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perfusion imaging have the disadvantages of 
low sensitivity or low specificity (or both) for 
diagnosing cardiac sarcoidosis [5, 6].

Delayed contrast-enhanced MRI with an 
inversion recovery sequence allows visual-
ization of scar tissue in patients with myocar-
dial infarction (MI) or hypertrophic cardio-
myopathy [7–9]. Delayed contrast-enhanced 
MRI is also useful for evaluating and moni-
toring inflammatory heart disease [10]. Sev-
eral reports have shown the usefulness of 
delayed contrast-enhanced MRI with an in-
version recovery sequence in patients with 
card iac sarcoidosis [11–13], but the topograph-
ic and intramural localization of myocardial 
lesions, shown as regions of hyperenhance-
ment, is poorly understood. Furthermore, the 
association between the extent of hyperen-
hancement and LV global function has not 
been clarified.

In the present study, we examined whether 
delayed contrast-enhanced MRI is useful for 
determining the topographic and intramural 
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S
arcoidosis is a multisystem disor-
der of unknown cause character-
ized by the infiltration of nonca-
seating granulomas. The overall 

prognosis for patients with sarcoidosis is 
good because there is usually no organ in-
volvement and the disease is often self-limit-
ing [1]. However, sarcoidosis with cardiac 
involvement can cause fatal ventricular tachy-
arrhythmias, conduction disturbances, and 
left ventricle (LV) dysfunction [2].

Although cardiac involvement in sarcoi-
dosis has been reported to be clinically evi-
dent in fewer than 5% of patients with sarcoi-
dosis [3], postmortem studies have revealed 
cardiac involvement in 20–27% of such pa-
tients in the United States [2]. In Japan, car-
diac involvement is frequently present in up 
to 58% of patients with sarcoidosis at autop-
sy and is responsible for as many as 85% of 
the deaths from sarcoidosis [4]. Current di-
agnostic imaging techniques such as 2D 
echocardiography and SPECT myocardial 
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OBJECTIVE. The objective of our study was to use MRI to analyze the topographic lo-
calization of myocardial lesions and their relationship to plasma brain natriuretic peptide 
(BNP) levels and several cardiac function parameters in patients with cardiac sarcoidosis.

maTERIals and mETHOds. Delayed contrast-enhanced MRI was performed in 
40 patients with sarcoidosis (11 cardiac, 29 extracardiac cases). Using a 29-segment model of 
the left ventricle (LV), the extent of myocardial hyperenhancement was visually scored (0 = 
no hyperenhancement, 1 = 1–25%, 2 = 26–50%, 3 = 51–75%, 4 = 76–100% hyperenhance-
ment) and was compared with plasma BNP level and several parameters of cardiac function.

REsUlTs. Ten of the 11 patients with cardiac sarcoidosis showed myocardial hyperen-
hancement, whereas none of the 29 patients without cardiac sarcoidosis did. In patients with 
cardiac sarcoidosis, hyperenhancement was significantly more extensive in basal short axis 
slices than in apical short axis slices (p < 0.0005). Myocardial hyperenhancement was signifi-
cantly more frequent in subepicardial layers than in subendocardial layers. The global extent of 
myocardial hyperenhancement was significantly correlated with plasma BNP levels and the 
LV end-diastolic volume index and was negatively correlated with the LV ejection fraction.

COnClUsIOn. In patients with cardiac sarcoidosis, myocardial lesions detected on 
delayed contrast-enhanced MRI were predominantly localized in the basal and subepicardial 
myocardium. The extent of myocardial lesions may be related to LV dysfunction and plasma 
BNP level in patients with cardiac sarcoidosis.

Ichinose et al.
MRI of Cardiac Sarcoidosis

Cardiac Imaging
Original Research

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 T

oh
ok

u 
U

ni
ve

rs
ity

 o
n 

03
/0

3/
17

 f
ro

m
 I

P 
ad

dr
es

s 
13

0.
34

.1
73

.6
9.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:191, September 2008 863

MRI of Cardiac Sarcoidosis

localization of myocardial lesions in patients 
with cardiac sarcoidosis. We also tested the 
hypothesis that the extent of myocardial le-
sions is correlated with LV enlargement, LV 
systolic dysfunction, and plasma concentra-
tions of brain natriuretic peptide (BNP), all 
of which are useful prognostic markers in 
patients with heart failure [14, 15].

Materials and Methods
Patient Population

Written informed consent was obtained from 
every subject before commencing the study. The 
purpose and nature of this study were approved by 
the ethics committees of our institute.

We retrospectively studied 40 consecutive pa-
tients with systemic sarcoidosis who underwent 
MRI between June 2002 and May 2005. All pa-
tients were diagnosed with sarcoidosis on the basis 
of histologic evidence of noncaseating epithelioid 
granulomas with giant cells. Biopsies were ob-
tained from lung (n = 16), lymph nodes (n = 11), 
skin (n = 10), muscle (n = 2), and bone (n = 1). The 
patients either had cardiac symptoms (n = 16) or 
were screened for cardiac involvement in the 
absence of cardiac symptoms (n = 24). All patients 
underwent standard 12-lead ECG, 24-hour Holter 
monitoring, and echocardiography.

According to the Japanese Ministry of Health 
and Welfare guidelines [16] (Appendix 1), 11 
patients in the study were clinically diagnosed 
with cardiac sarcoidosis. Coronary angiography 
excluded coronary artery disease in all patients. 
Confirmation of cardiac sarcoidosis by endo-
myocardial biopsy was not obtained for any of the 

patients. Plasma BNP level was measured in all 11 
patients with cardiac sarcoidosis and in 22 of the 
29 patients without cardiac sarcoidosis within 2 
weeks of the MRI study. Plasma BNP levels were 
not measured in the seven remaining patients 
without cardiac sarcoidosis.

MRI Protocol
MRI was performed after the patients had been 

clinically stabilized after heart failure. ECG-gated 
MR images were obtained in all patients during 
breath-holding on a 1.5-T imager (Magnetom 
Vision, Siemens Medical Solutions) using a body 
array coil. To evaluate LV anatomy and function, 
cine MR images of the LV in one horizontal, one 
vertical long, and five short axis slices were ob-
tained using a gradient-echo sequence (FLASH). 
Five short axis slices at 14-mm intervals were set 
from 1 cm below the level of the mitral valve 
insertion to the apex, roughly covering the entire 
LV. The acquisition parameters were TR/TE, 
11.3/6.1; flip angle, 25°; field of view, 300 mm; 7 
lines per segment; matrix, 182 × 256; and slice 
thickness, 5 mm.

Using the same slice levels as described, delay ed 
contrast-enhanced MR images using inversion 
recovery turbo FLASH with a segmented inversion 
recovery gradient-echo pulse sequence [17] were 
acquired 15 minutes after the injection of 
gadopentetate dimeglumine (0.15 mmol/kg). The 
acquisition parameters were 7.5/3.4; flip angle, 
15°; field of view, 300 mm; 33 lines per segment; 
matrix, 220 × 256; and slice thickness, 6 mm. The 
inversion time (200–300 milliseconds) was adjusted 
to null signal from normal myocardium.

MRI Analysis
Cine MR images were analyzed to determine 

LV function. Using a software system (MASS, 
version 4.0, MEDIS Medical Imaging Systems), 
endo cardial and epicardial borders in both end-
diastolic and end-systolic phases were outlined 
manually on all short axes and the horizontal long 
axis in the cine MR images. For global LV 
function, the LV volume and ejection fraction 
were derived from all short-axis images and the 
horizontal long-axis images using a modified 
Simpson rule model [18]. The LV end-diastolic 
volume (LVEDV) index (LVEDV / body surface 
area ratio) was calculated for normalization. For 
assessment of regional parameters, MR images 
were analyzed according to a 29-segment model 
of the LV (Fig. 1).

Using MASS, version 4.0, we measured the 
regional end-diastolic wall thickness; the wall 
motion, indicating the extent of movement of the 
inner ventricular wall relative to the center of the 
cavity between the end-diastolic and end-systolic 
phases; and the wall thickening, indicating the 
increased rate (per centage) of wall thickness 
between the end-systolic and end-diastolic phases. 
We analyzed the relationship of the regional 
myocardial function results to the regional 
myocardial hyperenhancement.

Regional hyperenhancement was scored by 
consensus of two radiologists based on the pro-
portion of hyperenhanced myocardial area to the 
total segmental area (0 = no hyperenhancement,  
1 = 1–25%, 2 = 26–50%, 3 = 51–75%, and 4 = 
76–100% hyperenhancement). First, the hyper-
enhancement scores for each short axis slice and 
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Fig. 1—29-segment model of left ventricle.
A–C, Diagrams illustrate basal and mid short-axis slices (A), apical short-axis slice (B), and horizontal long-axis slice (C). In diagrams that correspond to basal slices 1 
and 2 (A) and mid slices 3 and 4 (C), left ventricular (LV) myocardium is divided into six segments including anterior, lateral, inferior, and septal walls, whereas it is divided 
into four segments in slice 5 of diagram (B), which corresponds to apical slice 5 in diagram (C). LV myocardium at extreme tip of ventricle apex (gray shading, C), where 
there is no longer cavity, is defined as another segment, apex. RV= right ventricle.
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for each myocardial wall (septal, anterior, lateral, 
and inferior walls in Fig. 1) were averaged for each 
patient. Then, the total sum of hyperenhancement 
scores for all 29 segments was obtained for each 
patient. For example, a patient with a hyper-
enhancement score of 4 in all segments would 
have a hyperenhancement score sum of 116.

Each segment was further divided into three 
layers—subepicardial, midmyocardial, and sub-
endocardial—and each layer was assessed for 
hyper enhancement. Partially hyperenhanced lay-
ers were deemed hyperenhanced. The patterns of 
hyperenhancement within each segment were 
defined as follows: A, no hyperenhancement; B, 
transmural hyperenhancement; C, subepicardial 
layer–dominant hyperenhancement; D, mid myo-
cardial layer–dominant hyperenhance ment; E, 
subendocardial layer–dominant hyperenhance-
ment; and F, hyperenhancement of subepicardial 
and subendocardial layers with an intervening 
zone of nonenhanced midmyocardial layer. Sub-
epicardial layer–dominant hyperenhancement was 
defined as hyperenhancement predominant ly in-
volving the subepicardial layer with possible 

extension into the midmyocardial layer. Similarly, 
subendocardial layer–dominant hyperenhance-
ment was defined as involving the subendocardial 
layer with possible extension into the midmyo-
cardial layer. Midmyocardial layer–dominant 
hyperenhancement was defined as being confined 
to the midmyocardial layer. To more clearly com-
pare the predominant hyperenhancement among 
the three layers, the number of hyper enhanced 
segments was counted for each layer per patient.

Statistical Analyses
All values are expressed as means ± SD. We 

used analysis of variance with repeated measures 
followed by a post-hoc Bonferroni test to analyze 
statistical differences among different myocardial 
regions. We used analysis of variance to analyze 
statistical differences among regions with different 
hyperenhancement scores, whereas differences 
between the two groups were analyzed using an 
unpaired Student’s t test. We used simple linear 
regression analysis for correlations between the 
global extent of hyperenhanced myocardium and 
the LVEDV index, the LV ejection fraction, or the 

plasma concentration of BNP. The proportion of 
subgroups in the nontransmural hyperenhanced 
group was compared using the chi-square test for 
goodness of fit. A p value of < 0.05 was considered 
statistically significant.

Results
The clinical characteristics of the patients 

with and without cardiac sarcoidosis are 
shown in Table 1. Although the mean age of 
the patients with cardiac sarcoidosis was 9 
years greater than that of the patients without 
cardiac sarcoidosis, the difference was not 
significant. None of the patients without car-
diac sarcoidosis had previous heart failure, 
whereas six of the 11 patients with cardiac 
sarcoidosis had a history of heart failure. The 
markers associated with cardiac function 
(plasma BNP level; and abnormal findings 
on 12-lead ECG, 24-hour Holter ECG, or 
echocardiography) were significantly higher 
in patients with cardiac sarcoidosis than in 
those without cardiac sarcoidosis (p < 0.0001, 
p < 0.00001, p < 0.005, and p < 0.00005, re-
spectively). Other symptoms of the 11 pa-
tients with cardiac sarcoidosis included dys-
pnea (n = 4), chest pain (n = 2), syncope (n = 
1), and palpitations (n = 5). Two patients with 
cardiac sarcoidosis were asymptomatic. The 
representative ECG findings included atrio-
ventricular block (n = 6), ST-T wave abnor-
mality (n = 2), abnormal Q wave (n = 1), 
bundle branch block (n = 1), and premature 
ventricular contraction (n = 1). The MRI in-
dexes in patients with cardiac sarcoidosis 
were the LVEDV index (mean ± SD, 102 ± 
26 mL/m2), the LV ejection fraction (42% ± 
14%), and the sum of the hyperenhancement 
score (47 ± 22).

Representative MR images are shown in 
Figures 2 and 3. Ten of the 11 cardiac sarcoi-
dosis patients showed myocardial hyperen-
hancement (positive in 202 of 319 segments), 
whereas none of the 29 patients without car-
diac sarcoidosis showed hyperenhancement.

In patients with cardiac sarcoidosis, myo-
cardial hyperenhancement was significantly 
more extensive in the basal-side short axis 
slices than in the apical-side short axis slices 
(p < 0.0005, Fig. 4A). The extent of myocar-
dial hyperenhancement was not significantly 
different among the septal, anterior, lateral, 
and inferior walls in patients with cardiac 
sarcoidosis (Fig. 4B). Myocardial hyperen-
hancement was significantly more frequent 
in the subepicardial layers than in the suben-
docardial layers in cardiac sarcoidosis pa-
tients (p < 0.0001, Fig. 4C).

TABLE 1: Clinical Characteristics of the Patients With and Those Without 
Cardiac Sarcoidosis

Characteristic
Patients With Cardiac 

Sarcoidosis (n = 11)

Patients Without 
Cardiac Sarcoidosis 

(n = 29) p

Age (y), mean ± SD 54 ± 16 45 ± 16 NS

NYHA functional class, no. of patients

 I 5 29

 II 6 0

 III 0 0

 IV 0 0

Period after the diagnosis of sarcoidosis 
(mo), mean ± SD

22 ± 33 46 ± 45 NS

Pulmonary stage (I–IV), mean ± SD 1.1 ± 0.7 1.5 ± 0.6 NS

No. (%) of patients

 Treated with steroids after MRI study 10 (91) 3 (10) < 0.00001

 Palpitation 5 (45) 5 (13) NS

 Syncope 1 (9) 0 (0) NS

Angiotensin-converting enzyme (IU/L), 
mean ± SD

15 ± 11 24 ± 10 < 0.05

Brain natriuretic peptide (pg/mL), mean ± 
SD

137 ± 119 16 ± 14a < 0.0001

No. (%) of patients with abnormal 
findings on

 12-lead ECG 11 (100) 6 (21) < 0.00001

 Holter ECG 10 (91) 2 (7) < 0.005

 Echocardiography 9 (82) 3 (11) < 0.00005

Note—NS = not significant, NYHA = New York Heart Association.
aLevels were available for 22 of the 29 patients without cardiac sarcoidosis.
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In patients with cardiac sarcoidosis, 71 
myocardial segments showed transmural hy-
perenhancement (pattern B), and 131 myo-
cardial segments showed nontransmural hy-
perenhancement (patterns C–F, Table 2). 
Among the nontransmural patterns, subepi-
cardial layer–dominant hyperenhancement 
(pattern C) was the most frequent (p < 0.01).

Regional wall thickening and regional wall 
motion were significantly reduced in the seg-
ments with a hyperenhancement score of 4 
compared with segments with hyperenhance-
ment scores of 0–3 (p < 0.0001, Fig. 5A and 
p < 0.0001, Fig. 5B, respectively). Regional 
wall thickness did not differ significantly 
among the segments with different scores (Fig. 
5C). In patients with cardiac sarcoidosis, the 
sum of the hyperenhancement scores was sig-

nificantly correlated with the plasma concen-
tration of BNP and the LVEDV index (r = 0.75, 
p < 0.01, and r = 0.61, p < 0.05, respectively) 
and was negatively correlated with the LV 
ejection fraction (r = –0.76, p < 0.01; Fig. 6).

Discussion
Diagnosis of Cardiac Sarcoidosis by MRI

Delayed contrast-enhanced MRI with an 
inversion recovery technique detects infarct-
ed lesions with greater sensitivity and accu-
racy than conventional contrast spin-echo 
imaging [7]. Furthermore, because delayed 
contrast-enhanced MRI has higher spatial 
resolution than SPECT, it can detect small 
subendocardial infarcts often missed by 
SPECT [9]. In addition, in patients with car-
diac sarcoidosis, hyperenhancement of myo-

cardial lesions has been reported [11–13, 
19–21]. Recently, Smedema et al. [11] and 
Tadamura et al. [13] studied MR images from 
cardiac sarcoidosis patients; however, neither 
group of investigators statistically analyzed 
the extent or distribution of hyperenhance-
ment in cardiac sarcoidosis using delayed 
contrast-enhanced MRI with an inversion re-
covery technique. Furthermore, we have 
found no studies to date that examine the as-
sociation between hyperenhancement and 
LV global function or neurohumoral activa-
tion in cardiac sarcoidosis patients. For the 
first time, using delayed contrast-enhanced 
MRI with an inversion recovery technique, 
we have identified a characteristic distribu-
tion of hyperenhancement and a significant 
correlation between hyperenhancement and 

A B C

D E

Mid

Short Axis Slices

Basal Apical

F

Fig. 2—27-year-old man with cardiac sarcoidosis and intact coronary arteries on coronary angiography (patient 1).  Delayed contrast-enhanced MR images (A–C) 
and corresponding (by slice) cine MR images (D–F). Delayed contrast-enhanced MR images show apparent hyperenhancement that primarily involves basal side 
at interventricular septum, inferior wall, and lateral wall (arrowheads, A) and extends to inferior to lateral portions of mid slices and apical slices (arrows, B and C). 
Hyperenhancement is predominantly present in epicardial layer of myocardium. Wall with hyperenhancement does not show thinning and is of normal thickness on cine 
MR images.
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LV global function and increased plasma 
BNP in patients with cardiac sarcoidosis.

Our results indicate that cardiac sarcoido-
sis predominantly affects the basal myocar-
dium and the subepicardial layer. Moreover, 
the extent of myocardial hyperenhancement 
is significantly correlated with the plasma 
concentration of BNP and the LVEDV index 
and is negatively correlated with the LV 
ejection fraction.

The Mechanism of Myocardial  
Hyperenhancement in Cardiac Sarcoidosis

Delayed contrast-enhanced MRI is well 
established for visualizing lesions in patients 
with MI [7, 8]. Although the mechanism of 
myocardial hyperenhancement may differ 
between acute and chronic MI, hyperen-
hancement is associated with an increased 
volume of gadolinium chelates secondary to 
extracellular space expansion in acute MI 

and chronic myocardial lesions [7, 8]. Mahr-
holdt et al. [10] reported that the region of 
myocardial hyperenhancement was closely 
related to the histopathology of active myo-
carditis. They hypothesized that necrotic 
cells, characterized by ruptured membranes, 
may be responsible for hyperenhancement in 
patients with myocarditis.

Results from several studies have shown 
hyperenhancement of myocardial lesions in 

E F HG

A B C D

Mid

Short Axis Slices

Vertical Long
 Axis SlicesBasal Apical

Fig. 3—76-year-old woman with cardiac sarcoidosis and intact coronary arteries on coronary angiography (patient 6). Delayed contrast-enhanced MR images (A–D) and 
corresponding (by slice) cine MR images (E–H). Basal mid anterior wall with hyperenhancement shows decreased thickness of myocardium (arrowheads, E and F) on cine 
MR images. Arrows = hyperenhancement of myocardium. 

3

2

1

Av
er

ag
e 

Hy
pe

re
nh

an
ce

m
en

t
Sc

or
e 

(p
oi

nt
s)

0
Slice 1 Slice 2 Slice 3 Slice 4 Slice 5

Apex

p < 0.0005 by ANOVA

Base

2.0

2.5

1.5

1.5

1.0

Av
er

ag
e 

Hy
pe

re
nh

an
ce

m
en

t
Sc

or
e 

(p
oi

nt
s)

0.0
Septal Anterior Lateral Inferior

16

20

12

4

8

Av
er

ag
e 

 N
o.

 o
f

Hy
pe

re
nh

an
ce

d 
Se

gm
en

ts

0.0
Subepicardial Midmyocardial

Layer
Subendocardial

p < 0.0001 by ANOVA

A
Fig. 4—Localization of myocardial hyperenhancement, which was scored as follows: 0 = no hyperenhancement, 1 = 1–25%, 2 = 26–50%, 3 = 51–75%, and 4 = 76–100% 
hyperenhancement. Horizontal lines (“whiskers”) above each bar show standard error. ANOVA = analysis of variance.
A, Bar graph shows average hyperenhancement score for short axis slices. For slice 1, p < 0.05 versus slice 4 and p < 0.005 versus slice 5; for slice 2, p < 0.05 versus slice 5.
B, Bar graph shows average hyperenhancement score for each myocardial wall.
C, Bar graph shows average number of hyperenhanced segments in subepicardial, midmyocardial, and subendocardial layers per patient. For subepicardial layer, p < 0.05 
versus subendocardial layer.

CB

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 T

oh
ok

u 
U

ni
ve

rs
ity

 o
n 

03
/0

3/
17

 f
ro

m
 I

P 
ad

dr
es

s 
13

0.
34

.1
73

.6
9.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:191, September 2008 867

MRI of Cardiac Sarcoidosis

patients with cardiac sarcoidosis [11–13, 19– 
21]; however, histologic evidence showing 
hyperenhancement has not been reported in 
cardiac sarcoidosis patients to date. Pathologic 
studies have shown that the histologic features 
of cardiac sarcoidosis consist of nonspecific in-
flammatory changes such as infiltration of lym-
phocytes, interstitial edema, and damaged car-
diac myocytes, resulting in interstitial fibrosis 
or scarring [21]. We suspect myocardial hyper-
enhancement in cardiac sarcoidosis may share 
common histologic features with myocardial 
hyperenhancement in MI and myocarditis 
(i.e., scars and inflammatory changes).

In the present study, we found that myo-
cardial wall thickening and wall motion were 
decreased with an increase in hyperenhance-
ment score, as has been reported in patients 
with MI [22, 23], whereas wall thickness 
was not significantly decreased in extensive-
ly enhanced myocardial segments. Scarring 
in cardiac sarcoidosis is known to be associ-
ated with granulomatous changes [24], being 
quite different from that in MI, and thus it 
may not necessarily result in wall thinning.

The Topographic Localization of Myocardial 
Hyperenhancement

In the present study, the analysis of re-
gional myocardial hyperenhancement re-
vealed that myocardial lesions were fre-
quently located in the basal myocardium 
rather than in the apical myocardium. The 
localization of hyperenhancement in the bas-
al myocardium is consistent with earlier 
morphologic and pathologic studies showing 
the basal localization of sarcoid lesions [13, 
24]. Several echocardiographic studies have 
shown that the interventricular septum is fre-
quently affected in sarcoidosis [5, 25]; and in 
a necropsy study, Roberts et al. [24] reported 
that the LV-free wall was the most common 
location. In contrast, we did not find any sig-
nificant differences in the extent of hyperen-
hancement between the septal, anterior, lat-
eral, and inferior walls; this result may be 
explained by differences in the diagnostic 
techniques between the two studies. Echocar-
diography may be limited to showing the en-
tire LV myocardium because it is often better 
for depicting the interventricular septum 

than the LV-free wall. This approach could 
lead to a disproportionate detection of abnor-
malities in the interventricular septum.

The Intramural Localization of Myocardial 
Hyperenhancement

Echocardiography is unable to detect the 
intramural localization of sarcoid lesions. It 
is also difficult to identify the intramural lo-
calization of sarcoid lesions using SPECT or 
PET because of their limited spatial resolu-
tion. Delayed contrast-enhanced MRI with 
an inversion recovery technique has good 
spatial resolution and a good contrast ratio 
between diseased and normal myocardium, 
making it suitable for analyzing the intramu-
ral localization of small myocardial lesions 
[17]. We have found, using delayed contrast-
enhanced MRI, that the myocardial hyperen-
hancement in cardiac sarcoidosis was pre-
dominantly located transmurally or in the 
subepicardial layer of the LV myocardium. 
This relatively higher frequency of subepi-
cardial involvement is consistent with the 
results of an autopsy study [4] and a recent 
MRI study of patients with myocarditis [10].

Although the cause of sarcoidosis is un-
known, histology of sarcoid lesions shows a 
variety of inflammatory cells [4, 26]. We 
speculate that the relatively frequent local-
ization of hyperenhancement in the subepi-
cardial layer might represent a characteristic 
feature of inflammatory myocardial diseases 
distinct from ischemic heart disease, in 
which preferential hyperenhancement of the 
subendocardial layer has been repeatedly re-
ported [7, 8].

Correlations Between Hyperenhancement and 
LV Enlargement and LV Systolic Dysfunction

In the present study, the extent of hyperen-
hancement was significantly correlated with 

TABLE 2: Patterns of Myocardial Hyperenhancement in 11 Patients with  
Cardiac Sarcoidosis

Myocardial Enhancement Patterns
No. of Enhanced 

Segments

None (pattern A) 117

Transmural (pattern B) 71

Nontransmural (patterns C–F)

Hyperenhancement patterns

Subepicardial layer dominant (pattern C) 89

Mid myocardial layer dominant (pattern D) 17

Subendocardial layer dominant (pattern E) 21

Hyperenhancement of subepicardial and subendocardial layers (pattern F) 4

Total 319
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the LVEDV index and was negatively corre-
lated with the LV ejection fraction. These 
results may be analogous to the observation 
that infarct size is one of the most important 
determinants of LV enlargement and LV sys-
tolic dysfunction after MI [27]. The extent of 
hyperenhancement was positively correlated 
with plasma BNP level, which is correlated 
with the extent of ventricular dysfunction 
[28], development of cardiac arrhythmias 
[29], and long-term survival [15] in patients 
with heart failure. Although the mechanism 
of myocardial hyperenhancement in patients 
with cardiac sarcoidosis is not fully under-
stood, these results suggest that the extent of 
hyperenhancement may be related to impaired 
LV function in cardiac sarcoidosis, as seen in 
patients after MI. In support of this theory, 
the plasma concentration of BNP has recently 
been reported to be a useful marker for identi-
fying patients with cardiac sarcoidosis [30].

Clinical Implications
Our results suggest that delayed contrast-

enhanced MRI with an inversion recovery 
technique is useful for diagnosing myocardial 
lesions in patients with cardiac sarcoidosis 
and that the myocardial lesions are predomi-
nantly localized in the basal and subepicardial 
myocardium. Localization of myocardial hy-
perenhancement to these regions may be a 
characteristic feature of cardiac sarcoidosis 
and may be useful for differentiating cardiac 
sarcoidosis from MI, which typically shows 
preferential hyperenhancement of the suben-
docardial layer [7, 8]. Although cardiac MRI 
is a useful tool for assessing myocardial 
damage and cardiac function in patients with 
clinically suspicious cardiac sarcoidosis, 
MRI is not indicated for evaluating those 
with sarcoidosis and no clinical signs of car-
diac involvement. Because our results show 

that the sum of the hyperenhancement scores 
significantly correlated with LV function, 
more extensive hyperenhancement may indi-
cate worsened LV function in patients with 
cardiac sarcoidosis. The long-term prognosis 
of patients with and those without cardiac 
sarcoidosis was not evaluated in the present 
study and needs further study.

Study Limitations
We could not obtain histologic confirma-

tion of myocardial sarcoid lesions in indi-
vidual patients; therefore, it remains unclear 
whether subacute or chronic myocardial sar-
coid lesions might have influenced LV func-
tion parameters and plasma levels of BNP.

Our MRI protocol did not include T2-
weighted MRI, which has been shown to be 
useful for detecting the acute inflammatory 
process of myocardial sarcoidosis in patients 
with cardiac sarcoidosis [20]. Thus, a combi-
nation of segmented inversion recovery gra-
dient-echo pulse sequences and T2-weighted 
sequences might provide increased sensitiv-
ity for detecting myocardial sarcoid lesions 
compared with our imaging protocol.

The relationship between the presence of 
heart failure in patients with cardiac sarcoi-
dosis and the MRI findings was not assessed 
in this study because MRI was performed 
after the patients had been clinically stabi-
lized by treatment for heart failure.

Conclusion
In patients with cardiac sarcoidosis, le-

sions detected by delayed contrast-en-
hanced MRI were predominantly localized 
in the basal side of the myocardium and 
tended to show subepicardial or transmural 
involvement. Hyperenhancement may be re-
lated to LV dysfunction in patients with car-
diac sarcoidosis.
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aPPEndIX 1: diagnosis of Cardiac sarcoidosis according to the Japanese ministry of Health and Welfare  
Guidelines [16]

Histologic diagnosis group
 Cardiac sarcoidosis is diagnosed when histologic analysis of operative or endomyocardial biopsy specimens shows epithelioid granuloma 

without caseating granuloma.

Clinical diagnosis group
 In patients with a histologic diagnosis of extracardiac sarcoidosis, cardiac sarcoidosis is diagnosed when item (a) and one or more items 

(b–e) are present:
(a) Complete right bundle branch block, left-axis deviation, atrioventricular block, ventricular tachycardia, premature ventricular  

contraction (> grade 2 in Lown’s classification), or abnormal Q or ST-T change on ECG or Holter ECG
(b) Abnormal wall motion, regional wall thinning or thickening, or dilatation of left ventricle on echocardiography
(c) Perfusion defect seen on 201Tl myocardial scintigram or abnormal accumulation of radioisotope in 67Ga citrate or 99mTc pyrophos-

phate myocardial scintigraphy
(d) Abnormal intracardiac pressure, low cardiac output, or abnormal wall motion or depressed ejection fraction of left ventricle
(e) Interstitial fibrosis or cellular infiltration over moderate grade in endomyocardial biopsy even if findings are nonspecific
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