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Background. The aim of this study was to determine whether right ventricle (RV) '*F-
fluorodeoxyglucose (FDG) uptake can predict positive findings of endomyocardial biopsy
(EMB) in patients with cardiac sarcoidosis (CS).

Methods. 70 consecutive patients with clinically diagnosed CS who had undergone FDG PET
were registered in the present study. Patients without EMB (n = 42) were excluded. Ultimately, 28
patients were studied. EMB samples were obtained from the RV septum. We evaluated the FDG
uptake on six segments (RV, left ventricle anterior, septal, lateral, inferior, and apex).

Results. Positive EMB was found in six patients (21 %). Patients were divided into two groups
according to positive (n = 12 [43%]) or negative (n = 16 [57%]) RV FDG uptake. Patients with
positive RV FDG uptake had a significantly higher frequency of positive EMB than those without
42% vs. 6%, P = 0.024). On the other hand, there was no EMB-predictive value for the FDG
uptakes in the other five segments, the cardiac metabolic volume, total lesion glycolysis, left
ventricular ejection fraction, or any electrocardiogram findings.

Conclusions. FDG uptake of the RV but no other heart segment was associated with positive
EMB in CS patients. The presence of RV FDG uptake could improve the rate of positive EMB up
to 42% in patients with CS. (J Nucl Cardiol 2020;27:2135-43.)
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Abbreviations

CMV Cardiac metabolic volume

CS Cardiac sarcoidosis

EMB Endomyocardial biopsy

FDG "®E_fluorodeoxyglucose

LV Left ventricle

LVEF Left ventricular ejection fraction
PET Positron emission tomography
RV Right ventricle

Suv Standardized uptake value
TLG Total lesion glycolysis

See related editorial, pp. 2144-2148

INTRODUCTION

Sarcoidosis is a systemic granulomatous disease
that affects multiple organs, including the heart, lung,
lymph node, skin, eyes, and central nervous system.’
The presence of cardiac sarcoidosis (CS) has been
recognized as a determinant of worse clinical outcomes
such as atrioventricular block, ventricular arrhythmias,
congestive heart failure, and sudden death, either alone
or those combinations.”> Therefore, cardiac involve-
ment should be detected earlier and treated as soon as
possible because corticosteroid therapy is effective for
CS patients with a preserved left ventricular ejection
fraction (LVEF) before left ventricle (LV) dysfunction
develops.™” However, it is often difficult to diagnose CS
accurately because the sampling error of endomyocar-
dial biopsy (EMB) is associated with a low sensitivity in
the detection of epithelioid granuloma.®’

®E_fluorodeoxyglucose (FDG) positron emission
tomography (PET) is a useful modality for detecting
active inflammatory lesions associated with sarcoidosis
with a high sensitivity.®'° Especially, the presence of
right ventricle (RV) FDG uptake may reflect the spread
of disease activity. In fact, suspected CS patients who
had RV FDG uptake showed a greater number of LV-
involved segments and met the Japan Ministry of Health
and Welfare (JMHW) diagnostic criteria more fre-
quently.'" Moreover, RV FDG uptake has been known
to be a predictor of death or ventricular tachycardia in
CS patients.2 Therefore, FDG PET has been used
worldwide for diagnosis, assessment of disease activity,
and even a prediction of adverse events for patients with
CS. A recent study demonstrated that FDG PET-guided
sampling of mediastinal lymph nodes is useful for
diagnosing pathohistology in CS patients,'* suggesting
that FDG PET-guided sampling of EMB may also be
useful.

Accordingly, the aim of this study was to determine
whether RV FDG uptake could predict positive EMB in
CS patients.
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MATERIALS AND METHODS

Study Design

This was a single-center, observational, retrospective
study that included consecutive patients with a diagnosis of CS
between March 2011 and April 2018. CS was defined as
meeting the Guidelines for Diagnosis and Treatment of
Cardiac Sarcoidosis (Japanese Circulation Society 2016)."
The study protocol was approved by the Ethics Committee of
Hokkaido University Hospital (IRB No. 017-0446). The
investigation conformed with the principles outlined in the
Declaration of Helsinki.

Study Population

We retrospectively registered 70 consecutive patients,
who underwent '*F-FDG PET between March 2011 and April
2018, diagnosed as CS. Patients without EMB (n = 42) were
excluded. Ultimately, 28 patients (histological diagnosis group
[n = 5], clinical diagnosis group [n = 19], isolated CS group
[n = 4]), which was defined as meeting the Guidelines for
Diagnosis and Treatment of Cardiac Sarcoidosis [Japanese
Circulation Society 2016]13) who underwent EMB were
included in this study (Figure 1).

EMB Procedure

All EMB procedures were performed via the femoral
approach under fluoroscopic image guidance and echocardio-
graphy support. In some cases, right ventriculography support
was used. A 5.5-Fr long curved sheath (95 cm, MEDIKIT) was
placed in the RV, and the head of the bioptome was placed in
the middle of the interventricular septum. All EMB procedures
were performed by two experienced operators. Harvested
myocardial tissue specimens were fixed in 10% buffered
formalin. Histologic evaluation was performed by two expert
pathologists. We defined as ‘‘positive EMB’’ if non-caseating
epithelioid granulomas was confirmed in the myocardial tissue.

Echocardiography

Echocardiography was performed using either an Aplio
Artida® SSH-88-CV or Aplio® SSA-770A (Toshiba Medical
Systems, Tochigi, Japan). The LVEF was calculated from
apical four- and two-chamber views using the biplane method
of disks.'* Abnormal wall motion, regional wall thinning or
thickening, and ventricular aneurysm were considered abnor-
mal for ultrasound cardiography based on the Guidelines for
Diagnosis and Treatment of Cardiac Sarcoidosis (Japanese
Circulation Society 2016)."* Echocardiography data were
evaluated by two experienced cardiologists.

'SE_FDG PET Imaging

All patients fasted for a median of 20 (inter quartile range
[IQR] 18 to 21) hours before FDG PET studies to reduce



Journal of Nuclear Cardiology®
Volume 27, Number 6;2135-43

Consecutive patients with clinically diagnosed CS who had undergone
8F-FDG PET were registered between March 2011 and April 2018. (n = 70)

Excluded:
No data of cardiac biopsy (n = 42)

Study population (n = 28)
Histopathological diagnosis group (n =5)
Clinical diagnosis group (n = 19)

Isolated CS (n = 4)

E—

EMB positive EMB negative
(n=6) (n =22)

Figure 1. Flow diagram of present study. CS, cardiac sar-
coidosis; EMB, endomyocardial biopsy; F-FDG, 'SF-
fluorodeoxyglucose; PET, positron emission tomography.

physiological myocardial uptake of FDG.'>'® The previous
study showed that Group A (6 hours fast) showed a higher
percentage of diffuse LV uptake than did group B (18 hours)
(27.6 vs 0.0%, P = 0.0041).17 In this study, there were seven
patients (25%) taking low-carbohydrate diet preparation on
suppressed physiological myocardial '®F-FDG uptake. All
these patients showed reduced physiological FDG uptake.
However, there were 21 (75%) patients who did not take low-
carbohydrate diet. The patients with RV FDG uptake had
perfusion defect on SPECT and/or delayed enhancement of
magnetic resonance imaging. Accordingly, there would be not
physiological RV FDG uptake in this cohort. PET imaging was
performed using a Biograph® 64 TruePoint with TrueV
PET/computed tomography (CT) scanner (Siemens Japan,
Tokyo). Low-dose CT for PET/CT was performed for atten-
vation correction. Scans were performed 60 min after the
administration of 242.6 + 52.3 MBq of FDG. Fasting plasma
glucose level was measured before '®F-FDG injection (mean
92.7 = 14.7 mg/dl).

Acquired images were resliced into a series of short-axis,
horizontal long-axis, and vertical long-axis images. The LV
and RV FDG uptake were defined as being positive when it
was detected visually by two nuclear medicine physicians
independently. We use the program in a public website (www.
metavol.org), which has been use for performing SUV anal-
ysis.l&19 Cardiac metabolic volume (CMV) was defined as the
volume within the boundary determined by the threshold (SUV
mean of blood pool x 1.5)." Total lesion glycolysis (TLG)
was calculated by multiplying CMV by mean SUV.*" We
evaluated the FDG uptake on 6 segments (RV, LV anterior,
septal, lateral, inferior, and apex). Two nuclear medicine
physicians independently evaluated the LV and RV myocardial
FDG images blinded to EMB result. Discordant interpretations
were evaluated by a third observer (N.M.).

To evaluated with a second FDG PET after initiation of
immunosuppressive therapy, we assessed SUV %change which
was calculated as follows: (SUV [baseline]-SUV [after treat-
ment]) x 100/SUV [baseline]. Furthermore, we assessed LV
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and RV SUVmax change between baseline and after treatment
in cases of FDG RV uptake or not.

Statistical Analysis

Continuous variables are presented as means + SDs when
normally distributed, and as medians and IQRs when non-
normally distributed. Parameters were compared between
groups with and without events using an unpaired ¢ test or
Mann-Whitney U test for continuous variables and a Chi-
squared test or Fisher’s exact test for dichotomous variables, as
appropriate. The changes of SUVmax between baseline and
after treatment were evaluated by Wilcoxon rank sum test.

The cumulative incidence of the composite of adverse
events including advanced atrioventricular block, ventricular
tachycardia or ventricular fibrillation, heart failure hospital-
ization, and cardiac death was estimated by Kaplan—Meier
analysis, and log-rank test was performed to assess significance
according to the presence of RV FDG uptake. To evaluate the
influence of FDG uptake on the result of EMB, we constructed
a univariate logistic regression model.

All tests were two tailed, and a value of P < 0.05 was
considered statistically significant. All analyses were per-
formed with JMP Pro® 13.0 (SAS Institute, Cary, NC, USA).

RESULTS

Patient Characteristics

Baseline characteristics are shown in Supplemen-
tary Table S1, which differed between the study cohort
and exclude patients. The clinical characteristics of all
28 subjects are shown in Table 1. Patients were divided
into two groups according to positive (n = 12 [43%]) or
negative (n =16 [57%]) RV uptake on FDG PET.
Positive EMB was found in 6 patients (21%). Patients
with positive RV FDG uptake had significantly higher
frequency of positive EMB than those without (Fig-
ure 2). The group with positive RV FDG uptake had
significantly higher levels of serum brain-type natri-
uretic peptide and angiotensin-converting enzyme.
There was no difference in age, sex, heart rate, systolic
blood pressure, comorbidities, cardiac sign of symp-
toms, electrocardiogram abnormalities, or
echocardiography findings. There was no relation
between extracardiac FDG uptake and the results of
EMB (Supplementary Tables S2, S3) and/or the pres-
ence of RV FDG uptake in this cohort. Twenty-three
(82%) patients underwent myocardial perfusion SPECT
with ™ Tc-MIBI. Perfusion defects on SPECT were
found in 18 in these patients. There was no significant
difference between patients with RV FDG uptake group
and those without (82% vs 75%, P = 0.69). There were
no complications associated with EMB in the present
study.


http://www.metavol.org
http://www.metavol.org
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Table 1. Clinical profiles of the patients showing RV uptake

Overall RV uptake (+) RV uptake (—)
(n = 28) (n=12) (n=10) P value

Age, years 628 +11.4 64.5 £ 10.0 61.6 £ 12.6 .51
Female, n (%) 24 (80) 10 (83) 14 (88) .76
HR (bpm) 67 = 14 62 + 15 70 £ 15 1
SBP (mmHg) 1164 + 27.3 119.8 £ 34.0 1139+ 218 .58
Diabetes, n (%) 2 (7) 0 (0) 2(13) .20
CAD, n (%) 3(11) 1(8) 2 (13) 72
Extracardiac involvements

Lung, n (%) 22 (79) 8 (67) 14 (88) .18

Eye, n (%) 13 (46) 5 (42) 8 (50) .66

Skin, n (%) 1(4) 0 (0) 1 (6) .38
Cardiac sign and symptoms

Syncope, n (%) 6(21) 2(17) 4 (25) .59

Heart failure, n (%) 20 (71) 10 (83) 10 (63) .23

Palpitation, n (%) 9 (32) 3 (25) 6 (38) 48

Ventricular tachyarrhythmia, n (%) 8 (29) 4 (33) 4 (25) .63

No sign and symptoms, n (%) 8 (29) 2(17) 6 (38) .23
Electrocardiogram abnormalities

Advanced AV block, n (%) 14 (50) 6 (50) 8 (50) 1.0

Left axis deviation, n (%) 7 (25) 3 (25) 4 (25) 1.0

PVC (> grade 2), n (%) 3(11) 1(8) 2 (13) 72
Echocardiography findings

VS wall thinning, n (%) 18 (64) 9 (56) 9 (75) .31

Regional wall motion abnormality, n (%) 22 (79) 10 (83) 12 (75) .59

Ventricular aneurysm, n (%) 3(11) 1(8) 2 (13) 72

LVEF, % 447 + 13.8 46.8 + 15.2 432 + 129 .51
Biochemistry

BNP (pg/mL) 115 (50.6-323) 255 (93.8-548) 86.9 (28.6-149) .031

ACE (IU/L) 12.0 £ 5.7 149 + 3.2 10.1 £ 6.3 .028

Lysozyme (ng/mL) 8.0 26 78 +3.4 8.2+22 .75

sIL2-R (ug/mL) (n = 26) 452 (306-588) 569 (398-599) 442 (266-512) .21

Values are mean = standard deviation or as median (interquartile range) or number (proportion, %)

ACE, angiotensin-converting enzyme; AV, atrioventricular; BNP, brain-type natriuretic peptide; CAD, coronary artery disease; EMB,
endomyocardial biopsy; HR, heart rate; sI[L2-R, serum interleukin-2 receptor; IVS, interventricular septum; LVEF, left ventricular
ejection fraction; PVC, premature ventricular contraction (> grade 2 in Lown’s classification); RV, right ventricle; SBP, systolic

blood pressure

PET Variables of the Patients with RV FDG
Uptake

PET variables of the patients with RV FDG uptake
are shown in Table 2. CMV, TLG, LV SUVmax, and
frequency of LV lateral or septal FDG uptake were
significantly higher in patients with RV FDG uptake
than in those without. Furthermore, the frequency of LV
anterior and apex FDG uptake tended to be higher in
patients with RV FDG uptake than in those without, but
the difference did not reach statistical significance.

FDG Uptake and the Result of EMB

Positive RV FDG uptake was associated with
positive EMB in our CS patient series (Table 3, odds
ratio 10.7, 95% confidence interval 1.39 to 227,
P =0.046). On the other hand, there was no predictive
value regarding positive EMB for FDG uptakes in the
other five segments, CMV, TLG, LVEF, electrocardio-
gram findings, or any blood tests.
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RV DG Uptake and Clinical Outcome (The
Study Cohort Plus the Excluded Patients
[n = 70])

During a median follow-up period after the first
PET (median, 42 months; IQR 27 to 60 months),
adverse events occurred in 13 patients (20%), including
2 advanced atrioventricular block, 5 ventricular tachy-
cardia or ventricular fibrillation, 5 heart failure
hospitalization, and 1 cardiac death in the study group
and the excluded group (n = 70). Kaplan—Meier analysis
revealed that composite adverse those events more
frequently occurred in patients with RV FDG uptake
compared to those without (36% vs 7%, log-rank;
P = 0.006, Supplementary Figure 1).

P=0.024

(%)
100 -
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8 EMB positive

Frequency
S [=2] -]
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N
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(n=12)

)
(n=16)

RV uptake

Figure 2. Relationships between RV FDG uptake and EMB
results. EMB, endomyocardial biopsy; FDG, fluorodeoxyglu-
cose; RV, right ventricle.
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The Evaluation with a Second FDG PET After
Initiation of Inmunosuppressive Therapy

There were 21 (75%) patients evaluated with a
second FDG PET after initiation of immunosuppressive
therapy. There was no difference in response assessed
by SUV %change to immunosuppressive therapy in both
patients with RV FDG uptake and those without (77% vs
76%, P = 0.93). In addition, there was also no difference
in both patients with positive EMB and those without
(89% vs 73%, P = 0.40). There would be no relation of
the response to immunosuppressive therapy in patients
with FDG uptake in the RV and/or positive EMB in this
cohort. Furthermore, we assessed LV SUVmax (Fig-
ure 3A, B) and RV SUVmax (Figure 3C) changes
between baseline and after treatment in cases of FDG
RV uptake or not. There were significant improvements
after initiation of immunosuppressive therapy in all the
three groups. Representative cases from the groups with
and without RV FDG uptake are shown in Figure 4.

DISCUSSION

The major findings of the present study were that
patients with RV FDG uptake had significantly greater
CMV, TLG, LV SUVmax, and LV involvement than
those without, suggesting that RV involvement indicates
the spread of disease activity into the whole heart.
Accordingly, RV FDG uptake could predict positive
EMB in CS patients.

A previous study found that five of six patients with
focal RV FDG uptake had positive EMB results for

Table 2. PET variables of the patients with RV uptake

Overall RV uptake (+) RV uptake (—)
(n = 28) (n=12) (n =106) P value
CMV, ml 56.4 (2.6-119) 93.8 (72.0-196) 4.7 (0.6-73) .003
TLG, ml 222 (7.3-482) 395 (283-887) 17.3 (1.7-185) .002
LV SUVmax 6.9 + 3.6 9.3+3.0 5.0+ 3.0 < .001
LV anterior uptake, n (%) 16 (57) 9 (75) 7 (44) .098
LV lateral uptake, n (%) 16 (57) 10 (83) 6 (38) .015
LV inferior uptake, n (%) 16 (57) 7 (58) 9 (56) 91
LV apex uptake, n (%) 16 (57) 9 (75) 7 (44) .098
LV septum uptake, n (%) 22 (79) 12 (100) 10 (63) .017
Extracardiac FDG uptake
Lung, n (%) 17 (61) 8 (67) 9 (56) .58
Lymph node, n (%) 25 (89) 12 (100) 13 (81) a1
Skin, n (%) 2 (7) 1(8) 1(6) .83
Others, n (%) 7 (25) 3 (25) 4 (25) 1.0

Values are mean * standard deviation or as median (interquartile range) or number (proportion, %)
CMV, cardiac metabolic volume; FDG, fluorodeoxyglucose; LV, left ventricle; PET, positron emission tomography; SUV,
standardized uptake value; TLG, total lesion glycolysis; other abbreviations as in Table 1
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Table 3. Univariate analysis of predictor of positive EMB

Variable OR (95% CI) P value
Age, per 1 year 1.03 (0.95-1.13) .51
RV uptake 10.7 (1.39-227) .046
LV anterior uptake 0.69 (0.11-4.50) .69
LV lateral uptake 1.67 (0.25-11.1) .60
LV inferior uptake 1.67 (0.25-11.1) .60
LV apex uptake 0.69 (0.11-4.50) .69
LV septum uptake 1.47 (0.17-31.6) .75
RV SUVmax 0.92 (0.71-1.19) .50
LV SUVmax 0.91 (0.69-1.18) .48
CMV, per 1 ml 1.00 (0.99-1.01) .66
TLG,per 10 g 1.00 (0.98-1.04) .63
Advanced AV block 1.00 (0.15-6.48) 1.0
Left axis deviation 0.53 (0.03-4.31) .60
PVC (> grade 2) 2.00 (0.08-25.5) .60
IVS wall thinning 0.29 (0.01-2.21) .29
Regional wall motion abnormality 2.25 (0.25-16.8) 43
LVEF per 1% 1.02 (0.95-1.11) .58
ACE, per 1 IU/L 0.88 (0.67-1.05) .23
Log BNP, per 1 pg/mL 0.17 (0.02-1.11) .09

Cl, confidence interval; OR, odds ratio; other abbreviations as in Tables 1 and 2

A RV FDG uptake- B RV FDG uptake+

15 P<0.001 15 P<0.001
= 10 % 10
£ £
3 3
»n 5 »n 5
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LV SUVmax LV SUVmax

C RV FDG uptake+
15 P<0.001

10

4

Baseline  After treatment

RV SUVmax

SUV max

Figure 3. Changes in LV and RV SUVmax after initiation of
immunosuppressive therapy. (A) LV SUVmax in case of
patients without RV FDG uptake. (B) LV SUVmax in case of
patients with RV FDG uptake. (C) RV SUVmax in case of
patients with RV FDG uptake. Vertical bars represent medians
with interquartile ranges. Open circle; EMB positive, close
circle; EMB negative.

sarcoidosis.> Our study was consistent with this and
extended to new findings that RV was the only predictor
of positive EMB. FDG uptake of the other five heart
segments, as well as CMV, TLG, LVEF, electrocardio-
gram findings, and any blood tests, had no predictive
value in our larger cohort. These results would be based
on the fact that patients with positive RV FDG uptake
had significantly high levels of CMV, TLG, LV SUV-
max, and high frequency of LV FDG uptake in other
regions, suggesting that epithelioid granuloma might be
widely distributed in cases of positive RV FDG uptake.
In previous autopsy cases, patients who died of CS more
frequently had RV regional involvement than those who
died of another cause.?’ Another study showed that RV
FDG uptake was more common in patients who also
have findings suggestive of suspected systemic sar-
coidosis.?* It would imply that RV involvement occurs
in the advanced stages of sarcoidosis. In the current
study, all 12 patients with RV FDG uptake also showed
similar LV wall uptake. Furthermore, composite adverse
cardiac events were more frequently occurred in patients
with RV FDG uptake compared to those without.

In the EMB for diagnosis CS, sampling errors are
associated with a low sensitivity in the detection of
epithelioid granuloma.”** In previous studies, the CS-
diagnostic value of EMB showed a sensitivity no better
than 20% to 30%.%° On the other hand, accumulation of
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Figure 4. Representative case from the group with RV FDG uptake. Maximum intensity projection
view of the '®F-FDG PET (A), axial views at cardiac level (B), short-axis view at mid-ventricle
level (C), horizontal long-axis view at upper ventricle level (D) are presented. FDG PET shows
significant focal accumulation in the RV wall (SUVmax 5.1). In addition, EMB identified the
presence of granulomas consistent with the diagnosis of sarcoidosis, Hematoxylin—Eosin (E),
Elastica-Masson (F). Representative case from the group without RV FDG uptake. Maximum
intensity projection view of the '®F-FDG PET (G), axial views at cardiac level (H), short-axis view
at mid-ventricle level (I), horizontal long-axis view at upper ventricle level (J) are presented. FDG
PET shows significant focal accumulation in the LV septum (SUVmax 10.0). In addition, EMB did
not identify the presence of granulomas consistent with the diagnosis of sarcoidosis, Hematoxylin—

Eosin (K), Elastica-Masson (L).

FDG in mediastinal lymph nodes on PET in patients
with CS was shown to provide a reliable guide for
diagnostic biopsies.'? In that study, 24 patients under-
went mediastinoscopy for sampling of PET-positive
mediastinal lymph nodes, and microscopy revealed
diagnostic non-caseating granulomatous inflammation
in 24 of the 24 cases (sensitivity 100%). Another case
study reported that abnormal FDG uptake corresponded
to active granulomatous sarcoid lesions on autopsy.”’
The distribution of sarcoid lesions in the heart corre-
sponds with that of FDG uptake. These findings might
indicate that lesions showing FDG uptake in patients
with CS might provide a reliable source for diagnostic
biopsies.

There are some complications resulting from the
EMB procedure. Major complications have included
death, pericardial tamponade, advanced atrioventricular
block requiring permanent pacemaker implantation, and
severe tricuspid valve damage. There are also minor
complications including chest pain, access site hemato-
mas, arrhythmias, and small pericardial effusions.?®?° A
previous study reviewed EMB-related complications,
and reported rates varying from 0.71% to 9.2%.>° Thus,
the sensitivity of EMB for diagnosis CS is low but many
serious complications have been reported. Because
negative RV uptake was highly associated with very
low rate of positive EMB (only one patient out of
sixteen), we might be able to select other organs than the
heart for biopsy site as a first choice in negative RV
FDG uptake patients. In the Guidelines for Diagnosis

and Treatment of Cardiac Sarcoidosis (Japanese Circu-
lation Society 2016),"? either myocardial or extracardiac
histology of non-caseating granulomatous inflammation
has been mandatory in addition to clinical manifesta-
tions and findings at cardiac imaging compatible with
CS. In brief, EMB is not always necessary to diagnosis
CS when histological diagnosis is done in other organs.
Although a previous case study reported that the use of
electroanatomic mapping-guided EMB can be decisive
in achieving a CS diagnosis,’' there has been no report
that FDG PET-guided EMB has been shown to be useful
for biopsy-proven CS.

STUDY LIMITATIONS

There are several potential limitations of the present
study which should be acknowledged. First, this was a
single-center study with a relatively small sample size,
thereby limiting our ability to generalize the findings
and reducing the statistical power for detecting differ-
ences in negative data. However, a similar sample size
was used in previous studies evaluating active inflam-
matory lesions associated with sarcoidosis using FDG
PET.® This is reasonable because FDG PET measure-
ments can detect active inflammatory lesions associated
with sarcoidosis with a high sensitivity.*'® Despite the
relatively small sample size, positive RV FDG uptake
was associated with positive EMB in our CS patient
series. In this regard, a larger-scale multi-center study is
warranted to confirm the relationship between FDG
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uptake of RV and the result of EMB in patients with CS.
Second, there was unavoidable selection bias in our
study because many patients in the study population had
to be excluded. In fact, baseline characteristics differed
between patients who underwent EBM and those with-
out (Supplementary Table S1). The rate of extracardiac
positive biopsy of patients without EMB was signifi-
cantly higher than study patients (90% vs 61%,
P = 0.029). Furthermore, patients with EMB had higher
rate of intraventricular septum wall thinning, lower
LVEF, higher BNP, higher CMV, and higher TLG
compared to patients without EMB, which indicates that
there is the significant selection bias for the choice of
EMB in this study. These results reflect that cardiolo-
gists might tend to perform EMB in patients with
advance stage of CS. Nonetheless, high rate of sampling
error is still existed in patients with CS, especially CS
without RV involvement.

CONCLUSIONS

FDG uptake of RV, but not of other regions, was
associated with positive EMB in CS patients. The
presence of RV FDG uptake could improve the rate of
positive EMB up to 42% in patients with CS.

NEW KNOWLEDGE GAINED

The present study showed that CS patients with RV
FDG uptake had significantly greater CMV, TLG, LV
SUVmax, and LV involvement than those without. RV
FDG uptake would indicate the spread of disease
activity into the whole heart and the advanced stages
of sarcoidosis. Accordingly, in CS patients with RV
involvement, EMB could tend to be positive.
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