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To our knowledge, no study investigating the usefulness of cardiac
PET for detection of myocardial involvement of sarcoidosis is
available. We investigated whether N-NH,/'8F-FDG PET could
identify cardiac involvement in patients with sarcoidosis. Methods:
Seventeen patients with cardiac sarcoidosis underwent cardiac
3N-NHg/'8F-FDG PET under fasting condition. Systemic sarcoid-
osis was diagnosed by histologically proven noncaseating epithe-
lioid granuloma, and cardiac sarcoidosis was diagnosed according
to the Japanese Ministry of Health and Welfare guidelines for
diagnosing cardiac sarcoidosis. Results: Only 6 patients exhibited
myocardial 29'T| defects and only 3 patients exhibited abnormal
67Ga accumulation in the heart. Thirteen patients exhibited '3N-NH;
defects, and 14 patients exhibited increased '8F-FDG uptake in the
heart; 12 patients exhibited both '>N-NH; defects and increased
8F-FDG uptake, 2 patients exhibited increased '8F-FDG uptake
but no ¥N-NH; defect, and 1 patient exhibited '3N-NH; defects but
no increased '®8F-FDG uptake. '3N-NH; defects were observed
frequently in the basal anteroseptal wall of the left ventricle, and
increased '®8F-FDG uptake was observed frequently in the basal
and midanteroseptal-lateral wall of the left ventricle. Involvement of
the apex was rare. Seven patients were treated with steroid hor-
mone and underwent follow-up cardiac PET 1 mo after steroid
therapy. N-NHj; defects exhibited no significant change after
steroid therapy, whereas increased '8F-FDG uptake was markedly
diminished in size and intensity in 5 patients and disappeared
completely in 2 patients. Conclusion: Our findings suggest that
cardiac '®N-NHgy/'8F-FDG PET is the most useful method both for
the identification of cardiac involvement of sarcoidosis and for the
assessment of cardiac sarcoidosis disease activity.
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Srcoidosis is a multisystem disorder of unknown etiol-
ogy. Although the organ most frequently affected is the
lung, all parts of the body can be affected. Overall prognosis
is good because organ involvement is usually asymptomatic
and the disease is often self-limiting (1). Cardiac sarcoid-
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osis, however, sometimes causes fatal ventricular tachyar-
rhythmias, conduction block, and left ventricular (LV) dys-
function (2,3) and may lead to a poor prognosis. Myocardial
involvement is present in at least 25% of patients with
systemic sarcoidosis (3), and sudden death due to ventric-
ular tachyarrhythmias or conduction block is responsible for
30%—85% of deaths from sarcoidosis (2). Endomyocardial
biopsy may be essential for establishing the diagnosis of
cardiac sarcoidosis. However, it is invasive and may be
insensitive because myocardial involvement is not homoge-
neous (2,4). 2°1Tl, §’Ga (1,2,5-7), and 123|-metai odobenzyl-
guanidine scintigraphy (8) and magnetic resonance imaging
(9) are also used to detect cardiac involvement in patients
with sarcoidosis. Areas with 29'T| defects are considered
areas of fibrogranulomatous replacement, although 21Tl
defects in the myocardium are not specific to sarcoidosis
and may occur with ischemic heart disease or other cardio-
myopathies (1,2,5). Accumulation of $’Gais considered an
indicator of inflammatory change, and %’Ga scintigraphy is
useful in diagnosis of cardiac sarcoidosis and in prediction
of effects of steroid therapy (5).

Recent studies reveaded that ¥F-FDG in PET accumu-
lated in the lung and bilateral hilar lymph nodes in patients
with sarcoidosis (10,11). Moreover, in patients with pulmo-
nary sarcoidosis, 18F-FDG uptake of the lung was concor-
dant with histologic activity in lung and was decreased after
high-dose steroid therapy (10). It is thus possible that areas
of fibrogranulomatous replacement in the heart may show
increased 18F-FDG uptake and that 8F-FDG PET may pro-
vide a means of assessment of disease activity of pulmonary
sarcoidosis. However, to our knowledge, no study investi-
gating the usefulness of cardiac PET for detection of myo-
cardial involvement of sarcoidosis is available, with the
exception of one case report (12).

In this study, we investigated whether 3N-NH,/1®F-FDG
PET could identify cardiac involvement in patients with
sarcoidosis.

MATERIALS AND METHODS

Patients
We retrospectively identified 17 patients (4 men, 13 women;
mean age, 58 += 12 (£SD) y; range, 29-72 y) in our patients
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database with cardiac sarcoidosis who underwent cardiac 3N-
NHy/'8F-FDG PET. Systemic sarcoidosis was diagnosed by histo-
logically proven noncaseating epithelioid granuloma with giant
cells, and cardiac sarcoidosis was diagnosed according to the
Japanese Ministry of Health and Welfare guidelines for diagnosing
cardiac sarcoidosis (13) described in Table 1. Characteristics of the
17 patients with cardiac sarcoidosis are summarized in Table 2.

PET

For PET imaging, a Shimadzu-SET 1400 W-10 PET scanner
(HEADTOME IV; Shimadzu Corp.) was used. This scanner can
obtain 7 dices simultaneously with a 13-mm interval, a slice
thickness of 11-mm full width at half maximum (FWHM), and a
spatial resolution of 4.5-mm FWHM. Axial, 6.5-mm-interval Z-
motion of the scanner provides 14 contiguous transverse slices of
the myocardium.

A 10-min transmission scan was obtained using a rotating %8Ge
rod source. The acquired data were used to correct emission
images of 13N-NH; and 8F-FDG for body attenuation. After com-
pletion of the transmission scan, the patient remained in the supine
position and was injected intravenously with 555-740 MBq 3N-
NHa. After a5-min delay to allow pulmonary background activity
to clear, myocardia perfusion imaging was performed for 10 min.

After at least 5 h of fasting and 3—4 h after completion of the
perfusion scan, the patient received an intravenous injection of
259-370 MBq 8F-FDG. Fifty minutes were allowed for cardiac
uptake of 8F-FDG. Imaging of glucose utilization was then per-
formed for 10 min.

Images were collected in 256 X 256 matrices and reconstructed
using Butterworth and ramp filters along the short axis, horizontal
axis, and vertica long axis of the heart by a computer system (Dr.
View; Asahi-Kasel Joho System Co.).

The LV myocardium was divided into 9 segments (basal ante-
rior, midanterior, basal septal, midseptal, basal inferior, midinfe-
rior, basal lateral, midlateral, and apex). Each short-axis slice of
the LV was divided into 36 sectors, 10° each, and abull’ s eye polar
map was reconstructed from the short-axis slices extending from
the base to the apex. The maximal count in the LV was selected,
and the value of each pixel was normalized to a maximal count of
100 in 13N-NH; and 8F-FDG images. The mean values of 13N-NH;
(% 3N-NH5) and 8F-FDG (% 8F-FDG) counts in each segment
were calculated.

Analysis of PET Images

The short-axis, horizontal-axis, and vertical long-axis images
were normalized to the maximum count in each image set and
were displayed as color scale images. Two experienced nuclear
cardiologists visualy interpreted 13N-NH; and 8F-FDG uptake in
9 LV segments and in the right ventricular free wall. 33N-NH;
defects were defined as definitely decreased 13N-NH; uptake (%
13N-NH3, approximately <60%). A myocardial segment with nor-
mal 13N-NH; uptake and minimal % 8F-FDG was considered as a
normal control segment. In the segments with a 13N-NH; defect,
18F-FDG uptake equal to or higher than that in the normal control
segment was defined as increased. In the segments without a
13N-NH; defect, definitely higher 8F-FDG uptake than that in the
normal control segment was defined as increased. Segmental 18F-
FDG uptake index quantitatively indicating the degree of increase
in 18F-FDG uptake was calculated as follows: 8F-FDG uptake
index = % 18F-FDG of each segment/% 8F-FDG of the normal
control segment.

201T] and $7Ga Scintigraphy

Eleven patients underwent myocardial 21Tl SPECT, and 15
patients underwent whole-body $’Ga planar imaging, 9 of whom
underwent myocardial ’Ga SPECT. Experienced nuclear cardiol-
ogists visually interpreted 2°'T| defects, and experienced nuclear
radiologists visually interpreted 8’Ga accumulation unaware of the
findings of cardiac PET.

Statistics

Vadues are given as mean = SD. The % 3N-NH; or the
18F-FDG uptake index before and after steroid therapy were com-
pared with the paired t test.

RESULTS

Findings of myocardial 2°'T| and ¢’Ga scintigraphy and
cardiac PET in 17 patients with cardiac sarcoidosis are
summarized in Table 3. Six patients exhibited myocardial
201T| defects and 3 patients exhibited abnormal 6’Ga accu-
mulation in the heart. The $’Ga accumulation in the heart in
the latter 3 patients was observed in both planar and SPECT
images. Thirteen patients (76%) exhibited 13N-NH; defects,
and 14 patients (82%) exhibited increased 8F-FDG uptake

TABLE 1
Guidelines for Diagnosis of Cardiac Sarcoidosis from Japanese Ministry of Health and Welfare

Histologic diagnosis group

Cardiac sarcoidosis is diagnosed when histologic analysis of operative or endomyocardial biopsy specimens demonstrates

epithelioid granuloma without caseating granuloma
Clinical diagnosis group

In patients with histologic diagnosis of extracardiac sarcoidosis, cardiac sarcoidosis is diagnosed when item (a) and 1 or more of

items (b—e) are present

(@) 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 electrocardiogram or Holter

electrocardiogram

(b) Abnormal wall motion, regional wall thinning or thickening, or dilatation of LV on echocardiogram
(c) Perfusion defect in 297T| myocardial scintigram or abnormal accumulation in 8’Ga-citrate or mTc-pyrophosphate myocardial

scintigram

(d) Abnormal intracardiac pressure, low cardiac output, or abnormal wall motion or depressed ejection fraction of LV
(e) Interstitial fibrosis or cellular infiltration over moderate grade in endomyocardial biopsy even if findings are nonspecific
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TABLE 3
Results of Visual Analysis in Myocardial 2°'Tl and %’Ga Scintigraphy and Cardiac PET

Patient Base Middle
no. Sept. Ant. Lat. Inf. Sept. Ant. Lat. Inf. Apex RV LN
1* - - - - - - - - - - o
2 - - - - - - - - - - AO
3t o o - - - - - - - -
4t o0 [ le) - - - - - - - - AO
5t - O - - O 0 - O o -
6 A®O @O - - - - 0 - - - A
7t o0 - - - e) - - - - - -
gt o0 ( le) - - 0 O [ le] O - - -
9 o O 0 - 0 o o) - - - A
10 AQ® A® - O AO ANGO ALN@O AN@O ) - -
11 0 - - - - - - - - - AO
12 ANGO ALNGO @) - 0 o - - - 0 -
13+ A@O A@O - - e) O O 0 - - AO
14 A® A® O - 0 O - - - -
15 A®O @) - - 0 o - - - 0 -
16 o0 A® A®O - e) ( le) o0 - - - AO
17 ° O O - 0 O 0 O - - A
*67Ga scan was not done.
fMyocardial 20Tl scan was not done.
RV = right ventricle; LN = lymph node; Sept. = septum; Ant. = anterior wall; Lat. = lateral wall; Inf. = inferior wall; — = no abnormality;
O = increased '8F-FDG uptake; A = 7Ga accumulation; ® = 3N-NHjz defect; A = 207T| defect.
in the heart; 12 patients exhibited both 3N-NH; defects and
increased 18F-FDG uptake, 2 exhibited increased 18F-FDG
uptake but no 13N-NH; defect, and 1 exhibited 13N-NH;
defects but no increased 8F-FDG uptake. Only 2 patients Short axis  Horizontal
(12%) (patients 1 and 2) exhibited neither *3N-NH; defect Base Mid
nor increased 18F-FDG uptake. Five patients showed signif-
icant uptake of F-FDG in hilar or mediastina lymph 13N-NH3 o ;,Q ")
nodes. 1N-NH; defects were observed frequently in the Bef . - L
basal anteroseptal wall of the LV, and increased 18F-FDG e
Uptake was observed frequently in the basal and midantero- | Steroid therapy ~ 1
septal-lateral wall of the LV. Both 33N-NH; defects and 18F-FDG t ¥

increased 8F-FDG uptake were rare in the apex. Of 14
patients with increased 8F-FDG uptake in the heart, 13
underwent 6’Ga scanning, of whom only 3 (23%) exhibited
abnormal 6’Ga accumulation in the heart.

Seven patients were treated with steroid hormone and un-
derwent follow-up cardiac PET 1 mo &fter steroid therapy. On
visud analysis, ®N-NH; defects exhibited no significant
change after steroid therapy, whereas increased 8F-FDG up-
take was markedly diminished in size and intensity in 5 pa
tients and disappeared completely in 2 patients (patients 10 and
15). The % *3N-NH; in 13 LV segments with 3N-NH; defects
before steroid therapy did not differ significantly after steroid
therapy (42.0% *+ 6.7% before steroid therapy vs. 45.0% =+
7.0% after steroid therapy; P = 0.08). However, the 18F-FDG
uptake index in 30 LV segments with increased 18F-FDG
uptake before steroid therapy was significantly decreased after
steroid therapy (1.8 = 0.6 before steroid therapy vs. 1.2 + 0.2
after steroid therapy; P < 0.0001).

Two representative cases are shown in Figures 1 and 2.

uN-NH3 (LN ﬂ

After
steroid therapy -~
» A £
8F-FDG
FIGURE 1. '3N-NH;and '®F-FDG PET images before and after

steroid therapy in patient 12. Cardiac '*N-NH; PET revealed
moderate defects in basal anteroseptal wall of LV, and '8F-FDG
PET revealed increased '8F-FDG uptake in basal anteroseptal-
lateral wall and midanteroseptal wall of LV and free wall of right
ventricle. After 1 mo of steroid therapy (prednisolone, 30 mg/d),
increased '8F-FDG uptake in basal anteroseptal-lateral wall and
midanteroseptal wall of LV was markedly diminished both in
size and in intensity and that in free wall of right ventricle
disappeared completely, whereas *N-NH; defects exhibited no
significant change. '8F-FDG uptake indices of midanterior wall
before and after steroid therapy were 2.8 and 1.8, respectively.
Base = basal level of LV; Mid = middle level of LV.

Sarcoiposis AND PET ¢ Yamagishi et al. 1033
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FIGURE2. '8N-NH;and '8F-FDG PET images before and after
steroid therapy in patient 15. Cardiac 'SN-NH; PET revealed
moderate defects in basal ventricular septum, and '®F-FDG PET
revealed increased '8F-FDG uptake in basal and midanterosep-
tal wall of LV and free wall of right ventricle. After 1 mo of steroid
therapy (prednisolone, 30 mg/d), increased '8F-FDG uptake in
basal and midanteroseptal wall of LV and free wall of right
ventricle disappeared completely, whereas '3N-NH; defects ex-
hibited no significant change. '®F-FDG uptake indices of mid-
septum before and after steroid therapy were 3.0 and 1.2,
respectively. Base = basal level of LV; Mid = middle level of LV.

A

1F-FDG

DISCUSSION

13N-NH; defects and increased 8F-FDG uptake on car-
diac 3N-NH4/*®F-FDG PET were observed frequently in
patients with cardiac sarcoidosis diagnosed with orthodox
diagnostic criteria for cardiac sarcoidosis. *N-NH; defects
were observed frequently in the basal anteroseptal wall of
the LV, and increased '8F-FDG uptake was observed fre-
quently in the basal and midanteroseptal-lateral wall of the
LV. Increased myocardia 8F-FDG uptake was observed
even in patients with no abnormal myocardial accumulation
of 8’Ga. Moreover, the increased myocardia 8F-FDG up-
take was significantly diminished both in size and in inten-
sity after steroid therapy. Thus, our study suggests the
possibility of increased 8F-FDG uptake in the heart as a
sensitive marker of cardiac sarcoidosis disease activity.

Scintigraphy with 6’Ga has been used to diagnose and
assess disease activity of sarcoidosis (6,14—19). The mech-
anism of ’Ga uptake is unclear in many disorders in which
this tracer is used for diagnostic purpose. However, it is
believed that 6’Ga is actively taken up by macrophages in
the lesions in patients with active sarcoidosis. Measurable
uptake of ’Ga is interpreted as evidence of active inflam-
matory disease. Pulmonary uptake of 6’Ga was observed in
>90% of active cases of pulmonary sarcoidosis (20) and
was markedly decreased after steroid therapy (21). How-
ever, little information concerning diagnosis of cardiac sar-
coidosis with Ga scintigraphy has been available.
Okayama et a. investigated 2 patients with myocardial
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accumulation of 6’Ga and concluded that patients with myo-
cardial uptake of 6’Ga might be more responsive to steroid
therapy (5).

Because only 3 of 15 patients with cardiac sarcoidosis,
who underwent 6’Ga scanning, exhibited myocardial 4’Ga
accumulation in our study, myocardial 6’Ga scintigraphy
was considered an insensitive method for detection of car-
diac involvement of sarcoidosis. However, because we did
not perform myocardial 8’Ga SPECT on all patients in this
study, which would be expected to increase the sensitivity
of detection of myocardia accumulation of 6’Ga, myocar-
dial 6Ga SPECT must be performed in al patients with
cardiac sarcoidosis to evaluate the diagnostic accuracy of
myocardia §’Ga scintigraphy.

Decreased 2°1T| uptake of the myocardium in patients
with cardiac sarcoidosis is considered fibrogranulomatous
replacement of the myocardium (1,2,5). In the remission
stage of cardiac sarcoidosis, myocardium is replaced pre-
dominantly by fibrous tissue rather than by granulomatous
tissue with inflammatory cell infiltration. Because myocar-
dial 2°1T| scintigraphy detects cardiac sarcoidosis with and
without active inflammation, it may be a sensitive but non-
specific method for detection of active cardiac sarcoidosis
(5). Likewise, 3N-NH; defects might represent fibrogranu-
lomatous replacement of myocardium with and without
active inflammation and might be sensitive, but nonspecific,
for detection of active cardiac sarcoidosis because 13N-NH;
is a perfusion tracer like 2°1TI. In 2 patients (patients 9 and
17) in our study, 21Tl SPECT could not identify any per-
fusion defect, whereas 13N-NH; PET identified a perfusion
defect in the basal septum. Because PET has a higher spatial
resolution than SPECT, ¥N-NH; PET has the potential to
detect a perfusion abnormality more sensitively than 201TI
SPECT.

Recent studies found that 8F-FDG accumulated in the
lung and bilateral hilar lymph nodes in patients with sar-
coidosis (10,11). The cellular uptake of 8F-FDG in sarcoid-
osis is related to inflammatory cell infiltrates, which are
composed of lymphocytes, macrophages, and epithelioid
cells from monocytes, because 18F-FDG has been observed
in vitro to be accumulated by leukocytes (22), lymphocytes,
and macrophages (23). In patients with pulmonary sarcoid-
osis, 8F-FDG uptake of lung was concordant with histo-
logic activity of pulmonary sarcoidosis, and the 8F-FDG
uptake of lung was decreased after high-dose steroid ther-
apy (10). Thus, 8F-FDG PET might provide a means of
assessment of disease activity of pulmonary sarcoidosis.

Although no study investigating the usefulness of myo-
cardia 8F-FDG PET for diagnosis of myocardial involve-
ment of sarcoidosis has been available, 18F-FDG might
accumulate in the myocardium of patients with cardiac
sarcoidosis, as it does in pulmonary sarcoidosis. In patients
with cardiac sarcoidosis, 8F-FDG uptake by the heart might
be concordant with inflammation activity of cardiac sarcoid-
osis. This consideration is consistent with the findings of
diminished 18F-FDG uptake in the myocardium after steroid
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therapy in our patients with cardiac sarcoidosis. Increased
myocardial 8F-FDG uptake was observed in 10 patients
without abnormal myocardial accumulation of 8’Ga. There-
fore, 18F-FDG PET has the potential to detect myocardial
involvement of sarcoidosis with active inflammation more
sensitively than 8’Ga scanning. Takeda et al. (12) recently
reported a case of cardiac sarcoidosis with third-degree
atrioventricular block. In this case, PET revealed decrease
13N-NH; uptake and strongly increased 8F-FDG uptake in
the basal septal segment. Moreover, both findings disap-
peared and complete atrioventricular block improved to
first-degree atrioventricular block after steroid therapy.
These findings were concordant with our results.

In our study, ¥N-NH; defects were observed frequently
in the basal anteroseptal wall of the LV, and increased
1BE-FDG uptake was observed frequently in the basal and
midanteroseptal-lateral wall of the LV. Both ¥N-NH; de-
fects and increased 18F-FDG uptake were rare in the apex.
These findings were concordant with previous pathologic
and morphologic studies (24—26) indicating that cardiac
involvement of sarcoidosis was common in the basal por-
tion of the ventricular septum and free wall with sparing of
the apex. Because 13N-NH; defects or increased 8F-FDG
uptake localized to such portions is uncommon in coronary
artery disease, 3N-NH; defects in the basal anteroseptal
wall of the LV or increased 8F-FDG uptake in the basal and
midanteroseptal -lateral wall of the LV might be specific for
cardiac sarcoidosis. Moreover, in our study, 5 patients
showed significant 18F-FDG uptake in hilar or mediastinal
lymph nodes. Increased 8F-FDG uptake in the heart accom-
panied with significant *8F-FDG uptake in hilar or medias-
tinal lymph nodes might be specific for cardiac sarcoidosis.

In our study, 2 patients (patients 1 and 2) diagnosed as
having cardiac sarcoidosis with orthodox diagnostic criteria
exhibited no abnormal findings on PET. These patients
exhibited only frequent premature ventricular contractions
as a clinical manifestation of cardiac involvement of sar-
coidosis. Because sarcoidosis lesions were not revealed in
their hearts histologically, their premature ventricular con-
tractions might have resulted from causes other than cardiac
sarcoidosis.

The major limitation of this study was the small patient
population. To confirm our results, studies should be per-
formed in a larger population prospectively.

Our results demonstrated that increased 8F-FDG uptake
was a sensitive indicator of cardiac involvement of sarcoid-
osis. However, we did not investigate the specificity or
positive predictive value of 3N-NHy/'8F-FDG PET for di-
agnosis of cardiac sarcoidosis. A previous study (27) found
that some patients with idiopathic dilated cardiomyopathy
exhibited heterogeneous myocardia glucose uptake, which
was related to poor prognosis and lack of improvement of
LV function after medical treatment. A more recent report
(28) reveded that 6%—-40% of myocardial segments in
idiopathic dilated cardiomyopathy exhibited increased 18F-
FDG uptake. To confirm the diagnostic accuracy of in-

creased 18F-FDG uptake for diagnosis of cardiac sarcoid-
osis, the prevalence of increased 8F-FDG uptake in patients
with sarcoidosis but no cardiac involvement or in patients
with heart disease other than cardiac sarcoidosis must be
investigated.

In this study, we defined a myocardial segment with
normal 3N-NH; uptake and minimal % 8F-FDG as a nor-
mal control segment. However, we did not confirm whether
such myocardial segments were truly normal. In an ad-
vanced stage of cardiac sarcoidosis, there might be no
normal myocardium remaining. Although the measurement
of absolute regional myocardial glucose utilization might be
preferable for detection of involved myocardium, this is
complicated and inapplicable to ¥F-FDG SPECT.

CONCLUSION

In this study, we investigated whether 3N-NH4/1®F-FDG
PET could identify cardiac involvement in patients with
sarcoidosis diagnosed with orthodox diagnostic criteria for
cardiac sarcoidosis. 13N-NH; defects and increased 8F-FDG
uptake on cardiac ¥N-NH,/18F-FDG PET was observed
frequently, and the increased myocardia 8F-FDG uptake
was diminished in size and in intensity after steroid therapy.
Our findings suggest that cardiac *3N-NH,/*8F-FDG PET is
the most useful both for identification of cardiac involve-
ment of sarcoidosis and for assessment of cardiac sarcoid-
osis disease activity.
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