ORIGINAL ARTICLE

Annals of Nuclear Medicine Vol. 15, No. 2, 141-148, 2001

Usefulness of dual-head coincidence gamma camera with thick Nal crystals

for nuclear oncology: Comparison with dedicated PET camera
and conventional gamma camera with thin Nal crystals
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Aim: A comparative study of the images obtained with a dual-head coincidence gamma camera with
thick Nal crystals (19 mm), a dedicated PET camera with BGO crystals and a conventional gamma
camera with thin Nal crystals (9.5 mm) was conducted to clarify the clinical feasibility of a dual-
head coincidence gamma camera with thick Nal crystals. Methods: FDG images of 27 patients with
malignant tumors were obtained by means of a dual-head coincidence gamma camera with thick
Nal crystal and a dedicated PET camera with BGO crystals. The images of bone scintigraphy in 10
cancer patients obtained with the dual-head coincidence gamma camera were compared with those
taken by a conventional dual-head gamma camera with thin Nal crystals. Results: Patient-basis
sensitivity in 27 patients with neoplasms and lesion-basis sensitivity of the dual-head coincidence
gamma camera and the dedicated PET camera were 74.1% and 85.2% (n.s.), 66.7% and 72.2%
(n.s.), respectively. The tumor to background FDG uptake ratio derived from the coincidence
gamma camera was significantly lower than that derived from the dedicated PET camera (mean +
s.d.;3.48 £3.77 vs. 8.12+ 8.92, p < 0.0001), but the tumor to background FDG uptake ratio obtained
with both methods correlated well (r = 0.84, p < 0.001). Similar whole body bone scans were
obtained with the dual-head coincidence gamma camera and the conventional dual-head gamma
camera in all 10 patients. Conclusion: These results suggest that the dual-head coincidence gamma
camera with thick Nal crystals has potentially high clinical applicability for community hospitals.
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INTRODUCTION

PosiTrRON EMISSION TOMOGRAPHY (PET) with 2-{fluorine-
18]fluoro-2-deoxy-p-glucose (FDG) is recognized as a
useful radiologic examination for diagnostic oncology,'
but the clinical use of FDG PET has been limited due to the
expense involved in the installation of the dedicated PET
scanner and in-house cyclotron, and the complexity of on-
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site synthesis of FDG. The recent development of a
cyclotron-accelerator system equipped with automated
synthesis technology and the commercial delivery system
for FDG are accelerating the widespread expansion of
FDG imaging.!=? Utilization of a less expensive gamma
camera for positron detection also presented diagnostic
challenges to the widespread use of FDG imaging. Initial-
ly, a gamma camera equipped with ultra-high energy
collimators (511 keV SPECT), specially designed for
511 keV annihilation photon detection, was developed
and clinically evaluated,** but FDG imaging with 511
keV SPECT was of limited value in detecting tumors
because of its poor spatial resolution and low detection
efficiency.*>

In 1995, a gamma camera with a coincidence electron-
ics circuit (coincidence gamma camera) and Nal crystal,
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a relatively inexpensive device for FDG imaging, was
developed by Muehllehner et al.® It was also an alternative
to a dedicated PET camera using the expensive bismuth
germanate (BGO). Nevertheless, a thin Nal crystal em-
ployed in the initial coincidence gamma camera had the
drawback of low efficiency at stopping high energy gam-
ma rays, such as 511 keV photons from '®F-FDG. This
problem can be partially solved by increasing Nal crystal
thickness. On the other hand, the thicker crystal has the
disadvantage of reducing spatial resolution for lower
energy gamma ray detection. The gamma ray energy of
radioisotopes used in conventional SPECT is around 140
keV, which is much lower than that of FDG (140 keV vs.
511 keV).

Although a choice of a coincidence gamma camera
commonly involves increasing the thickness of the Nal
crystal, a compromise between the 511 keV photon detec-
tion efficiency and the spatial resolution at low energy
detection has to be made for one camera to conduct both
single photon imaging and FDG imaging.” The clinical
potential of a coincidence gamma camera for FDG imag-
ing in oncologic diagnosis has been reported,’”'* but few
articles have demonstrated the clinical utility of one
coincidence gamma camera with thick Nal crystals to
conduct both single photon imaging and FDG imaging.

In this study the clinical feasibility of the dual-head
coincidence gamma camera with thick (19 mm) Nal
crystals was investigated by comparing the FDG images
obtained with a dedicated PET camera, and *™Tc images
obtained with a conventional gamma camera with thin
(9.5 mm) Nal crystals.

MATERIALS AND METHODS

Imaging devices

A coincidence gamma camera (PCD®, Picker Interna-
tional, OH) has two rectangular (51 x 38 cm), large field
of view detectors, with 19 mm (3/4 inch) Nal crystals. In
the 2-dimensional acquisition mode, a slit collimator is
attached to each of the detectors. The outward appearance
of this camera is similar to a conventional dual-head
gamma camera.

The dedicated PET camera with BGO crystals em-
ployed in this study is a SET 2400W (Shimadzu Corpora-
tion, Kyoto, Japan) with a 59.5 cm transaxial field of view
and a 20 cm axial field of view which produces 63 image
planes spaced 3.125 mm apart. The basic performance of
the dual-head coincidence gamma camera and of the
dedicated PET camera are summarized in Table 1.

The conventional gamma camera used for the evalua-
tion of bone scan had two rectangular detectors (51 x 38
cm), and a large field of view, with 9.5 mm (3/8 inch) Nal
crystals (Prism 2000®, Picker International, OH).

FDG imaging
A whole body image by means of the simultaneous
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Table 1 The performance of the dual-head coincidence gamma
camera and the dedicated PET camera

Dual-head coincidence® Dedicated”
Performance
gamma camera PET camera
Spatial resolution
at 0 cm® 5.7 mm FWHM 4.5 mm FWHM
at 10 cm
radial 6.2 mm FWHM 5.3 mm FWHM
tangential 5.8 mm FWHM 4.7 mm FWHM
Volume sensitivity 13 keps/uCi/ml 270 keps/uCi/mi
Scatter fraction 21% 13%

*reconstructed transaxial resolution

3 PCD® (Picker, OH)

b SET 2000W (Shimadzu Corporation, Kyoto, Japan)
o at the center of field of view

emission-transmission method'? with a rotating external
source (370 MBq %Ge/%*Ga at installation) was initiated
at 40 min after the injection of 185-370 MBq FDG by the
multiple-bed position technique. The scanner hardware
estimated and corrected for random events by means of
the delayed-window technique. Scatter correction was
not done. The software was set to provide up to seven bed
increments (8-min acquisition per bed position). Four to
five body sections including from head to thigh were
imaged. Each data set was rebinned by single-slice
rebinning and then reconstructed with an ordered subset
expectation maximization (OS-EM) iterative algorithm
(an ordered subset of 8 with a Butterworth prefilter with
one iteration). The order and cut off frequency of the
Butterworth prefilter were 8 and 0.32 cycle/pixel, respec-
tively. Attenuation-corrected transaxial images with FDG
were reconstructed into 128 x 128 matrices with pixel
dimensions of 4.0 mm in-plane and 3.125 mm axially. The
coronal images 9.8 mm slice thick were also produced
from the transaxial images.

After completion of FDG imaging with the dedicated
PET camera, patients underwent FDG imaging with the
dual-head coincidence gamma camera at 100 min post-
injection. A 15-ns timing window was employed to iden-
tify the coincidence events using the combination of
photopeak-photopeak events, and Compton scatter-
photopeak events. No Compton-Compton counts were
accepted. The energy windows were set at 511 keV/30%
for the '3F photopeak and 280-340 keV for the Compton
scatter events in the crystals. The random coincidence
events were not corrected. All patients were imaged for 30
stops through a rotation of 180° per detector at 30 sec/
frame for a total acquisition time of approximately 16 min
per patient/bed position. The axial acceptance angle was
set at 16°, and the transverse acceptance was set at 480
mm. The imaging area was determined from the CT or
MRI findings. Image data were acquired in list mode and
each item set was rebinned by single-slice rebinning.
After the attenuation correction by Chang’s method with
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an attenuation coefficient of 0.095 cm™', the projection
data were used to generate the transaxial images with the
OS-EM method (order subset of 8 with 3 iterations).
Finally, the reconstructed transaxial images were pro-
cessed with a Butterworth filter (order 8, cut off level 0.35
cycle/pixel). The images were generated into a 128 x 128
matrix with 9.8 mm slice thickness. The coronal images
were also produced from the transaxial images. One
section including the lesions was imaged in this study.

Whole body bone scan

The whole body bone images were obtained with a dual-
head coincidence gamma camera equipped with a low-
energy high resolution collimator 3 hours after the injec-
tion of 740 MBq **™Tc hydroxymethylene diphosphonate
(HMDP). The scan speed was 9 cm/min and the images
were generated in 512 x 1024 matrices. After the comple-
tion of imaging with the dual-head coincidence gamma
camera, whole body imaging was sequentially conducted
with a conventional dual-head gamma camera with thin
(9.5 mm) Nal crystals. The scan speed, image matrix size,
and the distance between detector and patient were the
same as for the bone imaging with the dual-head coinci-
dence gamma camera.

Patients population
Twenty-seven patients (20 men, 7 women: 33-80 y) with
known or suspected malignant tumors were subjected to
the comparative study of FDG images obtained with the
dual-head coincidence gamma camera and the dedicated
PET camera. They included 12 patients with lung cancer,
4 patients with esophageal cancer, 3 patients with soft
tissue tumor (2 neurinoma and 1 liposarcoma), 3 patients
with metastatic bone tumors of prostatic cancer, 2 patients
with malignant lymphoma of the abdomen, 1 patient with
primary bone tumor (chondroblastoma), 1 patient with
paraaortic lymph node metastasis of uterine cancer, and 1
patient with head and neck cancer (acinic adenocarci-
noma). Fifty-four tumor lesions in 27 patients were evalu-
ated for FDG uptake. The neoplasms in twenty-eight
lesions were histologically proven by biopsy or surgical
pathology, including 25 malignant tumors and three be-
nign tumors with 2 neurinomas and 1 chondroblastoma.
The diagnoses of the other 26 lesions were based on the
CT/MRI/US findings and clinical follow-up for 5 months.
Ten patients with suspected metastatic bone tumors (5
men, 5 women: 40-72 y) were enrolled in the comparative
study of whole body bone imaging. There were 5 patients
with breast cancer and 5 patients with prostatic cancer.
All patients gave written informed consent before a
PET study and bone scan.

a

b

Fig. 1 A case of esophageal cancer. Both the coronal section of the FDG image obtained with the
dedicated PET camera (a) and that obtained with the dual-head coincidence gamma camera (b) revealed
the primary lesion (arrow) showing on the CT image (c).

a

Vol. 15, No. 2, 2001

b
Fig. 2 Paraaortic lymph node metastasis in a patient with uterine cancer. Both transaxial FDG image
obtained with the dedicated PET camera (a) and that obtained with the dual-head gamma camera (b)
revealed a metastatic lymphadenopathy (arrow) showing on the CT image (c).
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Table 2 Patients’ characteristics and results of FDG imaging

Dedicated PET camera Coincidence gamma camera
Patient no.  Tumor Sites Regions A visual - SUV ' visual A B Confirmation
interpretation interpretation
1 72/M  lung cancer 1 Surgical pathology
1. upper lobe + 1.69 4.69 - 0.88 1. adenocarcinoma (2 cm)
272/M  lung cancer 4 Biopsy, CT, clinical follow-up
1. upper lobe + 382 1592 + 3.20 1. small cell cancer (3 cm)
2. mediastinal LN + 449 1871 + 5.10 2. not sampled (4 cm)
3.1ib + 458  19.08 + 347 3. not sampled (4 cm)
4. spine + 232 9.67 + 3.46 4. not sampled (3 cm)
380/M lung cancer 1 Biopsy, CT, clinical follow-up
1. upper lobe + 3.15 4.7 + 1.75 1. adenocarcinoma (3 cm)
4 66/M  lung cancer 1 Surgical pathology
1. upper lobe + 1.21 3.03 - 1.23 1. squamous cell cancer (1.8 cm)
566/M lung cancer 1 Surgical pathology
1. upper lobe + 2,78 591 + 2.63 1. adenocarcinoma (2 cm)
678/  lung cancer 2 Biopsy, CT, clinical follow-up
1. lingula + 8.27 18.80 + 3.59 1. squamous cell cancer (6 cm)
2. mediastinal LN + 1.91 434 + 233 2. not sampled (2.5 cm)
764/F  lung cancer \ Surgical pathology
1. lingula - 0.82 1.34 - 0.98 1. Adenocarcinoma (2 cm)
8 70/M  lung cancer i Surgical pathology
1. lower lobe + 434 14.45 + 3.08 1. Squamous cell carcinoma (3 cm)
962/M  lung cancer 1 Biopsy, CT, clinical follow-up
1. upper lobe + 6.57 16.43 + 4.05 1. Squamous cell carcinoma (6 cm)
1072/M  lung cancer 1 Biopsy, CT, clinical follow-up
1. lower lobe - 0.29 0.91 - 0.86 1. Squamous cell carcinoma (1 cm)
2. mediastinal LN + 447 1397 + 3.18 2. not sampled (3 cm)
11 34/M  metastatic 9 CT, clinical follow-up
lung tumor 1. lower lobe + 341 11.00 + 6.08 1. not sampled (2.5 cm)
(testicular cancer) 2. mediastinal LN + 5.58 18.00 + 7.17 2. not sampled (3 cm)
3. mediastinal LN + 6.65 2145 + 13.08 3. not sampled (3 cm)
4. lower lobe + 15.30 49.35 + 18.51 4. not sampled (4 cm)
5. mediastinal LN + 425 13.71 + 8.58 5. not sampled (2.5 cm)
6. mediastinal LN + 449 14.48 + 9.88 6. not sampled (3 cm)
7. upper lobe + 3.06 9.87 + 533 7. not sampled (2 cm)
8. upper lobe + 594  19.16 + 15.18 8. not sampled (3 cm)
9. upper lobe + 4.49 14.49 + 9.20 9. not sampled (3 cm)
12 33/F  metastatic 1 CT, clinical follow-up
lung tumor 1. upper lobe + 2.30 4.89 + 1.73 1. not sampled (8 cm)
(breast cancer) 2. lower lobe - 0.33 0.71 - 0.42 2. not sampled (1.7 cm)
1356/M  esophageal 1 Surgical pathology
cancer . Im + 1.82 3.08 + 2.35 1. squamous cell cancer (5.8 cm)
14 42/M  esophageal 2 Biopsy, CT, clinical follow-up
cancer I.Im + 3.67 5.56 + 4.73 1. squamous cell cancer (5 cm)
2. regional LN + 3.50 6.36 + 373 2. not sampled (3 cm)
1550/M  esophageal 1 Surgical pathology
cancer 1. Ei + 8.62 14.86 + 1.73 1. squamous cell cancer (5.6 cm)
2. regional LN - 0.33 0.70 - 041 2. metastatic cancer cells
(less than 1 ¢cm)
16 65/M  esophageal 3 Surgical pathology
cancer 1. Im + 1186 2578 + 7.19 1. squamous cell cancer (7 cm)
2. regional LN + 2.80 6.09 + 2.05 2. metastatic cancer cells (1 cm)
3. regional LN + 245 5.33 + 1.84 3. metastatic cancer cells (1 cm)
1737/F  malignant 6 Surgical pathology, CT
lymphoma 1. kidney - 2.02 0.99 - 0.85 1. malignant lymphoma (8 cm)
2. kidney - 1.13 0.87 - 0.75 2. malignant lymphoma (2.5 cm)
3. hilar LN - 097 1.17 - 0.89 3. malignant lymphoma (2 cm)
4. hilar LN - 0.97 1.01 - 0.88 4. malignant lymphoma (2 cm)
5. paraaortic LN - 097 1.01 - 1.02 5. malignant lymphoma (1 ¢cm)
6. paraaortic LN - 0.96 1.01 - 0.85 6. malignant lymphoma (1 cm)
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Table 2 (continued)

18 73/F  malignant 1
lymphoma 1. liver +

1966/M  metastatic 3
bone tumor 1. spine -
(prostatic cancer) 2. spine -
3. spine -

2073/M  metastatic 2
bone tumor 1. spine -
(prostatic cancer) 2. spine -

21 72/M  metastatic 2
bone tumor 1. spine +
(prostatic cancer) 2. spine +

2259/F  uterine cancer 1
1. paraaortic LN +

23 S5I/M  soft tissue 1
tumor 1. thigh +

24 66/M  soft tissue 1
tumor 1. knee +

25 64/F  soft tissue 1
tumor 1. leg +

26 33/M  soft tissue 1
tumor 1. knee +

27 55/F  head and 1
neck tumor 1. parotis +

4.53
1.40
1.72
1.32

1.19
1.25

337
1.92

3.14

191

0.85

1.06

1.83

5.82

CT, clinical follow-up

6.14 + 2.94 1. not sampled (6 cm)
CT, clinical follow-up
1.06 - 1.21 1. not sampled (n.d.)
1.30 - 1.01 2. not sampled (n.d.)
1.01 - 0.72 3. not sampled (n.d.)
CT, clinical follow-up
1.57 - 0.78 1. not sampled (n.d.)
1.64 - 0.77 2. not sampled (n.d.)
CT, clinical follow-up, bone scan
3.62 + 1.72 1. not sampled (n.d.)
2.06 + 1.32 2. not sampled (n.d.)
CT, clinical follow-up
361 + 222 1. not sampled (2.5 cm)
Surgical pathology, MRI
2.20 + 1.89 1. neurinoma (8 cm)
Surgical pathology, MRI
1.55 - 1.15 1. liposarcoma (4 ¢cm)
Surgical pathology, MRI
1.96 + 223 1. neurinoma (3.5 cm)
Surgical pathology, MRI
458 + 248 1. chondroblastoma (2 ¢cm)
Surgical pathology, CT
5.54 + 345 1. acinic adenocarcinoma (3.5 cm)

LN =1lymph node, SUV = standardized uptake value, T/B = tumor to background count ratio, Im = middle portion of intrathoracic esophagus, Ei = inferior

portion of intrathoracic esophagus

Table 3 Comparison of tumor detectability of the dual-head coincidence gamma camera
and the dedicated PET camera

Dual-head coincidence

Sensitivity gamma camera

Patient basis
(n=27)

74.1% (20/27)

Lesion basis
(n=54)

66.7% (36/54)

Dedicated Results of
PET camera McNemar’s test
85.2% (23/27) n.s.
72.2% (39/54) n.s.

Data analysis

All FDG images shown on the hard-copies were retrospec-
tively interpreted by three experienced nuclear radiolo-
gists until a consensus was reached. At first the FDG
images obtained with the dual-head coincidence gamma
camera were reviewed, and then the FDG images ob-
tained with the dedicated PET camera were interpreted in
the limited area corresponding to the area of the FDG
images obtained with the dual-head coincidence gamma
camera. Compared with the surrounding background
radioactivity, uptake scores of the lesions were called no
uptake (-), faint uptake (+/-), moderate uptake (+), and
definitely abnormal intense uptake (++). Moderate uptake
(+) and definitely abnormal intense uptake (++) were
called positive results for detecting tumors, and no up-
take (—) and faint uptake (+/—) were called negative
results. All FDG findings were finally compared to the
standard conventional images such as CT, MR images,
ultrasonography, and results of pathological diagnosis.

Vol. 15, No. 2, 2001

Sensitivity of the dedicated PET camera and the dual-
head gamma camera with FDG for detecting tumors was
assessed on a patient basis and a lesion-by-lesion basis.

For the semiquantitative analysis of tumor accumula-
tion of FDG, ROIs approximately I-cm in diameter were
manually placed on the FDG images over the area corre-
sponding to the lesions, which included the site of maxi-
mal FDG accumulation. The ROIs for the background
activity measurement were placed on the right lower lung
field of the thoracic section, the lateral intra-abdominal
cavity below the right kidney of the abdominal or pelvic
section, and the right lateral cervical region of the cervical
section, respectively. For semiquantitative analysis of the
FDG images obtained with the dedicated PET camera, the
functional images of the standardized uptake value (SUV)
were derived from the reconstructed transaxial images
obtained with the dedicated PET camera, body weight,
injected dose of FDG, and the calibration factor. The ROI
analysis for tumor uptake was conducted by a radiologist
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with a knowledge of clinical and pathologic data. The
location of the ROI of the lesion corresponded to CT and/
or MRI findings. The average PET values or SUV per
pixel of the ROI were called the FDG uptake values of the
tumor or the background area. Tumor to background FDG
uptake ratios on the FDG images obtained with the dual-
head coincidence gamma camera were determined and
compared with those obtained with the dedicated PET
camera.

The whole body bone scintigram obtained with the
dual-head coincidence gamma camera with thick (19
mm) Nal crystals was compared with that obtained with
the conventional dual-head gamma camera with thin (9.5
mm) Nal crystals. For the semiquantitative analysis, ROIs,
9 pixels in size, were placed on the areas of abnormal
tracer uptake, the Sth lumbar spine on the posterior view
image, the sternum on the anterior view image, and the
soft tissue region over the thigh on the posterior view
image as a background area. The counts in the ROI were
divided by total counts in the field of view and the ratio
was expressed as % uptake. The linear correlation be-
tween the % uptake derived from the bone images ob-
tained with the dual-head coincidence camera and those
derived from the bone images obtained with the conven-
tional dual-head gamma camera was assessed.

Statistical analysis

The differences in the sensitivity of detecting tumors were
statistically analyzed with McNeamar’s test. The mean
difference in the semiquantitative data was statistically
evaluated by Student t-test. The linear correlations were
assessed by a linear regression analysis. In all statistical
analyses of this study, p value less than 0.05 was defined
as significant.

RESULTS

Both FDG images obtained with the dual-head coinci-
dence gamma camera and those obtained with the dedi-
cated PET camera revealed 36 lesions in 20 patients (Figs.
1, 2). Three lesions in 3 patients showed positive results
on the FDG images obtained with the dedicated PET
camera and negative results on those derived from the
dual-head coincidence gamma camera. Neither FDG im-
age could not detect fifteen lesions in 7 patients (Table 2).
The compared sensitivity of the dual-head coincidence
gamma camera to the dedicated PET camera was 87.0%
on a patient basis, and 92.3% on a lesion basis.

In either patient-basis sensitivity or lesion-basis sensi-
tivity, there were no significant differences between the
FDG images obtained with the dual-head coincidence
gamma camera and those with the dedicated PET camera
(Table 3). The tumor to background FDG uptake ratios of
54 lesions derived from the FDG images obtained with the
dual-head coincidence gamma camera were significantly
lower than those derived from the FDG images obtained
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404  y=0.344x + 0.596
r=0.84, n=54 (p<0.001)

30

204

Tumor to background count ratio
(coincidence gamma camera)

Tumor to background count ratio
(PET camera)

Fig.3 Relationship of tumor to background FDG uptake ratios
derived from the FDG images obtained with the dual-head
coincidence gamma camera and those derived from the images
by a dedicated PET camera. There was a significant linear
correlation between the two.

y=0.93x + 0.08
r=0.97, n=41 (p<0.0001)

% uptake derived from
coincidence gamma camera
»
!

% uptake derived from
conventional gamma camera
Fig. 4 Relationship of bone uptake (% uptake) derived from the
dual-head gamma camera with thick Nal crystals and that
derived from the conventional dual-head gamma camera with
thin Nal crystals. A significant linear correlation was observed.

with the dedicated PET camera (mean * s.d.; 3.48 £3.77
vs. 8.12 £ 8.92, p < 0.0001, n = 54), but there was a
significant linear correlation between the two (y = 0.344x
+0.596,r=0.84, n = 54, p < 0.001) (Fig. 3).

There were three abnormal bone scans and 7 normal
bone scans with ™ Tc-HMDP. Bone images of *™Tc
reagents obtained with the dual-head coincidence gamma
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camera with thick (19 mm) Nal crystals were quite similar
to the images obtained with the conventional dual-head
gamma camera with thin (9.5 mm) Nal crystals. The %
uptake of ®™Tc-HMDP was assessed in 41 sites including
11 suspected metastatic lesions. There was no significant
difference between the % uptake derived from the bone
images obtained with the dual-head coincidence gamma
camera with thick (19 mm) Nal crystals and that from the
bone images obtained with the conventional dual-head
gamma camera with thin (9.5 mm) Nal crystals (mean
+s.d.;2.01 £0.89 vs. 2.07 £ 0.93, n =41, n.s.). There was
a strong linear correlation between the two (y = 0.93x +
0.08, r=0.97, n =41, p< 0.0001) (Fig. 4).

DISCUSSION

Although the performance of the dual-head coincidence
gamma camera was inferior to that of the dedicated PET
camera (Table 1), its sensitivity in detecting tumors was
not significantly different from that of the dedicated PET
camera (Table 3). Neither the dual-head coincidence
camera nor the dedicated PET camera could detect fifteen
lesions, viz. 3 lung tumors, 5 regional lymph node meta-
static lesions, 2 renal lesions, 5 metastatic skeletal lesions
of spines of prostatic cancer. Most of them were lesions
less than 1 cm in diameter with less than 1.0 SUV, or
lesions located near the physiological FDG uptake such as
the genitourinary tract. Although 2 lung cancer lesions
and 1 liposarcoma of the knee were detected by the
dedicated PET camera, they were not detected by the
dual-head coincidence gamma camera. The two lung
cancer lesions were 1.8 cm in diameter with 1.69 SUV,
and 2 cm in diameter with 1.21 SUV. Although the
liposarcoma was 4 cm in diameter (Table 2), the contrast-
enhanced area on MR images was limited to less than 2
cm. The results of lesion-basis sensitivity revealed that
the feasibility of FDG imaging with the dual-head coinci-
dence gamma camera for detecting tumors less than 2 cm
in diameter with less than 1.5 SUV was problematic. It
may be due to the relatively low volume sensitivity and
the limited spatial resolution in positron coincidence
detection with a Nal crystal (Table 1) or insufficient
attenuation correction by the calculation method. Al-
though the lesion to background ratio obtained with the
dual-head coincidence gamma camera correlated well
with that obtained with the dedicated PET camera (Fig. 3),
it was significantly lower. Utilization of measured attenu-
ation correction with the external radionuclide may solve
this problem.*!!12 Sensitivity in detecting the malignant
tumor with the dual-head gamma camera relative to that
with the dedicated PET camera was 92.3% in this study.
The relative sensitivities previously reported varied widely
from 53% to 100%.8!1-14 The relative sensitivity was
influenced by the patient population, lesion size and its
location, the FDG tumor uptake, and the efficiency of the
dedicated PET camera employed in the clinical study.
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FDG imaging with the coincidence gamma camera has a
high sensitivity of more than 95% in detecting pulmonary
lesions.”!! A recent study of FDG PET revealed that the
tumor to background ratio increased with time after the
injection, and delayed imaging was recommended for
tumor detection.'® Since the imaging with the dual-head
gamma camera was started after the completion of imag-
ing with the dedicated PET camera in this study, the dual-
head gamma camera was in an advantageous position vis-
a-vis the dedicated PET camera.

An important advantage of the coincidence gamma
camera is the feasibility of conventional single photon
imaging such as whole body scan and SPECT in addition
to FDG positron imaging. Since a thin 9.5 mm thick Nal
crystal, usually employed in the conventional gamma
camera, has low efficiency for stopping 511 keV photons
inside the crystal, thicker Nal crystals ranging from 15.9
mm (5/8 inch) to 25.4 mm (1 inch) are likely to be
employed in the dual-head coincidence gamma camera.
The disadvantage of the thick crystals is the resultant
reduction in the spatial resolution for detecting low-
energy gamma rays. A compromise between the 511 keV
detection and the spatial resolution at low-energy detec-
tion has to be made for one camera, but the whole body
images with "Tc-HMDP obtained with the dual-head
gamma camera were quite similar visually and quantita-
tively to those obtained with the conventional gamma
camera with thin (9.5 mm) crystals (Fig. 4). Single photon
imaging with the dual-head coincidence camera with
thick crystals was clinically acceptable for nuclear medi-
cine diagnosis.

CONCLUSION

The dual-head coincidence gamma camera with thick Nal
crystals has potentially high clinical applicability for
community hospitals.
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