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Background: Predictors of ventricular arrhythmias (VA) in patients with cardiac sarcoidosis (CS) remain
unclear.

Methods and results: We examined 61 consecutive CS patients who were admitted to our hospital from
April 2002 to March 2012 with a mean follow-up period of 45 + 31 months for the relationship between
delayed enhancement on cardiac magnetic resonance imaging (DE-MRI) and VA or a composite end-
point, including VA, heart failure hospitalization, and cardiovascular mortality. Although there was no
significant difference in baseline clinical characteristics between patients with VA and those without it,
the former group was characterized as compared with the latter by lower left ventricular (LV) ejection
fraction (p<0.05), larger LV systolic/diastolic dimensions (both p<0.05), and a significant association
with DE-MRI (p <0.05). Furthermore, the patients with DE-MRI (n=26), as compared with those with-
out it (n=11), had a significantly higher composite endpoint event rate (41% vs. 0%, p<0.05) and a trend
toward higher VA (29% vs. 0%, p=0.12). Univariate analysis also showed that impaired LV systolic function
was significantly associated with composite events on follow-up.

Conclusions: These results indicate that the presence of DE-MRI is a significant predictor of VA events and
poor outcome in CS patients.

© 2012 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Sarcoidosis is a multisystem disease that is histologically char-
acterized by non-caseating granuloma formation in various organs
[1]. Although sarcoidosis could affect any organ, including the
lungs, skin, eyes, liver, and lymphatics [1,2], cardiac involvement
is the most important prognostic factor [3,4]. The incidence of car-
diac sarcoidosis (CS) has been reported to be ~2% among patients
with sarcoidosis, however, previous autopsy studies demonstrated
that cardiac involvement is relatively high (20-25%) [4,5], which
has been recently confirmed by cardiac imaging [6].

CS frequently presents as asymptomatic cardiac involvement
and is only evident by abnormalities on electrocardiography (ECG),
echocardiography, or magnetic resonance imaging (MRI) [2]. Clin-
ically, CS commonly presents with congestive heart failure and
dilated cardiomyopathy (DCM)-like manifestations associated with
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electrical abnormalities, including conduction disturbances [4] and
serious ventricular arrhythmias (VA), including ventricular tachy-
cardia (VT) and ventricular fibrillation (VF) [ 7]. Indeed, sustained or
non-sustained VT (NSVT) has been noted in 23% of patients with CS,
where re-entry is the most common mechanism involving myocar-
dial scarring and fibrosis areas [8]. Indeed, VF could account for the
majority of cases of sudden cardiac death (SCD) in CS patients [4].

Although CS in general and VA in particular are predictors of
poor outcome [3], predictors of VA and adverse outcome in CS
patients remain to be identified.

In the present study, we thus addressed this clinically important
issue in our CS patients, with focus on the role of delayed enhance-
ment on magnetic resonance imaging (DE-MRI) as a marker of poor
prognosis in general, and of this serious arrhythmia in particular in
this subset of patients.

Methods
Patient selection

We examined 61 consecutive patients who were diagnosed as
having CS at our hospital or other referring hospitals in the Tohoku
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Fig. 1. Delayed enhancement on cardiac magnetic resonance imaging (MRI) in a
cardiac sarcoidosis (CS) patient. Evidence of delayed gadolinium enhancement on
cardiac MRI in the sub-epicardial layer of the anterior left ventricular wall (multi-
ple small white arrows) in a 41-year-old male patient with sustained ventricular
tachycardia and diagnosed with CS on the background of a pre-existing pulmonary
sarcoidosis.

area between April 2002 and March 2012. Their clinical data were
obtained from the detailed database of our department at Tohoku
University Hospital, including demographic, clinical, laboratory,
imaging, procedural, and interventional data. We examined the
association between baseline data and the presence of VA (NSVT,
VT, and VF) at presentation and on follow-up.

Diagnostic criteria

The revised guidelines for diagnosis of CS from the Japanese
Ministry of Health and Welfare were used [9]. The diagnosis of CS
was made either directly by endomyocardial biopsy, or indirectly
by detection of clinical CS manifestations in the presence of extra-
cardiac sarcoidosis. Beside clinical history, ECG findings and cardiac
imaging tests, including echocardiography, scintigraphy, and MRI
were used for this purpose.

VA were detected either by ECG monitoring during admission
or later diagnostic evaluation with 12-lead ECG or Holter ECG. VA
were defined as 3 or more consecutive beats of ventricular origin,
at a rate of more than 100 beats/min [10], detected by any of the
modalities mentioned above, and thus including NSVT, VT, and VF.
Beats of ventricular origin not fulfilling these conditions were not
included.

Study outcomes

We retrospectively examined the baseline clinical variables,
including age, gender, presence of extra-CS, heart rate, New York
Heart Association (NYHA) class, brain natriuretic peptide level
(BNP), and left ventricular ejection fraction (LVEF) of our CS pop-
ulation. The primary endpoint was the occurrence of VA and the
secondary endpoint was a composite of VA, heart failure (HF) hos-
pitalizations, and cardiovascular mortality.

MRI protocol
Cardiac MRI (Fig. 1) was performed before starting corticoste-

roid therapy and after patients had become clinically stable. We
used the standard protocol for cardiac MRI in our institution [11],

Table 1
Patient characteristics at baseline.

Variables All patients (n=61)

Age (years) 57+12
Gender (M/F) 18/43

Extra-cardiac sarcoidosis present 54 (89)
Hypertension 14 (23)
Diabetes mellitus 14 (23)
CAD 2(3)
Dyslipidemia 23(37)
Smoking
Non-smoker 49 (80)
Ex-smoker 6(10)
Current smoker
Cardiac phenotype (by echocardiography)
Normal 29 (47)
Septal thinning 25 (41)
DCM-like 17 (28)
Clinical data
Heart rate (beats/min) 71+14
NYHA class
I 33(54)
Il 17 (28)
11 9(15)
v 2(3)
Electrical abnormalities
Ventricular arrhythmias 14 (23)
Non-sustained VT 11(18)
VT/VF 8(13)
Advanced heart block 24 (39)
Sick sinus syndrome 1(2)
AF 7(11)
Supraventricular tachycardia 1(2)
Laboratory data
Hemoglobin (g/dl) 13+1.7
Serum creatinine (mg/dl) 0.8+0.3
Triglyceride (mg/dl) 138+72
Total cholesterol (mg/dl) 205+35
Brain natriuretic peptide (pg/ml) 325+515
Echocardiographic parameters
LVEF (%) 50+ 16
LVDs (mm) 37+12
LVDd (mm) 52+8
LAD (mm) 35+6
Positive cardiac biopsy 10(16)
Ga scintigraphy (positive/negative) 18/16
DE-MRI (yes/no) 26/11
Drugs
3-Blockers 27 (44)
ACE-I/ARBs 33(54)
Statins 17 (28)
Amiodarone 4(7)

Results are presented as either mean+SD or number of patients (%). ACE-I,
angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARBs, angiotensin
receptor blockers; BNP, brain natriuretic peptide; CAD, coronary artery dis-
ease; DCM, dilated cardiomyopathy; DE-MRI, delayed enhancement on magnetic
resonance imaging; Ga, gallium; LAD, left atrial dimensions; LVDs/LVDd, end-
systolic/end-diastolic left ventricular dimensions; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ven-
tricular tachycardia. The results on Ga scintigraphy were obtained from 34 patients
only. The results on DE-MRI were obtained from 37 patients without device therapy.

and ECG-gated magnetic resonance (MR) images were obtained
in all patients during breath-holding on a 1.5-T imager (Magne-
tom Vision, Siemens Medical Solutions, Erlangen, Germany; Achiva,
Philips Medical Systems, Best, The Netherlands) using a body array
coil (Siemens) or a 5-channel cardiac coil (Philips). To evaluate LV
anatomy, cine MR images of the LV in one horizontal, one vertical-
long, and 5 short-axis slices were obtained. Images from DE-MRI
using inversion-recovery-prepared gradient-echo sequence were
acquired 10-15min after the injection of gadopentetate dimeg-
lumine (0.15mmol/kg) in the same plane as cine imaging with
the Siemens Scanner or in 10 horizontal, 10 vertical-long, and 20
short-axis slices with the Philips scanner. The acquisition param-
eters of the DE-MRIs were 3.7-7.5/1.2-3.4; flip angle, 15°; field
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of view, 380 mm; matrix, 182-224 x 139-256; and slice thickness,
5 mm. The inversion time (200-300 ms) was adjusted to null signal
from normal myocardium. MRI was performed in 37 patients as the
remaining 24 patients had implanted metal devices. DE-MRIs were
confirmed by the consensus of 2 experienced radiologists blinded
to patient outcome.

Statistical analysis

Continuous variables are expressed as mean+SD. Categori-
cal data are presented as percentage and frequency. Differences
between groups were compared by Student t-test (for normally
distributed variables) and Mann-Whitney test (for non-normally
distributed variables) for continuous variables. The chi-square test
was used for categorical variables and the Fisher exact test for those
instances in which the expected cell count was <5. Event rates of
endpoints are expressed as unadjusted Kaplan-Meier estimates
and a Cox proportional hazard test was used for the interaction
between patient characteristics and endpoints. All statistical tests
were 2-tailed, and a p-value <0.05 was considered to be statisti-
cally significant. All analysis was performed using SPSS software
(version 18, SPSS, Chicago, IL, USA).

Results

The clinical characteristics of the 61 patients with CS are shown
in Table 1. They were characterized by middle-age with major-
ity of them being females, and 89% of them had extra-cardiac
involvement of sarcoidosis, with the rest being diagnosed based
on histological criteria of endomyocardial biopsy. The prevalence
of hypertension, diabetes mellitus, coronary artery disease, and
smoking was relatively low. No clinical or echocardiographic evi-
dence of structural heart disease was noted in approximately half of
the patients (47%), with evidence of characteristic septal thinning
noted in 41% of patients and DCM-like phenotype noted in 28% of
them.

Most of the patients were in NYHA class I (54%) or Il (28%), but
some patients were in class III (15%) or IV (3%). Advanced heart
block was the most common electrical abnormality encountered
at baseline (39%), and VA collectively was the second most com-
mon electrical abnormality (23%), where NSVT was noted in 18%
and VT/VF in 13%. Laboratory and echocardiographic data were
within normal range except for mildly elevated BNP level (Table 1).
Importantly, DE-MRI was noted in 70% of the 37 CS patients tested,
whereas a positive gallium (Ga) scintigraphy was noted in 50%
of the 34 patients tested at presentation and finally only 16% of
patients had a positive cardiac biopsy. Amiodarone was adminis-
tered to 7% of the patients.

Table 2 shows the baseline characteristics of the 37 patients with
MRI data according to presence or absence of DE-MRI. There was
no significant difference in baseline characteristics between the 2
groups despite the expected trends of a higher NYHA class, a higher
BNP level, and a larger LV in patients with DE-MRI. Interestingly, in
this sub-population LVEF was preserved and showed no difference
in LVEF between the 2 groups.

The variables of interest for possible association with VA at
baseline are shown in Table 3. Age, gender, the presence of extra-
CS, heart rate, worse NYHA class, and BNP were not significantly
associated with VA. In contrast, echocardiographic parameters
of impaired systolic LV function, as assessed by LVEF and end-
systolic/end-diastolic dimensions (LVDs/LVDd), were significantly
associated with VA (p=0.01, 0.02, and 0.04, respectively). Impor-
tantly, the presence of DE-MRI also showed a significant association
(p<0.05) and its absence carried 100% negative predictive value for
VA at baseline.
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Fig. 2. Ventricular arrhythmia-free survival. Ventricular arrhythmia-free survival
rate tended to be worse in cardiac sarcoidosis patients with delayed enhancement
on cardiac magnetic resonance imaging (DE-MRI) compared with those without it
(log rank test, p=0.12).

In the mean follow-up period of 45 months, VA-free survival
rate tended to be worse in CS patients with DE-MRI compared
with those without it (p=0.12) (Fig. 2). Furthermore, composite
endpoint-free survival rate was significantly worse in CS patients
with DE-MRI compared with those without it (p<0.05) (Fig. 3).
Unadjusted Cox proportional hazard analysis showed that among
multiple variables beside DE-MRI, only the presence of impaired
LVEF carried a significant risk for the occurrence of composite
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Fig. 3. Composite endpoint-free survival. Composite endpoint-free survival was
significantly worse in cardiac sarcoidosis patients with delayed enhancement on
cardiac magnetic resonance imaging (DE-MRI) compared with those without it (Log
rank test, p=0.03).
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Table 2
Patient characteristics by the presence or absence of delayed enhancement on magnetic resonance imaging (n=37).

Variables DE-MRI (n=26) No DE-MRI (n=11) p-Value
Age (years) 56+15 53+12 0.64
Gender (M/F) 8/18 4/7 0.51
Extra-cardiac sarcoidosis 22 (84) 8(72) 0.33
Heart rate (beats/min) 73+£12 65+17 0.16
Septal thinning (present/absent) 7114 0/7 0.09
DCM-like phenotype 5(19) 0(0) 0.15
NYHA class

I 17 (65) 9(82) 0.20

il 8(31) 1(9)

il 0(0) 1(9)

v 1(4) 0(0)
BNP (pg/ml) 133+192 112+178 0.76
Echocardiographic parameters

LVEF (%) 56+ 14 57+8 0.88

LVDd (mm) 50+8 4744 0.34

LVDs (mm) 34+9 27+10 0.052
Cardiac biopsy (positive/negative) 3/14 0/4 0.51
Ga scintigraphy (positive/negative) 6/7 0/4 0.13

Results are presented as either mean +SD or number of patients (%). BNP, brain natriuretic peptide; DCM, dilated cardiomyopathy; DE-MRI, delayed enhancement on
magnetic resonance imaging; Ga, gallium; LVDs/LVDd, end-systolic/end-diastolic left ventricular dimensions; LVEF, left ventricular ejection fraction; NYHA, New York Heart

Association. The results on Ga scintigraphy were obtained from 34 patients only.

endpoint [Hazard ratio (HR) 0.35; 95%CI, 0.16-0.75; p=0.01], but
not for that of VA (HR, 0.52; 95%CI, 0.20-1.34; p=0.17) (Table 4).
The long-term prognosis, including VA and composite endpoint,
was comparable between the CS patients who underwent MRI test
(n=37) and those who did not (n=24) (p=0.27, and 0.21 respec-
tively).

Discussion

The novel finding of the present study is that in addition to
reduced LV systolic function, DE-MRI is a significant prognostic
factor of serious VA and poor outcome in patients with CS.

Prevalence and diagnosis of CS

The prevalence of sarcoidosis is relatively high in Japan [2]
and the incidence of cardiac involvement is also high [12], reach-
ing ~60% of sarcoidosis patients in some series [13]. This offers a
unique chance to study various unstudied aspects of this disorder.
Although it was previously shown that the majority of western CS
patients are young adults between the ages of 20-40 years without

a definite sex predominance [5], the present study shows that the
majority of the Japanese CS patients are middle-aged females, a
consistent finding with the previous studies in Japan [3,14]. These
results suggest some racial differences in demographic characteris-
tics of CS patients that might extend to presentation and prognosis
of the disorder. Most of the CS patients in the present study were
diagnosed in conjunction with involvement of other organs, again,
a consistent finding with a previous study in Japan [15].

Almost half of CS patients in the present study showed no
evidence of structural cardiac abnormality when assessed by
echocardiography with a similar prevalence rate as in western
studies with 14-31% prevalence rate [16,17], thus highlighting the
limited sensitivity of echocardiography in this subset of CS patients
[18]. In CS patients, the usual echocardiographic abnormality in
our study was characteristic septal thinning, which was a part of
LV being globally affected, and depressed LVEF characteristic of a
DCM-like picture noted in half of them. It was difficult to distin-
guish this abnormality from the idiopathic form [2,12,18], which
was a common morphological finding in our cohort.

Indeed, echocardiography has a low specificity for diagnosis
of CS [18], and its main value lies in its ability to predict poorer

Table 3
Patient characteristics by the presence or absence of ventricular arrhythmias at baseline.
Variables Ventricular arrhythmia (n=14) No ventricular arrhythmia (n=47) p-Value
Age (years) 57+13 57+12 0.94
Gender (M/F) 6/8 12/35 0.31
Extra-cardiac sarcoidosis 10(71) 39 (82) 0.44
Heart rate (beats/min) 71+£11 71+15 0.95
Septal thinning (present/absent) 10/3 15/23 0.02
DCM-like phenotype 7 (50) 13(27) 0.19
NYHA class
I 7 (50) 26 (55) 0.82
1l 4(29) 13(28)
il 2(14) 7(15)
v 1(7) 1(2)
BNP (pg/ml) 434 + 656 291 + 466 0.37
Echocardiographic parameters
LVEF (%) 40417 52+14 0.01
LVDd (mm) 57+£12 51+7 0.04
LVDs (mm) 45412 35411 0.02
Ga scintigraphy (positive/negative) 7/14 11/12 0.31
DE-MRI (yes/no) 8/0 18/11 0.04

Results are presented as either mean+SD or number of patients (%). BNP, brain natriuretic peptide; DCM, dilated cardiomyopathy; DE-MRI, delayed enhancement on
magnetic resonance imaging; Ga, gallium; LVDs/LVDd, end-systolic/end-diastolic left ventricular dimensions; LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association. The results on Ga scintigraphy were obtained from 34 patients only. The results on DE-MRI were obtained from 37 patients without device therapy.
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Table 4
Unadjusted hazard ratios for ventricular arrhythmias and composite endpoint.

Variables Ventricular arrhythmias Composite endpoint

HR (95%CI) p-Value HR (95%CI) p-Value
Age 1.01(0.96-1.04) 0.79 1.01(0.97-1.03) 0.87
Gender 1.04 (0.37-2.94) 0.93 0.91 (0.38-2.19) 0.84
LVEF 0.52(0.20-1.34) 0.17 0.35(0.16-0.75) 0.01
VA at baseline 2.24(0.87-5.77) 0.09 1.69 (0.78-3.68) 0.18

CI, confidence interval; HR, hazard ratio; LVEF, left ventricular ejection fraction; VA, ventricular arrhythmias.

prognosis of CS patients, as LV dilatation is an established predic-
tor of mortality [3]. Although an appearance similar to hypertrophic
cardiomyopathy (HCM) has been described in some cases [19], we
did not come across any patient with such a phenotype in the
present study.

Ventricular arrhythmias in CS patients

It seems that the prevalence of VA in CS patients has tended
to increase in recent registries and observation studies compared
with previous ones. There may be two reasons for this. First, the
number of survivors with out-of-hospital cardiac arrest (OHCA)
has been increasing owing to early defibrillation intervention in
many countries [20,21]. Second, the use of Holter ECG monitor-
ing and exercise stress testing for CS patients has been increasing
[22]. Although both advanced atrioventricular block and VT are
postulated as major causes of OHCA in CS patients [23], it was
reported that sustained VT associated with LV enlargement by
echocardiography was an independent predictor of all-cause mor-
tality in Japanese CS patients [3]. This highlights the importance
of establishing risk-stratifying criteria for VT with a high-degree of
sensitivity and specificity to prevent OHCA.

Patients with DE-MRI

In the sub-population with MRI data, it is interesting to see
that there are no significant differences in baseline characteris-
tics between patients with DE-MRI and those without it. More
importantly, LVEF, which is the most important confounding factor
associated with the presence of DE-MRI, was preserved and com-
parable between the 2 groups, suggesting that any detected value
of DE-MRI is independent of the effect of LV function.

Factors associated with VA and poor outcome in CS patients

In the present study, in order to elucidate the prognostic factors
that could predict the occurrence of VA and poorer outcome in CS
patients, we first analyzed the association between various baseline
characteristics with VA, both at presentation and longitudinally on
follow-up, as our primary endpoint. Although higher resting heart
rates are being studied extensively as a marker of poor outcome in
ischemic patients [24], this has not been the case in our CS cohort.
Also, despite that we found a significant association between the
presence of VA at baseline and multiple surrogates for compro-
mised LV systolic function (e.g. septal thinning, lower LVEF, and
larger LVDs/LVDd), in agreement with previous studies [25-27], an
impaired LV systolic function was not found to significantly predict
VA incidence during the follow-up period of the study, despite an
apparent trend. This may be related to both the limited number of
patients with impaired LV function and the limited number of VA
events on follow-up in the present study.

On the other hand, by using cardiac magnetic resonance imag-
ing (CMRI) [28,29], we were able to demonstrate that DE-MRI was
significantly associated with VA at baseline and showed a strong
trend toward higher VA events on follow-up by Kaplan-Meier

estimates. This finding also supports the role of CMRI as a risk strat-
ification method for VA and adverse prognosis in various forms of
structural heart disease, owing to its unique ability to accurately
detect and delineate myocardial fibrosis, the presence and extent
of which have become well-established markers of poorer progno-
sis [30-35]. Bello et al. reported that scar burden was a significant
predictor of VT inducibility, whereas LVEF was not [30]. It has
been recently shown that patients with advanced cardiomyopa-
thy and implantable cardioverter-defibrillators (ICDs) with proven
myocardial fibrosis by DE-MRI have a high likelihood of appropriate
ICD therapy [36]. Although scar-based-reentry has been thought
to account for VA only in patients with ischemic cardiomyopa-
thy (ICM), accumulating evidence suggests that reentry appears to
play a major role in the mechanism of sustained monomorphic VT
in this patient population [37]. Furthermore, it has been recently
demonstrated that programmed electrical stimulation predicts
appropriate ICD therapy used for primary prevention of SCD only in
patients with evidence of cardiac involvement on CMRI or positron
emission tomography [38], suggesting the possible importance of
DE-MRI for risk stratification for VA and SCD in CS patients.

The extent of myocardial fibrosis was also shown to predict
poorer outcome, in terms of cardiovascular morbidity and mortal-
ity, in various forms of structural heart disease, whether detected
by histopathology [39] or DE-MRI [32,33], and was even related to
poor prognosis in the general population [40]. This notion is sup-
ported by the present finding that DE-MRI could predict poorer
outcome for morbidity and mortality in CS patients.

It would be more important to point out that all CS patients with-
out DE-MRI could have an uneventful course and that this perfect
negative predictive value not only enforces the role of DE-MRI in
prediction of adverse outcome in this population but also stands
out as a unique diagnostic criterion for CS in patients with extra-
cardiac involvement. The present findings may be useful for the
revision of a major diagnostic criterion by the Japanese Ministry of
Health and Welfare [9].

Study limitations

Several limitations should be mentioned for the present study.
First, our study has the inherent limitations of retrospective anal-
ysis. Thus, the present findings should be confirmed in a future
prospective study. Second, not all CS patients underwent CMRI test.
This was inevitable as device implantation was the reason for con-
traindication in most cases without CMRI study. However, since the
clinical characteristics and long-term prognosis were comparable
between the patients who underwent CMRI study and those who
did not, the present findings may not be biased on this point. Third,
the number of CS patients who underwent the test was relatively
small. Thus, the present finding remains to be confirmed in a future
study with a large number of patients.

Fourth, the present study included the patients who had been
diagnosed more than 10 years ago, when it was insufficient to
search for extra-CS. This may have caused the slightly high rate
of isolated CS. Thus, the present finding remains to be confirmed in
a future study with a large number of patients.
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Conclusions

In the present study, we were able to demonstrate that a pri-
mary presentation with VA is relatively common in Japanese CS
patients and that the presence of DE-MRI is a strong and significant
predictor of poor outcome in general and VA in particular in this
patient population.

Disclosures
None.
Acknowledgments

We would like to thank Shizuka Osaki for technical support for
the patients’ database.

References

[1] Baughman RP, Teirstein AS, Judson MA, Rossman MD, Yeager Jr H, Bresnitz
EA, DePalo L, Hunninghake G, lannuzzi MC, Johns CJ, McLennan G, Moller DR,
Newman LS, Rabin DL, Rose C, et al. Clinical characteristics of patients in a case
control study of sarcoidosis. Am J Respir Crit Care Med 2001;15:1885-9.

[2] Dubrey SW, Falk RH. Diagnosis and management of cardiac sarcoidosis. Prog
Cardiovasc Dis 2010;52:336-46.

[3] Yazaki Y, Isobe M, Hiroe M, Morimoto S, Hiramitsu S, Nakano T, Izumi T,
Sekiguchi M, Central Japan Heart Study Group. Prognostic determinants of
long-term survival in Japanese patients with cardiac sarcoidosis treated with
prednisone. Am ] Cardiol 2001;88:1006-10.

[4] Roberts WC, McAllister Jr HA, Ferrans V]. Sarcoidosis of the heart: a clinico-
pathologic study of 35 necropsy patients (group I) and review of 78 previously
described necropsy patients (group II). Am ] Med 1976;63:86-108.

[5] Silverman K], Hutchins GM, Bulkley BH. Cardiac sarcoid: a clinicopatho-
logic study of 84 unselected patients with systemic sarcoidosis. Circulation
1978;58:1204-11.

[6] Akbar]J, Meyer CA, Shipley RT, Vagal AS. Cardiopulmonary imaging in sarcoido-
sis. Clin Chest Med 2008;29:429-43.

[7] Marshman RS. Prevalence of pulmonary sarcoidosis in the state of Victoria,
Australia. Acta Med Scand Suppl 1964;425:167-8.

[8] Winters SL, Cohen M, Greenberg S, Stein B, Curwin J, Pe E, Gomes JA. Sustained
ventricular tachycardia associated with sarcoidosis: assessment of the under-
lying cardiac anatomy and the prospective utility of programmed ventricular
stimulation, drug therapy and an implantable antitachycardia device. ] Am Coll
Cardiol 1991;18:937-43.

[9] Sarcoidosis diagnostic criteria revising committee. Diagnostic standard
and guidelines for sarcoidosis. Jpn ] Sarcoidosis Granulomatous Dis
2007;27:89-102.

[10] Miller JM, Zipes DP. Diagnosis of cardiac arrhythmias. In: Braunwald E, editor.
Heart disease. 9th ed. Philadelphia: Saunders Elsevier; 2011. p. 798.

[11] Ichinose A, Otani H, Oikawa M, Takase K, Saito H, Shimokawa H, Takahashi
S. MRI of cardiac sarcoidosis: basal and subepicardial localization of myocar-
dial lesions and their effect on left ventricular function. Am ] Roentgenol
2008;191:862-9.

[12] Villa-Forte A, Mandell BF. Rheumatic diseases and the cardiovascular system.
In: Braunwald E, editor. Heart disease. 9th ed. Philadelphia: Saunders Elsevier;
2011. p. 1889.

[13] Matsui Y, Iwai K, Tachibana T, Fruie T, Shigematsu N, Izumi T, Homma AH,
Mikami R, Hongo O, Hiraga Y, Yamamoto M. Clinicopathological study of fatal
myocardial sarcoidosis. Ann N Y Acad Sci 1976;278:455-69.

[14] Cox DR. Regression models and life-tables. J R Stat Soc (B) 1972;34:
187-220.

[15] Habersberger ], Manings V, Taylor AJ]. Cardiac sarcoidosis. Intern Med ]
2008;38:270-7.

[16] Lewin RF, Mor R, Spitzer S, Arditti A, Hellman C, Agmon ]. Echocardio-
graphic evaluation of patients with systemic sarcoidosis. Am Heart ] 1985;110:
116-22.

[17] Gibbons W], Levy RD, Nava S, Malcolm I, Marin JM, Tardif C, Magder S,
Lisbona R, Cosio MG. Subclinical cardiac dysfunction in sarcoidosis. Chest
1991;100:44-50.

[18] Kim]S, Judson MA, Donnino R, Gold M, Cooper Jr LT, Prystowsky EN, Prystowsky
S. Cardiac sarcoidosis. Am Heart ] 2009;157:9-21.

[19] Matsumori A, Hara M, Nagai S, Izumi T, Ohashi N, Ono K, Sasayama S. Hyper-
trophic cardiomyopathy as a manifestation of cardiac sarcoidosis. Jpn Circ J
2000;64:679-83.

[20] Bayesde Luna A, Coumel P, LeclercqJF. Ambulatory sudden cardiac death mech-
anisms of production of fatal arrhythmia on the basis of data from 157 cases.
Am Heart ] 1989;117:151-9.

[21] Valenzuela TD, Roe DJ, Nichol Clark LL, Clark LL, Spaite DW, Hardman RG. Out-
comes of rapid defibrillation by security officers after cardiac arrest in casinos.
N Engl ] Med 2000;343:1206-9.

[22] Suzuki T, Kanda T, Kubota S, Imai S, Murata K. Holter monitoring as a noninva-
sive indicator of cardiac involvement in sarcoidosis. Chest 1994;106:1021-4.

[23] Abeler V. Sarcoidosis of the cardiac conducting system. Am Heart ]
1979;97:701-7.

[24] Honda T, Kanazawa H, Koga H, Miyao Y, Fujimoto K. Heart rate on admission
is an independent risk factor for poor cardiac function and in-hospital death
after acute myocardial infarction. J Cardiol 2010;56:197-203.

[25] Myerburg R]. Implantable cardioverter-defibrillators after myocardial infarc-
tion. N Engl ] Med 2008;359:2245.

[26] Moss AJ, Hall W], Cannom DS, Daubert JP, Higgins SL, Klein H, Levine JH, Sak-
sena S, Waldo AL, Wilber D, Brown MW, Heo M. Improved survival with an
implanted defibrillator in patients with coronary disease at high risk for ven-
tricular arrhythmia. N Engl ] Med 1996;335:1933-40.

[27] Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M, Trout-
man C, Anderson ], Johnson G, McNulty SE, Clapp-Channing N, Davidson-Ray
LD, Fraulo ES, Fishbein DP, et al. Amiodarone or an implantable cardioverter-
defibrillator for congestive heart failure. N Engl ] Med 2005;352:225-37.

[28] Patel MR, Cawley PJ, Heitner JF, Klem [, Parker MA, Jaroudi WA, Meine T], White
B, Elliott MD, Kim HW, Judd RM, Kim RJ. Detection of myocardial damage in
patients with sarcoidosis. Circulation 2009;120:1969-77.

[29] Vignaux O, Dhote R, Duboc D, Blanche P, Dusser D, Weber S, Legmann P. Clinical
significance of myocardial magnetic resonance abnormalities in patients with
sarcoidosis. A 1-year follow-up study. Chest 2002;122:1895-901.

[30] Bello D, Fieno DS, Kim RJ, Pereles FS, Passman R, Song G, Kadish AH, Gold-
berger JJ. Infarct morphology identifies patients with substrate for sustained
ventricular tachycardia. ] Am Coll Cardiol 2005;45:1104-8.

[31] Schmidt A, Azevedo CF, Cheng A, Gupta SN, Bluemke DA, Foo TK, Gersten-
blith G, Weiss RG, Marban E, Tomaselli GF, Lima JA, Wu KC. Infarct tissue
heterogeneity by magnetic resonance imaging identifies enhanced cardiac
arrhythmia susceptibility in patients with left ventricular dysfunction. Circu-
lation 2007;115:2006-14.

[32] Assomul RG, Prasad SK, Lyne ], Smith G, Burman ED, Khan M, Sheppard MN,
Poole-Wilson PA, Pennell DJ. Cardiovascular magnetic resonance, fibrosis, and
prognosis in dilated cardiomyopathy. ] Am Coll Cardiol 2006;48:1977-85.

[33] Cho JR, Park S, Choi BW, Kang SM, Ha JW, Chung N, Choe KO, Cho SY, Rim S]J.
Delayed enhancement magnetic resonance imaging is a significant prognostic
factor in patients with non-ischemic cardiomyopathy. Circ ] 2010;74:476-83.

[34] Adabag AS, Maron BJ, Appelbaum E, Harrigan CJ, Buros JL, Gibson CM,
Lesser JR, Hanna CA, Udelson JE, Manning WJ, Maron MS. Occurrence and
frequency of arrhythmias in hypertrophic cardiomyopathy in relation to
delayed enhancement on cardiovascular magnetic resonance. ] Am Coll Cardiol
2008;51:1369-74.

[35] Nojiri A, Hongo K, Kawai M, Komukai K, Sakuma T, Taniguchi I, Yoshimura M.
Scoring of late gadolinium enhancement in cardiac magnetic resonance imag-
ing can predict cardiac events in patients with hypertrophic cardiomyopathy.
J Cardiol 2011;58:253-60.

[36] lles L, Pfluger H, Lefkovits L, Butler MJ, Kistler PM, Kaye DM, Taylor AJ. Myocar-
dial fibrosis predicts appropriate device therapy in patients with implantable
cardioverter-defibrillators for primary prevention of sudden cardiac death. ]
Am Coll Cardiol 2011;57:821-8.

[37] Hsia HH, Callans DJ, Marchlinski FE. Characterization of endocardial
electrophysiological substrate in patients with nonischemic cardiomy-
opathy and monomorphic ventricular tachycardia. Circulation 2003;108:
704-10.

[38] Mehta D, Mori N, Goldbarg SH, Lubitz S, Wisnivesky JP, Teirstein A. Primary
prevention of sudden cardiac death in silent cardiac sarcoidosis: role of pro-
grammed electrical stimulation. Circ Arrhythm Electrophysiol 2011;4:43-8.

[39] Aoki T, Fukumoto Y, Sugimura K, Oikawa M, Satoh K, Nakano M, Nakayama
M, Shimokawa H. Prognostic impact of myocardial interstitial fibrosis in non-
ischemic heart failure: comparison between preserved and reduced ejection
fraction heart failure. Circ ] 2011;75:2605-13.

[40] Cheong BYC, Muthupillai R, Wilson JM, Sung A, Huber S, Amin S, Elayda MA,
Lee VV, Flamm SD. Prognostic significance of delayed-enhancement magnetic
resonance imaging. Circulation 2009;120:2069-76.



	Delayed enhancement on cardiac magnetic resonance imaging is a poor prognostic factor in patients with cardiac sarcoidosis
	Introduction
	Methods
	Patient selection
	Diagnostic criteria
	Study outcomes
	MRI protocol
	Statistical analysis

	Results
	Discussion
	Prevalence and diagnosis of CS
	Ventricular arrhythmias in CS patients
	Patients with DE-MRI
	Factors associated with VA and poor outcome in CS patients
	Study limitations

	Conclusions
	Disclosures
	Acknowledgments
	References


