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Aims Cardiac sarcoidosis (CS) is a known cause of ventricular tachycardia (VT). However, an arrhythmogenic presenta-
tion may not prompt immediate comprehensive evaluation. We aimed to assess the diagnostic and disease course
of patients with arrhythmogenic cardiac sarcoidosis (ACS).

Methods and From the Leiden VT-ablation-registry, consecutive patients with CS as underlying aetiology were retrospectively in-

results cluded. Data on clinical presentation, time-to-diagnosis, cardiac function, and clinical outcomes were collected.
Patients were divided in early (<6 months from first cardiac presentation) and late diagnosis. After exclusion of
patients with known causes of non-ischaemic cardiomyopathy (NICM), 15 (12%) out of 129 patients with idiopathic
NICM were ultimately diagnosed with CS and included. Five patients were diagnosed early; all had early presenta-
tion with VTs. Ten patients had a late diagnosis with a median delay of 24 (IQR 15—44) months, despite presenta-
tion with VT (n=5) and atrioventricular block (n=4). In 6 of 10 patients, reason for suspicion of ACS was the
electroanatomical scar pattern. In patients with early diagnosis, immunosuppressive therapy was immediately initi-
ated with stable cardiac function during follow-up. Adversely, in 7 of 10 patients with late diagnosis, cardiac func-
tion deteriorated before diagnosis, and in only one cardiac function recovered with immunosuppressive therapy.
Six (40%) patients died (five of six with late diagnosis).

Conclusion Arrhythmogenic cardiac sarcoidosis is an important differential diagnosis in NICM patients referred for VT ablation.
Importantly, the diagnosis is frequently delayed, which leads to a severe disease course, including irreversible car-
diac dysfunction and death. Early recognition, which can be facilitated by electroanatomical mapping, is crucial.
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What’s new?

® Arrhythmogenic cardiac sarcoidosis (ACS) has a prevalence of
12% in an ‘idiopathic’ non-ischaemic cardiomyopathy ventricu-
lar tachycardia (VT)-ablation cohort.

® In 10 of 15 patients (67%) with ACS, the diagnosis is delayed,
despite typical presentation with VT or atrioventricular block.

® Cardiac function deteriorated over time in 70% of patients
with delayed diagnosis and recovered only in one patient dur-
ing immunosuppressive therapy.

® The mortality of ACS is 40% after a median follow-up of
55 months.

Introduction

Cardiac sarcoidosis (CS) is a granulomatous disease of unknown aeti-
ology, histologically characterized by non-necrotizing granulomas.” It
may be diagnosed in the context of cardiac screening of patients who
present with extracardiac sarcoidosis.> However, the majority of
patients who are diagnosed with CS, presents with cardiac symp-
toms.> The major sequelae of CS are atrioventricular (AV) conduc-
tion disturbances, ventricular tachycardia (VT), and heart failure.>*
Diagnosing CS remains challenging. Cornerstones of the diagnosis
are either myocardial tissue showing typical non-necrotizing granulo-
mas, or positive myocardial '8F-FDG-uptake at positron emission to-
mography (PET).>® Unfortunately, endomyocardial biopsy has a low
diagnostic yield due to the patchy involvement of the heart’

Histologically proven extracardiac sarcoidosis in conjunction with
cardiac signs and symptoms also allows for diagnosis of CS. However,
extracardiac symptoms are often absent in patients with CS™? and
cardiac symptoms and signs may mimic other cardiac diseases.”®
Although CS is a known cause of VT, an arrhythmogenic presentation
may not prompt immediate and tailored evaluation.® This altogether
may lead to an important delay in the diagnosis of CS. Early diagnosis
of arrhythmogenic cardiac sarcoidosis (ACS) and immediate initiation
of immunosuppressive treatment might prevent deterioration of car-
diac function and VT recurrence.” Both ventricular arrhythmias and
severe LV dysfunction are associated with high morbidity and
mor‘tality.“'1 o

The purpose of this study was to assess the (first) clinical presenta-
tion, time-to-diagnosis, and disease course in patients with ACS.

Methods

Study population

From the Leiden VT ablation registry, consecutive adult patients from the
Netherlands with structural heart disease who underwent VT ablation
between 2008 and 2018 were screened for eligibility. After exclusion of
patients with other known underlying aetiologies (including coronary ar-
tery disease, inherited cardiomyopathy with likely pathogenic or patho-
genic variants, congenital heart disease, hypertrophic obstructive
cardiomyopathy, myocarditis, primary valve abnormalities, and exercise-
induced arrhythmogenic remodelling), 129 of 531 patients were classified
as ‘idiopathic’ non-ischaemic (left- or right-dominant) cardiomyopathy



1378

).C. Hoogendoorn et al.

Total
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Figure | Flow chart of patients screened for eligibility. All con-
secutive adult patients with structural heart disease referred for
catheter ablation of VT between 2008 and 2018 were screened.
*Class IV- or V mutation. ARVC, arrhythmogenic right ventricular
cardiomyopathy; VT, ventricular tachycardia.

(Figure 7). Of these 129 patients, 15 patients (12%) were finally diagnosed
with CS, according to Japanese or Heart Rhythm Society (HRS)
Guidelines,”® and were included. The study was approved by the local
ethics committee (G19.005 and C16.010). All patients provided written
informed consent. The data underlying this article are available in the arti-
cle and in its online supplementary material.

Data collection

Data on symptoms potentially related to cardiac- and extracardiac sarcoid-
osis (Supplementary material online, Figure ST), presence of cardiac devices,
results of electrocardiography (ECG), cardiac imaging studies (including all
available echocardiograms, late gadolinium enhancement cardiac magnetic
resonance (LGE-CMR), cardiac computed tomography (CT), and '°F-
FDG-PET), and biopsies (both cardiac and extracardiac) were collected
from medical records. In addition, documentation of VTs on ECG, Holter
or device interrogation were reviewed. Details of VT ablations, pharmaco-
logical treatment and clinical outcomes were obtained.

Data analysis and definitions
First cardiac presentation was defined as first presentation at the cardiol-
ogy department with symptoms and/or signs compatible with CS. The

date of diagnosis was defined as the moment when diagnostic criteria
were fulfilled. Time from first presentation until diagnosis was calculated
per patient. Patients were divided into an ‘early’ and ‘late’ diagnosis group;
‘late’ diagnosis was arbitrarily defined as diagnosis later than 6 months af-
ter first cardiac presentation or post-mortem diagnosis. Signs, symptoms,
and diagnostic tests at first cardiac presentation were compared between
patients with early and late diagnosis.

Isolated CS was defined as no signs of extracardiac involvement, after
comprehensive evaluation, including whole body '8F-FDG-PET.
Arrhythmogenic CS was defined as CS with ventricular arrhythmias.

Per patient timeline

Per patient, a timeline was created, including onset of findings potentially
related to cardiac sarcoidosis (AV-conduction disturbances, sustained
VT, and cardiac dysfunction), time of diagnosis (both cardiac and extrac-
ardiac), and clinical outcomes (including VT episodes, admission for VT
ablations, admission for heart failure, heart transplantation, and death).
Atrioventricular  conduction disturbances included 1st degree
(PR>220ms), 2nd and 3rd degree AV-block. Ventricular tachycardias oc-
curring in clusters (within 1 month) were considered as one VT episode.
If, however, VT recurred after treatment changes (e.g. change of anti-
arrhythmic drugs), this was counted as a new VT episode. Ventricular
tachycardia ablations included endocardial, epicardial, and surgical abla-
tions. If during the admission a second procedure (e.g. epicardial or surgi-
cal) was planned due to mid-myocardial or epicardial substrate, this was
considered as one procedure.

Cardiac function over time

All available echocardiograms were reviewed from the medical records
with regard to biventricular function. Both left- (LV) and right ventricular
(RV) functions were divided into four categories, namely good function,
mildly decreased function, moderately decreased function, and severely
decreased function (Supplementary material online, Table S7).

For comparison of cardiac function over time between patients with
early and late diagnosis, at least one echocardiogram per year was se-
lected, unless there were treatment changes. As CS may affect the RV,
LV, or both, the ventricle with the greatest increase or decrease in func-
tion over time was selected for the analysis of change of cardiac function.
If cardiac function remained stable, the function of the most severely af-
fected ventricle was reported.

Statistical analysis

Categorical variables are expressed as numbers and percentages (%) and
compared using the Fisher's Exact test. Continuous variables are
expressed as mean + SD or median (IQR) and compared between
groups using the Student’s t-test or Mann—Whitney U test. Analysis was
performed using IBM SPSS Version 25 (IBM Corporation, New York,
USA) and Microsoft Excel (2016). A P-value <0.05 was considered
significant.

Results
Study population

Fifteen patients were included (60% male, 51 £ 8 years at first presen-
tation). The final diagnosis of CS was based on histology in 10
patients: positive cardiac histology in 6 patients and positive extracar-
diac histology in conjunction with cardiac signs in 4 patients (HRS
guidelines®). The remaining five patients did not have histological
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Figure 2 Per patient timeline from first presentation related to (extra)cardiac sarcoidosis until last follow-up or death, ordered by time between
first presentation and diagnosis. On the Y-axis gender (M/F) and age at first cardiac presentation (years). 'Diagnosed at autopsy. AV, atrioventricular;

CS, cardiac sarcoidosis; F, female; M, male; VT, ventricular tachycardia.

confirmation, but they fulfilled clinical and imaging criteria according
to the Japanese guidelines.®

Isolated CS was present at moment of diagnosis in five patients
(33%); three of them had histological confirmation and two patients
had a clinical diagnosis. Of note, of the 10 patients with systemic sar-
coidosis, only 2 had complaints of extracardiac involvement; the
remaining were diagnosed after comprehensive evaluation without
symptoms of extracardiac disease. Presence of major diagnostic crite-
ria per patient are listed in Supplementary material online, Table S2.

Patients with early diagnosis

Five patients were diagnosed early (Table 1 and Figure 2). All of them
had an early arrhythmogenic presentation with VTs, prompting ap-
propriate additional evaluation with biopsy and/or "®F-FDG-PET.

Patients with late diagnosis

Ten patients were diagnosed late, with a median delay of 24 (IQR
15—-44) months (Table 1 and Figure 2). One patient with a delayed di-
agnosis was diagnosed at autopsy. First clinical presentation was VT
in five, AV-block in three, and heart failure (in combination with 1st
degree AV-block) in one. One patient was known with histologically
proven extracardiac sarcoidosis and referred for cardiac evaluation
because of an abnormal 12-lead surface ECG.

The most common misdiagnoses in patients with delayed diagnosis
was arrhythmogenic right ventricular cardiomyopathy and ischaemic
cardiomyopathy despite normal angiogram (Figure 3A). Of impor-
tance, in six patients, the diagnosis of CS was suspected during elec-
troanatomical voltage mapping (EAVM). In these patients, the EAVM
scar pattern was not consistent with the diagnosis at referral, leading
to additional evaluation with biopsy and/or "8F-FDG-PET (Figure 3B).

Comparison of patients with early vs.
late diagnosis

Symptoms of cardiac and extracardiac disease at first cardiac presen-
tation were similar between patients with early and late diagnosis
(Table 1).

However, of importance, "®F-FDG-PET was performed at first car-
diac presentation in four of five patients with early diagnosis, showing
focal myocardial FDG-uptake in all of them. On the contrary, '8F-
FDG-PET was not performed in any of the patients with late diagno-
sis at first presentation. Similarly, in four of five patients with early di-
agnosis cardiac biopsy was performed, whilst in only one patient with
late diagnosis (with a negative result).

There was no difference between early and late diagnosed
patients, with regard to the first arrhythmic presentation (electrical
storm and/or out of hospital cardiac arrest). Besides, the characteris-
tics of the VT were also not different between groups at first arrhyth-
mic presentation. The cycle length of the VT was available in all early
diagnosed patients and 7 (70%) late diagnosed patients and did not
differ significantly (median 400 ms vs. 375 ms, respectively; P = 0.530).

Cardiac function over time

Cardiac function over time in patients with early and late diagnosis is
shown in Figure 4. All patients with early diagnosis had active disease
(on biopsy and/or "®F-FDG-PET) and were treated with immunosup-
pressive therapy. Of interest, in all but one patient, cardiac function
was mildly decreased at baseline and remained stable during follow-
up.

On the contrary, 9 of 10 patients with late diagnosis had a pre-
served function at baseline (good to mildly decreased). However, 7
of 10 patients with late diagnosis had a decrease in function before di-
agnosis. Six of seven patients with decrease in function were treated
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Table I Patient characteristics and results of diagnostic
studies at first cardiac presentation in patients with early
(<6months) and late diagnosis [median time to diagnosis
24 months (IQR 15-44)]

Early diagno- Late diagnosis

sis (n =5) (n=10)
Age (years) 50+12 51+6
Symptoms
Palpitations and/or (near) 4 (80) 6 (60)
syncope
Dyspnoea 3 (60) 3 (30)
Electrocardiography
PR-interval >220 ms* 1(25) 2(25)
2nd or 3rd degree AV-block 1(20) 2 (20)
Ventricular arrhythmia 5 (100) 5 (50)
Sustained VT 5(100) 4 (80)
OHCA 0(0) 1(20)
RBBB like morphology, axis 2 (40) 6 (60)
deviation and/or abnormal
Q-waves
Imaging
Echocardiography
LVEF < 50% 3 (60) 4 (40)
Thinning or WMA of basal/ 5 (100) 3 (30)
mid septum
Aneurysm or wall thickening 2 (40) 2 (20)
LGE-CMR 4 (80) 5 (50)
LGE present 4 (100) 3 (60)
LGE not assessable 0(0) 120)°
"8E_-FDG-PET 4 (80) 0 (0)
Cardiac uptake 4 (100) -
Extracardiac uptake 2 (50) -
Invasive diagnostic tests
Coronary angiography 5 (100) 6 (60)
No coronary artery disease 5 (100) 6 (100)
Biopsies
Cardiac biopsy 4 (80) 1(10)
Positive 3(75) 0 (0)
Extracardiac biopsy® 1(20) 1(10)
Positive 1(100) 1(100)

Numbers expressed as n (%).

?In patients without 2nd or 3rd degree AV-block.

®Due to artefacts.

“Performed before first cardiac presentation.

AV, atrioventricular; ECG, electrocardiogram; "8 FDG-PET, 18F-ﬂudeoxygluose
positron emission tomography; (LGE-)CMR, (late gadolinium enhancement) car-
diac magnetic resonance; IQR: interquartile range; LVEF, left ventricular ejection
fraction; OHCA, out of hospital cardiac arrest; RBBB, right bundle branch block;
VT, ventricular tachycardia; WMA, wall motion abnormalities.

with immunosuppressive therapy after diagnosis because of active
sarcoidosis (biopsy and/or 18F-FDG-PET), and only in one of them
function recovered with immunosuppressive therapy. One patient
with a mildly decreased function at baseline and stable function over
time died before immunosuppressive therapy, with active sarcoidosis
at autopsy.

Treatment and outcomes

Median follow-up time from first cardiac presentation until last
follow-up was 55 (IQR 25-88) months. All patients were implanted
with an implantable cardiac defibrillator (ICD); six patients (40%) re-
ceived cardiac resynchronization therapy (CRT).

With regard to treatment, more than one admission for VT abla-
tion was needed in 10 patients (67%). Notably, median number of VT
ablations was 1 (IQR 1-2) in the early diagnosed group, compared to
3 (IQR 2-4) in patients with late diagnosis (P =0.056). Beside, anti-
arrhythmic (AAD) therapy was escalated in 11 patients including
amiodarone (n = 6) and mexiletine (n = 3).

Heart failure admission was needed in only one patient with early
diagnosis, compared to five patients with late diagnosis.

Six patients died (40%), of which five had a late diagnosis. The
cause of death was terminal heart failure (n = 3; two awaiting trans-
plant), ventricular arrhythmias unresponsive to ICD therapy (n=1)
and infection (n = 2) (Figure 2).

Discussion

This study aimed to evaluate the diagnostic- and disease course of
patients with arrhythmogenic cardiac sarcoidosis. The main findings
can be summarized as follows: (i) cardiac sarcoidosis is an important
differential diagnosis in patients referred for VT ablation with a preva-
lence of 12% among patients with ‘idiopathic’ non-ischaemic cardio-
myopathy, (i) in 67% of patients, the diagnosis of ACS was delayed,
despite typical presentation with VT or AV-block, (iii) in none of the
patients with delayed diagnosis '8F-FDG-PET was performed at first
presentation, (iv) in 60% of patients with delayed diagnosis, CS was
suspected after electroanatomical voltage mapping, (v) delayed diag-
nosis of ACS had harmful consequences, with irreversible deteriora-
tion of cardiac function in 60% and a high mortality (50%).

Cardiac sarcoidosis as underlying
aetiology in patients presenting with

ventricular tachycardia
Ventricular arrhythmias are a typical clinical manifestation of CS.
Retrospective studies have shown a prevalence of 5-8% among
patients with non-ischaemic cardiomyopathy (NICM) referred for
ablation of ventricular arrhythmias.">"® Interestingly, prospective
studies performing '8F-FDG-PET in all patients presenting with
monomorphic sustained VT with idiopathic NICM, report a definite
diagnosis of CS in up to 17-29% of patients."*"® The current study
shows a prevalence of 12% in a retrospective idiopathic NICM co-
hort referred for VT ablation (both left- and right-sided) after exclu-
sion of all other known causes. This is slightly higher than in previous
retrospective studies, which can be explained by the comprehensive
evaluation of our patients referred for ablation, including genetic test-
ing and detailed EAVM substrate mapping.'®

Importantly, CS is not only an important differential diagnosis in
patients referred for VT ablation, but also in patients presenting with
ventricular arrhythmias. In our population, 67% of patients had an
early arrhythmogenic presentation, frequently without additional AV
conduction abnormalities. This high proportion of patients presenting
with VT as initial symptom without previous AV block, can be partly
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Figure 3 Misdiagnosis and reason for suspicion of cardiac sarcoid-
osis in patients with delayed diagnosis. Misdiagnosis in patients with
delayed diagnosis (A) and reason for suspicion of diagnosis in these
patients (B). ARVC, arrhythmogenic right ventricular cardiomyopa-
thy; CT, computed tomography; EAVM, electroanatomical voltage
mapping; EMB, endomyocardial biopsy; ICM, ischaemic cardiomyop-
athy; NICM, non-ischaemic cardiomyopathy; VT, ventricular
tachycardia.

explained by the inclusion criteria. Atrioventricular block is the most
frequent cardiac presentation of CS. Of interest, in a Finnish registry
including symptomatic CS patients, 33% presented with ventricular
arrhythmias (including sudden cardiac death) without additional AV
block,* suggesting that VT without AV block is not a rare finding.
Moreover, in a population more similar to this series, namely a VT ab-
lation population, 74% of patients had a first presentation with ven-
tricular arrhythmias (including premature ventricular complexes
(PVCs) and non-sustained VTs])"°

Strikingly, in the current study, electroanatomical voltage mapping
(EAVM) prompted suspicion for CS in 60% of cases with delayed di-
agnosis. At EAVM, patients with CS seem to have a more patchy and
better demarcated scar pattern compared to other aetiologies,>"”"®
which is in line with autopsy findings." This, together with the high
prevalence among patients referred for VT ablation and the fre-
quency of arrhythmias as first presentation, supports the important
role of electrophysiologists in diagnosing CS as underlying aetiology.

Arrhythmogenic cardiac sarcoidosis is
initially frequently misdiagnosed

In our cohort, the diagnosis of CS was significantly delayed in 67% of
patients with a median time of 24 months, comparable with previous
studies in patients with CS. In patients with 2nd or 3rd degree AV
block, 56% of patients had a delay in diagnosis of CS, with a median
time to diagnosis of 23 months.” In a VT-ablation cohort, a median
delay of 24 months has been described."®

There are several explanations for this important delay. First, CS is
known as the great masquerader, which can mimic other cardiac con-
ditions.”® Second, the diagnostic yield of EMB for showing the gold
standard for diagnosis, the typical non-necrotizing granulomas,>® is
low (although can be increased by cumulative EMB and mapping-
guided biopsy).>* However, in 90% of patients with delayed diagnosis
in our population, EMB was not performed at first cardiac presenta-
tion because CS was not suspected.

Third, with evolving imaging techniques, diagnosis can also be
made with "®F-FDG-PET and/or CMR, but, similarly to biopsy, in
none of the studied patients with delayed diagnosis '®F-FDG-PET
was performed. This is comparable with a previous report including
CS patients presenting with a complete AV-block, where in none of
the patients with delayed diagnosis ®’Ga Scintigraphy and/or "8F.
FDG-PET was performed."’

Last, the diagnosis might be confirmed by positive extracardiac his-
tology with cardiac symptoms, but extracardiac symptoms are fre-
quently absent.>' However, despite absence of extracardiac
complaints or involvement, it can be worthwhile to perform addi-
tional pulmonary diagnostic testing. A mediastinal lymphnode biopsy
and/or bronchoalveolar lavage confirmed diagnosis in 84% of patients
with suspected CS without extracardiac complaints, regardless of im-
aging findings. %

To conclude, a delay in diagnosing CS is not only due to diag-
nostic challenges, but can be mainly attributed to the fact that di-
agnostic tests (such as biopsy and/or '®F-FDG-PET) are not
initiated. Therefore, major improvement may be achieved by a
comprehensive evaluation of all patients with a VT substrate of
unknown aetiology.

Harmful consequences of delayed
diagnosis

Interestingly, patients with early diagnosis had a relatively preserved
cardiac function when started on treatment and function remained
stable. On the contrary, 60% of patients with delayed diagnosis had
already a moderately to severely decreased function at the time of di-
agnosis, which did not improve despite immunosuppressive
treatment.

Previously, in patients with CS presenting with complete AV-
block, the same trend was observed with a benefit of early diagno-
sis.”” Although patient populations are small, corticosteroid therapy
seems to maintain cardiac function in patients with preserved func-
tion, improve function in patients with mild-moderate dysfunction
and does not have effect in patients with severely decreased func-
tion.2” These findings suggest that there may be a tipping point, after
which cardiac function is beyond repair.

Hence, delayed diagnosis of ACS is likely to have harmful conse-
quences leading to irreversible cardiac dysfunction, higher morbidity
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(more VT ablation and heart failure admissions) and higher mortality.
Based on our study results, we strongly recommend to perform addi-
tional diagnostic tests (LGE-CMR and "®F-FDG-PET) in every patient
presenting with VT of unknown aetiology. If the "8F-FDG-PET shows
extracardiac FDG-uptake, we aim to obtain extracardiac histological
confirmation. If there is no extracardiac FDG-uptake, we have cur-
rently introduced mapping-guided biopsy.22

Limitations

This is a retrospective case series with a small sample size from a ter-
tiary referral centre. Therefore, the overall prevalence of CS among
patients referred for VT ablation might be overestimated. However,
the prevalence might also be underestimated, since not all idiopathic
NICM patients underwent LGE-CMR, "8F-FDG-PET and/or biopsies
and a negative "8F-FDG-PET does not exclude the presence of CS. In
addition, the included patients were from a highly selected population
(referred for VT ablation) and therefore described results cannot be
extrapolated to other cohorts.

Conclusion

Arrhythmogenic CS (ACS) is an important differential diagnosis in
patients presenting with VT and/or referred for VT ablation. A
delayed diagnosis has harmful consequences, including irreversible
deterioration of cardiac function and a high mortality. Early recogni-
tion (among electrophysiologists) is highly warranted.

Supplementary material
Supplementary material is available at Europace online.
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Avulsion of coronary sinus after mapping in the great cardiac vein
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A 21-year-old woman was referred for catheter ablation of a
symptomatic premature ventricular contraction (PVC).
Twelve-lead electrocardiography of outflow tract PVC
showed with an R wave pattern break in the precordial leads
V2 suggesting an origin close to the anterior interventricular
sulcus. Mapping and ablation were initially performed in right
ventricular outflow tract and left coronary cusp using a 3.5-
mm tip catheter (ThermoCool SmartTouch; Biosense
Webster, Diamond Bar, CA, USA) but had no effect on the
PVCs. Then the great cardiac vein (GCV) mapping was per-
formed, the catheter was wedged into the distal GCV and
failed to be pulled back. Isosorbide dinitrate and lidocaine
were injected repeatedly, but the catheter could not be
retracted completely. Sustained traction for 10 min gradually
freed the catheter with avulsion of the GCV intima (Figure).
The distal coronary sinus could not be visualized by retro-
grade venography suggesting possible thrombus formation.

No pericardial effusions occurred during the observation, and the chest pain improved finally. To our knowledge, this is the first case report

about the GCV avulsion due to the stuck catheter.

The full-length version of this report can be viewed at: https://www.escardio.org/Education/E-Learning/Clinical-cases/Electrophysiology.
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