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BACKGROUND Diagnosis of cardiac sarcoidosis (CS) is sometimes difficult due to a low positive rate of epithelioid

granulomas by endomyocardial biopsy (EMB). Accordingly, Japanese guidelines can allow the CS diagnosis using clinical data

alone without EMB results (clinical CS) since 2006. However, little is known about prognosis and outcome of clinical CS.

OBJECTIVES Purpose of this study was to analyze the prognosis, outcomes, and response to corticosteroid of clinical

CS using large-scale cohort survey.

METHODS Overall, 422 CS patients (mean age 60 � 13 years, 68% female, median follow-up period of 5 years),

including 345 clinical CS and 77 EMB-positive patients, histologically diagnosed CS (histological CS) by Japanese

guidelines, were enrolled and examined.

RESULTS Clinical profile (age, sex, initial cardiac arrhythmias, and abnormal uptake of gallium-67 scintigraphy or
18F-fluorodeoxyglucose positron emission tomography in heart) was similar in both groups. Although clinical CS had

better prognosis (P ¼ 0.018) and outcome (all-cause death, appropriate defibrillator therapy, and heart transplantation;

P ¼ 0.008), multivariate Cox hazard analysis revealed that left ventricular ejection fraction (LVEF) and sustained ven-

tricular tachycardia history were independently associated with outcome (P < 0.001 and P ¼ 0.002, respectively), but

not with the diagnosed CS category. Moreover, similar LVEF recovery after corticosteroid was observed in both groups

with low LVEF (#35%) at the 1-year follow-up period (P < 0.001).

CONCLUSIONS In clinical CS according to the Japanese guideline, prophylactic implantable-cardioverter-defibrillator

and immunosuppressive therapy are important in patients with low LVEF or ventricular tachycardia history, similar to

histological CS. (JACC: Asia 2021;1:385–395) © 2021 Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

18F-FDG = 18F-

fluorodeoxyglucose

67Ga = gallium-67

AVB = atrioventricular block

BAL = bronchoalveolar lavage

CMR = cardiac magnetic

resonance

CRT = cardiac

resynchronization therapy

CS = cardiac sarcoidosis

EMB = endomyocardial biopsy

HRS = Heart Rhythm Society

ICD = implantable

cardioverter-defibrillator

JCS = Japanese Circulation

Society

JSSOG = Japanese Society of

Sarcoidosis and Other

Granulomatous diseases

LV = left ventricular

LVEF = left ventricular ejection

fraction

PET = positron emission

tomography

RFCA = radiofrequency

catheter ablation

RV = right ventricle/ventricular

VT = ventricular tachycardia
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S arcoidosis is a systemic inflammatory
granulomatous disease that affects
various organs (1). Although sarcoid-

osis is believed to be a relatively benign dis-
ease, cardiac sarcoidosis (CS), which affects
the cardiovascular system, is an important
predictor of poor prognosis in cases of sys-
temic sarcoidosis due to heart failure and
various serious types of fatal arrhythmias,
such as atrioventricular block (AVB) and ven-
tricular tachyarrhythmias (2-7). Currently,
immunosuppressive drugs comprise the
first-line treatment (8,9), and nonpharmaco-
logical therapies, including pacemakers,
implantable cardioverter-defibrillators
(ICDs), cardiac resynchronization therapy
(CRT), and radiofrequency catheter ablation
(RFCA), are sometimes required for the man-
agement of CS.

Although different management strategies
for CS have been identified, critical problems
about the CS diagnosis have been still
remained. CS is sometimes misdiagnosed as
dilated cardiomyopathy, arrhythmogenic
cardiomyopathy, or idiopathic ventricular
aneurysm by echocardiography or electro-
cardiogram alone. Therefore, performing an
endomyocardial biopsy (EMB) is important,
and the current guidelines encourage the use
of an electrophysiological or image-guided
EMB to increase the sensitivity to diagnose CS
(10,11), but making a definite diagnosis of CS is still
difficult due to the low positive rate of EMB results
(12). Accordingly, Japanese guidelines can allow the
CS diagnosis using the clinical data alone without
EMB results (clinical CS) since 2006 (13) and these
diagnoses are considered definite diagnoses of CS,
which are equivalent to the histologically diagnosed
CS (histological CS). This guideline has been updated
recently (14). The latest Japanese guideline (Japanese
Circulation Society [JCS] 2016) enables making a
diagnosis of clinical CS using the following criteria:
clinical CS was diagnosed by: 1) identifying epithe-
lioid granulomas in organs other than the heart,
and clinical findings that strongly suggest cardiac
involvement; or 2) clinical findings that are strongly
suggestive of pulmonary or ophthalmic sarcoidosis,
and confirmation of at least 2 of the 5 characteristic
laboratory findings of sarcoidosis (bilateral
hilar lymphadenopathy, high serum angiotensin-
converting enzyme activity or elevated serum
lysozyme levels, high serum soluble interleukin-2
receptor levels, significant tracer accumulation
in gallium-67 [67Ga] citrate scintigraphy or
18F-fluorodeoxyglucose positron emission tomogra-
phy [18F-FDG PET], and a high percentage of lym-
phocytes with a CD4/CD8 ratio of >3.5 in
bronchoalveolar lavage [BAL] fluid).

These “clinical” CS diagnoses were the Japanese
original diagnosis, and they were previously diag-
nosed as “probable” or “undefined” CS using the
expert consensus statement from the Heart Rhythm
Society (HRS) in 2014 (10). However, data on prog-
nosis of those clinical CS were still lacking in the
large-scale study.

Therefore, we examined the long-term prognosis
and clinical outcome of “histological” and “clinical”
CS, diagnosed by JCS 2016, and try to examine the
feasibility of applying this guideline.

METHODS

STUDY POPULATION. This was a multicenter retro-
spective cohort study based on a Japanese nation-
wide cohort survey on CS from 2014 to 2016
(UMIN000021299). Patients suspected of having CS
were included and patients who had not satisfied the
criteria for CS proposed by the JCS 2016 were
excluded. Finally, data from 422 CS patients were
analyzed (Table 1, Figure 1). The median follow-up
period was 5 (interquartile range: 2-8) years. This
study was approved by the institutional review
committee of the National Cerebral and Cardiovas-
cular Center (M26-016-5, June 4, 2014) and the indi-
vidual hospitals. In this study, we analyzed
anonymized data after patients’ agreement to treat-
ment, and we applied the opt-out method to obtain
informed consent by poster or leaflet that were
approved by each institutional review committee.
The study complied with the principles of the Decla-
ration of Helsinki.

DEFINITION OF HISTOLOGICAL AND CLINICAL CS IN

HRS 2014 AND JCS 2016. Table 1 shows the details of
the CS diagnosis category according to the current
HRS 2014 and JCS 2016 guideline. If positive EMB
findings were obtained, a histological diagnosis was
easily made according to both the HRS 2014 and JCS
2016 guidelines. However, if a positive EMB finding
was not obtained, a diagnosis of clinical CS was made
based on biopsy results of samples obtained from
other organs according to the HRS 2014 statement.
The HRS 2014 criteria required positive biopsy find-
ings in any organ; therefore, a diagnosis of clinical CS
was made based on the combination of histological
findings in other organs and cardiac manifestations
that suggested “probable” CS. If a positive biopsy
result was not obtained in other organs, patients were
diagnosed with “undefined” CS based on the
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TABLE 1 Difference Between Cardiac Sarcoidosis Diagnosis Categories According to JCS 2016 and HRS 2014

Involved Organ of Sarcoidosis CS Diagnosis This Study

Heart Other Organs

JCS 2016 Guideline HRS 2014 Statement Total (N ¼ 422)Positive EMB Findings Clinical Sign Manifestations Positive Biopsy Findings Clinical Sign Manifestations

〇 〇

〇 〇 Histological CS CS 77 (18)

〇

〇 〇 Probable CS 165 (39)

〇 〇 Clinical CS

〇 Undefined 180 (43)

Values are n (%).

CS ¼ cardiac sarcoidosis; EMB ¼ endomyocardial biopsy; HRS ¼ Heart Rhythm Society; JCS ¼ Japanese Circulation Society.
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recommendations of the HRS 2014 statement.
Conversely, the JCS 2016 guideline enabled a clinical
diagnosis of CS to be made based on the clinical
manifestation alone.

COMPONENTS OF THE NATIONWIDE COHORT SURVEY.

The components of the nationwide cohort survey
consisted of 2 questionnaires that were used to
determine the diagnosis, treatment, and clinical
outcome of CS. All questions were directed to the
hospitals and not to the patients. A total of 57 Japa-
nese hospitals responded to this survey (see list of
contributors in the Supplemental Appendix).
Components of the questionnaire used for making a
diagnosis of CS. The survey included the examination
findings from the CS diagnostic criteria of the Japa-
nese Society of Sarcoidosis and Other Granulomatous
diseases (JSSOG) in 2015 and JCS 2016. A detailed list
of these items has been previously published (14).
They include the following findings: histological bi-
opsy of the heart or another organ, history of
arrhythmia, electrocardiogram, echocardiogram),
67Ga scintigraphy, 18F-FDG PET of the heart and other
organs, myocardial perfusion scintigraphy,
gadolinium-enhanced cardiac magnetic resonance
(CMR) results, chest radiograph, blood laboratory
testing, and the BAL fluid test. Left ventricular ejec-
tion fraction (LVEF) and left ventricular (LV) septal
wall thinning were evaluated by echocardiogram in
this survey.

CLINICAL PROFILE AT THE TIME OF DIAGNOSIS AND

OUTCOMES DURING THE FOLLOW-UP PERIOD.

This survey also included components of treatment
and follow-up data. The treatment data included the
following items: corticosteroid therapy, drug therapy
for arrhythmias or heart failure, cardiac implantable
electronic device implantations (pacemakers, ICDs,
CRT with pacemaker, CRT with defibrillator), and
RFCA. Follow-up data included all-cause death and
appropriate and inappropriate ICD therapies.

STUDY PROTOCOL. We compared the clinical char-
acteristics at the time of CS diagnosis in the different
diagnosis categories (histological CS and clinical CS
according to the JCS 2016) and examined the prog-
nosis and clinical factors associated with all-cause
death and adverse events. Adverse events were
defined as all-cause death, the use of appropriate ICD
therapies, and heart transplantation. The effect of
corticosteroids on LVEF was also examined in both
groups according to the baseline LVEF. All-cause
death and adverse events were also examined in pa-
tients with histological CS and clinical CS during each
cardiac function (LVEF #35%, 35% < LVEF < 50%,
LVEF $50%).

STATISTICAL ANALYSIS. Statistical analyses were
performed using JMP version 13 software (SAS Insti-
tute). Continuous variables are presented as the mean
� SD for variables with normal distribution and as
median (interquartile range) for variables with
skewed distribution. Categorical data are expressed
as count and percentage. Differences among the
groups were analyzed using the Mann-Whitney U
test, t test for paired data, and chi-square test and
Fisher’s exact test for unpaired data, as appropriate.
Survival curves for all-cause death and adverse
events were plotted using the Kaplan-Meier method,
and all-cause death–free and adverse event–free sur-
vival was compared with the log-rank test. In this
study, the follow-up start date for patients was the
data of CS diagnosis and the follow-up end date was
the date of all-cause death, appropriate ICD therapy

https://doi.org/10.1016/j.jacasi.2021.09.005


FIGURE 1 Study Population

CS ¼ cardiac sarcoidosis; JCS ¼ Japanese Circulation Society.
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uses, heart transplantation, or final visit to each
institution. A univariate Cox proportional hazards
model analysis was performed to assess the signifi-
cant variables associated with the prediction of
all-cause death and adverse events in CS patients.
Variables with P values of <0.05 were entered into
the final multivariate Cox proportional hazards model
to identify the independent predictors of all-cause
death and those of adverse events in CS patients.
The Cox proportional model included a hazard ratio,
P value, and 95% confidence intervals. All tests were
2-sided, and P values of <0.05 were considered sta-
tistically significant.

RESULTS

DIAGNOSIS OF CS BASED ON JCS 2016 AND HRS

2014. Table 1 shows the difference in the diagnosed
CS category between JCS 2016 and HRS 2014. Among
the definite CS patients (n ¼ 422), 77 (18%) patients
had histological CS and 345 (82%) patients had clin-
ical CS according to the JCS 2016 guideline. According
to the HRS 2014 guideline, 77 (18%) patients had CS,
165 (39%) had probable CS, and 180 (43%) had unde-
fined CS.

BASELINE CLINICAL CHARACTERISTICS OF CS PATIENTS.

The baseline clinical characteristics are shown in
Table 2 and Figure 2. The mean age was 60 � 13 years,
and 68% of the patients were women. Regarding the
initial cardiac arrhythmias at the time of CS diagnosis,
the presence of AVB and VT was 41% and 18%,
respectively. The mean LVEF was 49%, and the fre-
quency of LVEF <50% and LVEF #35% was 48% and
23%, respectively. The frequency of LV septal wall
thinning was 47%. 67Ga scintigraphy of the heart was
performed in most patients to make a diagnosis of CS,
and the positive rate of 67Ga scintigraphy was 67%.
Conversely, in patients who underwent perfusion
scintigraphy, CMR, and the BAL fluid test, the posi-
tive rates were considerably high (81%, 85%, and 76%,
respectively).

Corticosteroids were used in 84% of the patients in
this study, and the mean maintenance dose was
7.5 mg/d. A total of 138 patients underwent ICD or
CRT with defibrillator implantation and 37 patients
underwent RFCA for VT management during the
follow-up period.

CLINICAL FEATURES, PROGNOSIS, AND EFFECT OF

CORTICOSTEROIDS ON CARDIAC FUNCTION IN

HISTOLOGICAL AND CLINICAL CS. Table 2 and
Figure 2 highlights the clinical features of histological
and clinical CS. AVB or VT history at the time ofmaking
a diagnosis of CS was similar in the 2 groups (38% vs
42% [P ¼ 0.482] and 25% vs 16% [P ¼ 0.080], respec-
tively). LVEF was significantly higher in the clinical CS
group than in the histological CS group (P < 0.001).
Kaplan-Meier analysis of all CS patients showed that
all-cause death–free survival was 90% at 5 years and
81% at 10 years. Adverse event-free survival was 80%
at 5 years and 69% at 10 years. The Kaplan-Meier curve
revealed that clinical CS had a better prognosis than
histological CS; however, the prognosis of clinical CS
was still considerably poor (free from all-cause death:
92% vs 82% at 5 years and 82% vs 77% at 10 years [log-
rank P ¼ 0.018]; free from adverse events: 84% vs 66%
at 5 years and 70% vs 61% at 10 years [log-rank P ¼
0.008]) (Figures 3A and 3B).

We also analyzed all-cause death and adverse
events in the clinical CS patients according to the
baseline LVEF. The Kaplan-Meier curves significantly
differed (log-rank P < 0.001 and P < 0.001, respec-
tively) (Figures 4A and 4B). In the Kaplan-Meier curve
for all-cause death, an LVEF #35% had worse prog-
nosis compared with an LVEF $50% (LVEF $50%
vs 35% < LVEF <50%: log-rank P ¼ 0.044,
35% < LVEF <50% vs LVEF #35%: log-rank P ¼ 0.018;
LVEF $50% vs LVEF #35%: log-rank P < 0.001)
(Figure 4A). The Kaplan-Meier estimates for adverse
events revealed that a 35% < LVEF <50% and
LVEF #35% had a similar and poor prognosis
compared with a LVEF $50% (LVEF $50% vs 35%
< LVEF <50%: log-rank P < 0.001; 35% < LVEF #50%
vs LVEF #35%: log-rank P ¼ 0.112, LVEF $50% vs
LVEF #35%: log-rank P < 0.001) (Figure 4B).



TABLE 2 Baseline Clinical Characteristics of Patients With Cardiac Sarcoidosis

All Patients (N ¼ 422) Histological CS (n ¼ 77) Clinical CS (n ¼ 345) P Value

Age, y 60 � 13 59 � 11 61 � 13 0.288

Female 288 (68) 53 (69) 235 (68) 0.903

UCG findings at diagnosis

LVDd, mm 53.8 � 9.0 56.5 � 9.7 53.2 � 8.8 0.004

LVDs, mm 40.1 � 11.6 44.9 � 11.4 39.0 � 11.4 <0.001

LVEF, % 48.6 � 15.9 40.0 � 15.8 50.5 � 15.3 <0.001

LVSWT 197 (47) 35 (46) 162 (47) 0.811

UCG abnormality (including LVSWT) 205 (49) 34 (44) 171 (50) 0.391

Abnormal uptake of 67Ga scintigraphy or 18FDG PET in the heart 273/406 (67) 49/74 (66) 224/332 (67) 0.835

Blood flow defect on perfusion scintigraphy 225/278 (81) 44/51 (86) 181/227 (80) 0.283

LGE in CMR 184/216 (85) 31/36 (86) 153/180 (85) 0.864

Myocardial abnormality without epithelioid granulomas on endomyocardial biopsya 106/245 (43) 64/73 (88) 42/172 (24) <0.001

Laboratory findings of sarcoidosis

Bilateral hilar lymphadenopathy 322/419 (77) 34/76 (45) 288/343 (84) <0.001

Serum ACE activity levels, IU/L 18.6 � 9.9 17.5 � 11.3 18.8 � 9.6 0.325

Serum lysozyme levels, mg/mL 11.9 � 7.7 11.5 � 9.4 12.0 � 7.3 0.694

Serum sIL-2R levels, U/mL 821 � 794 783 � 867 828 � 785 0.820

Abnormal uptake of 67Ga citrate scintigraphy or 18FDG PET in any organ 323/412 (78) 41/74 (55) 282/338 (83) <0.001

Abnormality in BAL fluid 110/144 (76) 4/8 (50) 106/136 (78) 0.071

Therapy

Corticosteroid therapy 355 (84) 67 (87) 288 (83) 0.443

Maintenance dose of corticosteroids, mg/d 7.5 � 6.9 6.9 � 3.9 7.6 � 7.4 0.486

b-blocker 294 (70) 67 (87) 227 (66) <0.001

ACE inhibitor/ARB 232 (55) 45 (58) 187 (54) 0.499

PM 113 (27) 13 (17) 100 (29) 0.030

ICD 69 (16) 13 (17) 56 (16) 0.889

CRT-P 9 (2) 3 (4) 6 (2) 0.236

CRT-D 69 (16) 21 (27) 48 (14) 0.004

RFCA 37 (9) 11 (14) 26 (8) 0.058

Values are mean � SD, n (%), or n/N (%). aMyocardial abnormality without epithelioid granulomas on endomyocardial biopsy was defined as monocyte infiltration and moderate or severe myocardial
interstitial fibrosis.

18F-FDG ¼ 18F-fluorodeoxyglucose; 67Ga ¼ gallium-67; ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; BAL ¼ bronchoalveolar lavage; CMR ¼ cardiac magnetic resonance
imaging; CRT-D ¼ cardiac resynchronization therapy with defibrillator; CRT-P ¼ cardiac resynchronization therapy with pacemaker; CS ¼ cardiac sarcoidosis; ICD ¼ implantable cardioverter-defibrillator;
LGE ¼ late gadolinium enhancement; LVDd ¼ left ventricular diastolic diameter; LVDs ¼ left ventricular systolic diameter; LVEF ¼ left ventricular ejection fraction; LVSWT ¼ left ventricular septal wall
thinning; PET ¼ positron emission tomography; PM ¼ pacemaker; RFCA ¼ radiofrequency catheter ablation; sIL-2R ¼ soluble interleukin-2 receptor; UCG ¼ echocardiogram.
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We analyzed all-cause death and adverse events in
patients with histological, probable, and undefined CS
who were diagnosed according to the HRS 2014 state-
ment (Supplemental Table 1 highlights the clinical
features of probable and undefined CS). The Kaplan-
Meier curve showed that differences in all-cause
death–free survival were not statistically significant
(log-rank P ¼ 0.059); however, an adverse event was
observed more in histological CS than in the other
categories (log-rank P ¼ 0.014) (Figures 5A and 5B).

LV function at baseline and after 1 year of follow-up
in CS patients who underwent corticosteroid therapy
was as follows: LVEF in CS patients with normal or
moderately impaired cardiac function (LVEF >35%)
did not improve; however, the LVEF in CS patients
(both histological and clinical diagnosis categories)
with low cardiac function (LVEF #35%) improved
significantly at the 1-year follow-up (histological CS:
P ¼ 0.001; clinical CS: P < 0.001) (Table 3).
PROGNOSTIC FACTORS OF HISTOLOGICAL AND

CLINICAL CS. The prognostic factors for all-cause
death and adverse events in the CS patients are
shown in Tables 4 and 5, respectively. Increasing age
and low LVEF values were independent predictors of
all-cause death (P ¼ 0.002 and P < 0.001, respec-
tively), and VT presence and low LVEF were inde-
pendent predictors of adverse events (P ¼ 0.002 and
P < 0.001, respectively). A low EF at the time of CS
diagnosis was the most important prognostic factor in
CS patients.

DISCUSSION

MAJOR FINDINGS. Our findings demonstrated that
clinical CS had a better prognosis than EMB-positive
histological CS, but a multivariate analysis revealed
that the baseline cardiac function and a history of
ventricular arrhythmias were related to their

https://doi.org/10.1016/j.jacasi.2021.09.005


FIGURE 2 Initial Cardiac Arrhythmias at the Time of CS Diagnosis

AVB ¼ atrioventricular block; CS ¼ cardiac sarcoidosis; VT ¼ ventricular tachycardia.
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prognosis and clinical outcomes, regardless of CS
diagnosis category (histological or clinical). In addi-
tion, the response of corticosteroid was similar in
both histological and clinical CS patients. These data
indicated that prophylactic ICD implantation with
immunosuppressive therapy for clinical CS was
important in CS patients with reduced LV function,
and the diagnosis of “clinical CS” according to the JCS
2016 guideline could be applied in the clinical prac-
tice (Central Illustration).

CS DIAGNOSIS: TRENDS OVER TIME. There are
currently 4 international guidelines or expert
consensus documents for the diagnosis and treat-
ment of CS. The first guideline was issued in 1992
from Japan and was revised in 2006 and 2015
(JSSOG 2015) (14-16). The second one was published
FIGURE 3 Comparison of Prognosis Between Histological and Clinic

The Kaplan-Meier curves reveal the frequency of (A) all-cause death–free

cardiac sarcoidosis (CS). The red line indicates histological CS, blue line
by the World Association of Sarcoidosis and Other
Granulomatous Disorders in 1999 as a sarcoidosis
assessment instrument developed by the steering
committee of the ACCESS (A Case Controlled Etiologic
Study of Sarcoidosis) trial and revised in 2014 (11).
The third one was the HRS expert consensus docu-
ment from the United States published in 2014 (10).
The last one was the Japanese guideline on the
diagnosis and treatment of CS (JCS 2016) (14). The
critical difference in the diagnosis of CS between the
Japanese guidelines (JSSOG 2015/JCS 2016) and others
(World Association of Sarcoidosis and Other Granu-
lomatous Disorders and HRS 2014) is that the JSSOG
2015 and JCS 2016 guidelines do not require any his-
tological proof of EMB because of the low rate of
positive biopsy results in the heart (12). This concept
is a Japan-original one and is quite unique, but the
feasibility of this Japanese guideline was not exam-
ined previously. There is one study showing the
diagnosis of CS based on JCS 2016 in patients treated
with corticosteroid as CS (17). According to this study,
the diagnostic accuracy of JCS 2016 is as follows:
sensitivity 81%, specificity 87%, positive predictive
value 76%, and negative predictive value 90%.
Because there are no accurate data using autopsy
cases still now and the frequency of positive endo-
myocardial biopsies findings is low (12), further study
is needed to verify the accuracy of JCS 2016.

PROGNOSIS OF CS. In this cohort, the 5- and 10-year
mortality rates were approximately 10% and 20%,
respectively. A previous report of Smedema et al
in 2005 (18) revealed very poor prognosis (the
mortality of CS was 25% at 15 months). In contrast,
recent studies demonstrated improving prognoses.
al CS Patients

and (B) adverse event–free survival between histological and clinical

indicates clinical CS.



FIGURE 4 The Prognosis of Clinical CS During Each Cardiac Function

The Kaplan-Meier curves reveal the frequency of (A) all-cause death–free and (B) adverse event–free survival in clinical cardiac sarcoidosis

(CS) patients during each cardiac function. The Kaplan-Meier curves reveal the frequency of (C) all-cause death–free and (D) adverse event–

free survival in histological CS patients during each cardiac function. The blue line indicates left ventricular ejection fraction (LVEF)$50%, the

green line indicates 35% < LVEF <50%, and the red line indicates LVEF #35%).

FIGURE 5 The Prognosis Among the 3 Types of CS Classified According to HRS 2014

The Kaplan-Meier curves reveal the frequency of (A) all-cause death–free and (B) adverse event–free survival for the 3 types of cardiac

sarcoidosis (CS) classified according to the Heart Rhythm Society (HRS) 2014 guideline. The blue line indicates CS, the green line indicates

probable CS, and the red line indicates undefined CS.
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TABLE 3 LV Function at Baseline and After 1 Year of Follow-Up in CS Patients Who

Underwent Corticosteroid Therapy

Initial LV Function Baseline (%)
1-Year Follow-Up

Period (%) P Value

All CS

Normal (LVEF $50%), n ¼ 106 60.9 � 6.8 59.7 � 12.5 0.865

Moderate (50% > LVEF >35%), n ¼ 63 43.0 � 3.9 41.2 � 10.4 0.910

Low (LVEF #35%), n ¼ 48 25.3 � 6.5 32.0 � 10.0 <0.001

Histological CS

Normal (LVEF $50%), n ¼ 9 60.9 � 6.7 51.7 � 18.8 0.929

Moderate (50% > LVEF >35%), n ¼ 11 41.6 � 4.1 33.7 � 9.1 0.983

Low (LVEF #35%), n ¼ 19 24.1 � 7.0 31.2 � 11.1 0.001

Clinical CS

Normal (LVEF $50%), n ¼ 97 60.9 � 6.9 60.4 � 11.6 0.677

Moderate (50% > LVEF >35%), n ¼ 52 43.3 � 3.8 42.8 � 10.0 0.649

Low (LVEF #35%), n ¼ 29 26.1 � 6.1 32.4 � 9.3 <0.001

Values are mean � SD.

LV ¼ left ventricle; other abbreviations as in Table 2.
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Kandolin et al (19) reported that the 5- and 10-year
mortality rates were approximately 20% and 30%,
respectively, in 2015. Kaj et al (20) reported that the
5- and 10-year mortality rates were approximately
15% and 25%, respectively. Kandolin et al (19)
included a considerable number of scheduled trans-
plantations in the outcome of their analysis, and Kaj
et al (20) included cases detected at autopsy without
corticosteroid therapy; thus, the prognosis of CS in
their reports might have also been overestimated.
Thus, our mortality results were consistent with
those of previous reports. The significant improve-
ment in mortality may be related to the various
recent therapeutic advances for the management of
CS, such as drugs, pacemakers, ICDs, CRT, and RFCA.

CLINICAL PROFILE AND PROGNOSIS OF HISTOLOGICAL

AND CLINICAL CS. In this cohort, clinical profile
including age, sex, and abnormal uptake of 67Ga
scintigraphy or 18FDG PET in the heart was similar in
TABLE 4 The Predictors of All-Cause Death in CS Patients by a Cox P

Univaria

HR P Value

Age (1-y increase) 1.04 <0.001

Female (vs male) 0.80 0.459

Histological CS (vs clinical CS) 2.01 0.029

AVB at CS diagnosis 0.62 0.106

VT at CS diagnosis 1.10 0.789

LVEF (5% increase) 0.73 <0.001

Abnormal uptake of 67Ga scintigraphy or
18F-FDG PET in the heart

0.85 0.603

AVB ¼ atrioventricular block; CI ¼ confidence interval; VT ¼ ventricular tachycardia; oth
histological and clinical CS groups. Furthermore, AVB
or VT history was similar in the 2 groups. In contrast,
LVEF of clinical CS was significantly higher than that
of histological CS and clinical CS had a better prog-
nosis than histological CS. Dilated cardiomyopathy
has a better prognosis (21) and lower frequency of
appropriate ICD therapy (7) compared to CS. If dilated
cardiomyopathy was included in clinical CS, there
should be a significant difference in the diagnostic
category. However, multivariate analysis revealed
that baseline cardiac function was the most important
determinant of prognosis but not of the diagnostic
category (histological or clinical CS). This finding
suggests that the clinical CS diagnosis made at an
earlier stage and early commencement of treatment
may lead to better results. The frequency of positive
findings from endomyocardial biopsies is usually
about 20% in CS patients (12) and is very low in CS
patients with preserved LVEF (22,23). In Japan, EMBs
are commonly performed in the right ventricle (RV);
thus, negative biopsy results in patients in the clinical
CS category indicate that less disease extension oc-
curs in clinical CS patients. One report using PET
evaluation revealed that all patients with abnormal
cardiac PET findings had LV abnormalities and that
some patients with RV involvement had a higher
event rate; thus, the presence of RV involvement may
be a marker for disease severity (24). These findings
suggest that histological CS may have LV and RV
involvement at an advanced stage of CS, and that
clinical CS may only have LV involvement at a rela-
tively early stage. Accordingly, we conclude that the
clinical diagnosis of CS according to the JCS 2016
guideline can be applied in the clinical setting and
may be valuable in selecting the appropriate CS
therapy.

EFFECT OF CORTICOSTEROID THERAPY. In this
cohort, a significant improvement in LVEF during the
roportional Hazards Model

te Multivariate

95% CI HR P Value 95% CI

1.02-1.06 1.04 0.002 1.01-1.06

0.45-1.46

1.08-3.59 1.42 0.283 0.74-2.62

0.33-1.10

0.53-2.07

0.66-0.80 0.76 <0.001 0.68-0.83

0.47-1.58

er abbreviations as in Table 2.



TABLE 5 The Predictors of Cardiac Adverse Events in CS Patients by a Cox Proportional

Hazards Model

Univariate Multivariate

HR P Value 95% CI HR P Value 95% CI

Age (1-y increase) 1.01 0.103 1.00-1.03

Female (vs male) 0.81 0.329 0.53-1.25

Histological CS (vs clinical CS) 1.81 0.015 1.13-2.82 1.02 0.951 0.62-1.62

AVB at CS diagnosis 0.58 0.014 0.37-0.90 0.75 0.209 0.47-1.17

VT at CS diagnosis 2.76 <0.001 1.77-4.21 2.07 0.002 1.31-3.20

LVEF (5% increase) 0.78 <0.001 0.73-0.84 0.79 <0.001 0.73-0.85

Abnormal uptake of 67Ga scintigraphy
or 18F-FDG PET in the heart

1.39 0.160 0.88-2.26

Abbreviations as in Tables 2 and 4.
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1-year follow-up period after corticosteroid therapy
was observed in CS patients with the lowest cardiac
function (LVEF #35%). Several previous studies have
reported that corticosteroid therapy prevented
a worsening of LVEF in CS patients with normal car-
diac function (25-27) or improved LVEF in patients
with an LVEF <35% (19); these findings are similar to
those of our study. Furthermore, these findings sug-
gest that corticosteroid therapy is a definitively
mainstream therapy for CS, even in the advanced
stages of CS.

The maintenance dose of corticosteroid was
7.5 mg/d in this study. Although there is no estab-
lished protocol for corticosteroid therapy in CS (28),
the JCS 2016 guideline recommends lifelong cortico-
steroid use at a dose of 5 to 10 mg/d for the man-
agement of CS. However, further studies are required
to establish a standardized maintenance dose of
corticosteroid.
CENTRAL ILLUSTRATION Prognostic Predict
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Kusano, K. et al. JACC: Asia. 2021;1(3):385–395.

AVB ¼ atrioventricular block; CI ¼ confidence interval; CS ¼ cardiac sar

tachycardia.
STUDY LIMITATIONS. This multicenter retrospective
cohort study was based on a nationwide cohort sur-
vey; thus, there were several limitations. First, EMB
was not performed in all cases. Consequently, several
ors of CS and Effect of Corticosteroid Therapy in CS With Low LVEF
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Clinical CS according to Japanese guidelines could

be applied in the clinical practice. Corticosteroid

therapy for clinical CS with low LVEF is effective and

important. Corticosteroid therapy could be

recommended not only for clinical CS, but also for

histological CS.

TRANSLATIONAL OUTLOOK: Corticosteroid

therapy should be considered for CS patients at all

stages. However, there was no definition that could

be used to estimate the effect of the corticosteroid

therapy and management protocol, including the

maintenance dose of corticosteroids. The Japanese

guideline recommends lifelong corticosteroid use at a

dose of 5 to 10 mg/d for the management of CS.

However, further studies are required to establish a

standardized maintenance dose of corticosteroid.
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histological CS patients might have been erroneously
included as having clinical CS in this survey. Further
studies on clinical CS patients who undergo EMB are
required. Second, we did not examine the clinical
outcome of corticosteroid therapy in detail. There
was no definition that could be used to estimate the
effect of the corticosteroid therapy and management
protocol, including the maintenance dose of cortico-
steroids. Therefore, evaluation of the clinical out-
comes of corticosteroid therapy depended on the
opinion of each treating physician. Third, the good
prognosis and LVEF improvement may be related to
the various recent therapeutic advances, such as
drugs and nonpharmacological therapies, but we
could not evaluate the effect of individual treatments
in this study. This topic is important and should be
estimated in future. Finally, the frequency of per-
forming CMR was low (51%), and CMR was excluded
from the Cox proportional hazards model in this
study. CMR is an important examination in the diag-
nosis of CS and an evaluation of this topic is needed
in future studies.

CONCLUSIONS

In clinical CS according to Japanese guideline, pro-
phylactic implantable cardioverter-defibrillator and
immunosuppressive therapy are important in pa-
tients with low LVEF or VT history, similar to histo-
logical CS.
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