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Coincidence imaging with a dual-head gamma camera may offer a cost-effective alternative to
dedicated PET. The aim of this study was to compare the diagnostic accuracy of coincidence
imaging and PET in patients with differentiated thyroid cancer.

Thirty-one patients were studied after thyroidectomy and radioiodine ablation. They were
injected with a single dose of 300 MBq '8F-FDG. Scanning was performed on a dedicated PET
system after 1 hr, and on a coincidence gamma camera after 4 hrs.

Based on a lesion-by-lesion comparison, coincidence imaging and PET concurred in 69% of 118
lesions. Based on lesion size, concurrence was 96% in lesions larger than 1.5 ¢cm, and 62% in those
between 1 and 1.5 cm. Lesions smaller than 1 cm could not be identified with coincidence imaging.

Identical staging was obtained with coincidence imaging and PET in 26/31 patients (84%). In
four patients FDG accumulating lesions were shown by both the coincidence camera and the
dedicated scanner, but not detectable with any other imaging means and were confirmed histologi-
cally on surgery.

Although a coincidence camera is technically inferior to a dedicated PET scanner, it may provide
clinically useful results in situations were a lesion of sufficient size and FDG uptake is to be
expected, e.g. when evaluating a known lesion for malignancy.
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INTRODUCTION

IN paTIENTS with differentiated thyroid cancer, positron
emission tomography (PET) with '8F-fluorodeoxyglucose
(FDGQG) has been proven to provide additional diagnostic
information compared to '3'I whole body scanning. It has
been found to be particularly useful in cases of suspected
local recurrence, regional lymph node metastases or dis-
tant metastatic spread. A multicentre study with 222
patients suffering from differentiated thyroid cancer dem-
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onstrated a diagnostic sensitivity of 75% for FDG-PET,
50% for 3'I whole body scan, and 93% when both
methods were combined.! Two studies with FDG-PET
and '3'I whole body scan found a combined sensitivity of
95 and 86%, respectively.?? In patients with increased
serum thyroglobulin levels and negative '3'I whole body
scan, the sensitivity of FDG-PET has been shown to be
85%.4

A number of studies have consistently shown that
sestamibi and thallium can be used to image thyroid
cancer with a sensitivity and specificity that is nearly
identical to FDG. But FDG-PET provides better image
contrast and higher spatial resolution.>®

The availability of PET for routine clinical use is
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limited by the high price of a full-ring tomograph. The
coincidence gamma camera has therefore been proposed
as a cost-effective alternative to perform FDG imaging. In
spite of technical limitations of gamma camera coinci-
dence imaging, first results indicate a usefulness in clini-
cal settings.”® But before coincidence imaging can be
introduced into clinical practice, the equivalence of both
imaging methods has to be demonstrated by intraindividual
comparison in various diseases.

The aim of this study was to investigate the diagnostic
accuracy of PET imaging with a dual-head gamma cam-
era compared to a dedicated PET scanner with regard to
the staging of patients with differentiated thyroid cancer.

MATERIALS AND METHODS

Patients

Thirty-one patients (16 women and 15 men; mean age +
SD, 64 £ 9.3 yrs) with differentiated thyroid cancer
presenting with a positive 13'T whole body scan (n = 22)
and/or high thyroglobulin levels (n = 27) were included in
this study. Nine of the patients investigated had negative
radioiodine whole body scans. All patients had undergone
thyroidectomy and at least two radiotodine treatments for
ablation of thyroid remnants or distant metastases. '3']
whole body scanning, ultrasonography, chest X-ray, thy-
roid function tests (thyrotropin, tritodothyronine, free
thyroxine), and measurement of serum thyroglobulin
(immunoradiometric assay, SELco®Tg, Medipan
Diagnostica, Selchow, Germany) were performed in all
patients. According to clinical need, some patients had a
CT lung scan, MRI of the neck, and X-ray imaging of
various parts of their skeleton. All investigations were
performed within 2 months. Informed consent was ob-
tained from all patients. The study was performed accord-
ing to the guidelines of the local ethics committee.

The histological diagnosis was papillary carcinoma in
11 patients, and follicular carcinoma in 20 patients. At the
time of initial diagnosis, 20 patients had lymph node or
distant metastases suspected on chest X-ray, computer-
ized tomography, or by ultra sound. The primary staging
was pTlin4, pT2in 12, pT3in 5, pT4in 9, and pTxin 1
patient.

Study design

All patients were investigated with both dedicated PET
and a coincidence camera on the same day. Prior to the
injection the patients were fasted for at least 4 hours.
Blood glucose levels were normal in all patients (range
3.4-7.0 mmol/l). The reference scan with a dedicated
ring-tomograph was performed 60 minutes after intrave-
nous injection of 300-370 MBq of '8F-FDG. Subse-
quently, coincidence imaging with the dual-head gamma
camera was carried out 210-240 minutes after tracer
application. The feasibility of doing coincidence imaging
at this stage was shown by a pilot study in a small number
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of patients. Because the tumour/background ratio in this
study increased from 1 to 4 hours after injection, the
activity remaining at 4 hours can be used for coincidence
imaging without a negative influence on lesion detectabil-
ity.'® Due to a radioiodine whole body scan being per-
formed 4 days after PET imaging, 14 patients were off
levothyroxine. The remaining patients had radioiodine
treatments two months before the PET imaging. It can,
therefore, be assumed that there was no significant break-
through of the 364 keV gamma ray from '3'I into the
Compton window at the time of FDG scanning.

PET imaging

We used an ECAT Exact HR+ (Siemens/CTI, Knoxville,
Tenn., USA) with BGO detectors and an axial field of
view of 15.2 cm. Six bed positions overlapping 1 cm were
acquired in 2D mode for 10 minutes each. The energy
window was set to 350-650 keV. The image sets were
reconstructed by filtered back-projection (Hann filter,
cut-off 0.4).

Coincidence gamma camera imaging

A Solus EPIC MCD gamma camera (ADAC Laborato-
ries, Milpitas, Calif., USA) with a 5/8 inch Nal crystal and
an axial field of view of 38 cm was used. The acquisition
matrix was 128 x 128. With the coincidence camera we
could not correct for attenuation, scatter or random coin-
cidences. Imaging started when the singles count rate was
below 1.5 x 10%s. Two to three bed positions covering the
head, neck and chest, and overlapping 35% were acquired
in three-dimensional (3D) mode with 32 angles of 40 s
each. The energy windows were set at 511 keV x 15% for
the photopeak and 310 keV % 15% for Compton events,
respectively. Photopeak-photopeak and photopeak-
Compton scatter coincidences were accepted. Recon-
struction was performed with an iterative method (4
iterations, 8 ordered subsets, Wiener prefilter, noise factor
of 0.7, ADAC Laboratories).

B3 whole body scanning

This was performed 72 hours after oral administration of
a therapeutic dose of '3'I-Nal (3,700 MBq) for treatment
of metastases with a dual-head gamma camera equipped
with high-energy collimators (Genesis, ADAC Laborato-
ries). An acquisition matrix of 512 x 512 and a scanning
speed of 15 cm/min were used. All patients were off
levothyroxine for 8§ weeks, had discontinued triiodothyro-
nine medication 2 weeks before, and had reached hy-
pothyroidism.

Data analysis

Because the coincidence camera was not equipped with
attenuation correction, uncorrected images were used for
comparison of the results obtained with dedicated PET
and the coincidence camera. Images obtained with both
methods were read separately by two experienced inves-
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tigators (CT, BB-B) who were blinded to the PET results
when evaluating coincidence gamma camera scans. Data
sets were interpreted on a computer screen with a linear
grey scale which investigators were free to manipulate.
Foci of increased FDG uptake were counted. A consen-
sus decision was made in cases of discrepancy between
the two observers. The size of each lesion was derived
from the PET images by applying a 50% intensity
isocontour as the outline of the tumour. The detectability
and contrast of the lesions in the coincidence images
compared to PET was scored on a three point scale (1 =
similar to PET; 2 = visible, but inferior to PET; 3 =
invisible).
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Fig.1 Comparison of the diagnostic accuracy of coincidence
camera and dedicated PET. The number of lesions accumulating
1311, FDG, or both tracers, are shown.

Statistical analysis

The differences between groups (patients who were on or
off levothyroxine) were tested with Fisher’s exact test
(95% confidence interval).

RESULTS

Combined use of FDG and '*'I-Nal detected 138 lesions
(100%) in 31 patients. With '3'T whole body scan 68/138
lesions (49%) could be seen. Coincidence imaging showed
81/138 (59%), and dedicated PET 118/138 (85%) lesions.
Combining coincidence imaging and '*'T whole body
scan increased the relative sensitivity from 59 to 73%.
Twenty lesions of all 138 detected (14%) did accumu-
late '3'I-Nal only, and 70 lesions (51%) showed uptake of
FDG only. Of these, 41 lesions (59%) could be detected
with the coincidence gamma camera. The remaining 48
lesions (35%) accumulated both tracers (Fig. 1).
Lesion-by-lesion comparison of images obtained with
dedicated PET and coincidence camera showed concor-
dance in 69%. Analysis of different anatomical areas
showed agreement in the head and neck of 60%, and 79%

Table 1 Anatomical localization of lesions imaged with the
different modalities

: coincidence  dedicated 31T whole
anat(.)m@al camera PET scanner body scan
localization

[n] [n] [n]
head & neck 21 35 11
chest 54 68 34
bone 6 15 23
total 81 118 68

Fig.2 A 67-year-old man with metastatic differentiated thyroid cancer. Coronal images of coincidence
camera (left) and PET (right) showed increased uptake in mediastinal lymph node metastases. Whereas
the contrast in the PET image was equal in all lesions, in the coincidence image it is lower in the smaller
lesions. One lesion (in the left jugular region) could not be recognized in the coincidence image without

knowledge of the PET results.
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in the chest. Of 23 bone metastases detected by '3'T whole
body scan, 15 lesions were revealed by dedicated PET,
but only 6 by coincidence imaging (Table 1).

Analysis according to size showed that the best agree-
ment between the two imaging methods was for lesions
larger than 1.5 cm. The coincidence camera detected 96%
of lesions (50/52) larger than 1.5 cm, and 62% of lesions
(31/50) between 1 and 1.5 cm that were seen with the PET
scanner. In contrast, 16 lesions that were smaller than 1
cm could only be imaged with the dedicated PET scanner.

Lesion contrast in images obtained with the coinci-
dence camera was judged to be equal to the PET scanner
in 40% of lesions (score 1), and inferior in 29% (score 2).
Thirty-one percent of lesions were invisible in the coinci-
dence images and scored 3. Images of a patient with
several mediastinal lesions that could be detected with
both techniques are shown in Figure 2, but the contrast of
the smaller lesions in the coincidence image was inferior
to PET. The lesion in the left jugular region could not be
identified by coincidence imaging.

In patients who were on levothyroxine, 31 of 51 lesions
(61%) found with the dedicated PET scanner could also
be seen with the coincidence camera. In patients off

Table 2 TNM staging according to imaging modality

131
coincidence  dedicated 3!l whole Hal anci
camera PET scanner body scan copven%lona
imaging
[n] [n] [n] [n]
NO 13 14 24 14
Nla 5 3 B 10
N1b 11 14 4 7l
MO 16 13 13 10
Ml 115) 18 18 21

levothyroxine, the detection rate was 49 out of 66 lesions
(74%). This difference was not statistically significant (p
> 0.05).

Table 2 shows to what extent TNM staging was
influenced by the result of the FDG imaging with both
devices in comparison to '*'T whole body scan and to a
combination of '*'T and other imaging methods. Accord-
ing to the TNM system the same stage as with the PET
scanner could be obtained with the coincidence camera in
26/31 patients. Those metastases that were missed by
coincidence imaging but were relevant to TNM staging
were

—small (< 1.5 cm) mediastinal lymph nodes in two

cases (in one of which the PET scan was the only
diagnostic procedure showing evidence of disease
activity)

—small (< 1.5 cm) metastases in the lung

—a | cm cervical lymph node metastasis

—a lesion in the thoracic spine,
but the misstaging of 5 patients by coincidence imaging
would not have altered the therapeutic management of
these patients.

Compared to '3'I, FDG showed additional lymph node
metastases in 9 patients when imaged with the coinci-
dence camera, and in 11 patients when imaged with the
PET scanner. Three patients who had known metastases
demonstrated by '3'I whole body scan were misstaged as
MO by both imaging methods using FDG (Table 2).

Compared to the results of a combination of '3'I and
other imaging FDG showed additional lymph node me-
tastases in 6 patients when imaged with the coincidence
camera, and in 9 patients when imaged with the PET
scanner.

The therapeutic strategy was changed as a result of the
additional diagnostic information provided by the FDG

Fig.3 A 60-year-old man was investigated with FDG because of raised thyroglobulin and (false)
negative '3'I whole body scan. The FDG images obtained with the coincidence camera (left) and the PET
scanner (right) showed increased uptake in the paratracheal region. Surgery and histology confirmed this

finding.
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scan in 4/31 patients. In three of these cases both the
dedicated PET scanner and the coincidence camera showed
radioiodine negative lymph node metastases which could
subsequently be removed by surgery and were confirmed
histologically (Fig. 3). In another patient coincidence
imaging revealed a singular region of focally increased
FDG uptake paratracheally, whereas PET imaging showed
an additional right cervical focus. Both of these were
histologically proven to be metastases of a papillary
thyroid carcinoma at surgery.

DISCUSSION

Coincidence imaging with a modified gamma camera
may offer a cost-effective alternative to a dedicated PET
scanner for the imaging of oncological patients with FDG.
This new technology has, however, not been fully evalu-
ated in clinical settings, although the number of publica-
tions addressing this problem is growing steadily. Many
of these studies include patients with a range of different
malignancies,’?12 which will only give an impression of
the overall performance of the new method. In our opin-
ion, it is of paramount importance to have a study popu-
lation with a single, well-defined disease entity. It may
well be found that coincidence imaging is suitable for
imaging a small group of malignancies with a particularly
high FDG uptake whilst being unable to completely
replace dedicated PET scanners in oncological FDG im-
aging. Some studies evaluating coincidence imaging in
pure populations of patients with lung cancer,®!3 laryn-
geal cancer'* and breast cancer' have been published.
There is also a preliminary study in 11 patients with
recurrent papillary thyroid cancer comparing FDG imag-
ing by means of a coincidence gamma camera with '3!]
whole body scanning, without the use of a dedicated PET
scanner as a reference method for FDG scanning.!®

Technical limitations

Due to technical limitations of dual-head gamma cameras
modified for coincidence imaging the probability of
detecting small lesions is lower than with dedicated
PET.'"!3 In agreement with others,”>!:13-15 we found
that only lesions larger than 1.5 cm could be reliably
detected and that lesions smaller than 1 cm are usually
undetectable (there is only one group which claims to be
able to detect lesions smaller than 1 cm, and as small as 4
mm).'%-1® The main reasons for this are limitations in
usable spatial resolution and contrast as well as partial
volume effects. The limited usable spatial resolution is
mainly due to the restricted count rate capacity (typical
values are < 1.2 x 10%s for single events and < 1.5 x 10%s
for coincident events)!! and lesser probability of detect-
ing coincident events (which is typically around ten times
higher in a dedicated system.? Regarding the image con-
trast of the coincidence camera in a phantom study, at
target/background ratiosof 8 : 1 and 3 : 1 the 16 and 25 mm
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sphere were the smallest that could be detected, respec-
tively. The resolution of the dedicated PET scanner was
13 mm at both of these target/background ratios.'*20
Therefore, the underestimation of FDG uptake of small
lesions due to partial volume effects becomes more severe
in coincidence camera imaging.?!

Another reason for the lower image quality of the
coincidence gamma camera compared to PET is the
different acquisition mode used in this study. Whereas
coincidence gamma camera acquisition is restricted to the
3D mode, the dedicated PET device was operated in the
2D mode to improve image quality. In a 3D acquisition
random and scattered coincidences will rise dispropor-
tionately with the increasing count rate. If not corrected
for, contrast and spatial resolution will be decreased. In
addition, the large detectors of the coincidence gamma
camera have a high detection rate for photons from
outside the field of view. Concurrently, this causes a high
fraction of random coincidences which increases dead-
time.?

Clinical results

This study showed a relative sensitivity of 69% for coin-
cidence imaging compared to dedicated PET. This is
slightly higher than in the results published by Shreve et
al. who found a relative sensitivity of 55% in 31 patients.
For lesions located in the chest a nearly identical relative
sensitivity of 73% was reported. The lower overall sensi-
tivity may have been caused by the low detection rate for
abdominal lesions (23%) in this heterogeneous patient
population.!!

Regarding contrast, our results with subjective assess-
ment on a three-point scale are in accordance with those
of Weber et al.!3 who measured tumour/background
ratios for pulmonary nodules and found that the image
contrast was 32% lower in coincidence gamma camera
than in PET images and decreased with decreasing lesion
size. For lesions smaller than 1 cm it was about 60% lower
in the coincidence than in the PET images.

A German multicentre study' reported a higher sensi-
tivity of FDG-PET if the patient was on suppressive
thyroid hormone therapy (91% vs. 67%). In contrast,
Sisson et al. found a higher FDG uptake in hypothyroid-
ism.2? In our study lesion detectability with coincidence
camera imaging compared to PET was similar in patients
on and off levothyroxine. Whether FDG imaging in
patients with differentiated thyroid cancer should, in
general, be performed with patients on levothyroxine
remains to be clarified in further studies.

Without attenuation correction it proved difficult to
assign lesions located at the border between the lung and
mediastinum to one or the other anatomical structure. Due
to the lower usable spatial resolution, this effect was more
pronounced with the coincidence gamma camera than
with the dedicated PET system. A study by Shreve et al.
reported similar results.!! Furthermore, the generally
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poorer image quality of the coincidence camera makes
distinguishing between pathological and physiological
FDG uptake more difficult.!! Because attenuation correc-
tion improves geometric distortion as well as edge defini-
tion of lesions it will lead to a better visualization and
localization.?* One study has shown that the detection of
smaller lesions benefits most from attenuation correction;
an increase in sensitivity from 60% to 80% was reported
for lesions smaller than 2 cm.'?

Taking into account the severe technical limitations of
the coincidence imaging outlined above, it seems encour-
aging that 26/31 patients in our selective cohort could be
staged correctly according to the TNM system with dedi-
cated PET as a reference. In these 4 cases where only PET
imaging led to a change in therapeutic strategy, the ded-
icated PET scanner and the coincidence gamma camera
gave nearly identical results.

CONCLUSION

Although a coincidence camera is technically inferior to
a dedicated PET scanner, it may provide clinically useful
results in a limited number of patients, especially if a
lesion of sufficient size and FDG uptake is to be expected,
e.g. when evaluating a known lesion for malignancy.
Nevertheless, our results clearly show that a coincidence
gamma camera cannot yet fully replace a dedicated PET
scanner for patients with thyroid cancer.
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