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Abstract

Introduction: Isolated cardiac sarcoidosis (ICS) is characterized by a lack of
the apparent extra-cardiac involvement seen in systemic cardiac sarcoidosis
(SCS) and is being increasingly recognized as a distinct clinical phenotype of
cardiac sarcoidosis. This systematic review and meta-analysis pooled data
from published literature to assess any differences in outcomes of ICS vs.
SCS patients.

Methods: Studies were identified from PubMed/Medline, Embase, and the
Cochrane Library. Risk ratios were calculated using the Mantel-Haenszel
method in a random effects model. Heterogeneity was assessed using the
Higgins /> statistic. Leave-one-out sensitivity analysis was also performed.
The primary outcome was a composite of MACE, including cardiac death,
ventricular arrhythmias, or hospitalization for heart failure. The secondary
outcomes included sudden cardiac death, arrhythmias, and heart-failure-re-
lated hospitalizations.

Results: The analysis included 7 studies and 918 CS patients (28.9% ICS
and 71.1% SCS). Increased risk for arrhythmias (RR = 3.06, 95% Cl: 0.98 to
9.55, p = 0.05, I?’= 67%) in patients with ICS compared to SCS was observed.
No significant difference was observed for composite outcome (RR = 1.43,
95% Cl: 0.93 to 2.18, p = 0.10, /> = 0%), HF-related hospitalizations (RR =
6.83,95% Cl: 0.47 t0 100.33, p = 0.16, /> = 80%), or cardiac death (RR = 1.85,
95% Cl: 0.49 to 7.08, p = 0.37, I*= 0%) between the two groups.
Conclusions: Although ICS patients were more likely to experience arrhyth-
mias, no significant difference was observed between ICS and SCS patients
for composite outcome, cardiac death, or hospitalizations due to heart failure.

Key words: cardiac sarcoidosis, isolated cardiac sarcoidosis, systemic
cardiac sarcoidosis, outcomes.

ATHEROSCLEROTIC DISEASES AMS

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).



mailto:R.Ahmed21@imperial.ac.uk
mailto:R.Ahmed21@imperial.ac.uk

Clinical outcomes of isolated versus systemic cardiac sarcoidosis: a systematic review and meta-analysis

Introduction

Sarcoidosis is a multi-system granulomatous
disorder of unknown cause. It is characterized by
a wide spectrum of presentations, likely reflecting
a complex and poorly understood interplay of ge-
netic, ethnic, immunological, and environmental
factors. In the United States, the prevalence of car-
diac sarcoidosis (CS) among patients with systemic
sarcoidosis ranges between 20% and 27%, but this
prevalence can reach up to 58% among Japanese
patients [1-4]. Sarcoidosis affects myocardial tis-
sue by causing inflammatory cell infiltration, gran-
uloma formation, and fibrosis, which manifest as
complete atrioventricular block, ventricular arrhyth-
mias, congestive heart failure, and sudden cardiac
death [5, 6]. Corticosteroid treatment has shown
greater benefits for long-term outcomes in patients
with higher left ventricular ejection fraction (LVEF)
compared to those with lower LVEF, suggesting that
timely therapeutic intervention after identifying
cardiac involvement may improve prognosis [7-10].

In patients with isolated cardiac sarcoidosis
(ICS), cardiac manifestations of sarcoid appear first
without apparent evidence of extracardiac involve-
ment [11]. The diagnosis of ICS typically requires
histological confirmation through an endomyocar-
dial biopsy (EMB). However, given that the sensitiv-
ity of EMB for detecting CS is only around 20% [12],
the diagnosis of ICS can be particularly challenging.
The Japanese Circulation Society (JCS) introduced
the first diagnostic guidelines for ICS [13]. The de-
tection of non-caseating granulomas in myocardial
tissue in patients who show no clinical signs of sar-
coidosis in other organs is necessary to diagnose
ICS. If EMB is not possible or granulomas are not
detected, patients can still be diagnosed with ICS
if gallium-67 scintigraphy or *F-FDG positron emis-
sion tomography reveals abnormally high tracer
accumulation in the heart and at least three of the
remaining four major criteria for cardiac involve-
ment are met. By contrast, the 2014 expert con-
sensus statement from the Heart Rhythm Society
[14] does not delineate ICS as a specific diagnostic
category.

A number of cohort- or registry-based studies
have reported on the differences between the clin-
ical characteristics and outcomes of patients with
ICS compared to patients with non-ICS or systemic
CS (SCS). The emerging evidence generally points
to more severe clinical course, with increased risks
of arrhythmias and more severe cardiomyopathy
in ICS patients [15], although long-term outcomes
may be similar between the two groups [16]. In
the present systematic review and meta-analy-
sis, data from published literature were pooled to
enhance the statistical power and provide a bal-
anced insight regarding any potential differences
in outcomes between ICS and SCS patients.

Methods

This systematic review and meta-analysis fol-
lowed the guidelines established by the Preferred
Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) [17].

Data sources and search strategy

Two researchers (AA and MA) independently
searched PubMed/Medline, Embase, and the Co-
chrane Library from their inception until August
2024. The researchers manually examined refer-
ences of retrieved studies and reviews to ensure
that all relevant articles were included. The search
strategy used the following keywords and Medical
Subject Headings (MeSH) terms: “isolated cardiac
sarcoidosis” OR “isolated CS” OR “primary cardiac
sarcoidosis” AND “systemic cardiac sarcoidosis”
OR “systemic CS” OR “secondary cardiac sarcoid-
osis” OR “extra-cardiac sarcoidosis”. Additionally,
reference lists of relevant articles were manually
screened to identify any further studies that met
the inclusion criteria.

Supplementary Table SI provides detailed
search strategies for each database.

Eligibility criteria and outcomes

Studies were considered eligible for inclusion in
our systematic review and meta-analysis if they:
(i) were observational studies (cohort, case-con-
trol, and cross-sectional studies); (ii) included pa-
tients diagnosed with cardiac sarcoidosis, with
subgroups of ICS and SCS; (iii) defined ICS as cases
where granulomatous inflammation is confined to
the heart, with no clinical, radiological, or histolog-
ical evidence of sarcoidosis in other organs; (iv) de-
fined systemic CS as cases where cardiac involve-
ment was diagnosed in the context of multi-organ
sarcoidosis or sarcoidosis had been detected in at
least one other organ system, confirmed by biopsy
(e.g., lung, lymph nodes) or by clinical and radio-
logical evidence; and (v) reported on prognostic
and clinical outcomes (e.g, MACE, arrhythmias,
cardiac death, and heart failure hospitalization).

Studies were excluded if they: (i) did not pro-
vide data on both the ICS and SCS cohorts; (ii) had
insufficient data on outcomes or prognosis for
both the groups; and (iii) were case reports, let-
ters, editorials, conference abstracts, or reviews.

The primary outcome was a composite of
MACE, including cardiac death, ventricular ar-
rhythmias, or hospitalization for heart failure. The
definition of composite outcome in different stud-
ies is given in Supplementary Table SI. The sec-
ondary outcomes included sudden cardiac death,
arrhythmias, and heart-failure-related hospitaliza-
tions. The data for outcomes were extracted for
the longest available follow-up.
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Study selection and data extraction

The studies obtained from the literature search
were imported to EndNote X9 (Clarivate Analyt-
ics), and duplicate records were removed. Two
authors (MA and AA) independently reviewed the
retrieved studies based on titles and abstracts.
This was followed by a review of the full texts of
the articles. A third author (RA) was consulted in
the event of any disagreements.

The following data were retrieved from each eligi-
ble study: author’s name, year of publication, coun-
try, sample size, definition of composite outcome,
duration of follow-up, age of patients, proportion of
females/males, NYHA class Ill or IV, LVEF %, comor-
bidities such as CAD, device implantation, and med-
ical therapy including ACEls and B-blockers. A pre-pi-
loted Excel sheet was used for data extraction.

Quality assessment of the included studies

The quality assessment of the observational
studies was performed using the Cochrane Risk of
Bias in Nonrandomized Studies — of Interventions
(ROBINS-I) tool [18]. The ROBINS-I tool uses seven
domains to determine overall bias in each non-ran-
domized clinical trial. The risk of bias was assessed
in 7 different domains (confounding, selection, in-
tervention classification, deviation from interven-
tion, missing data, measurement of outcome, selec-
tion of reported results). Studies were classified as
having low, moderate, or serious risk of bias. Studies
that had information missing in one or more do-
mains were classified as NI (no information). Risk-
of-bias plots were created using the Robvis tool [19].

Statistical analysis

The meta-analysis was conducted using R ver-
sion 4.4.1 with the application of the “meta” and
“metasens” packages via RStudio. The risk ratios
(RRs) with 95% confidence intervals (Cls) were
calculated using the Mantel-Haenszel method in
a random effects model, which was presented in
forest plots [20]. The Paule-Mandel procedure was
used to estimate %2, the heterogeneity variance?!.
Heterogeneity was assessed using the Higgins [?
statistic: values of 0% to 40%, low heterogene-
ity; 30% to 60%, moderate heterogeneity; 50%
to 90%, substantial heterogeneity; 75% to 100%,
considerable heterogeneity [21, 22]. Egger’s test
was not employed to quantify the asymmetry, nor
were funnel plots generated, given the insufficient
number of included studies [23]. A p-value of <
0.05 was considered significant.

Results

The literature search identified 393 eligible
records. After the removal of duplicates, primary
screening was performed using study titles and ab-

stracts. The full texts of 37 studies were retrieved
and 7 studies met the pre-determined inclusion
criteria (Supplementary Figure S1). The statistical
synthesis of data involved 5 studies. Maeda et al.
conducted a registry-based study that included
data from Japanese CS patients treated at several
university hospitals nationwide [16]. Several Japa-
nese studies reporting on outcomes of CS patients
from individual centers were also included [24-
28]. Although we included all these studies due to
their reporting of different outcomes, we ensured
that data for overlapping patient populations (i.e.
from Maeda et al. and the other Japanese studies)
were not pooled for the same outcomes to prevent
overestimation of the pooled effect sizes.

The included studies [16, 24-29] reported data
for 918 CS patients. 265 patients had ICS while
653 patients were diagnosed with SCS. The mean
follow-up duration was 4.34 years (40.1 months).
The patients with ICS had a mean age of 61.2
years (SD: +12.1), whereas those with SCS had
a mean age of 61.9 years (SD: +11.2). Details of
the study characteristics and baseline data are
provided in Table I.

The bias assessment of included studies
showed some concerns in 4 studies, mainly relat-
ed to confounding bias and intervention classifi-
cation (Supplementary Figures S2, S3).

Results of meta-analysis
Composite outcome

The pooled analysis demonstrated a nonsignif-
icant difference between ICS and SCS for the risk
of composite outcome (RR = 1.43, 95% Cl: 0.93 to
2.18, p = 0.10, Figure 1 A) compared to SCS. No
heterogeneity was observed (/? = 0%).

Cardiac death

No statistically significant association was ob-
served for cardiac death (RR = 1.85, 95% Cl: 0.49
to 7.08, p = 0.37, I*= 0%, Figure 1 B) between
ICS and SCS. Tezuka et al. did not report absolute
numbers for deaths in each group; however, the
Kaplan-Meier curve indicated a nonsignificant dif-
ference in survival between patients with isolated
and systemic CS [26].

HF-related hospitalizations

The pooled analysis demonstrated a non-signif-
icant difference between ICS and SCS for the risk
of HF-related hospitalizations (RR = 6.83, 95% Cl:
0.47 t0 100.33, p = 0.16, Figure 2 A). Heterogeneity
was high (/? = 80%), and did not decrease on per-
forming sensitivity analysis. Kaneko et al. reported
comparable rates of death, HF-related hospitaliza-
tions, and arrhythmias across two groups [27].
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Study Isolated CS Systemic CS 0Odds ratio OR 95% Cl Weight
Events Total Events  Total (%)
Sink et al. 5 9 13 41 + 2.69 (0.62-11.71) 8.3
Maeda et al. 41 119 100 356 ——t— 1.35 (0.86-2.10) 91.7
Random effects model 128 397 <<> 143 (0.93-2.18) 100.0
itye 2= 0% 12 = - r T T ]
?ette;ogene'tyli ’ﬁc Of’ K ; 604’1” 0(.)3f0 0.1 05 10 20 10.0
est for overall effect: 2= 1.64 (p = 0.10) Favours Isolated CS Favours Systemic CS
Study Isolated CS Systemic CS 0Odds ratio OR 95% Cl Weight
Events Total Events Total (%)
Okada et al. 2 27 2 55 + 2.12 (0.28-15.93) 44.2
Sink et al. 2 9 6 41 + 1.67 (0.28-10.03) 55.8
Random effects model 36 96 <i> 1.85 (0.49-7.08) 100.0
Heterogeneity: > = 0%, 1 = 0, p = 0.86 ! ' ' ' '
Test for overall effect: z = 0.90 (p = 0.37) 01 0.5 10 20 10.0
Favours Isolated CS Favours Systemic CS
Figure 1. Forest plot showing pooled incidence of composite outcome (A), cardiac death (B)
Study Isolated CS Systemic CS 0Odds ratio OR 95% Cl Weight
Events Total Events Total (%)
Okada et al. 10 27 1 55 — 3176 (3.79-266.41) 443
Takaya et al. 8 27 9 52 2.01 (0.67-6.01) 55.7
Random effects model 54 107 6.83 (0.47-100.33) 100.0
Heterogeneity: I> = 80%, t* = 3.0624, p = 0.02 ‘
Test for overall effect: z = 1.40 (p = 0.16) 0.01 0.1 1 10 100
Favours Isolated CS Favours Systemic CS
Study Isolated CS Systemic CS 0Odds ratio OR 95% Cl Weight
Events Total Events Total (%)
Sato et al. 12 21 15 28 e 1.16 (0.37-3.61) 34.5
Okada et al. 5 27 4 55 290 (0.71-11.83) 29.2
Takaya et al. 17 27 9 52 G+t 8.12 (2.81-23.47) 36.2
Random effects model 75 135 <<> 3.06 (0.98-9.55) 100.0
Heterogeneity: I* = 67%, t> = 0.6369, p = 0.05 0.1 05 10 20 10.0

Test for overall effect: z=1.93 (p = 0.05)

Favours Isolated CS

Favours Systemic CS

Figure 2. Forest plot showing pooled incidence of HF-related hospitalizations (A), arrhythmias (B)

Arrhythmias

The pooled analysis demonstrated elevated risk
of arrhythmias among patients with ICS (RR = 3.06,
95% Cl: 0.98 t0 9.55, p = 0.05, Figure 2 B) compared
to SCS, although it did not reach statistical signifi-
cance. Heterogeneity was moderate (= 67%).

Discussion

The present systematic review and meta-anal-
ysis synthesized data from 918 patients from
7 articles. The salient findings can be summarized
as follows: (1) Compared to SCS patients, the co-

hort of ICS patients had poorer baseline LVEF and
demonstrated a higher prevalence of implantable
cardiac devices. (2) ICS patients were more like-
ly to present with serious cardiac manifestations,
such as ventricular arrhythmias. (3) Despite this,
there was no significant difference in the rates of
composite outcome, cardiac mortality, or HF-relat-
ed hospitalizations between ICS and SCS patients.

Cardiac involvement in sarcoidosis, whether in
the context of ICS or SCS, is increasingly recog-
nized, but the evidence for the influence of the
pattern of organ involvement on outcomes can
be conflicting. This discrepancy may stem from
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factors distinct from the condition itself, such as
variations in diagnostic criteria, treatment strat-
egies and follow-up periods, which complicate
interpretation of prognostic data. Manifestations
of CS range from clinically quiescent myocardial
granulomas to symptomatic arrhythmias, progres-
sive heart failure and sudden cardiac death [30].
Presentation patterns vary widely due to factors
such as prior medical treatment, presence of ICS
and biopsy confirmation [30-32]. While the mean
age at diagnosis for patients with extra-cardiac
sarcoidosis is 40-50 years [2], CS patients seem
to be diagnosed mostly in their fifth or sixth de-
cades of life, as observed in this analysis. There is
increasing recognition that CS patients experience
diagnostic delays [29], which have been hypothe-
sized to originate from the non-specificity of early
symptoms and challenges in accessing appropri-
ate diagnostic tools (endomyocardial biopsy or
advanced cardiac imaging) [29, 33]. A few other
factors could also contribute to this observation.
Firstly, CS patients may have had immunosup-
pressive treatment for extra-cardiac sarcoidosis
at a stage when cardiac involvement was less
significant, thereby delaying the conversion from
clinically silent to clinically manifest CS [10, 34].
Secondly, as observed in the present study, ICS
patients are more likely to present with malig-
nant ventricular arrhythmias. Other studies have
demonstrated higher incidence of atrioventricu-
lar block in CS patients [35]. The management of
these complications with symptomatic treatment,
such as anti-arrhythmics or device implantation,
can supersede full investigation into the under-
lying cause, further delaying the identification of
ICS until more severe cardiac dysfunction or heart
failure develops. In several cases, patients may
be misdiagnosed with idiopathic or non-ischemic
dilated cardiomyopathy and pursue treatment to
the point of heart transplantation, with the correct
diagnosis of CS only becoming apparent after ex-
amination of the explanted hearts [36, 37].

ICS patients were more likely to demonstrate
impaired LVEF which correlates with an increased
risk of ventricular arrhythmias. This observation
echoes the finding of a large prospective interna-
tional cohort study from the Cardiac Sarcoidosis
Consortium investigating arrhythmia burden and
outcomes of CS patients [38]. The authors noted
that the most common arrhythmias experienced by
CS patients with reduced LVEF are ventricular ar-
rhythmias, which were also associated with higher
risks of adverse events. In a study characterizing
the ventricular substrate and electrophysiological
mechanism in CS patients who developed VT, the
main driver was found to be re-entry circuits around
confluent regions of endo- and epicardial ventric-
ular scarring, especially in the right ventricle [39].

Cardiac magnetic resonance imaging (CMR), using
T1 and T2 mapping techniques, provides a detailed
assessment of myocardial edema and inflamma-
tion [40]. CMR also provides an assessment of
late gadolinium enhancement (LGE), which serves
as a marker of myocardial fibrosis in CS patients
[41]. Risk-stratifying CS patients based on LGE has
therefore been proposed, based on the observation
that the presence of LGE is associated with higher
mortality rates, irrespective of LVEF [42, 43]. In the
studies we analyzed, despite the higher risk of ven-
tricular arrhythmias seen in ICS patients, there was
no significant difference in LGE presence or distri-
bution between ICS and SCS patients [24-27]. Myo-
cardial inflammation, indicated by FDG uptake on
cardiac positron emission tomography (PET), was
similarly present in ICS and SCS patients except in
studies by Kaneko et al. [27] and Okada et al. [25],
which actually found higher prevalence of cardiac
FDG uptake among SCS patients. This underscores
the complexity of ventricular arrhythmogenesis in
CS patients and highlights the significant influence
of confounding factors, which renders research in
this field particularly challenging.

It is tempting to attribute the lack of a signif-
icant difference in composite outcome and car-
diac mortality between ICS and SCS patients to
the prognostic equivalence of these diagnostic
sub-categories. However, it is noteworthy that the
analyzed studies reflect the detection rate of clin-
ically manifest CS and do not account for subclin-
ical cases or cases that are fatal at presentation.
For example, in an autopsy study of sudden car-
diac death in CS by Tavora et al., 83% of their ICS
cases were diagnosed with sudden cardiac death
attributable to CS [44]. By comparison, a smaller
proportion of SCS cases (52%) had sudden cardiac
death secondary to CS. Moreover, cardiac screen-
ing in patients with systemic sarcoidosis has
significantly improved with advances in imaging
techniques, more robust screening guidelines, and
better risk stratification. Updated guidelines from
the American Thoracic Society [45] and the Euro-
pean Respiratory Society [46] recommend com-
prehensive screening for all sarcoidosis patients.
Lead time bias, which means that earlier disease
detection leads to overestimation of event-free
survival, is a distinct possibility. Finally, the treat-
ment strategies for heart failure with impaired
ejection fraction and secondary prevention of
ventricular arrhythmias — the two main drivers of
mortality in CS [47] - are likely to be largely similar
in ICS and SCS patients. Combined with the simi-
lar response to immunosuppressive therapy in the
burden of myocardial inflammation on imaging
[16, 27] and NT-pro-BNP levels [26] between ICS
and SCS patients, these factors could explain the
comparable mortality rates.
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Despite the overall robustness of the findings of
the present meta-analysis, a few limitations have to
be acknowledged. Firstly, the studies included were
retrospective in nature, with well-recognized short-
comings inherent to this research design. Secondly,
cardiac sarcoidosis is a heterogeneous condition,
and the prognosis varies according to geography
and ethnicity [48]. This might explain why hetero-
geneity was relatively high for some outcomes and
leave-one-out sensitivity analysis did not consis-
tently identify a single study contributing to this
heterogeneity. It is likely that the effect of confound-
ing factors, such as differences in patient popula-
tions, duration of follow-up, non-uniform reporting
of data, or variations in treatment protocols, may
have contributed to the variability observed.

In conclusion, cardiac involvement in sarcoid-
osis is a marker of poor outcomes and prognosis.
However, evidence of whether characteristics and
outcomes differed based on the pattern of organ
involvement, i.e. ICS vs SCS, was conflicting. In this
systematic review and meta-analysis, ICS patients
were more likely to have poorer LVEF at baseline
compared to SCS patients. This was associated
with a higher risk of ventricular arrhythmias. Nev-
ertheless, the rates of composite outcome and
cardiac death were comparable between the two
groups, indicating the possibility of equivalence of
prognosis between these cohorts of patients.

Funding

No external funding.

Ethical approval
Not applicable.

Conflict of interest

The authors declare no conflict of interest.

References

1. Drent M, Crouser ED, Grunewald J. Challenges of sar-
coidosis and its management. N Engl ) Med 2021; 385:
1018-32.

2. Brito-Zerén B Kostov B, Superville D, Baughman RP, Ra-
mos-Casals M. Geoepidemiological big data approach to
sarcoidosis: geographical and ethnic determinants. Clin
Exp Rheumatol 2019; 37: 1052-64.

3. Ahmed R, Shahbaz H, Ramphul K, et al. Racial disparities
among patients with cardiac sarcoidosis and arrhyth-
mias in the United States: a propensity matched-analy-
sis from the national inpatient sample database 2016-
2020. Curr Probl Cardiol 2024; 49: 102450.

4. lwai K, Tachibana T, Takemura T, Matsui Y, Kitalchi M,
Kawabata Y. Pathological studies on sarcoidosis autop-
sy. . Epidemiological features of 320 cases in Japan.
Acta Pathol Jpn 1993; 43: 372-6.

5. Gilotra NA, Griffin JM, Pavlovic N, et al. Sarcoidosis-relat-
ed cardiomyopathy: current knowledge, challenges, and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

future perspectives state-of-the-art review. J Card Fail
2022; 28: 113-32.

. Ahmed R, Sawatari H, Amanullah K, et al. Characteristics

and outcomes of hospitalised patients with heart fail-
ure and sarcoidosis: a propensity-matched analysis of
the Nationwide Readmissions Database 2010-2019. Am
J Med 2024; 137: 751-60.e8.

. Yazaki Y, Isobe M, Hiroe M, et al. Prognostic determi-

nants of long-term survival in Japanese patients with
cardiac sarcoidosis treated with prednisone. Am J Cardi-
ol 2001; 88: 1006-10.

. Chiu CZ, Nakatani S, Zhang G, et al. Prevention of left

ventricular remodeling by long-term corticosteroid ther-
apy in patients with cardiac sarcoidosis. Am J Cardiol
2005; 95: 143-6.

. Mactaggart S, Ahmed R. The role of ICDs in patients with

sarcoidosis—a comprehensive review. Curr Probl Cardiol
2024; 49: 102483.

Kouranos V, Khattar RS, Okafor J, et al. Predictors of out-
come in a contemporary cardiac sarcoidosis population:
role of brain natriuretic peptide, left ventricular function
and myocardial inflammation. Eur J Heart Fail 2023; 25:
2287-98.

Mactaggart S, Ahmed R. Comparison of prognosis in iso-
lated versus systemic manifestations of cardiac sarcoid-
osis. Curr Probl Cardiol 2024; 49: 102671.

Cooper LT, Baughman KL, Feldman AM, et al. The role of
endomyocardial biopsy in the management of cardio-
vascular disease: a scientific statement from the Amer-
ican Heart Association, the American College of Cardiol-
ogy, and the European Society of Cardiology. Circulation
2007; 116: 2216-33.

Terasaki F Azuma A, Anzai T, et al. JCS 2016 guideline on
diagnosis and treatment of cardiac sarcoidosis — digest
version. Circ ) 2019; 83: 2329-88.

Birnie DH, Sauer WH, Bogun F, et al. HRS expert con-
sensus statement on the diagnosis and management of
arrhythmias associated with cardiac sarcoidosis. Heart
Rhythm 2014; 11: 1304-23.

Okada DR, Bravo PE, Vita T, et al. Isolated cardiac sar-
coidosis: a focused review of an under-recognized enti-
ty. J Nucl Cardiol 2018; 25: 1136-46.

Maeda D, Matsue Y, Dotare T, et al. Clinical character-
istics and prognosis of patients with isolated cardiac
sarcoidosis: insights from the ILLUMINATE-CS study. Eur
J Heart Fail 2024; 26: 77-86.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ 2021; 372: n71.

Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of
interventions. BMJ 2016; 355:i4919.

McGuinness LA, Higgins JPT. Risk-of-bias VISualization
(robvis): an R package and Shiny web app for visualizing
risk-of-bias assessments. Res Synth Methods 2021; 12:
55-61.

Mantel N, Haenszel W. Statistical aspects of the analysis
of data from retrospective studies of disease. ) Natl Can-
cer Inst 1959; 22: 719-48.

Paule RC, Mandel J. Consensus values and weighting
factors. J Res Natl Bur Stand 1982; 87: 377-85.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Mea-
suring inconsistency in meta-analyses. BMJ 2003; 327:
557-60.

Boutron |, Page MJ, Higgins JB Altman DG, Lundh A,
Hrébjartsson A. Chapter 7: Considering bias and con-
flicts of interest among the included studies. Cochrane

el02

Arch Med Sci Atheroscler Dis 2025



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Clinical outcomes of isolated versus systemic cardiac sarcoidosis: a systematic review and meta-analysis

Training. In: Cochrane Handbook for Systematic Rev In-
terv 2023; 4. Accessed August 4, 2024. https://training.
cochrane.org/handbook/current/chapter-07

Sato K, Kawamatsu N, Yamamoto M, Machino-Ohtsuka
T, Ishizu T, leda M. Utility of updated Japanese Circu-
lation Society Guidelines to diagnose isolated cardiac
sarcoidosis. ] Am Heart Assoc 2022; 11: 25565.

Okada T, Kawaguchi N, Miyagawa M, et al. Clinical fea-
tures and prognosis of isolated cardiac sarcoidosis diag-
nosed using new guidelines with dedicated FDG PET/CT.
J Nucl Cardiol 2023; 30: 280-9.

Tezuka D, Terashima M, Kato Y, et al. Clinical character-
istics of definite or suspected isolated cardiac sarcoid-
osis: application of cardiac magnetic resonance imaging
and 18F-Fluoro-2-deoxyglucose positron-emission to-
mography/computerized tomography. J Card Fail 2015;
21:313-22.

Kaneko K, Nagao M, Yamamoto A, Sakai A, Sakai S. FDG
uptake patterns in isolated and systemic cardiac sar-
coidosis. J Nucl Cardiol 2023; 30: 1065-74.

Takaya Y, Nakagawa K, Miyoshi T, et al. Impact of extra-
cardiac sarcoidosis on clinical outcomes in patients with
cardiac sarcoidosis: Importance of continued screening
for cardiac involvement. Int J Cardiol 2024; 413: 132368.
Sink J, Joyce C, Liebo M), Wilber DJ. Long-term outcomes
of cardiac sarcoid: prognostic implications of isolated
cardiac involvement and impact of diagnostic delays.
J Am Heart Assoc 2023; 12: 28342.

Birnie DH. Cardiac sarcoidosis. Semin Respir Crit Care
Med 2020; 41: 626-40.

Sperry BW, Oldan J, Hachamovitch R, Tamarappoo BK.
Insights into biopsy-proven cardiac sarcoidosis in pa-
tients with heart failure. J Hear Lung Transplant 2016;
35:392-3.

Ahmed R, Ahsan A, Ahmed M, et al. Outcomes of defi-
nite vs probable/presumed cardiac sarcoidosis: a sys-
tematic review and meta-analysis. Curr Probl Cardiol
2024; 49: 102820.

Nabeta T, Kitai T, Naruse Y, et al. Risk stratification of
patients with cardiac sarcoidosis: the ILLUMINATE-CS
registry. Eur Heart J 2022; 43: 3450-9.

Okafor J, Khattar R, Kouranos V, et al. Role of serial
18F-fludeoxyglucose positron emission tomography in
determining the therapeutic efficacy of immunosup-
pression and clinical outcome in patients with cardiac
sarcoidosis. J Nucl Cardiol 2024; 35: 101842.

Fazelpour S, Sadek MM, Nery PB, et al. Corticosteroid
and immunosuppressant therapy for cardiac sarcoid-
osis: a systematic review. ] Am Heart Assoc 2021; 10:
21183.

Roberts WC, Roberts CC, Ko JM, Filardo G, Capehart JE,
Hall SA. Morphologic features of the recipient heart in
patients having cardiac transplantation and analysis of
the congruence or incongruence between the clinical
and morphologic diagnoses. Medicine 2014; 93: 211-35.
Chazal T, Varnous S, Guihaire J, et al. Sarcoidosis diag-
nosed on granulomas in the explanted heart after trans-
plantation: results of a French nationwide study. Int )
Cardiol 2020; 307: 94-100.

Bressi E, Crawford TC, Bogun FM, et al. Arrhythmia mon-
itoring and outcomes in patients with cardiac sarcoid-
osis: insights from the Cardiac Sarcoidosis Consortium.
J Am Heart Assoc 2022; 11: 24924.

Kumar S, Barbhaiya C, Nagashima K, et al. Ventricular
tachycardia in cardiac sarcoidosis: Characterization of
ventricular substrate and outcomes of catheter abla-
tion. Circ Arrhythmia Electrophysiol 2015; 8: 87-93.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Puntmann VO, Isted A, Hinojar R, Foote L, Carr-White
G, Nagel E. T1 and T2 mapping in recognition of early
cardiac involvement in systemic sarcoidosis. Radiology
2017; 285: 63-72.

Smedema JR Ainslie G, Crijns HJGM. Review: Con-
trast-enhanced magnetic resonance in the diagnosis
and management of cardiac sarcoidosis. Prog Cardio-
vasc Dis 2020; 63: 271-307.

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.

Murtagh G, Laffin LJ, Beshai JF, et al. Prognosis of myo-
cardial damage in sarcoidosis patients with preserved
left ventricular ejection fraction: risk stratification using
cardiovascular magnetic resonance. Circ Cardiovasc Im-
aging 2016; 9: e003738.

Tavora F, Cresswell N, Li L, Ripple M, Solomon C, Burke A.
Comparison of necropsy findings in patients with sar-
coidosis dying suddenly from cardiac sarcoidosis versus
dying suddenly from other causes. Am J Cardiol 2009;
104: 571-7.

Crouser ED, Maier LA, Wilson KC, et al. Diagnosis and
detection of sarcoidosis. An official American Thoracic
Society Clinical Practice Guideline. Am J Respir Crit Care
Med 2020; 201: e26-51.

Baughman RP, Valeyre D, Korsten B et al. ERS clinical
practice guidelines on treatment of sarcoidosis. Eur Re-
spirJ 2021; 58: 2004079.

Tan MC, Yeo YH, Mirza N, et al. Trends and disparities in
cardiovascular death in sarcoidosis: a population-based
retrospective study in the United States From 1999 to
2020. ) Am Heart Assoc 2024; 13: e031484.

Ahmed R, Sharma R, Chahal CAA. Trends and disparities
around cardiovascular mortality in sarcoidosis: does
big data have the answers? ] Am Heart Assoc 2024; 13:
e034073.

Arch Med Sci Atheroscler Dis 2025

el03



