electrophysiol 
2016;9:e003353. 
PUBMED | CROSSREF

	29.	 Nagai S, Yokomatsu T, Tanizawa K, et al. Treatment with methotrexate and low-dose corticosteroids in 
sarcoidosis patients with cardiac lesions. Intern Med 2014;53:427-33. 
PUBMED | CROSSREF

	30.	 Theodore J, Kaur Saggu D, Yalagudri S, Kishore J, Devidutta S, Narasimhan C. Management of refractory 
ventricular tachycardia due to cardiac sarcoidosis—A biologic approach. HeartRhythm Case Rep. 2018 [Epub 
ahead of print].
PUBMED | CROSSREF

	31.	 Echt DS, Liebson PR, Mitchell LB, et al. Mortality and morbidity in patients receiving encainide, 
flecainide, or placebo the cardiac arrhythmia suppression trial. N Engl J Med 1991;324:781-8. 
CROSSREF

	32.	 Kron J, Sauer W, Schuller J, et al. Efficacy and safety of implantable cardiac defibrillators for treatment of 
ventricular arrhythmias in patients with cardiac sarcoidosis. Europace 2013;15:347-54. 
PUBMED | CROSSREF

	33.	 Betensky BP, Tschabrunn CM, Zado ES, et al. Long-term follow-up of patients with cardiac sarcoidosis 
and implantable cardioverter-defibrillators. Heart Rhythm 2012;9:884-91. 
PUBMED | CROSSREF

	34.	 Schuller JL, Zipse M, Crawford T, et al. Implantable cardioverter defibrillator therapy in patients with 
cardiac sarcoidosis. J Cardiovasc Electrophysiol 2012;23:925-9. 
PUBMED | CROSSREF

131https://e-kcj.org https://doi.org/10.4070/kcj.2018.0432

Arrhythmia Management in Cardiac Sarcoidosis

http://www.ncbi.nlm.nih.gov/pubmed/24879453
https://doi.org/10.1007/s12350-014-9901-9
http://www.ncbi.nlm.nih.gov/pubmed/24140661
https://doi.org/10.1016/j.jacc.2013.09.022
http://www.ncbi.nlm.nih.gov/pubmed/28823747
https://doi.org/10.1016/j.jcmg.2017.04.020
http://www.ncbi.nlm.nih.gov/pubmed/29319785
http://www.ncbi.nlm.nih.gov/pubmed/19175448
https://doi.org/10.1111/j.1540-8167.2008.01417.x
http://www.ncbi.nlm.nih.gov/pubmed/16018857
https://doi.org/10.1016/j.amjcard.2005.03.059
http://www.ncbi.nlm.nih.gov/pubmed/21193539
https://doi.org/10.1161/CIRCEP.110.958322
http://www.ncbi.nlm.nih.gov/pubmed/23623644
https://doi.org/10.1016/j.cjca.2013.02.004
http://www.ncbi.nlm.nih.gov/pubmed/16763884
https://doi.org/10.1007/s10554-005-9043-x
http://www.ncbi.nlm.nih.gov/pubmed/21496164
https://doi.org/10.1111/j.1542-474X.2011.00418.x
http://www.ncbi.nlm.nih.gov/pubmed/27301264
https://doi.org/10.1161/CIRCEP.115.003353
http://www.ncbi.nlm.nih.gov/pubmed/24583430
https://doi.org/10.2169/internalmedicine.53.0794
http://www.ncbi.nlm.nih.gov/pubmed/24583430
https://doi.org/10.2169/internalmedicine.53.0794
https://doi.org/10.1056/NEJM199103213241201
http://www.ncbi.nlm.nih.gov/pubmed/23002195
https://doi.org/10.1093/europace/eus316
http://www.ncbi.nlm.nih.gov/pubmed/22338670
https://doi.org/10.1016/j.hrthm.2012.02.010
http://www.ncbi.nlm.nih.gov/pubmed/22812589
https://doi.org/10.1111/j.1540-8167.2012.02350.x
https://e-kcj.org


	35.	 Reek S, Burri H, Roberts PR, et al. The wearable cardioverter-defibrillator: current technology and 
evolving indications. Europace 2017;19:335-45. 
PUBMED | CROSSREF

	36.	 Papageorgiou N, Providência R, Bronis K, et al. Catheter ablation for ventricular tachycardia in patients 
with cardiac sarcoidosis: a systematic review. Europace 2018;20:682-91. 
PUBMED | CROSSREF

	37.	 Jefic D, Joel B, Good E, et al. Role of radiofrequency catheter ablation of ventricular tachycardia in cardiac 
sarcoidosis: report from a multicenter registry. Heart Rhythm 2009;6:189-95. 
PUBMED | CROSSREF

	38.	 Dechering DG, Kochhäuser S, Wasmer K, et al. Electrophysiological characteristics of ventricular 
tachyarrhythmias in cardiac sarcoidosis versus arrhythmogenic right ventricular cardiomyopathy. Heart 
Rhythm 2013;10:158-64. 
PUBMED | CROSSREF

	39.	 Kumar S, Baldinger SH, Kapur S, et al. Right ventricular scar-related ventricular tachycardia in 
nonischemic cardiomyopathy: electrophysiological characteristics, mapping, and ablation of underlying 
heart disease. J Cardiovasc Electrophysiol 2018;29:79-89. 
PUBMED | CROSSREF

	40.	 Muser D, Santangeli P, Castro SA, et al. Long-term outcome after catheter ablation of ventricular 
tachycardia in patients with nonischemic dilated cardiomyopathy. Circ Arrhythm Electrophysiol 
2016;9:e004328.
PUBMED

	41.	 Muser D, Santangeli P, Liang JJ, et al. Characterization of the electroanatomic substrate in cardiac 
sarcoidosis: correlation with imaging findings of scar and inflammation. JACC Clin Electrophysiol 
2018;4:291-303. 
PUBMED | CROSSREF

	42.	 Koplan BA, Soejima K, Baughman K, Epstein LM, Stevenson WG. Refractory ventricular tachycardia 
secondary to cardiac sarcoid: electrophysiologic characteristics, mapping, and ablation. Heart Rhythm 
2006;3:924-9. 
PUBMED | CROSSREF

	43.	 Ladyjanskaia GA, Basso C, Hobbelink MG, et al. Sarcoid myocarditis with ventricular tachycardia 
mimicking ARVD/C. J Cardiovasc Electrophysiol 2010;21:94-8. 
PUBMED | CROSSREF

	44.	 Shiraishi J, Tatsumi T, Shimoo K, et al. Cardiac sarcoidosis mimicking right ventricular dysplasia. Circ J 
2003;67:169-71. 
PUBMED | CROSSREF

	45.	 Philips B, Madhavan S, James CA, et al. Arrhythmogenic right ventricular dysplasia/cardiomyopathy and 
cardiac sarcoidosis: distinguishing features when the diagnosis is unclear. Circ Arrhythm Electrophysiol 
2014;7:230-6. 
PUBMED | CROSSREF

	46.	 Kumar S, Brown G, Sutherland F, et al. The transesophageal echo probe may contribute to esophageal 
injury after catheter ablation for paroxysmal atrial fibrillation under general anesthesia: a preliminary 
observation. J Cardiovasc Electrophysiol 2015;26:119-26. 
PUBMED | CROSSREF

	47.	 Sekhri V, Sanal S, Delorenzo LJ, Aronow WS, Maguire GP. Cardiac sarcoidosis: a comprehensive review. 
Arch Med Sci 2011;7:546-54. 
PUBMED | CROSSREF

	48.	 Nordenswan HK, Lehtonen J, Ekström K, et al. Outcome of cardiac sarcoidosis presenting with high-
grade atrioventricular block. Circ Arrhythm Electrophysiol 2018;11:e006145. 
PUBMED | CROSSREF

	49.	 2012 Writing Group Members; Tracy CM, Epstein AE, et al. 2012 ACCF/AHA/HRS focused update of 
the 2008 guidelines for device-based therapy of cardiac rhythm abnormalities: a report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Thorac 
Cardiovasc Surg 2012;144:e127-45. 
PUBMED | CROSSREF

	50.	 Cain MA, Metzl MD, Patel AR, et al. Cardiac sarcoidosis detected by late gadolinium enhancement and 
prevalence of atrial arrhythmias. Am J Cardiol 2014;113:1556-60. 
PUBMED | CROSSREF

132https://e-kcj.org https://doi.org/10.4070/kcj.2018.0432

Arrhythmia Management in Cardiac Sarcoidosis

http://www.ncbi.nlm.nih.gov/pubmed/27702851
https://doi.org/10.1093/europace/euw180
http://www.ncbi.nlm.nih.gov/pubmed/27702851
https://doi.org/10.1093/europace/euw180
http://www.ncbi.nlm.nih.gov/pubmed/19187909
https://doi.org/10.1016/j.hrthm.2008.10.039
http://www.ncbi.nlm.nih.gov/pubmed/23070261
https://doi.org/10.1016/j.hrthm.2012.10.019
http://www.ncbi.nlm.nih.gov/pubmed/28940781
https://doi.org/10.1111/jce.13346
http://www.ncbi.nlm.nih.gov/pubmed/27733494
http://www.ncbi.nlm.nih.gov/pubmed/30089553
https://doi.org/10.1016/j.jacep.2017.09.175
http://www.ncbi.nlm.nih.gov/pubmed/16876741
https://doi.org/10.1016/j.hrthm.2006.03.031
http://www.ncbi.nlm.nih.gov/pubmed/19473301
https://doi.org/10.1111/j.1540-8167.2009.01479.x
http://www.ncbi.nlm.nih.gov/pubmed/12548003
https://doi.org/10.1253/circj.67.169
http://www.ncbi.nlm.nih.gov/pubmed/24585727
https://doi.org/10.1161/CIRCEP.113.000932
http://www.ncbi.nlm.nih.gov/pubmed/25352207
https://doi.org/10.1111/jce.12575
http://www.ncbi.nlm.nih.gov/pubmed/22291785
https://doi.org/10.5114/aoms.2011.24118
http://www.ncbi.nlm.nih.gov/pubmed/30354309
https://doi.org/10.1161/CIRCEP.117.006145
http://www.ncbi.nlm.nih.gov/pubmed/23140976
https://doi.org/10.1016/j.jtcvs.2012.08.032
http://www.ncbi.nlm.nih.gov/pubmed/24731652
https://doi.org/10.1016/j.amjcard.2014.01.434
https://e-kcj.org


	51.	 Viles-Gonzalez JF, de Castro Miranda R, Scanavacca M, Sosa E, d'Avila A. Acute and chronic effects of 
epicardial radiofrequency applications delivered on epicardial coronary arteries. Circ Arrhythm Electrophysiol 
2011;4:526-31. 
PUBMED | CROSSREF

	52.	 Srivatsa UN, Rogers J. Sarcoidosis and atrial fibrillation: a rare association and interlink with 
inflammation. Indian Pacing Electrophysiol J 2012;12:290-1. 
PUBMED | CROSSREF

	53.	 Namboodiri N, Stiles MK, Young GD, Sanders P. Electrophysiological features of atrial flutter in cardiac 
sarcoidosis: a report of two cases. Indian Pacing Electrophysiol J 2012;12:284-9. 
PUBMED | CROSSREF

	54.	 Crawshaw AP, Wotton CJ, Yeates DG, Goldacre MJ, Ho LP. Evidence for association between sarcoidosis 
and pulmonary embolism from 35-year record linkage study. Thorax 2011;66:447-8. 
PUBMED | CROSSREF

	55.	 Swigris JJ, Olson AL, Huie TJ, et al. Increased risk of pulmonary embolism among US decedents with 
sarcoidosis from 1988 to 2007. Chest 2011;140:1261-6. 
PUBMED | CROSSREF

	56.	 Willner JM, Viles-Gonzalez JF, Coffey JO, Morgenthau AS, Mehta D. Catheter ablation of atrial 
arrhythmias in cardiac sarcoidosis. J Cardiovasc Electrophysiol 2014;25:958-63. 
PUBMED | CROSSREF

133https://e-kcj.org https://doi.org/10.4070/kcj.2018.0432

Arrhythmia Management in Cardiac Sarcoidosis

http://www.ncbi.nlm.nih.gov/pubmed/21685298
https://doi.org/10.1161/CIRCEP.110.961508
http://www.ncbi.nlm.nih.gov/pubmed/23233763
https://doi.org/10.1016/S0972-6292(16)30569-1
http://www.ncbi.nlm.nih.gov/pubmed/23233762
https://doi.org/10.1016/S0972-6292(16)30568-X
http://www.ncbi.nlm.nih.gov/pubmed/20837871
https://doi.org/10.1136/thx.2010.134429
http://www.ncbi.nlm.nih.gov/pubmed/21565969
https://doi.org/10.1378/chest.11-0324
http://www.ncbi.nlm.nih.gov/pubmed/24698290
https://doi.org/10.1111/jce.12424
https://e-kcj.org

	Management of Arrhythmias Associated with Cardiac Sarcoidosis
	CLINICAL MANIFESTATION
	VENTRICULAR ARRHYTHMIAS
	Risk stratification
	Cardiac magnetic resonance
	Cardiac positron emission tomography
	Programmed electrical stimulation

	Immunosuppressive therapy and more
	Antiarrhythmic therapy
	Device therapy
	Implantable cardioverter defibrillator
	Adverse events associated with device therapy
	Wearable cardioverter defibrillator

	Ablation
	Differentiating from arrhythmogenic right ventricular cardiomyopathy/dysplasia


	CONDUCTION ABNORMALITIES
	ATRIAL ARRHYTHMIAS
	Immunosuppression
	Antiarrhythmic drugs and anticoagulation
	Catheter ablation

	REFERENCES


