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ABSTRACT. Background: Patients with cardiac sarcoidosis (CS) are at increased risk of atrioventricular blocks,
ventricular arrhythmias, and sudden cardiac death. Objectives We aimed to investigate the characteristics as-
sociated with appropriate therapy in implantable cardiac defibrillator (ICD) -implanted CS patients. Mezhods:
We performed a PubMed and Web of Science search for studies reporting patients with CS who underwent an
ICD implantation. The primary criterion was an appropriate therapy. Resu/ts: We screened 705 studies, of which
5 were included in the final analysis. We conducted a meta-analysis including 464 patients (mean age 55 years,
282 males (60%)). The mean follow-up was 3.5 years. Among the 464 patients, 180 received an appropriate
therapy (39%). Patients who received an appropriate therapy were younger (-3.33, 95% confidence interval (CI)
-6.42 to -0.23, p=0.004), were more likely to be male (OR 2.06, 95% CI 1.37-3.09, p=0.0005), had a lower left
ventricular ejection fraction (LVEF) (-10.5, 95% CI -18.23 to -2.78, p=0.008), had a higher rate of complete
heart block (OR 2.19, 95% CI 1.20 to 3.99, p=0.01), and more frequently had ventricular pacing (OR 6.44 95%
CI 2.57 to 16.16, p<0.0001). Conclusions: Appropriate ICD therapy during CS is associated with young age,
male sex, low LVEF, history of complete heart block, and ventricular pacing. (Sarcoidosis Vasc Diffuse Lung Dis
2020; 37 (1): 17-23)

KEey worps: cardiac sarcoidosis, sudden death, implantable cardioverter defibrillator, complete heart block,
meta-analysis

Sarcoidosis is a multisystemic granulomatous
disease of unknown cause that occurs in young adults
(1). Clinical cardiac involvement occurs in 5% of pa-
tients with sarcoidosis (2). However, autopsy studies
suggest that cardiac involvement might concern more
than 25% of patients with sarcoidosis (3-5). Patients
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with cardiac sarcoidosis (CS) are at increased risk for
atrioventricular blocks, ventricular arrhythmias, and
sudden cardiac death (6-8). Implantable cardioverter
defibrillator (ICD) implantation is a high cost proce-
dure and may lead to severe complications, especially
in young patients who have been exposed to immu-
nosuppressive drugs (9). Recent guidelines suggest
that ICD implantation is recommended for patients
with spontaneous sustained ventricular arrhythmias
or left ventricular ejection fraction (LVEF) <35%
(class I); can be useful for patients with an indication
for permanent pacemaker implantation, unexplained
syncope or inducible sustained ventricular arrhyth-
mias (class IIa recommendation); and may be con-
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sidered for patients with LVEF 36% to 40%, right
ventricular ejection fraction <49%, or both (class IIb
recommendation).

However, the efficacy and safety of ICDs in
CS is debated. The subpopulation that benefits the
most from an ICD implantation remains unknown.
Appropriate ICD therapies refer to shock or anti-
tachycardia pacing for ventricular tachycardia (VT)
or ventricular fibrillation (VF). Appropriate therapy
has been investigated in nonischemic cardiomyopa-
thy and is a reliable surrogate criterion for sudden
cardiac death (10).

We conducted a meta-analysis to identify the
factors associated with appropriate ICD therapy in
patients with CS.

METHODS

Literature search

Two main investigators (L.-D.A. and F.C.-A.)
searched MEDLINE (1966-July 2018) and Web
of Science (1900-2018) for original articles with-
out language restrictions. The search strategy com-
bined free text search, advanced research, exploded
MESH/EMTREE terms, and all synonyms of the
following Medical Subject Headings terms: sarcoido-
sis, CS, ICD, cardiac sudden death, VI, VF, and cardiac
arrhythmias. (The search strategy is detailed in Sup-
plemental Table S1.) We also searched for additional
articles from the reference lists of relevant papers ob-
tained from the electronic search.

Selection criteria were determined before data
collection. Inclusion criteria were as follows: (1)
studies reporting on ICD (2) in patients with defi-
nite or suspected CS as defined in the Heart Rhythm
Society (HRS) consensus statement in 2014 or the
Japanese Ministry of Health and Welfare criteria
(11) (3), in which patients who received an appro-
priate therapy were compared with patients who did
not. Studies reporting reviews, case reports, editori-
als and guidelines were excluded. Studies reporting
on CS patients with insuflicient available informa-
tion or nonextractable data were excluded. When-
ever disagreement occurred, it was resolved by dis-
cussion between the 2 investigators and the advice of
a third one (Z.A.) until a consensus was reached. A
flow chart of reasons for rejection of citations identi-

fied from the searches was performed and is shown

in Figure 1.
Data extraction

The data were simultaneously and independently
extracted by 2 investigators (L.-D.A. and F.C.-A.).
For each study, the recorded information included the
number of patients, inclusion criteria, CS diagnosis
criteria, definition of appropriate therapy, number of
patients in the appropriate therapy group, age, sex,
LVEEF, history of syncope or complete heart block
(CHB), left or right bundle branch block (LBBB or
RBBB), ventricular pacing, cardiac magnetic reso-
nance imaging (MRI) results, and mean follow-up.

Risk of bias assessment

A subjective assessment of the methodological
quality of the observational studies was evaluated by
two investigators using the Newcastle-Ottawa Scale
(NOS) (12), which is a quality assessment tool for
nonrandomized studies. NOS uses a “star system”
based on three major perspectives: the selection of
the study groups (0 to 4 stars), the comparability
of the groups by controlling for important and ad-
ditional relevant factors (0 to 2 stars), and the as-
certainment of outcome of interest or exposure (0
to 3 stars). A total score of 3 or less indicates poor
quality, 4-6 indicates moderate quality, and 7-9 in-
dicates high quality. We also used the thresholds for
converting the NOS to the Agency for Healthcare
Research and Quality (AHRQ) standards. Discrep-
ant opinions between the investigators were resolved
by consensus.

Data analysis

As previously indicated, appropriate therapy re-
ferred to shock or antitachycardia pacing for VT or
VF. Percentages were assessed for dichotomous vari-
ables; means and standard deviations were assessed
for continuous variables. We compared the charac-
teristics of the patients in the “appropriate therapy”
group versus the “no appropriate therapy” group.
All included articles were analyzed using Cochrane
Collaboration Review Manager statistical software
(version 5.3; Cochrane Collaboration, Oxford, UK).

The I” statistic was used to measure consistency. The
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fixed-model effect was used, and a random-effects
model was used whenever I* exceeded 0% (suggest-
ing a mild, moderate or important heterogeneity). A
p<0.05 was considered significant. A Mantel-Haen-
szel test was used for dichotomous variables, and an
inverse variance test was used for continuous vari-
ables. Odds ratio were estimated for dichotomous
variables comparisons. The PRISMA checklist is
detailed in Supplemental Figure S1.

REesuLTs

We extracted 705 articles. According to the
selection criteria, 68 articles were assessed for eligi-
bility (Figure 1). The main reason that studies were
excluded was the type of articles; many of them were
case reports. Five retrospective cohorts, published
between 2011 and 2018, were included in the final
analysis (13-17). The main results of these studies are
detailed in Table 1. These 5 studies were categorized
as poor or fair quality studies, according to the NOS
or AHRQ tools, respectively.

A total of 464 participants were included.
Across the 5 studies, the mean age was 55 years
(11.6). Among these 464 patients, 282 (60%) were
male. The estimated mean follow-up was 3.5 years.
One hundred and eighty patients (39%) received an
appropriate therapy.

Five factors were significantly associated with
receiving an appropriate therapy among the cardiac
sarcoidosis patients who were implanted with an
ICD: age, sex, LVEF, CHB, and ventricular pacing.
These results are shown in Figure 2.

Patients who received an appropriate therapy
were younger (- 3.33, 95% Confidence interval (CI)
-6.42 to -0.23, p=0.004, I*=41%), more frequently
male (OR 2.06, 95% CI 1.37 to 3.09, p=0.0005,
I’=0%), and had a lower LVEF (-10.5, 95% CI
-18.23 to -2.78, p=0.008, 1*=85%). For LVEF, pa-
tients of the appropriate therapy group had a mean
LVEF of 36.1% (14.8) versus 47.5% (14.4) in the no
appropriate therapy group. Mean age in the appro-
priate therapy group was 53.9 years (11.8) versus 56
years (11.0) in the no appropriate therapy group.

For age: AT group 53.9 years (11.8); NAT group
56 years (11.0)

Three studies mentioned the presence of CHB,
and the patients who received an appropriate therapy
had a significant higher rate of CHB (OR 2.19, 95%
CI 1.2 to 3.99, p=0.01, I*>=0%) (13-15). Two stud-
ies mentioned the presence of ventricular pacing (14,
15). Patients who received an appropriate therapy
were significantly more frequently paced (OR 6.44
95% CI 2.57 to 16.16, p<0.0001, I>=0%).

Conversely, LBBB, RBBB, positive CMR, syn-
cope were not associated with receiving an appropri-
ate therapy. The data included in such analyses were

Test for overall effect: Z = 3.97 (P < 0.0001)
E

Appropriate therapy  No appropriate therapy Mean Difference Mean Difference Appropriate therapy - No appropriate therapy Mean Difference Mean Difference
StudyorSubgroup _Mean _ SD_Total Mean SO Toal Weight IV,Random, 95%CI Year IV, Random, 95% CI Byorigiey Nes 0N Nes S WG W NBeReING Ve THRn O D
BETENSKY2012 551 10 17 S26 19 28 IS7%  250(-395,898) 2012 ¥ SOMURAR 32 165 % N6 WL 6 K100 012 )
SCHULLER 2012 495 11 36 S5 13 66 242% -S60(-10.14,-10) 2012 + JETE) e B5 BS 7 NS 15 B 1R L4020, 21 i
KRON 2013 $37 1 84 S66 104 ISL 337%  -290(-5.96,0.6] 2013 KRON 2013 B 152 8 488 U7 151 28 -1070[-1471,-669) 2013 *
MOHSEN 2014 478 1 % 11 19 168% -860(-1536 184 2014 = MOHSEN 201¢ B U 4 U 19 168 -1300[-2343,-257 214 -
TAKAYA 2017 60 16 32 6l 13 20 16% -100[-895,695 2017 o TAKAYA2017 ¥oorooR» B 10 N%K 4012371037 017 &
Total (95% CI) 180 284 1000% -3.33[-6.42,-023] 4 Total (95% CI) 180 284 1000% -1050(-1823,-2.78] *
Heterogeneity: Tau® = 4.96; Chi* = 681, df = 4 (P = 0.15) F = 41% Heterogeneity: Tau' = 64.02; Chi* = 27.20,df = & (P < 0.0001; = 85% z 7
00 S0 0 5 100 B 100 -50 010
At for overaleffect: 2= 2,11 (P = 0.04) Favoursyoung patients Favours old patents G Testforoveralleffect. 2 = 2.66 (P = 0.008) Favours low LVEF Favours high LVEF
Appropriate therapy  No appropriate therapy _ Odds Ratio 0dds Ratio Aooroptiate theragy! _Ho'appropelie therapy 0dds Ratio '0dds Ratio
i;‘;‘:x:;:?g?;”"p E“'"l‘i T°‘l‘7' E""l‘; ’“‘Z’ﬂ' wgg;" M':‘vig’;;d‘-si"ﬁ] Z‘;:; MEHHied 9N StudyorSubgroup  Events  Total  Events  Total Weight M-H Fixed,95% I Year M-H, Fired, 95% CI
% & .40, 4. pr—p— = ™
SCHULLER 2012 26 36 34 66 19.8%  2.45[1.02,5.87] 2012 — BETENSKY 2012 $ u 5 28 145% 409[L05,15.89] 2012
YRON 2013 @ H % 151 501% 1910106, 343] 2013 - SCHULLER 2012 7 3% 10 6 412 135(047,392) 2012 ——
MOHSEN 2014 s 1 10 19 99% 108[024,479] 2014 —afi KRON 2013 it 8 10 151 444% 2350097570 2013 ——
TAKAYA 2017 2 2 6 W 75% 44501341483 2017 ——
Total (95% C1) 137 245 1000%  219[120,399] <&
Total (95% C1) 180 284 1000%  206(137,3.09] <> Totalevents
Totalevents 126 156 Chif = 163, df =2 (P= 0.4 = 0%
Heterogeneity: Chi’ = 2.92, 6f = 4 (P = 0.57); = 0% Test for overal effec: Z = 2.56 (= 0.01) 001 o1 o 100
goroverl et 2= 3492 = 0.005) e o T D ; Favours o CH Favours (13
Appropriate therapy  No appropriate therapy 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
BETENSKY 2012 8 17 5 28 525% 4.09[105,15.89] i
KRON 2013 3 84 3 151 47.5% 9.03[249,32.71] ==
Total (95% CI) 101 179 1000% 644 [257,16.16] <@
Total events i 8
Heterogeneity: Chi’ = 0.70, df = 1P = 040, = 0%
IRty ! 001 T

Fav'ours no VP Favours VP

Fig. 1. Flow diagram of the assessment of studies identified in the meta-analysis
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Table 1. Characteristics of the design and population in the 5 studies included in the meta-analysis

Ref Schuller (2012) Betensky (2012) Kron (2013) Mohsen (2014) Takaya (2017)
n* 102 45 235 30 52 (27 definite CS, 25
suspected CS)
Design Single-center retro- Single-center retro- Single-center retro- Single-center retro- Single-center
spective cohort spective cohort spective cohort spective cohort retrospective cohort
Inclusion CS receiving an ICD | CS receiving an ICD | CS receiving an ICD | CS receiving an ICD | CS receiving an ICD
criteria
Exclusion - Coronary heart - - -
criteria disease
More plausible expla-
nation for their heart
disease
Cardiac Modification of the | JMHW or extra- Biopsy-proven CS or | Biopsy proven CS or | Definite CS or sus-
sarcoidosis | JMHW cardiac sarcoidosis suggestive CMR or biopsy proven extra- | pected CS according
definition associated with a extracardiac sarcoid- | cardiac sarcoidosis to the JMHW
positive CMR, PET | osis and a presump- associated with 2 or
imaging, heart biopsy | tive cardiac involve- | more of the following
or explant pathology | ment criteria: clinical ab-
normality, low LVEF,
suggestive CMR, sug-
gestive ECG or EPS,
suggestive PET scan
Age (years) | 53.1(11.2) 53.5(11.2) 55.6 (11.1) 53 (11) 60.1 (15.1)
mean (SD) Definite CS 63 (13)
Suspected CS 57 (17)
Male, n (%) | 60 (59%) 27 (60%) 152 (65%) 16 (53%) 27 (52%)
LVEF (%) 44.1 (15) 45.4 (16.4) 45 (15.7) 41 (18) 36 (12)
mean (SD) Definite CS 35 (14)
Suspected CS 37 (10)
Syncope, n NA NA 68 (29%) 16 (53%) NA
(%)
RBBB,n |30 (29%) 6 (13%) 63 (28%) NA NA
(%)
LBBB, n (%) | NA 3 (7%) NA NA NA
Ventricular | NA 13 (29%) 16 (7%) NA NA
pacing
Positive - Focal or diffuse areas | Delayed contrast Patchy late gadolin- -
CMR defi- of delayed gadolinium | enhancement, wall ium enhancement of
nition enhancement occur- | motion abnormali- the mid- myocardium
rence in a distribution | ties, LV dysfunction, | and/or epicardium
inconsistent with scar | chamber dilation
due to prior infarction
Positive NA 4 (9%) 99 (86%) 8 (27%) NA
CMR
Primary NA 29 (64%) 147 (63%) 11 (37%) 27 (52%)
prevention
Follow-up 2.4 2.6 (2.7) 4.2 (4.0) 3.8 (4.0) NA
from ICD (Median: 2)
implantation
(years) mean
(SD)

(continued on next page)
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Table 1. Characteristics of the design and population in the 5 studies included in the meta-analysis

Appropri- ATP or shocks for 1 or more ATP or ATP or shocks (for ATP or shocks ATP or shocks for
ate therapy | VT or VF shock for sustained VT or VF) ventricular tachyar-
definition monomorphic or rhythmias
polymorphic VT or
VE;
electrical storms were
tabulated as a single
“event”
Appropriate
therapy
Yes 36 (35%) 17 (38%) 84 (36%) 11 (37%) 32 (61%)
No 66 (65%) 28 (62%) 151 (64%) 19 (63%) 20 (39%)

NOS (stars)

Selection: 3
Comparability:

Outcome: 2

Selection: 3
Comparability: 0

Outcome: 2

Selection: 3
Comparability: 0

Outcome: 2

Selection: 3
Comparability: 0

Outcome: 2

Selection: 3
Comparability: 0

Outcome: 2

Quality as- | Fair quality Fair quality Fair quality Fair quality Fair quality
sessment
AHRQ Poor quality Poor quality Poor quality Poor quality Poor quality
standards

* number of patients included in the study

CS cardiac sarcoidosis; EPS electrophysiologic study; JMHW Japanese Ministry of Health and Welfare; ATP Antitachycardia pacing; VT
Ventricular tachycardia; VF Ventricular fibrillation; AHRQ Agency for Healthcare Research and Quality; CMR Cardiac magnetic reso-
nance; LVEF Left ventricular ejection fraction

NA Not available; ECG Electrocardiogram; RBBB Right bundle branch block; LBBB Left bundle branch block; ICD Implantable cardio-
verter-defibrillator; PET Positron emission tomography; NOS Newcastle-Ottawa Scale

Appropriate therapy No appropriate therapy Mean Difference Mean Difference Appropriatetherapy - Noappropriatetherapy - Mean Diffeence Mean Difference
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Fig. 2. Forest plot of trials that analyzed appropriate versus no appropriate therapy in patients with cardiac sarcoidosis and an implantable

cardioverter defibrillator. Impact of age (A), sex (B), left ventricular ejection fraction (LVEF) (C), complete heart block (CHB) (D), and
ventricular pacing (E)

obtained from 2 or 3 articles (Supplemental Figure
2).

Discussion

Finally, receiving an appropriate therapy was
not associated with being implanted with an ICD
for secondary prevention. Four studies were included
in this analysis (14-17). This result is probably ex-
plained by a marked heterogeneity (1>=80%).

Based on the results of 5 retrospective cohorts,
this meta-analysis suggests that patients with cardiac
sarcoidosis who were implanted with an ICD and
received an appropriate therapy are more likely to
be young males with a low LVEF, ventricular pacing,

and a history of CHB.
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In our meta-analysis, we found a higher rate
(39%) of appropriate therapy than in previous stud-
ies reporting on other heart disease, such as ischemic
heart disease or dilated cardiomyopathy, suggesting
that patients with cardiac sarcoidosis are at high risk
for arrhythmias. For example, 13.4% of patients re-
ceived appropriate therapy after 1.9 years of follow
up in a cohort of patients with ischemic heart disease
and low LVEF (18). In a cohort of patients with low
LVEF who had been implanted for primary preven-
tion of cardiac sudden death, 18% had appropriate
therapy during a 35-month follow up (19).

In this meta-analysis, we used appropriate ther-
apy as the primary criterion. Appropriate shock has
been investigated as a surrogate marker for sudden
cardiac death in nonischemic cardiomyopathy in a
randomized controlled trial including 458 patients.
This study suggested that a 2:1 ratio was relevant for
defining appropriate therapy as a surrogate for sud-
den cardiac death (10).

In addition to a LVEF <35% and spontaneous
sustained ventricular arrhythmias, specific indications
for ICD implantation in CS are not supported with
a high level of evidence. HRS guidelines suggest an
ICD implantation in patients with LVEF <35% (class
I recommendation) or an LVEF between 36 and 49%
or right ventricular ejection fraction (RVEF) <40%
(class IIb recommendation). The impact of LVEF on
the incidence of ventricular arrhythmias was recently
investigated in CS (20). In this study, echocardiog-
raphy recorded a LVEF <40% in 30 of 62 patients
(48.4%); in the univariate analysis, these patients
experienced worse survival compared with those pa-
tients with LVEF 240% (p=0.017). No patient with
an LVEF between 41 and 50% died or had a trans-
plant. All the studies included in our meta-analysis
reported a mean LVEF lower than 40% (32-38%) in
the “appropriate therapy” group, whereas all of the
LVEF means in the “no appropriate therapy” group
were 46-51% (except the series by Takaya, which re-
ports a mean LVEF of 33% in the “no appropriate
therapy” group), supporting the finding that LVEF is
a main determinant of arrhythmia occurrence.

Cardiac sarcoidosis is a class IIa (level of evi-
dence C) recommendation for an ICD when a
pacemaker implantation is required (high-degree
atrioventricular block). We found that patients who
received an appropriate therapy were more likely to
have CHB. These results are consistent with recent

data: in a recent study, a high rate of ventricular ar-
rhythmias and sudden cardiac death was found in
patients with CS presenting with Mobitz II or CHB
(21). The 5-year incidence of sudden cardiac death
was 9% in the high atrioventricular block group (no
VT and LVEF >50%), 14% if atrioventricular block
was associated with an altered LVEF (between 35
and 50%), and up to 34% in the subgroup with VT
or severe left ventricular dysfunction (<35%).

Our study has several limitations. First, the
quality of all selected studies was poor to fair accord-
ing to the NOS. All five were retrospective studies.
Some patients were included in several studies: we
could not determine which patients were included
twice because it was not possible to obtain individual
data. Thus, this could represent a substantial bias.
However, cardiac sarcoidosis is rare and evidence
level is low for its management. Thus, despite this
bias, the results of this meta-analysis could help sup-
porting low-grade recommendations (11). In this
meta-analysis, we did not use data from randomized
or controlled trials, because they were not available.
Only retrospective studies were available. The prima-
ry endpoint was a surrogate marker of sudden cardiac
death. Finally, 17 studies were excluded because the
data could not be properly extracted.

Patients with CS are at high risk for sudden
cardiac death, and ICD implantation should be con-
sidered in selected patients. In this meta-analysis,
we identified 5 factors associated with appropriate
ICD therapy in CS: age, male sex, LVEF, CHB, and
ventricular pacing. These results suggest that in CS
patients, low LVEF and a history of CHB should
indicate ICD implantation, especially in young male
patients. Ventricular pacing in a patient who was
previously implanted with a pacemaker might be an
indication for an ICD upgrade or subcutaneous ICD
implantation.
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