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Thallium-201 myocardial SPECT findings at rest in sarcoidosis
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In 41 patients with sarcoidosis (diagnosed according to criteria recommended by the
Committee on Diffuse Pulmonary Disease, Ministry of Health and Welfare, Japan 1988),
thallium-201 (201T1) myocardial SPECT was performed to investigate: (1) the ability of 201Tl
SPECT to detect cardiac involvement of sarcoidosis with images recorded at rest and 2 hours
later, and (2) the relationships between 201TI myocardial SPECT findings and the activity of
sarcoidosis or endomyocardial biopsy findings. As to the abnormal findings in 201TI myo-
cardial SPECT, (1) a low density area was seen in 13 of 41 cases (31.7 %) and non-uniform
uptake was found in 17 cases (41.5%), (2) the mean washout ratio (n=39) was 16.54+7.4 9,
which is significantly (p<<0.05) lower than that found in normal subjects, 23.94+7.5% (n=10).
Of the 19 patients judged visually to be normal, 5 patients had a reduced mean washout ratio
less than 129%. Thus, the incidence of abnormal findings including all types of abnormality,
on 201T] myocardial SPECT in sarcoidosis was 63.49, (26/41 cases). In studying the rela-
tionship between 201T] myocardial SPECT findings and the activity of sarcoidosis (as meas-
ured by the serum ACE (angiotensin converting enzyme) or lysozyme level, or the presence
of more than 309, symphocyte fraction in BALF (broncho-alveolar lavage fluid)), 20 (80%)
of 25 cases with 201T] abnormality were judged to be active sarcoidosis, while only 6 (37.5%)
of 16 cases with normal findings on 201T] SPECT were judged to be active. This suggests that
there is a significant (p<<0.01) relationship between the presence or absence of an abnormal
finding on 201T1 myocardial SPECT and the activity of sarcoidosis. Among 13 patients
examined by endomyocardial biopsy, 10 patients had abnormal findings on 21T] myocardial
SPECT and 7 of these 10 patients had no histological evidence of cardiac sarcoidosis. In all
of these 7 patients, however, sarcoidosis was judged to be active. This suggest that endoc-
myocardial biopsy is of limited value in the diagnosis of cardiac sarcoidosis.
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INTRODUCTION

SARCOIDOSIS, a granulomatous disorder of unknown
etiology, involves various organs, including the heart
through which it has often caused death. Cardiac
sarcoidosis may involve the myocardium and cause

Received July 24, 1992, revision accepted October 19,
1992.

For reprints contact: Noritaka Yamamoto, M.D.,
The Second Department of Internal Medicine, Gifu Uni-
versity School of Medicine, 40 Tsukasamachi, Gifu City,
Gifu 500, JAPAN.

Vol. 7, No. 2, 1993

heart failure. It may also involve the conducting
system and cause arrhythmia. However, it remains
difficult to make an antemortem diagnosis. Recent
studies have shown thallium-201 (201Tl) myocardial
SPECT to be useful for diagnosing cardiac sarcoido-
sis at a relatively early stage.l-2 In the present study,
201T] myocardial SPECT was performed in patients
with sarcoidosis (1) to detect cardiac involvement
based on an early image obtained at rest and delayed
image obtained 2 hours later, and (2) to examine the
relationship between the findings on 20Tl myocardial
SPECT and the activity of sarcoidosis or the histo-
pathologic findings with endomyocardial biopsy.
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SUBJECTS AND METHODS

Patients studied

Forty one cases of definite sarcoidosis were the
subjects of this study. Each was diagnosed according
to the criteria recommended by the Committee on
Diffuse Pulmonary Disease, Ministry of Health and
Welfare, Japan 1988, and underwent 20Tl myo-
cardial SPECT. There were 9 men and 32 women,
aged 52.54-14.7 years (mean+SD). The diagnostic
triggered findings included ocular symptoms in 17
patients (many of whom were referred to us by
ophthalmologists), arrhythmia in 4, abnormal chest
X-ray findings in 6, respiratory symptoms in 6,
abdominal pain in 2, subcutaneous nodes in 5 and
lymphnode swelling in 1.

201T] SPECT

201T] SPECT was performed as we reported pre-
viously.3 201T] (148 MBq) was injected intravenously
while the patients were sitting at rest and imaging
was performed twice (at 10 min and at 2 hours after
injection; but in 2 cases delayed image was not per-
formed). Data were collected with a rotation type
r-camera (ZLC, Siemens) equipped with a low energy
high resolution collimator, and images were recorded
in 18 directions (RAO 45°-LPO 45°) at intervals of
10° beginning with the anterior aspect for 50 seconds.
We used a digital computer (Scintipack 2400,
Shimadzu) to collect data and reconstruct images.
Image reconstruction was performed without a filter,
and 209, of the counts were cut off as background
subtraction for visual assessment. An early image
was obtained at 10 min after the administration of
201T] and delayed image was obtained at 2 hours after
the administration. We visually judged the early and
delayed images for perfusion abnormalities (low
density, non-uniform uptake, redistribution). For
more objective quantification, circumferential profile
curves were constructed. From the short axis images
of the left ventricle obtained at about the middle of
the heart, lines were drawn radially in 36 directions
at intervals of 10°, with the anterior wall repre-
sented at the center. The peak counts on individual
radial lines formed the basis of the circumferential
profile curves for early and delayed images. The
washout ratio {(initial count—delayed count)/initial
count} x 1009, was calculated without any back-
ground subtraction and a washout ratio curve was
constructed. Parenthetically, when the initial count
was greater than the delayed count, the washout
ratio was considered positive. Redistribution was
considered to be positive when segmental 201T] up-
take (more than 3 consecutive points on the cir-
cumferential profile curve) in delayed images in-
creased by at least 109, as compared with the 201T]
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uptake in early images. The mean of 36 washout
ratios in one short axis image was called the mean
washout ratio for the patient. The mean washout
ratio obtained from 10 normal subjects in our labo-
ratory was 23.34+7.5%. Any mean washout ratio
less than 12.0%, (mean—1.5 SD) was considered to
be an abnormal 20!T] finding. We looked for the
20171 myocardial SPECT findings 1) by visual as-
sessment, on low density or non-uniform uptake,
2) on the washout ratio curve. The electrocardio-
gram was examined for the conduction block, ST-T
abnormality or hypertrophy of the left ventricle.

Activity of sarcoidosis

We judged the activity of sarcoidosis by 1) the rise in
the serum level of angiotensin converting enzyme
(ACE), 2) the rise in the serum level of lysozyme and
3) a lymphocyte differential count fraction exceeding
309; in bronchoalveolar lavage fluid (BALF). Since
the BALF lymphocyte differential count fraction
tends to be higher in smokers,4 analysis of the BALF
study was limited to 16 non-smokers in the present
study.

Endomyocardial biopsy

An endomyocardial biopsy was performed in 13
patients. With the endomyocardial biotome, 1 to 3
specimens were obtained from the endocardial sur-
face of the left ventricle. From each specimen, 3
sections were prepared, stained with hematoxyline
and eosin and examined under a microscope (400 x ).
The entire area of each myocardial specimen was
examined carefully. The histological diagnosis for
cardiac sarcoidosis was done only in the presence of
a noncaseous granulomatous lesion. Each of the 13
patients who underwent endomyocardial biopsy was
examined for the aforementioned parameters of
disease activity, including ECG findings.

Statistical analysis

All data are expressed as the mean+4SD, and the
chisquare test was used to compare measurements.
A p value<<0.05 was considered statistically signi-
ficant.

CASE REPORT

A 22 year-old woman with uveitis and biopsy-proven
dermal sarcoidosis visited our Department of
Medicine. The ECG showed poor R wave progres-
sion in precordial leads V¢ and V3. The chest X-ray
showed bilateral hilar lymphadenopathy (BHL). An
endomyocardial biopsy did not reveal any non-
casious granulomatos lesion. After the adminis-
stration of corticosteroid, the poor R wave progres-
sion improved. The low density of the anterior wall
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(a)

and the diffuse non-uniform uptake on the vertical
long axis 201T] myocardial SPECT images also im-
proved after the treatment (Fig. 1). The washout
ratio curve before the treatment showed large fluctua-
tions; the washout ratio was even negative in parts
of the anterior wall. After administering prednisolone
(30 mg/day) for 2 months, these local variations in
washout diminished and there remained no area with
a negative washout ratio (Fig. 2).

RESULTS

(I) 29YT] myocardial SPECT findings

The abnormal findings on 201T] myocardial SPECT
included (1) an area of low density in 13 of 41 patients
(31.7%), and non-uniform uptake in 17 patients
(41.59,) by visual evaluation, and (2) a mean washout
ratio of 16.54-7.49; (n=39), which was significantly
(p<<0.05) lower than that in the normal group (Table
1). There were 5 subjects (12.0%) who had only a
decreased mean washout ratio (mean—1.5SD or
less). Thus, an abnormal finding on 201T] myocardial
SPECT was observed in a total of 26 subjects
(63.49,), consisting of 4 subjects with only a low

Table 1 Findings on 20'T] myocardial SPECT in sar-
coidosis

Low density
Non-uniform uptake
Mean washout Ratio

13/41 (31.7%)
17/41 (41.5%)
16.5+7.4
(mean+SD, n=39)
v.s. Normal (p<0.05)
[Normal 23.34-7.5, n=10]

(b)
Fig. 1 Vertical long axis image of 201T] myocardial SPECT before (a) and after (b) steroid
therapy.

density area, 8 subjects with only non-uniform up-
take, and 9 subjects with both abnormalities and 5
subjects with a decreased washout ratio. By visual
evaluation, redistribution was observed in the low
density area on an early image of 12 of the 13 cases,
and in the non-uniform uptake area in 6 of 7 cases
(on one case with non-uniform uptake delayed image
was not performed). The mean washout ratio showed
no significant difference among the cases of low
density, only non-uniform uptake and normal
perfusion.

(II) Relation between abnormal findings on ECG
and 2°'T| myocardial SPECT (Table 2)

All of the 6 patients with A-V block and 2 with
hemiblock were associated with abnormal findings
on 201T] SPECT, while 3 of 4 patients with ST-T
change and normal coronary angiogram had no ab-
normal 201T] SPECT finding. In 1 of 4 patients with
left ventricular hypertrophy (LVH), an abnormal
finding on 201T] SPECT was observed. Sixteen of our
25 subjects with a normal ECG had abnormal 201T1
SPECT findings. Solitary or scattered sarciodosis
lesions may represent a normal ECG.

Table 2 Relation between abnormal findings on ECG
and 20T myocardial SPECT

Tl abnormality (+) (-)
A-V block (6 cases) 6 0
Hemiblock (2 cases) 2 0
ST-T change (4 cases) 1 3
LVH (4 cases) 1 3
WNL (25 cases) 16 9
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Fig. 2 201T] myocardial SPECT short axis image and washout ratio curves before and after
the steroid therapy. Early short axis image before the steroid therapy (a) indicates a low density
area in the anterior wall, and the delayed short axis image before the therapy (b) shows
a redistribution in that area. The washout ratio curve (e), calculated from the value on the
images (a) and (b), represents a low washout ratio in that area. After the steroid therapy,
however, the anterior wall improved in 201T] uptake in early short axis image (c) and the
redistribution was not prominent in the delayed image (d). Washout ratio curve after the
steroid therapy (f) indicates the ignprovement of the washout ratio in that area.
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Table 3 Relation between findings on 20'T] myocardial
SPECT and activity of sarcoidosis
Activity (4+)  Activity (—)

T abnorinTliiy (+) 20 5
TI abnormality (—) 6 10

p<<0.01 in the x2 test

Table 4 Relation between findings on 20Tl myocardial
SPECT and endomyocardial biopsy

Endomyocardial biopsy

o Positive Negative
Tl abnormality (4) 3 7
TI abnormality (—) 0 3

N.S. in the #2 test

(III)  Sarcoidosis activity
In 20 (8079;) of 25 patients with 201T] perfusion ab-
normality, sarcoidosis was judged to be active at the
time of examination. On the other hand, only 6
(37.5%) of 16 cases without a 201T] perfusion ab-
normality showed signs of sarcoidosis activity. The
presence of an abnormality on 20!TI myocardial
SPECT significantly correlated with the sarcoidosis
activity (p<0.01 in the 2 test) (Table 3). Individual
parameters for sarcoidosis activity are described as
follows.
(a) Serum ACE level
An increased serum angiotensin converting enzyme
(ACE) concentration (21.4 TU/L or more) unrelated
(p>0.05) to abnormal 201T] SPECT findings in 40
subjects. Only in 9 (37.5%) of 24 patients with 201T]
perfusion abnormality, ACE concentration was in-
creased and in 11 (68.8 %) of 16 patients with normal
201T] perfusion, ACE concentration was normal.
(b) Serum lysozyme level
In 19 (86.49;) of 22 patients with 201T] perfusion
abnormality, serum lysozyme concentration was in-
creased (8.6 ug/m/ or more) and in 4 (44.4%) of 9
patients with normal 201T1 perfusion, lysozyme con-
centration was normal. This relationship was proved
not significant in the %2 test (p>0.05).
(¢) Lymphocytes in broncho-alveolar lavage fluid
(BALF)
In the patients with abnormal 201T] SPECT findings
(n=8), the total cell count in BALF was 2.7--1.3
(x105/m/) (mean+-SD) and in the patients without
abnormal 201T] SPECT findings (n=8), it was 3.2+
4.0, with no significant difference. The CD4/CD8
ratio was 5.641.6 in the presence of abnormal
SPECT findings and 4.0--1.4 in the absence of ab-
normal SPECT findings, with no significant differ-
ence. The lymphocyte differential count was 80.8 -
14.4(7;) in the presence of abnormal SPECT findings
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whereas it was 33.54-26.8 in the absence of ab-
normal SPECT findings—this difference was signi-
ficant (p<<0.01).

(1V) Endomyocardial biopsy

The 13 patients who underwent endomyocardial
biopsy were examined for any relation between 201T)
SPECT findings and histological findings. In only
3 of 10 patients with abnormal 201T]1 SPECT findings,
endomyocardial biopsy revealed granulomatous le-
sions, although all of these 10 patients were judged
to be active. These 3 cases had a severe scattered low
density area. The other 3 patients with normal 201T}]
SPECT findings were negative histologically and
negative as to sarcoidosis activity (Table 4). No
significant correlation was found between abnormal
201T] findings and histological findings (p>0.1).

DISCUSSION

Diagnosis of cardiac sarcoidosis

Cardiac involvement has been considered to be the
most common cause of death in sarcoidosis.? Cardiac
sarcoidosis that culminates in death is called fatal
myocardial sarcoidosis (FMS).¢ The rate of correct
antemortem diagnosis for FMS is as low as 17% in
Japan? and 279 in other countries.® It was also re-
ported that clinical signs of cardiac involvement may
be detected in less than 5%, of patients with sarcoido-
sis.® All of these findings attest to the difficulty in
making an antemortem diagnosis of cardiac sarcoido-
sis at an early stage. In FMS death is sudden, pre-
ceded by heart failure, which occurs in 36 % according
to Sekiguchi, et al.1® or 679 according to Roberts,
et al.8 With recent developments in pacemaker tech-
nology, death due to heart failure has become pro-
minent, a situation which increases the importance of
making an antemortem diagnosis of cardiac sarcoido-
sis. Silverman, et al.1! and Tachibana, et al.12 found
evidence of cardiac involvement in 25% and 52.1%,
respectively, of autopsied patients with sarcoidosis,
indicating that cardiac involvement is by no means
infrequent in patients with sarcoidosis. To detect
cardiac involvement in sarcoidosis, 201T1 myocardial
scintigraphy is being widely used. The myocardial
uptake depends on regional perfusion and extraction.
The extraction may be an active process requiring an
Na, K-ATPase enzyme system, or may be a passive
transport according to the electropotential gradient
across the cellular membrane.l3 Kinney, et al.l4
found perfusion defects in 201T] myocardial scinti-
grams obtained at rest in 329 of patients with
sarcoidosis. In the present study, we thought that ab-
normality on 201TI myocardial scintigraphy in
patients with sarcoidosis could be equated with
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cardiac involvement. A low density on 201T1 SPECT
was found by visual assessment in 13 of 41 subjects
(31.7%)—a prevalence similar to that reported by
Kinney et al. Non-uniformity of 201TI uptake was
found in 17 of 41 subjects (41.5%;). When the wash-
out ratio abnormality was also considered, the pre-
valence in subjects with any one of the three findings
suggesting sarcoidosis increased to 63.49/, suggest-
ing that the delayed image was important. Haywood,
et al.15 remarked that the defects in the 201TI scinti-
gram in sarcoidosis decreased in size during thallium
stress imaging, a finding opposite that usually seen
in myocardial ischemia. In the present study, where
we compared the early image to the delayed image at
rest, redistribution occurred in 12 of 13 cases with
low density, and in 6 of 7 cases with non-uniform
uptake. From these findings one may conclude that
cardiac involvement in sarcoidosis is due not only to
granulomatous lesions but also to microangiopathy
(which may be the main lesion) and that the non-
uniformity of 201T] uptake may represent patchy
defects due to vascular lesions.16 The histological
alterations responsible for abnormal 201TI myo-
cardial SPECT findings may include infiltration of
lymphocytes to the myocardium, fibrous degenera-
tion of the myocardium and vascular lesions.5:11

Activity of sarcoidosis and abnormal °'T] myocardial
SPECT findings

As the indices of activity of sarcoidosis, Fanburg,
et al.1? listed alterations in (1) the percentage of
lymphocytes in BALF, (2) 6?Ga scintigraphy, (3)
serum enzyme activities (ACE, lysozyme etc.) and
(4) clearance of 9™Tc-DTPA by the lungs. ACE is
produced by endothelial cells and in sarcoidosis the
serum ACE level approximately represents the total
body granuloma activity. The ACE level is thought to
have a sensitivity of 849, and a specificity of 959,
while for lysozyme, the sensitivity is 60% and the
specificity is 76 9; for active sarcoidosis. Therefore,
the serum ACE level was found to be revealed useful
as an index of disease activity.!8 It is also reported
that the lysozyme level, which is thought to represent
the activity of giant cells, correlates highly with the
efficacy of the treatment. However, the lysozyme
level correlates poorly with the serum ACE level or
lymphocyte count in BALF.19 Uptake of 67Ga is
considered to be the most useful parameter of ac-
tivity.20 In the present study, an increase in any one
on the 3 parameters—the serum ACE level, serum
lysozyme level or percent lymphocyte count in
BALF—was considered to indicate sarcoidosis ac-
tivity. In patients who were judged to be active in
this manner, an abnormal 291Tl myocardial SPECT
finding was frequently found (Table 3). One may
speculate that since sarcoidosis is a systemic disease,
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it is possible for a patient with active sarcoidosis to
have cardiac involvement. 201TI myocardial scinti-
graphy will be useful in detecting cardiac involvement
in such a patient. Of 5 subjects with abnormal 201T]
myocardial SPECT findings who were judged inactive,
3 had only a low washout ratio without any visual
perfusion abnormality, while the remaining 2 sub-
jects had an extensive defect. These 2 patients were
considered to have severe cardiac involvement, such
as complete myocardial fibrosis.

Endomyocardial biopsy and abnormal 20'T] myo-
cardial SPECT findings

Endomyocardial biopsy is a useful means of es-
tablishing a diagnosis of cardiac sarcoidosis when
the biopsy specimen is histologically positive.
Endomyocardial biopsy, however, is often insensi-
tive when compared to autopsy findings.21-22 In the
present study, histological findings of sarcoidosis
were confirmed only in a few patients who underwent
endomyocardial biopsy and who had abnormal 201T]
myocardial SPECT findings. This suggests that the
endomyocardial biopsy does not necessarily cover
the entire myocardium or that the diagnosis of sar-
coidosis should be based not only on finding granulo-
matous lesions or fibrotic lesions but also on finding
microangiopathy or cellular infiltration which may
otherwise indicate a nonspecific change. Alterna-
tively, a 201T] myocardial SPECT abnormality may
represent some alteration which cannot be seen histo-
logically. However, this possibility is remote in view
of the fact that there are many reports of cardiac
sarcoidosis that were not diagnosed by endomyo-
cardial biopsy but were confirmed on autopsy.10,23
Thus it is probable that the endomyocardial biopsy
is prone to sampling inadequacy and the diagnostic
sensitivity of endomyocardial biopsy must be scruti-
nized more closely. As long as the endomyocardial
bioptome is used, an endomyocardial biopsy can
reach, at most, to a depth of only 2-3 mm below the
endocardial surface. It is known that patients with
abnormal 201T] SPECT findings have a better pro-
gnosis than patients in whom the diagnosis of
cardiac sarcoidosis was confirmed by endomyo-
cardial biopsy. This fact suggests that abnormal
201T] myocardial scintigraphic findings may, at times,
represent nonspecific local alterations and not a
granulomatous lesion or a derangement of the micro-
circulation in the myocardium.?? In the present
study, abnormal 201T1 SPECT findings were often
associated with evidence of sarcoidosis activity. This
suggests that, although abnormal 201TI SPECT
findings may not be ascribed entirely to fibrosis or
a granuloma, 201TI scintigraphy is sensitive for
processes which may be associated with sarcoidosis.
Therefore, it is important to screen patients with
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sarcoidosis for cardiac involvement by 201T1 myo-
cardial SPECT so that the patient may be followed
up closely for any premonitory symptoms of lethal
arrhythmia.
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