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BACKGROUND: Cardiac sarcoidosis (CS) may lead to serious outcomes, but large-scale data are lacking because of its rarity,
diagnostic uncertainty, and heterogeneous clinical presentations. Actual management and outcorf(fi’sﬁmigl,uding recurrence,
are not well understood. This study aimed to clarify the actual management and outcomes of CS\from-asnationwide large-
scale registry.

METHODS: This multicenter retrospective registry enrolled 2366 consecutive patients with CS. Of these, 1852 patients newly
diagnosed between 2012 and 2021 were analyzed. Patients were stratified into 4 groups: definite CS, probable CS, presumed
systemic sarcoidosis, and presumed isolated CS based on diagnostic criteria. The primary end point was a composite of all-
cause death, heart failure hospitalization, or fatal ventricular arrhythmic-event. The secondary end point was recurrence of CS.

RESULTS: Cardiac imaging performance rates were high (cardiac magnetic resonance: 64%, 'F-fluorodeoxyglucose positron
emission tomography: 82%), and 974 (53%) patients were diagnosed clinically without histological evidence. During a
median 5.1-year follow-up, the primary outcome occurred in 519 (28%, 6.4/100 patient-years) patients, and the 4 groups
exhibited different clinical presentations and prognoses; definite CS and presumed isolated CS groups showed a high
incidence of the primary end point, fatal ventricular arrhythmic event, hospitalization for heart failure, and cardiovascular
death. Most patients (89%) received immunosuppressive therapy, but-291 (18%, 4.1/100 patient-years) patients developed
recurrence during steroid tapering, with a b-year recurrence rate of 17.0%. Recurrence was associated with subsequent
primary end point (hazard ratio, 1.38 [95% Cl, 1.00-1.89]; A=0.048).

CONCLUSIONS: This large-scale multicenter registry showed that clinical presentation and prognosis differ depending on
the presence or absence of extracardiac lesions and histological evidence; therefore, it is necessary to recognize the
characteristics of each phenotype in managing CS.
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unknown cause, characterized by heterogeneous  most serious outcomes, including heart failure and

Sarcoidosis is a systemic inflammatory disease of  any organ, cardiac involvement is associated with the
clinical manifestations.”™* Although it can affect sudden cardiac death (SCD), resulting from cardiac
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WHAT IS NEW?

* Cardiac sarcoidosis presents with diverse clinical
symptoms, making large-scale research essential
for understanding it. We conducted a nationwide,
large-scale registry, enrolling >2000 patients, to
clarify the real-world management and outcomes of
cardiac sarcoidosis.

¢ Clinical diagnostic criteria have been proposed to
diagnose cardiac sarcoidosis without histological
findings, but clinical features and prognosis of this
group have not been fully investigated. We dem-
onstrated that clinical presentations and prognoses
differ depending on the presence or absence of
extracardiac lesions and histological evidence.

* We also examined the prevalence, treatment, and
prognosis of recurrent cases using our large-scale
registry.

WHAT ARE THE CLINICAL IMPLICATIONS?

* Different phenotypes, stratified based on diagnos-
tic criteria, exhibit different clinical presentations
and prognoses; thus, we should pay attention
to the phenotypes in the management of cardiac
sarcoidosis.

* Presumed isolated cardiac sarcoidosis patients
who were diagnosed without histological evidence
and had no extracardiac lesions showed poor out-
come; thus, this patient group needs to be treated
separately.

Nonstandard Abbreviations and Acronyms

CMR cardiac magnetic resonance
CsS cardiac sarcoidosis

FDG-PET '8F-fluorodeoxyglucose positron
emission tomography

FVAE fatal ventricular arrhythmic event

MYSTICS Multicenter Nationwide Study to
Assess Diagnosis and Management
in Patients With Systemic and Iso-
lated Cardiac Sarcoidosis

NT-proBNP N-terminal pro-B-type natriuretic
peptide

SCD sudden cardiac death

VT/VF ventricular tachycardia/ventricular
fibrillation

dysfunction, ventricular arrhythmia, and conduction
disturbances 5"

The most critical issue in diagnosing cardiac sar-
coidosis (CS) is the sampling error of endomyocardial
biopsy.*'® Recent advancements in cardiac imaging,
such as cardiac magnetic resonance (CMR) and '8F-
fluorodeoxyglucose positron emission tomography
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(FDG-PET), have improved the detection rate of CS
and altered the diagnostic flow.'¥22 The Japanese Cir-
culation Society (JCS) guidelines for the management
of sarcoidosis?® established clinical diagnostic criteria
for CS in patients without histological evidence, which
are included in the latest scientific statement from the
American Heart Association.?* However, we cannot
exclude the possibility that patients diagnosed with iso-
lated CS without histological confirmation may include
individuals with other conditions, such as genetic car-
diomyopathies or other inflammatory myocardial dis-
eases.?® % Clinical features, actual management, and
prognosis in patients without histological evidence have
not been fully investigated.

In addition to serious events, such as fatal ventricu-
lar arrhythmic events (FVAE) and heart failure, a chal-
lenge in treating CS is that some patients either do not
respond to steroid therapy or experience recurrence,
although the effectiveness of steroid therapy has been
established.?® The definition of recurrence is not well
standardized and varies across studies; consequently,
the prevalence and risk factorssfor recurrence remain
unclear2?'-%° O E

The objective of this study was to elucidate the man-
agement strategies and clinical outcomes of patients with
CS by stratifying them according to diagnostic criteria.

METHODS

Data Availability

The data that support the findings of this study are available
from-the corresponding-author on reasonable request.

Study-Design and-Study Population

MYSTICS (Multicenter Nationwide Study to Assess Diagnosis
and Management in Patients With Systemic and lIsolated
Cardiac Sarcoidosis) is a retrospective, multicenter, observa-
tional study (URL: xxx; Unique identifier: UMINOOO053942).
A total of 115 experienced hospitals in Japan participated
(Supplemental Material). Consecutive patients with CS who
attended the participating hospitals between April 2012 and
March 2021 were enrolled. The diagnosis of CS was made
according to either the JCS criteria proposed in 2016% or
the 2014 Heart Rhythm Society consensus statement3* The
exclusion criteria were an age of <18 years at diagnosis and
refusal to participate in the study. Patients were stratified into
4 groups: definite CS (group 1) and probable CS (group 2)
based on Heart Rhythm Society criteria, and presumed sys-
temic sarcoidosis (group 3) and presumed isolated CS (group
4) without histological evidence, based on clinical diagnostic
criteria of JCS guidelines.

The study protocol complied with the Declaration of
Helsinki and was approved by the institutional review board
of the National Cerebral and Cardiovascular Center (R21045-
12); approval was also obtained at each participating center.
The requirement for written informed consent was waived
because of the retrospective, observational, and noninvasive
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nature of the study, and an opt-out procedure for consent was
implemented.

Clinical Evaluation

Medical records were reviewed, and data on baseline charac-
teristics, laboratory examinations, 12-lead electrocardiograms,
echocardiography, ambulatory electrocardiographic monitoring,
FDG-PET, ®’gallium (¥’Ga) scintigraphy, CMR, and histological
findings were collected. Extra-CS was determined by experts
in each field based on histological or clinical findings. For echo-
cardiographic parameters, chamber quantification and other
measurements were obtained using standard definitions.®® To
evaluate the distribution of cardiac FDG/%Ga accumulation,
we used the American Heart Association’s 17-segment model
of the myocardium. In evaluating late gadolinium enhancement
on CMR, the left ventricle was divided into 6 segments: basal
septum, mid-septum, anterior, lateral, inferior, and apex.

Immunosuppressive Therapy

Treatment decisions were made at the discretion of the attend-
ing physician, with reference to the guidelines’ suggestions.?
Data were collected on the initial steroid dose, the dose at 6
months after initiation, the maintenance dose, and the concom-
itant use of other immunosuppressive agents.

Outcomes

Follow-up began on the date of diagnosis of CS, basedon ful-
fillment of either the JCS or Heart Rhythm Society criteria. The
primary end point was a composite of all-cause death, heart
failure hospitalization, or FVAE. Heart failure hospitalization.and
SCD were defined according to previous reports (Table S1),%%7
and FVAE was defined as a composite of SCD, documented
ventricular fibrillation (VF), sustained ventricular tachycardia
(VT) lasting more than :30-seconds; or-an-event-equivalent. to
SCD (appropriate implantable cardioverter defibrillator therapy
or successful resuscitation after cardiac arrest).

The secondary end point was recurrence of CS. Recurrence
was defined based on imaging; the appearance of a new wall
motion abnormality on echocardiograms with no other apparent
cause, or the appearance of FDG/%Ga uptake or late gado-
linium enhancement on CMR in new segments.

Summaries of each clinical end point were collected and
reviewed centrall. When necessary, the central research
committee requested reevaluation by the site investigators to
ensure consensus on event adjudication.

Statistical Analysis

Categorical variables are presented as counts and percent-
ages and were compared using the y? test or Fisher exact test.
Continuous variables are expressed as meanSD or median with
interquartile range (IQR) and were compared using Student ttest
or the Wilcoxon rank-sum test, depending on their distribution.
Cumulative incidences were estimated using the Kaplan-Meier
method for the primary end point, and differences between
groups were tested using the log-rank test. For recurrence,
analyses were limited to patients who received steroids or other
immunosuppressive agents. The Aalen-Johansen estimator
was used, treating all-cause death as a competing risk for heart
failure hospitalization and FVAE, and noncardiovascular death
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as a competing risk for cardiovascular death, and differences
between groups were tested using the Gray test. As a sensitivity
analysis, a landmark analysis at 1 year for recurrence was per-
formed to mitigate surveillance bias for recurrence.

The Cox proportional hazards model was fitted to assess
the association between the primary end point and clinically rel-
evant patient factors at baseline. Hazard ratios and their 95%
Cls were calculated using Cox models. To assess the impact of
recurrence on the subsequent occurrence of the primary end
point, a Cox proportional hazards model incorporating recur-
rence as a time-dependent variable was used. To account for
substantial missingness in clinically relevant factors, multiple
imputation was performed using the mice package.

All reported P values are 2-sided, and /A<0.05 was con-
sidered statistically significant. All statistical analyses were
conducted using R, version 4.4.1 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Study Flowchart

Among 2747 patients initially registered from 115
hospitals, 381 who did not meet the diagnostic cri-
teria were excluded. Thus, O@arggﬁ‘try consisted of
2366 patients. Of these, 514 had been diagnosed
before April 2012 and continued attending hospitals
thereafter. The final study population comprised 1852
patients (mean age, 6311 years; 65% female) who
were newly diagnosed with CS during the study period
(April 2012 _to March 2021). The study flowchart is
shown in Figure 1A. Among these 1852 patients, 191
were classified into group 1, 687 into group 2, 616 into
group 3, and 358 into group 4 (Figure 1B).

Baseline Clinical.Characteristics and Findings
of Examinations Among the 4 Groups

Table 1 shows the background characteristics of the
study population.

Higher prevalences of history of heart failure admis-
sion, sustained VT, and nonsustained VT, and higher lev-
els of BNP (B-type natriuretic peptide) were observed in
groups 1 and 4.

Table 1 also shows the performance rate of each diag-
nostic test and the prevalence of positive findings. Endo-
myocardial biopsy was performed in 918 (50%) patients,
and histological findings compatible with CS were identi-
fied in 191 (21%). The left ventricular ejection fraction
was lower in groups 1 and 4 than in groups 2 and 3. A
higher detection rate of late gadolinium enhancement on
CMR and myocardial uptake in FDG-PET or %"Ga scin-
tigraphy was observed in group 4.

Treatment

Table 2 shows the treatment after enrollment in the 4
groups. Steroids were administered to 1643 (89%) of
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A
Initially enrolled in the registry
N = 2,747
Not fulfilled the diagnostic criteria
N =381
Fulfilled JCS and/or HRS
N = 2,366
Diagnosed before April 2012
N =514
Study population
N = 1,852
Without steroid or other
[——————  immunosuppressive agents
N =203
Missing data regarding
——  immunosuppressive agents
N=2
Subgroup for recurrence analysis i i
N=1,647 Figure 1. Study population.
Study flowchart (A) and classification of
patient phenotypes by diagnostic criteria
B . (B). CS indicates cardiac sarcoidosis;
| o °'°,f,;"1:25"2'“'“d" | HRS, Heart Rhythm Society; and JCS,
Japanese Circulation Society.
Positive Negative or not done
| Positive H Extracardiac biopsy H Megative | é;%zg:ln
:
manifestation
Negative
Fulfilled clinical criteria of
isolated CS by JCS guideline
. Presumed P d
Definite CS Probable CS SeEn e esume
Salygoidosis Isolated CS
Group 1 Group 2 Group 3 Group 4
N =191 N =687 N =616 N = 358
JCS criteria Histological CS Histological CS Clinical CS Clinical isolated CS
HRS criteria Definite CS Probable CS No diagnosis No diagnosis

1860 patients. The initial dose of steroid was 29.616.1
mg (0.63£0.14 mg/kg), and there was no difference in
the initial dose of steroid among the 4 groups. The median
steroid dose at 6 months after initiation was 10 mg (IQR,
5.0-10.0), and the median maintenance dose was 5 mg
(IGR, 5.0-8.0). Other immunosuppressive agents were
used in 154 patients (8.3%), and most of them (144
[949%] patients) were treated with methotrexate. The prev-
alence of use of other immunosuppressive agents was
high in group 1. Cardiac electrical devices were implanted
more frequently in groups 1 and 4. A left ventricular assist
device was implanted in 11 patients, and 2 of them under-
went heart transplantation. These treatments were more
frequently performed in group 1, and both patients who
underwent heart transplantation were in group 1.

Primary Outcome

During the follow-up period (median, 5.1 years; IOR,
3.5-7.4), the primary outcome occurred in 519 patients

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184

(28%, 6.4/100 patient-years), all-cause death in 176
(9.5%, 1.8/100 patient-years), heart failure hospitaliza-
tion in 227 (12%, 2.6/100 patient-years), and FVAE in
298 (16%, 3.5/100 patient-years). The b-year cumula-
tive incidence of the primary outcome was 27.2% (95%
Cl, 25.0%-29.4%; Figure 2A; Table 3).

Patients in groups 1 and 4 had a significantly higher
rate of the primary end point than those in groups 2 and 3.
Cumulative incidence of the primary outcome at b years
was 33.6, 20.8, 23.4, and 42.9% in group 1, 2, 3, and
4, respectively (F<0.001; Figure 2B; Table 3). Among
the patients in group 1, 62 (32%) had no extracardiac
involvement, that is, definite isolated CS (Table 1). The
incidence of the primary end point did not differ signifi-
cantly between the presumed isolated CS and definite
isolated CS groups (Figure S1).

The Cox regression analysis for the primary outcome
showed that age, sex, history of heart failure, VT/VF, high
plasma BNP level, lower left ventricular ejection fraction,
and the absence of extracardiac lesions were associated
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Table 1. Clinical Characteristics of Patients in the 4 Groups Based on Diagnostic Criteria

Probable CS Presumed systemic | Presumed

Missing Definite CS (group 2; sarcoidosis (group | isolated CS
Characteristic rate (%) | Total (N=1852) | (group 1;n=191) | n=687) 3; n=616) (Group 4; n=358) | Pvalue
Age, y 0 63%11 61+10 63+11 64+11 62+11 0.018
Female sex 0 1197 (65%) 119 (62%) 494 (72%) 409 (66%) 175 (49%) <0.001
History of heart failure hospi- 0 414 (22%) 60 (31%) 122 (18%) 126 (20%) 106 (30%) <0.001
talization
Atrial fibrillation 0 204 (11%) 22 (12%) 63 (9.2%) 51 (8.3%) 68 (19%) <0.001
History of sustained VT/VF 0 300 (16%) 41 (21%) 71 (10%) 102 (17%) 86 (24%) <0.001
History of nonsustained VT/VF | 0 377 (20%) 48 (25%) 102 (15%) 124 (20%) 103 (29%) <0.001
Advanced AVB 0 661 (36%) 73 (38%) 254 (37%) 248 (40%) 86 (24%) 0.48
History of cardiac device 0 720 (39%) 74 (39%) 247 (36%) 263 (43%) 136 (38%) <0.001
BNP, pg/mL 23 115 (45, 278) 206 (84, 451) 77 (30, 216) 120 (49, 291) 140 (57, 317) <0.001
NT-proBNP, pg/mL 81 700 (269, 1664) | 1218 (649, 2217) | 533 (161, 1323) | 581 (269, 1720) 873 (376, 1691) 0.003
LVEF, % 3.3 47 (36, 60) 41 (30, 53) 54 (41, 64) 49 (36, 61) 40 (32, 48) <0.001
LVEF <40% 3.3 590 (33%) 86 (46%) 149 (22%) 188 (32%) 167 (48%) <0.001
LVEF >40% and <50% 3.3 387 (22%) 42 (23%) 122 (18%) 119 (20%) 104 (30%) <0.001
Mild cardiac findings only* 0 586 (32%) 44 (23%) 288 (42%) 185 (309%) 69 (19%) <0.001
Cardiac biopsy performed 0 918 (50%) 191 (100%) 244 (36%) 268 (44%) 215 (60%) <0.001
Cardiac biopsy-positive 50 191 (21%) 191 (100%) 0 (0%) 0 (0%) 0 (0%) <0.001
findings é;ﬂ;rticcn
CMR performed 0 1190 (64%) 115 (609%) 450 (66%) 363 (59%) 262 (73%) <0.001
LGE (+) in CMR 36 1086 (91%) 106 (92%) 404 (90%) 321 (88%) 255 (97%) <0.001
FDG-PET performed 1516 (82%) 141 (74%) 556 (81%) 504 (82%) 315 (88%) <0.001
5’Ga scintigraphy performed 639 (35%) 81(42%) 227(83%) 219 (36%) 112 (31%) 0.049
FDG-PET or ’Ga scintigraphy | 0 1757 (95%) 172 (90%) 647 (94%) 585 (95%) 353 (99%) <0.001
performed
Cardiac uptake in FDG-PET 5.1 1613(92%) 158(92%) 574 (89%) 537 (92%) 344 (97%) <0.001
or ®’Ga scintigraphy
Extracardiac lesions 0 1432 (77%) 129 (68%) 687 (100%) 636 (100%) 0 (0%) NA

Data are presented as mean+SD, n (%), or median (interquartile range). ’Ga indicates ®’gallium; AVB, atrioventricular block; BNP, B-type natriuretic peptide; CMR,
cardiac magnetic resonance; CS, cardiac sarcoidosis; FDG-PET, '8F-fluorodeoxyglucose positron emission tomography; LGE, late gadolinium enhancement; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; Vi ventricular fibrillation; and VT;ventricular tachycardia.

“Patients with mild cardiac findings are those without advanced AVB, history of VT/VF, or history of heart failure.

with the primary outcome (Table 4). The association was
also found in the multiple imputation analysis (Table
S2). Risk for the primary outcome significantly differed
between the 4 groups, with lower hazard ratios in groups
2 and 3 and a higher hazard ratio in group 4, compared
with group 1 (Table 4). The Cox regression analysis for
the primary outcome in patients with biopsy-proven CS
(groups 1 and 2) is shown in Table S3. The results are
similar to those obtained from whole case analysis.

The cumulative incidence of each component of the
primary outcome is shown in Table 3 and Figures S2
through S4. The 5-year cumulative incidence of all-cause
death and heart failure hospitalization was higher in
group 4 than in the other groups. Regarding the cause of
death, cardiovascular death was more frequent in group
4, whereas there was no significant difference in non-
cardiovascular death among the 4 groups. The b5-year
cumulative incidence of FVAE was higher in groups 1
and 4 than in groups 2 and 3.

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184

The 5-year cumulative incidence of new-onset FVAE
in patients with no history of VT/VF or heart failure
was 10.4%, and it was higher in group 4 than the other
groups (8.9%, 8.5%, 8.6%, and 20.0% in groupl, 2, 3,
and 4, respectively; £<0.001).

Among 227 heart failure hospitalization events, 116
(519%) were new-onset heart failure. The 5-year cumula-
tive incidence of new-onset heart failure was 7.8% in the
overall population without a history of heart failure hos-
pitalization (n=1438). There was a significant difference
in risk of new-onset heart failure between the diagnosis
groups. The results are similar to those obtained from
whole case analysis.

Recurrence of CS and Subsequent Occurrence
of the Primary End Point

Among the 1852 study patients, 203 were treated with
neither steroids nor other immunosuppressive agents,
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Table 2. Treatment After Enrollment in the 4 Groups Based on Diagnostic Criteria

Presumed systemic | Presumed
Missing Definite CS Probable CS sarcoidosis (group isolated CS
Characteristic rate (%) | Total (n=1852) | (group 1;n=191) | (group 2; n=687) | 3; n=616) (group 4; n=358) | P value
Steroid 0.1 1643 (89%) 178 (93%) 614 (90%) 546 (89%) 305 (85%) 0.031
Initial dose of steroid, mg 12 29.616.1 30.1x4.1 29.8+7.2 29.245.6 29.7£5.4 0.10
Initial dose of steroid, mg/kg 13 0.53+0.14 0.54+0.13 0.53+0.15 0.53%0.14 0.53+0.14 0.88

Dose of steroid at 6 mo, mg 15 10.0 (5.0-10.0)

10.0 (5.0-12.0)

10.0 (5.0-10.0) 10.0 (5.0-10.0) 10.0 (5.0-10.0) 0.044

Maintenance dose of steroid, mg | 14

5.00 (5.00-8.00) | 5.00 (5.00~10.00)

5.00 (5.00-10.00) | 5.00 (5.00-7.50) 5.00 (5.00-7.50) | 0.021

Other immunosuppressive 0.1 154 (8.3%) 27 (14%) 59 (8.6%) 42 (6.8%) 26 (7.3%) 0.012

agents

Device implantation 0 443 (24%) 65 (34%) 133 (19%) 134 (22%) 111 (31%) <0.001
Pacemaker 69 (3.7%) 5 (2.6%) 33 (4.8%) 22 (3.6%) 9 (2.5%) 0.22
ICD 167 (9.0%) 23 (12%) 48 (7.0%) 50 (8.1%) 46 (13%) 0.006
CRTP 28 (1.5%) 5 (2.6%) 10 (1.5%) 6 (1.0%) 7 (2.0%) 0.31
CRTD 199 (11%) 34 (18%) 48 (7.0%) 60 (9.7%) 57 (16%) <0.001

LVAD 0 11 (0.6%) 5 (2.6%) 0 (0%) 2 (0.3%) 4 (1.1%) <0.001

Transplantation 0 2 (0.1%) 2 (1.0%) 0 (0%) 0 (0%) 0 (0%) 0.011

Data are presented as meanSD, n (%), or median (interquartile range). CRTD indicates cardiac resynchronization therapy defibrillator; CRTP, cardiac resynchroniza-
tion therapy pacemaker; CS, cardiac sarcoidosis; ICD, implantable cardioverter defibrillator; and LVAD, left ventricular assist device.

and data regarding immunosuppressive therapy were
missing in 2 patients. Therefore, recurrence of CS
was analyzed in 1647 patients (Figure 1A). During the
follow-up period, recurrence occurred in 291 patients
(18%, 4.1/100 patient-years). The b-year cumulative
incidence of recurrence was 17.0% (95% ClI, 15.1%-—
19.0%; Table 3; Figure 3A). Recurrence -occurred a
median of 7561 (IQR, 428-1149) days after starting
steroid therapy, and the median dose of steroid at
recurrence was 6 mg (IQR, 5-10; Table S4). In 240
(829%) patients, the steroid dose was escalated after
diagnosis of recurrence.

The cumulative incidence of recurrence did not
significantly differ among the 4 groups (19.1, 175,
16.3, and 15.8% at 5 years in groups 1, 2, 3, and 4,
respectively; P=0.52; Table 3; Figure 3B). The timing
of recurrence, dose of steroid at recurrence, and treat-
ment after diagnosis of recurrence were not different
among the 4 groups (Table S4). The sensitivity analy-
sis using a 1-year landmark analysis showed consis-
tent results regarding differences in recurrence rates
among the 4 groups (Figure Sb). Recurrence was
significantly associated with subsequent occurrence
of the primary end point (hazard ratio, 1.38 [95% ClI,
1.00-1.89]; P=0.048; Table 4).

Among the 291 patients with recurrence, 46 expe-
rienced the primary end point before recurrence. After
excluding these 46 patients, 39 of the remaining 245
patients presented with clinical symptoms at the time of
recurrence, such as worsening heart failure or arrhyth-
mias. These patients had a higher incidence of the
primary end point after recurrence than those whose
recurrence was diagnosed based on imaging findings
alone (Figure S6).

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184

DISCUSSION Dl

CS can lead to serious outcomes such as heart fail-
ure and SCD, and patients present with a wide range
of clinical pictures. Therefore, it is important to evalu-
ate actual management and outcomes in a large, unbi-
ased cohort. Several multicenter registries of CS have
recently been conducted, but the number of patients
included was limited.5%38%° Although a national reg-
istry based on the healthcare system' and a national
cause-of-death registry® were also conducted, they
lacked detailed clinical data. It is essential to investi-
gate real-world practices in diagnosis, treatment, and
outcomes through a nationwide cohort. We conducted
a nationwide, large-scale retrospective study of 2366
patients with CS, collecting detailed clinical data—mak-
ing this the largest CS registry in the world. Consecutive
cases were enrolled from 115 facilities across Japan,
resulting in a relatively unbiased cohort. In addition, the
enrollment period (April 2012 to March 2021) was rela-
tively recent, allowing the study to reflect current clini-
cal practice.

The 3 main findings were as follows. First, the per-
formance rate of cardiac imaging—especially FDG-
PET—was high, and about half of the patients were
diagnosed without histological evidence. Second, the
4 groups, based on diagnostic criteria, exhibited dif-
ferent clinical presentations and prognoses. Third,
89% of patients received steroids or other immuno-
suppressive agents, but recurrence occurred during
steroid tapering, and the b-year recurrence rate was
still 17%. In addition, recurrence was significantly
associated with subsequent occurrence of the pri-
mary end point.
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Figure 2. Cumulative incidence of the primary end point.

Cumulative incidence of the primary end point was calculated using the Kaplan-Meier estimators in all patients (A) and diagnosis groups (B).

CS indicates cardiac sarcoidosis.

Differences in Clinical Presentation and
Prognosis Based on Phenotype According to
Diagnostic Criteria

Due to the sporadic nature of CS, the false-negative
rate of endomyocardial biopsy is high, which causes
underdiagnosis of CS. Because CS has serious out-
comes, such as FVAE and heart failure, the JCS guide-
lines?® proposed clinical diagnostic criteria for diagnosis
without histological evidence. In the present study, the
proportion of definite CS diagnosed by positive endo-
myocardial biopsy was about 10%, which is consistent
with the proportion reported in previous multicenter
registries.?¥*% Furthermore, the performance rates of
CMR and FDG-PET were 64% and 82%, respectively,
in the present study—higher than those reported in pre-
vious multicenter registries.5%3° The diagnostic flow is
evolving with advances in cardiac imaging.

Although several recent studies have shown that
the prognosis of clinically diagnosed patients is as poor
as that of patients with histological diagnosis,*®? the
results may vary depending on the setting of outcomes
and the phenotype classification. To determine the opti-
mal treatment plan for each patient in the future, we need
to understand the clinical presentations and prognosis of
each phenotype.

In the present study, presumed isolated CS and defi-
nite CS groups included many patients with a history
of VT/VF or heart failure. These groups showed a high
incidence of the primary end point, FVAE, hospitalization
for heart failure, and cardiovascular death, which may
demonstrate that they may have more advanced cardiac
lesions.

Previous studies®®“2 have ftreated presumed
systemic sarcoidosis and presumed isolated CS
together as a biopsy-negative group, but their clinical

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184 December 2026 7
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Table 3. Cumulative 5-Year Incidence of Clinical Outcomes

Management and Outcomes of Cardiac Sarcoidosis

Total Definite CS Probable CS Presumed systemic Presumed isolated CS
(N=1852) (group 1; n=191) | (group 2; n=687) sarcoidosis (group 3; n=616) | (group 4; n=358) P value
Primary end point 448 (27.2%) 59 (33.6%) 129 (20.8%) 125 (23.4%) 135 (42.9%) <0.001
All-cause death 126 (8.2%) 13 (7.9%) 36 (6.3%) 37 (7.2%) 40 (14.0%) 0.01
CV death 55 (3.6%) 6 (3.8%) 13 (2.4%) 12 (2.3%) 24 (8.3%) <0.001
Non-CV death 71 (4.6%) 7 (4.1%) 23 (3.9%) 25 (5.0%) 16 (5.7%) 0.70
HF hospitalization 186 (11.8%) 20 (11.9%) 52 (8.6%) 54 (10.7%) 60 (20.3%) <0.001
FVAE 261 (15.5%) 36 (20.3%) 68 (10.8%) 71 (12.8%) 86 (27.4%) <0.001
Total Definite CS Probable CS Presumed systemic Presumed isolated CS
(N=1647) (group 1; n=178) | (group 2; n=615) sarcoidosis (group 3; n=548) | (group 4; n=306) P value
Recurrence 254 (17.0%) 30 (19.1%) 100 (17.5%) 81 (16.3%) 43 (15.8%) 0.52

Numbers are presented with cumulative numbers of the events (cumulative 5-y incidence, %). Cumulative 5-y incidence was calculated using the Kaplan-Meier es-
timator for the primary end point and all-cause death. The Aalen-Johansen estimator was used treating all-cause death as a competing risk for HF hospitalization and

FVAE, and noncardiovascular death as a competing risk for cardiovascular death, respectively. CS indicates cardiac sarcoidosis; CV, cardiovascular; FVAE, fatal ventricular

arrhythmic events; and HF, heart failure.

characteristics and prognoses are significantly differ-
ent. Indeed, studies comparing biopsy-positive and
clinically diagnosed biopsy-negative patients have
reported conflicting findings, with some demonstrating
a worse prognosis in the biopsy-positive group® and
others showing poorer outcomes in the biopsy-negative
group.®® In the present study, patients with clinically
diagnosed CS (group 3+4) had a significantly higher
rate of the primary end point than those with biopsy-
proven CS (group 1+2; Figure S7). Therefore, treating
presumed systemic sarcoidosis and presumed isolated

CS together as a biopsy-negative group may lead to an
inaccurate understanding of their clinical presentation.

Furthermore, presumed isolated CS showed a
higher incidence of the primary outcome than definite
CS, suggesting that presumedsolated CS may need
to be treated separately. Several“possible explana-
tions may account for the poorer prognosis observed
in_presumed isolated CS. First, patients with isolated
CS lack extracardiac manifestations that might facili-
tate anearlier diagnosis. Consequently, cardiac involve-
ment.may remain unrecognized until the disease has

Table 4. Univariable Cox Regression Analysis for the Primary End Point

N HR 95% CI P value

Age, y 1852 1.02 (1.01—1.03) <0.001
Women 1852 0.76 (0.64-0.90) 0.002
Hypertension 1852 1.09 (0.91—1.30) 0.34
Dyslipidemia 1852 1.11 (0.92—1.33) 0.27
Diabetes 1852 1.03 (0.81—1.31) 0.80
History of heart failure 1852 2.15 (1.79—2.58) <0.001
Sustained VT/VF 1852 2.58 (2.13-3.13) <0.001
Nonsustained VTVF 1852 1.84 (1.52—2.22) <0.001
Atrial fibrillation 1852 2.03 (1.61—2.56) <0.001
eGFR, mL/min per 1.73 m? 1799 0.98 (0.97—0.98) <0.001
Log BNP 1422 1.61 (1.48—1.74) <0.001
LVEF (per 5%) 1791 0.86 (0.83—0.88) <0.001
Focal dyskinesis 1798 1.91 (1.55—2.35) <0.001
Extracardiac lesions 1852 0.49 (0.41—-0.59) <0.001
Diagnosis group 1852 <0.001

Group 1 191 Ref.

Group 2 687 0.59 (0.45—-0.79)

Group 3 616 0.68 (0.51—0.91)

Group 4 358 1.39 (1.04—1.85)
Recurrence (as a time-varying covariate) 1852 1.38 (1.002—1.89) 0.048

BNP indicates B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVEF, left
ventricular ejection fraction; VF, ventricular fibrillation; and VT, ventricular tachycardia.

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184
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Figure 3. Cumulative incidence of the recurrence of cardiac sarcoidosis (CS).
Cumulative incidence of recurrence was estimated using the Aalen-Johansen estimator, treating all-cause death as a competing risk, in all

patients (A) and diagnosis groups (B).

progressed. Second, the lack of definitive pathological
or extracardiac evidence in presumed isolated CS may
have resulted in diagnostic uncertainty and conse-
quently delayed or limited the initiation of corticoste-
roid therapy. In definite CS, the diagnosis of CS was
established by histological confirmation of granulomas
in endomyocardial biopsy, which may have facilitated
the initiation of corticosteroid therapy. Consistent with
this possibility, the proportion of patients who received
corticosteroid therapy was significantly lower in group
4 than in group 1 (85% versus 93%, respectively,
Table 2). Such differences in the timing and use of
corticosteroid therapy may have contributed, at least
in part, to the poorer prognosis observed in presumed
isolated CS.

In addition, the presumed isolated CS group who
were diagnosed without histological evidence and had
no extracardiac lesion may include individuals with

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184

genetic cardiomyopathies or other inflammatory myo-
cardial diseases. Several recent studies?®*° demon-
strated that some patients diagnosed with isolated CS
had variants in genes commonly associated with car-
diomyopathies, including those encoding desmosomal
and cytoskeletal proteins. It is unclear whether genetic
cardiomyopathy was misdiagnosed as CS or whether
the 2 conditions coexist. It is important to differenti-
ate isolated CS from genetic cardiomyopathy, because
immunosuppressive therapy is central to managing CS,
although it may be less effective in genetically driven
diseases. Further investigation is warranted to clarify
diagnostic criteria and optimize patient management,
but at the very least, it is important to recognize the
risks associated with the diagnosis of presumed iso-
lated CS. Furthermore, endomyocardial biopsy was
performed in only 60% of the presumed isolated CS
group. Although endomyocardial biopsy has a high
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false-negative rate in CS, it should be performed more
proactively.

Probable CS (group 2) and presumed systemic
sarcoidosis (group 3) had a better prognosis. The
presence of extracardiac lesions may lead to earlier
diagnosis of CS.

Recurrence of CS

Refractory or recurrent cases of CS are often encoun-
tered in clinical practice. However, data on recurrence
remain limited.®3'%% The definition of recurrence is not
well standardized and differs across studies; conse-
quently, its reported prevalence and associated risk fac-
tors vary considerably in the literature.

In the present study, we defined recurrence as limited
to cases diagnosed by imaging. In most cases, recur-
rence occurred while taking 5 to 10 mg of steroids dur-
ing steroid tapering 1 to 3 years after initiation, and in
over 80% of cases, the steroid dose was escalated after
diagnosis of recurrence. Recurrence was associated
with the subsequent occurrence of the adverse outcome.
There were no differences in the incidence of recurrence
or treatment strategy among the 4 groups.

Isolated CS,*? extensive late gadolinium enhancement
on CMR*2 and right ventricular FDG uptake® have been
identified as predictors of recurrence in recent studies,
but the sample sizes in those studies were small (n=68
and n=25, respectively), and it remains difficult to predict
recurrence in individual patients.

Early identification of patients at high risk of recur-
rence would be valuable for optimizing treatment
strategies.

Limitations

The present study has several limitations, primarily due
to its retrospective design. First, some data were miss-
ing, and not all patients underwent comprehensive car-
diac imaging, although the cardiac imaging performance
rates were higher than those in previous multicenter reg-
istries. Second, the timing and intervals of cardiac imag-
ing examinations were not standardized. Consequently,
recurrence events might have been underreported. Dif-
ferences in imaging intensity across centers and accord-
ing to disease severity may therefore have substantially
influenced recurrence detection rates. A prospective
study with standardized follow-up protocols is war-
ranted to address these limitations. Third, the associa-
tions between treatment strategies and outcomes should
be interpreted with considerable caution and cannot be
interpreted causally, because treatment decisions, includ-
ing immunosuppressive protocol and device implantation,
were physician-driven and likely influenced by disease
severity. Fourth, we did not perform a central evalua-
tion of imaging, which may cause intercenter variability

Circ Heart Fail. 2026;19:e014184. DOI: 10.1161/CIRCHEARTFAILURE.126.014184
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in imaging interpretation and the accuracy of differential
diagnosis. Fifth, no genetic information was obtained in
this cohort. As mentioned above, the presumed isolated
CS group may include individuals with genetic cardiomy-
opathies. Genetic testing should be actively performed
for isolated CS without histological evidence. Finally, this
study was not international, and all participants were
Japanese. Therefore, it is unclear whether the findings
can be generalized to other ethnic groups.

Conclusions

This large-scale multicenter registry showed that clini-
cal presentations and prognoses differ depending on the
presence or absence of extracardiac lesions and histo-
logical evidence; therefore, it is necessary to recognize
the characteristics of each phenotype in managing CS.
A large-scale prospective registry is warranted to further
clarify clinical outcomes and guide management.
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