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Abstract
Purpose Cardiac involvement in sarcoidosis is one of the
leading causes of death associated with abnormalities of the
conduction system. 18F-FDG PET is useful for detecting
inflammatory lesions in cardiac sarcoidosis. However, the
relationship between ECG abnormalities and focal 18F-FDG
uptake has not been studied. The aim of this study was to
evaluate the relationship between electrocardiogram (ECG)
abnormalities and the location of elevated myocardial 18F-
FDG uptake in patients with sarcoidosis.
Methods Included in the study were 50 patients (56.3±
14.9 years old) with histologically proven sarcoidosis with

suspected cardiac involvement based on ECG or echocardi-
ography. All patients had fasted for at least 6 h and were
given unfractionated heparin (50 IU/kg) intravenously to
reduce the physiological 18F-FDG uptake in the myocardi-
um. The left ventricle (LV) wall was divided into 17 seg-
ments by visual analysis. Obvious accumulation in each
segment was defined as positive.
Results Of the 50 patients, 33 showed some ECG abnormal-
ities, including atrioventricular (AV) block in 13. Patients with
abnormal ECG findings had a higher number of regions with
18F-FDG uptake than patients without ECG abnormality
(3.48±2.73 vs. 1.41±2.09 regions, p=0.0051). Among ECG
abnormalities, the predictor for interventricular septum wall
18F-FDG involvement was AV block (p=0.0025).
Conclusion Patients with ECG abnormalities showed a
higher number of abnormal 18F-FDG myocardial uptake
regions than patients without ECG abnormalities. In particu-
lar, focal 18F-FDG uptake in the interventricular septum in
cardiac sarcoidosis was associated with AV block. Therefore,
determination of regional 18F-FDG distribution might contrib-
ute to patient management in cardiac sarcoidosis.
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Introduction

Sarcoidosis is a noncaseating granulomatous disease of un-
known aetiology and multiorgan involvement, commonly
found in young and middle-aged adults. The incidence of
sarcoidosis varies widely due to differences in environmental
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risk factors and genetic factors [1, 2]. Cardiac involvement in
sarcoidosis is associated with morbidity and death. Although
the number of patients with cardiac involvement is considered
to be limited, recent studies have indicated that it might be one
of the major causes of death in sarcoidosis [3]. The severity of
cardiac involvement depends on the location and extent of the
granulomatous lesions [4, 5]. Clinical manifestations include
left ventricular (LV) dysfunction and arrhythmia such as ven-
tricular tachyarrhythmia and conduction disturbance [3, 6].
Previous studies have indicated the possibility of recovery
from atrioventricular (AV) nodal dysfunction after steroid
therapy [7–10]. However, most patients with advanced AV
block are treated by permanent pacemaker implantation. Such
a solution is a problem, especially in young patients [11, 12].

Recently diagnosis using 18F-FDG PET has been consid-
ered useful given its high sensitivity for cardiac lesion
detection [13–17]. Accumulation of 18F-FDG is associated
with an active inflammatory process, thus allowing the
activity of inflammatory disease to be evaluated [18–20].
Takeda et al. found that cardiac 18F-FDG uptake was asso-
ciated with conduction disturbance in a patient with cardiac
sarcoidosis [9]. Being able to pinpoint the location of 18F-
FDG uptake might provide great benefits in treatment plan-
ning, particularly when the lesion involves the conduction
system [21]. To the best of our knowledge, there has been no
study evaluating the relationship between the location of
abnormal myocardial 18F-FDG uptake and ECG abnormal-
ities. The aim of this study was to evaluate the association
between cardiac segmental 18F-FDG uptake and ECG ab-
normalities in patients with sarcoidosis.

Materials and methods

Study population

From January 2003 to March 2011, 67 patients with histo-
logically proven sarcoidosis with suspected cardiac involve-
ment because of ECG or echocardiographic abnormalities
were prospectively involved in this study. Prior to the pres-
ent study, none of the patients had been diagnosed as having
cardiac involvement sarcoidosis. Cardiac involvement was
defined based on the Japanese Ministry of Health and
Welfare (JMHW) guidelines for diagnosing cardiac sarcoid-
osis (Table 1) [22].

We did not include patients with a history of coronary
artery disease or any other known heart disease such as
myocarditis or other cardiomyopathies in this study. To
exclude patients with coronary artery disease, we performed
additional evaluations, including stress myocardial perfusion
imaging and coronary angiography in those with multiple
coronary risk factors. Using echocardiography, we also exclud-
ed subjects with valvular heart disease and cardiomyopathy

[23, 24]. We also excluded 17 patients who showed diffuse
physiological cardiac 18F-FDG uptake [13]. Thus, we analysed
50 patients (11men, 39 women; 56.3±14.9 years old; Table 2).
Of these 50 patients, 24 were diagnosed as having cardiac
sarcoidosis based on JMHW diagnostic criteria, and the
remaining 26 did not meet the diagnostic criteria for cardiac
sarcoidosis.

The study protocol was approved by the ethics committee
of Hokkaido University Graduate School of Medicine.
Written informed consent was obtained from the patients
prior to the study.

PET imaging

All patients fasted for at least 6 h before 18F-FDG PETstudies
to reduce physiological myocardial uptake of 18F-FDG [13].
In all patients unfractionated heparin (UFH; 50 IU/kg;
Mochida, Tokyo) was injected intravenously 15 min prior to
18F-FDG injection also in order to reduce physiological myo-
cardial 18F-FDG uptake [23]. Prior to 18F-FDG PET imaging,
we checked contraindications to heparin use such as active
bleeding, bleeding risk, and a history of heparin-induced
thrombocytopenia. None of the patients in this study popula-
tion had a contraindication to heparin use. PET imaging was
performed using a Siemens ECAT EXACT HR+ scanner
(Siemens/CTI, Knoxville, TN; n=37) or a Biograph 64
TruePoint with TrueV PET/CT scanner (Siemens Japan; n=
13). Transmission scanning for PETor a low-dose CTscan for
PET/CTwas performed for attenuation correction. Scans were
performed 45–60 min after administration of 218.9±
57.0 MBq of 18F-FDG. Blood samples were obtained before
and 15 min after UFH administration to measure immunore-
active insulin (IRI) and free fatty acids (FFA). The fasting
plasma glucose level was measured before 18F-FDG injection.

99mTc-MIBI imaging

Single photon emission computed tomography (SPECT)
was performed 60 min after injection of 600 MBq of
99mTc-sestamibi (FUJI RI Pharma, Tokyo, Japan).

Data analysis

ECG data analysis

Resting 12-lead ECG and 24-h ambulatory ECGs were
analysed by a cardiologist blinded to the clinical and 18F-
FDG PET information. Findings such as right bundle
branch block (RBBB), AV block, left-axis deviation,
ventricular tachycardia, premature ventricular contraction
(PVC) (grade >2 in Lown’s classification), and abnor-
mal Q or ST-T changes were defined as abnormal based
on the JMHW guidelines [22].
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Transthoracic echocardiography

All patients underwent echocardiography using a 2.5 MHz
echo-Doppler probe with a SONOS 5500 imaging system
(Agilent Technologies, Andover, MA). The LV end-
diastolic and end-systolic dimensions were analysed us-
ing M-mode or B-mode echocardiography. LV ejection
fraction was obtained using the modified biplane Simpson’s
method.

Findings such as abnormal wall motion, regional wall
thinning or thickening, and dilatation of the LV were con-
sidered abnormal for transthoracic echocardiography (TTE)
based on JMHW guidelines [22].

99mTc-MIBI imaging analysis

Two nuclear medicine physicians independently evaluated
the myocardial perfusion images. In the event of discordant
findings, the images were evaluated by a third observer.
Myocardial perfusion distribution was assessed based on
the American Society of Nuclear Cardiology (ASNC) im-
aging guidelines [25].

18F-FDG PET or PET/CT imaging analysis

Acquired images were resliced into a series of short-axis,
horizontal long-axis and vertical long-axis images, and glu-
cose metabolic activities in the LV myocardium were eval-
uated. The LV wall was divided into 17 segments based on
ASNC imaging guidelines [26]. These segments were sub-
divided into five regions: anterior (3 segments), interven-
tricular septum (5 segments), inferior (3 segments), lateral
wall (5 segments), and apex (1 segment) [26]. Since each
region contained a different number of segments, we calcu-
lated the percentage of segments in each region with posi-
tive 18F-FDG uptake as the total number of positive seg-
ments in each region/the total number of segments in each
region. Uptake of 18F-FDG in the right ventricle (RV) wall
was also evaluated using the same diagnostic criteria as for
LV wall 18F-FDG uptake.

Two nuclear medicine physicians independently evaluat-
ed the myocardial 18F-FDG images. In the event of discor-
dant findings, the images were evaluated by a third observer.
Regional myocardial 18F-FDG uptake was first evaluated
visually. Since there are no established criteria for visually
positive myocardial 18F-FDG uptake under fasting conditions

Table 2 Clinical characteristics

Characteristic Value

Age (years), mean±SD 56.3±14.9

Sex (male/female), n 11/39

Diabetes (yes/no), n 1/49

Hypertension (yes/no), n 0/50

Steroid treatment (yes/no), n 4/46

Cardiac sarcoidosis according to
JMHW guidelines (yes/no), n

24/26

18F-FDG uptake in patients meeting
JMHW diagnostic criteria, n (%)

23/24 (95.8)*

18F-FDG uptake in patients not meeting
JMHW diagnostic criteria, n (%)

10/26 (38.5)

Serum angiotensin-converting enzyme (IU/l) 22.7±10.4

Fasting blood glucose (mg/dl) 92.3±16.4

*p<0.0001 vs. patients not meeting JMHW criteria

Table 1 JMHW guidelines for diagnosing cardiac sarcoidosis, 1993

Diagnosis
group

Diagnostic criteria

Histological Cardiac sarcoidosis is diagnosed when histological analysis of
operative or endomyocardial biopsy specimens demonstrate
epithelioid granuloma without caseating granuloma

Clinical In patients with histological diagnosis of extracardiac sarcoidosis,
cardiac sarcoidosis is diagnosed when item (a) and one or more
of items (b–e) are present

(a) Complete right bundle branch block, left-axis deviation, AV
block, ventricular tachycardia, premature ventricular
contractions (grade >2 in Lown’s classification), or abnormal Q
or ST-T changes on ECG or Holter ECG

(b) Abnormal wall motion, regional wall thinning, or thickening
or dilatation of left ventricle on ultrasound cardiography

(c) Perfusion defect on 201Tl myocardial scintigraphy or abnormal
accumulation on 67Ga-citrate or 99mTc-pyrophosphate
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
on endomyocardial biopsy, even if findings are nonspecific
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[16, 23, 27], we applied criteria for focally positive 18F-FDG
uptake in PET imaging established for inflammation and
oncology [28, 29]. 18F-FDG uptake was defined as positive
if it was greater than that for a physiologically normal liver
[28, 29]. A scan was defined as positive if focal 18F-FDG
uptake was present in at least one segment [27]. In addition,
standardized uptake values (SUVs) were used for semi-
quantitative analysis, but in order to avoid disparities in
the results from the two scanners, SUVmax ratios were
calculated in relation to the SUVmax in the liver of the
same patient. These values were used in the analyses
rather than direct comparison of SUVmax among the
study population [30]. For the analysis of myocardial
accumulation of 18F-FDG, spherical regions of interest
for each of the five myocardial segments (apex, anterior,
septal, and inferior and lateral wall) were placed to
estimate the SUVmax [15].

Regional myocardial 18F-FDG uptakes, measured both
visually and using semiquantitative analysis, were compared
with ECG findings based on JMHW guidelines [22].

Statistical analysis

Means and standard deviations are provided as descrip-
tive statistics for the data. For intragroup comparisons,
the Wilcoxon signed-ranks test was applied to evaluate
the difference in the total number of positive 18F-FDG
uptake segments between ECG-abnormal and in ECG-
normal patients. Fisher’s exact test was used to compare
discrete data as appropriate. P values less than 0.05
were considered to represent statistically significant
differences.

The Bonferroni correction was used in the assessment
of the relationship between regional 18F-FDG uptake
and ECG abnormalities. This analysis can be applied
when several dependent or independent variables need
to be compared. In this analysis, considering a type I
error rate for multiple comparisons, p values of less
than 0.01 (0.05/5) were considered to represent a statis-
tically significant difference. Statistical calculations were
carried out using statistical software (JMP version 9;
SAS Institute, Cary, NC, USA).

Results

ECG abnormalities

In 33 patients there was at least one abnormal ECG finding,
including RBBB in 15 patients, AV block in 13 patients,
nonsustained ventricular tachycardia in 1 patient, PVC
(Lown grade >2) in 13 patients, abnormal Q wave in 1
patient, and ST-T abnormalities in 3 patients (Table 3).

Blood sample data

Among 67 patients (50 with focal and 17 with diffuse 18F-
FDG uptake), IRI was determined in 63 and FFA in 64. The
blood sample volume was insufficient in four patients for
the determination of IRI, and in three patients for the deter-
mination of FFA. FFA values were significantly increased
after UFH administration in all patients both included and
excluded (Table 4). No patients had side effects from UFH.

18F-FDG PET or PET/CT findings

Of the 50 patients, 33 (66 %) showed abnormal 18F-FDG
uptake in at least one segment in the LV wall. Focal uptake
was frequently seen on the basal anteroseptal wall and
lateral wall segments (Fig. 1). Patients who met the diag-
nostic criteria of the JMHW guidelines showed a higher
18F-FDG uptake frequency than patients who did not meet
the diagnostic criteria (p<0.0001; Table 2). The SUVmax
ratio was significantly higher in the visually positive regions
than in the visually negative regions (2.29±0.94 vs. 0.83±
0.30, p<0.0001). Patients with abnormal ECG had in-
creased total numbers of segments of the LV wall showing
abnormal 18F-FDG uptake compared with patients without
ECG abnormalities (3.48±2.73 segments vs. 1.41±2.09
segments, p=0.0051; Fig. 2). Table 5 summarizes the rela-
tionships between 18F-FDG uptake and ECG abnormalities.
Among ECG abnormalities, only AV block predicted inter-
ventricular septum wall 18F-FDG uptake from both visual
analysis (p=0.0025) and SUVmax ratio using the Bonferroni
correction (p=0.0094; Table 5, Fig. 3). Patients with AV block
also had a significantly higher proportion of segments show-
ing abnormal 18F-FDG uptake in the interventricular septum
wall (p=0.0006). There was no significant relationship be-
tween the proportion of segments showing abnormal 18F-FDG
uptake and the presence of other ECG abnormalities.

In the RV wall analysis, 12 patients (24 %) had abnormal
18F-FDG uptake and a greater number of segments showing
abnormal 18F-FDG uptake when compared to patients with-
out RV uptake (p=0.039). Patients with RV wall uptake

Table 3 ECG abnormalities

Abnormality No. (%) of patients

Complete right bundle branch block 15 (30)

Atrioventricular block grade I/II/III 5/1/7 (26)

Left-axis deviation 1 (2)

Nonsustained ventricular tachycardia 1 (2)

Premature ventricular contractions (grade >2) 13 (26)

Abnormal Q wave 1 (2)

ST-T abnormalities 3 (6)

Total 33 (66)
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showed a greater number of regional LV wall segments with
abnormal 18F-FDG uptake than did patients without RV wall
uptake (5.33±2.74 vs. 1.97±2.15 segments, p=0.0002).

18F-FDG and 99mTc-MIBI findings

Of the 50 patients, 45 underwent rest 99mTc-sestamibi myo-
cardial perfusion imaging to assess myocardial perfusion. In
30 patients with positive 18F-FDG uptake, 17 (56.7 %)
showed some perfusion abnormalities. Conversely no pa-
tient with abnormal perfusion had a negative 18F-FDG up-
take in the present study.

Discussion

Sarcoidosis patients with ECG abnormalities showed 18F-
FDG uptakes in more regions in the LV wall than patients
without ECG abnormalities. Among the ECG abnormalities,
only AV block was associated with abnormal interventricu-
lar septum and RV wall 18F-FDG uptake. FFA significantly
increased after heparin administration in all patients in pro-
portion to the dose given [31]. FFA in excluded patients
with diffuse 18F-FDG uptake also increased after heparin
administration. Given that these findings agrees with those
of previous studies and that these patients responded to
heparin, the heparin response might not have been a factor
in the diffuse 18F-FDG uptake.

In this study population, 24 patients met the diagnostic
criteria of the JMHW. The remaining population had ECG
or echocardiographic abnormalities but did not meet the
criteria. The JMHW guidelines were issued in 1993 and

the main category of diagnostic criteria was advanced path-
ophysiological conditions. Some have speculated that limit-
ing patient populations to those with these criteria might
lead to underestimation of cardiac involvement in patients
with sarcoidosis [32]. Our group have reported the case of a
patient with sarcoidosis who initially had positive 18F-FDG
uptake and later met JMHW diagnostic criteria [14].
Therefore, we have included patients who did not meet these
criteria. In fact, 15.4 % of patients (4/26) who did not meet
the JMHW criteria showed ECG abnormalities and abnor-
mal 18F-FDG uptake. These four patients showed PVC and
ST-T abnormalities, PVC, RBBB, and second-degree AV
block, respectively.

18F-FDG PET is used in the diagnosis of cardiac involve-
ment in patients with sarcoidosis [13–17, 33]. In this study,
the sensitivity of 18F-FDG PET was 95.8 % in patients who
met JMHW criteria. Recently, Ohira et al. [13] and Youssef
et al. [27] reviewed previous studies and found that the
mean sensitivity of 18F-FDG PET for the diagnosis of car-
diac sarcoidosis based on JMHW diagnostic criteria was
91 % with a range of 82 % to 100 %. The sensitivity of
18F-FDG PET reflects that determined by previous studies.
In the current study, 56.7 % of regions with positive
18F-FDG uptake showed a perfusion abnormality. These
findings might imply that 18F-FDG PET is more sensitive
than perfusion imaging, a finding consistent with those of
previous studies [13].

In the current study, the proportion of segments showing
abnormal 18F-FDG uptake was lower in patients who did
not meet the diagnostic criteria of the JMHW. However, our
findings showed that there were some patients with
18F-FDG-positive segments in this population. We aimed

Table 4 Blood sample data
Before intravenous
heparin

After intravenous
heparin

p value

All patients Immunoreactive insulin (μU/ml) 3.6±3.0 4.3±2.5 0.0037

Free fatty acid (mEq/l) 697.8±357.5 2,013.5±684.4 <0.0001

Included patients Immunoreactive insulin (μU/ml) 3.5±3.2 4.2±2.4 0.01

Free fatty acid (mEq/l) 779.4±345.6 2,079.6±653.9 <0.0001

Excluded patients Immunoreactive insulin (μU/ml) 4.0±2.6 4.6±2.9 0.21

Free fatty acid (mEq/l) 442.3±268.9 1,806.5±758.7 <0.0001

Fig. 1 Segments with
abnormal 18F-FDG uptake
in patients with AV block
and in those with a normal
ECG. The numbers show
the mean uptake ratios in each
segment. Abnormal 18F-FDG
uptake was frequently observed
in the basal anteroseptal wall
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to evaluate the relationships between ECG abnormalities
and regional myocardial 18F-FDG uptake. Therefore, we
also included patients who had ECG or echocardiographic
abnormalities but who did not meet the diagnostic criteria of
cardiac involvement in sarcoidosis based on the JMHW
guidelines.

In this study, abnormal 18F-FDG uptake was frequently
observed in the basal anteroseptal wall of the LV. Previous
studies have shown that patients who die with active cardiac
sarcoidosis granulomas frequently have localized masses in
the basal portion of the interventricular septum or throughout
the myocardium. The current findings agree with previous

pathological reports [15, 16, 34–36]. We further showed the
relationship between interventricular septum 18F-FDG uptake
and ECG abnormalities, especially AV block. First-degree AV
block is seen in the elderly and is nonspecific, so we also
evaluated eight patients who showed second-degree or third-
degree AV block. Almost all of the latter patients (seven of
eight) showed more extensive septum wall 18F-FDG uptake
than patients without second-degree and third-degree AV
block (p=0.0181).

Abnormal 18F-FDG uptake was seen in the RV in 24 % of
patients. Previous studies have shown lower frequencies of
involvement in the RV region than in the LV free wall [36,
37]. One small study of patients at autopsy showed that the
frequency of involvement of the RV region was about half
that of LV regions [38]. The current findings agree with
those of the previous studies. Given the small number of
patients with RV uptake in the current study, evaluating the
clinical impact of RV uptake was difficult. Patients with RV
18F-FDG uptake frequently had ECG abnormalities; how-
ever, it was difficult to evaluate the relationship between RV
uptake and specific ECG abnormalities given the small
number of patients with RV uptake. The clinical impact of
RV uptake should be the subject of future study.

Among sarcoidosis patients, cardiac involvement is the
leading cause of death associated with conduction system
abnormalities. About half of cardiac sarcoidosis patients have
ECG abnormalities including rhythm abnormalities and repo-
larization [39]. ST alteration is known to occur frequently in
hypertensive and diabetic patients, indicating interstitial and
structural alterations in the myocardium. In this study, there
was only one diabetic patient who had complete RBBB [40].

Fig. 2 Numbers of segments showing abnormal 18F-FDG uptake in
patients with ECG abnormalities and in patients without ECG abnor-
malities. There was a significant difference in 18F-FDG uptake between
the two groups (p=0.0051)

Table 5 Relationships between 18F-FDG uptake findings and ECG abnormalities

Region Parameter Normal ECG
(n=17)

AV block
(n=13)

Complete right bundle
branch block (n=15)

Premature ventricular
contractions (n=13)

Anterior wall No. of patients 2 8 7 4

Positive uptake segments (%) 3.9±11.1 23.1±34.4 24.6±6.3 12.8±21.7

SUVmax ratio 0.97±0.61 1.42±0.68 1.42±0.74 1.33±0.67

Septal wall No. of patients 4 11* 8 8

Positive uptake segments (%) 8.2±17.4 41.5±26.4 22.7±5.9 23.1±22.9

SUVmax ratio 1.20±0.80 1.99±0.72** 1.36±0.71 1.52±0.65

Lateral wall No. of patients 6 6 9 5

Positive uptake segments (%) 12.9±19.9 26.2±31.0 22.9±5.9 20.0±29.4

SUVmax ratio 1.12±0.64 1.63±0.84 1.51±0.75 1.36±0.64

Inferior wall No. of patients 3 6 5 2

Positive uptake segments (%) 7.8±18.7 23.1±25.0 17.8±24.8 5.1±12.5

SUVmax ratio 1.07±0.67 1.78±0.91 1.30±0.86 1.10±0.52

Apex No. of patients 1 0 1 2

Positive uptake segments (%) 5.9±24.3 0.0±0.0 6.7±25.8 15.4±37.6

SUVmax ratio 0.79 ±0.46 0.84±0.29 0.80±0.27 0.93±0.33

*p=0.0025 vs. normal ECG; **p=0.0094 vs. normal ECG
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There were no hypertensive patients [41]. Thus, diabetes and
hypertension had no impact on the current data. Kim et al.
found AV block in 26–62 % of patients with cardiac sarcoid-
osis. In our study, 33 patients (66 %) showed ECG abnormal-
ities. Among these patients, 13 (26 % of total patients) had AV
block. Occurrence rates for each abnormality reflected those
in the previous study [39]. Cardiac 18F-FDG uptake appears to
be related to ECG abnormalities, a relationship which may
represent a mechanistic link between cardiac sarcoidosis and
cardiac death. Such a possibility remains to be followed up
clinically.

Cardiac sarcoidosis is more common than was previously
thought in young to middle-aged adults who have unexplained
AV block requiring pacemaker implantation [42]. Kandolin et
al. found that cardiac sarcoidosis patients who start immuno-
suppressive therapy earlier tend to have a reduced requirement
for pacing [12]. This finding might imply that some cardiac
sarcoidosis patients could avoid pacemaker implantation with

early immunosuppressive intervention. Inflammatory regions
might be reversible and treatable. 18F-FDGPETmay be useful
in determining the cause of arrhythmias in diagnosing cardiac
sarcoidosis or in finding the causes of unexplained conduction
abnormalities in patients. In future, 18F-FDG PET septum
uptake may be among the diagnostic options for determining
treatment indications in this population, and should be the
subject of a future clinical trial. The current findings may
indicate that 18F-FDG PET would be useful in managing AV
block in patients with sarcoidosis. The uptake of 18F-FDG
might also be useful in determining the requirement for device
treatment. In this study population, wemade clinical decisions
based on the ACC/AHA/HRS guidelines [43] because no
consensus for this treatment based on 18F-FDG uptake find-
ings has been established. The usefulness of 18F-FDG PET in
evaluating the indications for device therapy should be the
subject of future clinical trials.

Limitations

The present study had methodological limitations. Of 50
patients, 37 were evaluated using PET and the remaining 13
were evaluated using PET/CT. PET/CT has better spatial
resolution than PET. However, we defined as positive an
obvious focal uptake that was higher than that of a normal
liver, thereby allowing us to accurately detect abnormal re-
gional uptake using PET as has been done in previous studies
[15, 23]. Among the 50 patients, 37 fasted for more than 6 h
and were given heparin, 6 fasted for more than 12 h and were
given heparin, and 7 fasted for more than 18 h and were given
a low-carbohydrate diet and heparin. The preparations were
different in some patients. However, we evaluated only
patients who had a sufficiently low physiological 18F-FDG
myocardial uptake. Thus, the different preparations would
have had a minimal impact on the 18F-FDG PET findings.

We did not compare focal 18F-FDG uptake and pathology
findings. It is difficult to perform endomyocardial biopsies
on all regions. However, it is known that myocardial biopsy
shows lower sensitivity for the diagnosis of cardiac sarcoid-
osis [3, 39]. Given the limited sensitivity of myocardial
biopsy, the JMHW guidelines have been used as the diag-
nostic standard [27]. Thus, the lack of myocardial biopsy
should not be a major limitation. In the current study, all
patients had at least biopsy-proven extracardiac sarcoidosis
and we defined cardiac involvement based on the widely
accepted JMHW guidelines. We have previously reported
that focal 18F-FDG uptake is associated with active inflam-
mation in patients with cardiac sarcoidosis [44]. Thus, focal
18F-FDG uptake might be associated with active sarcoid
regions. In the current study, we lacked long-term follow-
up data. Long-term follow-up data will be required in the
future and their acquisition is currently underway. We in-
cluded abnormal ECG and TTE findings based solely on the

Fig. 3 Representative findings in a 75-year-old woman. ECG shows
complete AV block (a). Maximum intensity projection view of the 18F-
FDG PET (b), axial views at cardiac level (c), short-axis view at basal
level (d) are presented. 18F-FDG PET shows significant accumulation
in interventricular septum wall at basal level. There are multiple lymph
nodes showing abnormal uptake in supraclavicular, mediastinum, hilar,
abdominal and inguinal regions (b)
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JMHW guidelines. Recently, new TTE findings, such as
speckled myocardium, have been reported. In future studies,
these findings should be compared with those for abnormal
18F-FDG uptake.

Conclusion

Regional 18F-FDG uptakes was more frequent in patients
with sarcoidosis with ECG abnormalities than in patients
without ECG abnormalities. Among ECG abnormalities,
AV block was associated with interventricular septum
18F-FDG uptake.
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