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Objective: Coincidence imaging enhances the potential for
imaging a greater number of patients with 18F-FDG in cen-
ters that do not have dedicated PET systems. The purpose
of this study was to compare, in a clinical setting, coinci-
dence imaging for tumor detection using 2 dual-head
�-camera systems, one equipped with a 5/8-in. (16 mm)
detector (CoDe5) and the other equipped with a newly de-
signed 1-in. (25.4 mm) detector (CoDe8) with an x-ray tube
installed in its gantry.
Methods: Thirty consecutive patients were studied by both
systems during the same visit and had 4 image sets for com-
parison: CoDe5 without attenuation correction (CoDe5NC),
CoDe8 with (CoDe8AC) and without (CoDe8NC) attenuation
correction, and fused coincidence-CT images. The target-to-
background ratio (T/Bg ratio) and target-to-nontarget ratio
(T/NT ratio) were calculated for each tumor site.
Results: On visual assessment, 61 tumor sites were de-
tected on CoDe8AC images. Of these, 59 (97%) were de-
tected on CoDe8NC and 54 (88%) were detected on
CoDe5NC images. Fused images improved image interpre-
tation in 10 patients (33%) compared with coincidence im-
ages alone. Data added by fusion were of clinical relevance
in 6 patients (20%). On quantitative assessment, the number
of accepted events by the CoDe8 was significantly higher
than that by CoDe5 (5.21 � 1.46 million vs. 1.27 � 0.36
million, P � 0.001). When comparing CoDe5 with CoDe8
images without attenuation correction, the T/Bg and T/NT
ratios were significantly higher on the CoDe8 images (P �
0.0005 and P � 0.0005, respectively). When comparing
CoDe8 images with and without attenuation correction, the
T/Bg ratio was better on the attenuation-corrected images
(P � 0.0005).
Conclusion: Coincidence imaging with 1-in. detectors and

attenuation correction improve image quality and, to a lesser
extent, the tumor detection rate compared with the 5/8-in.
detectors and noncorrected images. The data added by
fusion of coincidence images to CT findings were clinically
relevant in 20% of the patients.
Key Words: coincidence imaging; 18F-FDG; �-camera; PET;
neoplasms
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Assessments using 18F-FDG have been shown to pro-
vide data that are of clinical importance in patients with
various malignant diseases. 18F-FDG studies can now be
performed not only by dedicated PET systems but also by
�-cameras modified to operate in the coincidence detection
(CoDe) mode as well (1–4). The data added by a CoDe
18F-FDG assessment have been shown to be of clinical
value in various human malignancies, including non–small
cell lung cancer, recurrent colorectal carcinoma, lymphoma,
and melanoma (4–6).

Upgrading of �-cameras to operate in the CoDe mode has
required major alterations of the systems, including im-
provement of electronics, increasing the NaI(Tl) crystal
thickness from the standard size of 3/8 in. (9.7 mm), the
addition of attenuation correction, and the use of iterative
reconstruction algorithms (1,7–11).

In spite of these alterations, tumor detection using dedi-
cated PET systems is superior to that of the camera-based
CoDe technique, particularly in the case of lesions �1.5 cm.
In addition, image quality is better with dedicated PET
systems (2,4,8,9,12–14). Most of the alterations that have
been introduced in the new-generation �-cameras are de-
signed to overcome these limitations.

In the Department of Nuclear Medicine, Tel-Aviv
Sourasky Medical Center, 2 dual-head �-cameras have been
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used for CoDe of 18F-FDG, one equipped with 5/8-in. (16
mm) NaI(Tl) detectors (CoDe5) and the other equipped with
newly designed 1-in. (25.4 mm) NaI(Tl) detectors (CoDe8).
In the latter system, a low-dose x-ray tube was installed in
the gantry, allowing for transmission and emission acquisi-
tions to be performed at the same setting without changing
the patient’s positioning. The transmission data are used for
both attenuation correction and for the generation of fused
functional–anatomic image sets. Iterative reconstruction is
available in both systems. The purpose of this study was to
compare, in a clinical setting of tumor detection, the per-
formance of the 2 coincidence �-cameras. Thirty consecu-
tive patients referred for an 18F-FDG study were imaged by
both cameras during the same visit, allowing a direct com-
parison of the scintigraphic findings.

MATERIALS AND METHODS

Patients

Thirty consecutive patients referred for a coincidence
18F-FDG study were enrolled, including 29 patients with a
known malignancy (colorectal cancer, n � 14; lung cancer,
n � 5; breast cancer, n � 4; non-Hodgkin’s lymphoma, n �
2; ovarian cancer, n � 1; stomach carcinoma, n � 1;
melanoma, n � 1, and an unknown primary, n � 1) and 1
patient with an indeterminate lung lesion. There were 9 men
and 21 women (age range, 31–75 y; mean age � SD, 59 �
9.6 y). Indications for 18F-FDG were initial staging (n � 9),
restaging of recurrence or metastatic spread (n � 16), mon-
itoring response to treatment (n � 2), unexplained rising
tumor markers (n � 1), characterization of a suspected lung
lesion seen on CT (n � 1), and search for a primary tumor
in a patient with a cervical metastatic lymph node (n � 1).
All patients were monitored for at least 6 mo. The final
diagnosis of scintigraphic lesions as representing active
tumor sites was based on histology, correlation with other
imaging modalities performed within 6 wk of the scinti-
graphic study, or imaging and clinical follow-up of at least
6 mo.

The patients fasted for at least 4 h before administration
of 18F-FDG. Based on the patient’s weight (200 �Ci/kg),
370–700 MBq (10–19 mCi) 18F-FDG were injected intra-
venously. Each patient was imaged twice: once using a
5/8-in. crystal thickness dual-head �-camera (CoDe5) and
then with a 1-in. dual-head �-camera (CoDe8). Acquisition
started approximately 60 min after injection. The order in
which the systems were used was randomized, depending
on the availability of the cameras: Acquisition was started
on the CoDe8 system followed by acquisition on the CoDe5
system in 18 patients and in the reverse order in the remain-
ing12 patients. The information recorded for each patient
included the body weight, injected dose, and waiting time
between the injection and acquisition by each system. Each
patient had a whole-body study consisting of 2 or 3 steps for
imaging the chest, abdomen, and pelvis by the first system
used. Then, 1 step (n � 27 patients) or 2 steps (n � 3) were
repeated by the other system, thus yielding 33 coincidence

studies available for comparison. The steps repeated were
those relevant to the patient’s disease—that is, imaging of
the chest in the case of a lung cancer.

Coincidence Techniques

Coincidence studies were performed using 2 dual-head
�-cameras modified to operate in the coincidence mode,
with different detectors. The CoDe5 system with two 5/8-in.
(16 mm) NaI(Tl) crystals (Millenium VG; General Electric
Medical Systems) has been described in details in previous
publications (6,9). The newly designed CoDe 8 system with
two 1-in. (25.4 mm) NaI(Tl) crystals is equipped with an
ultra-fast CoDe electronics (a CoDe VARICAM circuitry)
and an integrated low-dose CT scanner (Discovery VH;
General Electric Medical Systems). The increase in crystal
thickness in the CoDe8 model results in a 60% increase in
the crystal stopping-power efficiency (manufacturer’s data).
Dynamic segmentation of the detector field of view over-
comes the challenge of the high counting rate. This seg-
mentation permits the processing of the primary detected
coincidence events without being affected by additional
events hitting the detector during the processing period.
Based on phantom studies performed according to NEMA
2001 (National Electrical Manufacturers Association), the
specifications of the CoDe 8 system in coincidence mode
are energy resolution of 11%, scatter fraction of 22%, axial
reconstructed resolution of 5.5 mm, and transaxial recon-
structed resolution of 6.5 mm (manufacturer’s data).

In both systems, CoDe5 and CoDe8, random and scatter
effects were minimized using a slit collimator that contains
thin layers of lead, tin, and copper (graded absorber). This
feature limits the axial acceptance angle and considerably
reduces the probability of detecting noncoincidence events.
In the CoDe8 system, the slit collimator acceptance angle
was optimized according to the new front-end counting rate
capability and to the scatter fraction effect on image quality.
The high counting rate achieved by CoDe8 dictates setting
the energy window in a high-resolution acquisition mode,
collecting only photopeak events with 511 keV � 10% (P–P
mode). In the CoDe5, acquisition is done either in a high-
resolution mode or in a “normal” or high-sensitivity acqui-
sition mode in which, in addition to the peak events, Comp-
ton events caused by the partial-energy deposition of the
511-keV events in the detector crystal are also acquired. The
energy window for these Compton events is 132–321 keV
(P–C mode). The contribution of the scatter events within
this energy window is minimized by the graded absorber.
Data acquisition for each of the systems lasted 30 min per
field of view, corresponding to 10 rotations of the gantry.

Integration of the CT detector in a coincidence �-camera
has been described in detail (15,16). The system consists of
384 crystals and photodiodes mounted on the gantry-rotat-
ing module. For transmission data, “half-scan” acquisition
was performed over 220°, with each transaxial slice taking
16 s. Multiple slices were obtained by moving the table by
a 1-slice step before acquiring the next slice. The full field
of view consisting of 40 slices was completed in 10 min.
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Transmission data of the patient were corrected and recon-
structed using a filtered backprojection to produce cross-
sectional attenuation images in which each pixel represents
the attenuation of the imaged tissue. The transmission data
were used to correct the emission data for the effect of
photon attenuation as well as for generating the coinci-
dence-CT (functional–anatomic) fused images.

An iterative reconstruction algorithm, coincidence list
ordered-set expectation maximization, which is a 3-dimen-
sional algorithm, was used (9). Reconstruction as well as
fusion of coincidence and CT images was performed on the
eNTEGRA workstation (Elgems) (6,9).

Analysis of Results

Accepted Coincidence Events. The number of accepted
events in CoDe5 acquisition and in CoDe 8 acquisition was
compared. This number was corrected for decay according
to the waiting time between the injection and acquisition.

Tumor Detection and Image Quality Parameters. Each
patient had 4 different image sets for comparison: CoDe5
images without attenuation correction (CoDe5NC), CoDe8
images without attenuation correction (CoDe8NC), CoDe8
images with attenuation correction (CoDe8AC), and fused
images of CoDe8AC and low-resolution CT (fused images).

The visual assessment was aimed to compare tumor de-
tection rate on the various image sets. In addition, it as-
sessed the added clinical value of fusion of the coincidence
data with CT. For the purpose of this study, CoDe5 and
CoDe8 images were interpreted in sequential steps on sep-
arate days, at least 1 wk apart; the patient’s name was
removed from the report; and the images were presented in
a different patient’s order for the repeated interpretation.
The final diagnosis of scintigraphic lesions as tumor sites
was drawn on histology, correlation with other imaging
modalities, or clinical follow-up of at least 6 mo.

For quantitative assessment, the activity in tumor sites,
physiologic uptake, and background activity were measured
as follows:

● Target activity (tumor): The operator identified the
lesion. The first slice and the last slice in which this
lesion was detected were selected. A region of interest
(ROI) surrounding the lesion was drawn in the slice in
which the lesion was best seen, and this ROI was
copied onto all ensuing slices. Pixels in all slices con-
taining the lesion were added together, and the sum was
multiplied by the slice thickness, thus creating the
functional volume of the tumor. The target activity was
defined as the average activity value (counts) in the
functional volume.

● Nontarget activity: Physiologic bone uptake at the ster-
num or the sacrum was used as the site of nontarget
uptake. The selection of bone as the nontarget organ
was based on the fact that findings in other physiologic
sites of 18F-FDG uptake, such as the bowel or the
urinary system, may be altered when moving the pa-
tient from one system to the other.

● Background activity: The background was selected ad-
jacent to the tumor.

On the basis of these measurements, 2 image quality
parameters were generated: a target-to-nontarget ratio
(T/NT ratio) and a target-to-background ratio (T/Bg ratio).
These parameters were determined for active tumor sites on
3 image sets—that is, the CoDe5NC, CoDe8NC, and
CoDe8AC images. The impact of the detector design on
image quality was assessed by comparing the T/TN and
T/Bg values obtained on the nonattenuated images of the
CoDe5 and CoDe8 systems (CoDe5NC vs. CoDe8NC). The
impact of attenuation correction on image quality was as-
sessed by comparing the T/NT and T/Bg values obtained on
the attenuated and nonattenuated CoDe8 images.

For each of the systems, the T/NT ratios measured for
lesions were separated into 2 groups based on the waiting
time after injection. Two hours was the time point separat-
ing “early” from “late” studies. The purpose of this evalu-
ation was to exclude the difference in waiting time from
injection to acquisition between the 2 systems as a potential
source of the difference in the activity measurements and in
the lesion detectability.

Statistical Analysis

A paired t test and 95% confidence intervals (95% CIs)
were used for comparing the T/Bg and T/NT ratios between
the CoDe5 and CoDe8 systems and between the CoDe8
images with and without attenuation correction. A t test was
used to compare the number of accepted events by the
systems in each of the patients. A P value � 0.05 was
considered statistically significant.

RESULTS

Accepted Coincidence Events

The number of accepted events obtained in the high-
resolution mode (counting the events with an energy win-
dow setting of 511 keV � 10%) by the CoDe8 was signif-
icantly higher than the number of accepted events obtained
by CoDe5 (5.21 � 1.46 million vs. 1.27 � 0.36 million,
P � 0.001). The number of accepted events obtained by the
CoDe5 in a high-sensitivity mode (counting the peak events
with 511 keV � 10% as well as Compton events of 132–
321 keV) was 3.82 � 1.08 million.

Tumor Detection

Six of the study patients had a negative 18F-FDG study. In
the remaining 24 patients, 18F-FDG assessment revealed 61
active tumor sites. The final diagnosis of the scintigraphic
lesions as representing active tumor tissue was based on
histopathology (n � 11 patients); on correlative findings on
other imaging modalities, including colonoscopy, CT, MRI,
and transrectal ultrasonography (n � 7 patients); and on
imaging and clinical follow-up of at least 6 mo (n � 6
patients).

Visual Assessment. Of the 61 tumor sites detected on
the CoDe8AC images, 59 (97%) were detected on the
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CoDe8NC images and 54 lesions (88%) were detected on
the CoDe5 images. The lesions missed by the CoDe5NC
images included 3 liver metastases and 4 metastatic lymph
nodes, 3 located in the abdomen and 1 in the mediastinum
(Fig. 1). The 54 tumor sites detected by all 3 image sets
were used in the quantitative analysis. The 7 lesions missed
by CoDe 5 occurred in 5 patients (in 2 patients, CoDe5 was
used first).

Fused coincidence-CT images improved image interpre-

tation in 10 of 30 patients (33%), and this was of clinical
relevance in 6 of 30 patients (20%) (Table 1; Fig. 2).

Quantitative Assessment. This analysis was performed on
the 54 tumor sites detected by all 3 image sets: CoDe5NC,
CoDe8NC, and CoDe8AC. Tumor sites were categorized
based on their location (above and below the diaphragm).
Diagnostic CT was available for correlation, and lesion size
was determined in all but 9 scintigraphically detected tumor
sites. However, these measurements do not accurately de-
termine the tumor size at the time of scintigraphy because of
the time gap between the procedures. Instead, the tumor size
was estimated by the functional volumes. Descriptive sta-
tistics were performed to define the limits of the 4 sub-
groups: lesions �7.2 mL (mean CT size, 1.2 cm), 7.2–12.5
mL (mean CT size, 1.7 cm), 12.5–17.5 mL (mean CT size,
1.95 cm), and lesions �17.5 mL (mean CT size, 3.1 cm):

● Comparison of image quality between systems with
different detectors: CoDe5NC versus CoDe8NC im-
ages—The mean T/NT ratio and T/Bg ratio values in
all 54 tumor sites analyzed were significantly higher on
the CoDe8 images. The superiority of the thicker crys-
tal was more pronounced in lesions located above the
diaphragm as well as in small-volume lesions. In large
lesions, no significant difference was found between
the 2 systems (Table 2).

● Comparison of image quality between attenuated and
nonattenuated images: CoDe8NC versus CoDe8AC—
The mean T//Bg ratio was significantly higher on the
attenuated images for lesions located above and below
the diaphragm as well as for lesions of all functional
volumes (Table 3).

● Influence of waiting time: In the CoDe5 images, the
mean T/NT ratio was 3.7 � 2.4 for lesions detected on
early CoDe5 studies and 3.3 � 2.4 (P � not significant
[NS]) for lesions detected on late CoDe5 studies. A
similar comparison was 3.96 � 1.7 versus 5.2 � 3.9
(P � NS) for early and late CoDe8NC images and
4.1 � 1.3 versus 6.5 � 3.4 (P � NS) for early and late
CoDe8AC images.

DISCUSSION

The purpose of this study was to compare the perfor-
mance of 2 coincidence �-camera systems differing in their
NaI(Tl) crystal design: the CoDe5 system equipped with
5/8-in. detectors and the CoDe8 system equipped with 1-in.
detectors. The CoDe8 is also equipped with an integrated
x-ray transmission system for attenuation correction and
image fusion. The study was clinical, assessing both tumor
detection and image quality. According to the study design,
comparison was direct in patients who underwent an 18F-
FDG study using both cameras during the same visit.

Scintigraphic detection of lesions is proportional to the
size and the contrast of the lesions and is inversely propor-
tional to the reconstructed resolution and the statistical noise
in the image (17). The lower the number of counts in the
image, the higher the statistical noise. Therefore, improved

FIGURE 1. A 64-y-old patient with known colorectal cancer.
18F-FDG study was performed for restaging before surgical removal
of solitary liver metastasis originally observed on CT. (A) 3-Di-
mensional maximum-intensity-projection (MIP) images of CoDe5
without attenuation correction detected single lesion in liver. (B)
3-Dimensional MIP images of CoDe8 with attenuation correction
detected multiple liver lesions in both liver lobes. Patient’s man-
agement was altered by planned surgery being canceled and patient
being referred for chemotherapy and radiofrequency treatment.
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system sensitivity may reduce image noise. In the current
study, the number of accepted coincidence events was sig-
nificantly higher on the CoDe8 system. Because the acqui-
sition time on both systems was similar and the patient’s
parameters were identical, the higher number of accepted
events probably reflects an improved system sensitivity of
the CoDe 8 system when assessed clinically.

An increase in NaI(Tl) crystal thickness was found to
improve system sensitivity for coincidence imaging in a
previous study (18) that compared the performance of a
CoDe5 system with that of a coincidence system equipped
with 3/8-in. crystals (CoDe3), a crystal thickness used in the
routine practice of nuclear medicine. On a phantom study,
lesion detectability was similar for both CoDe5 and CoDe3
systems. However, the camera equipped with the thicker
crystals was characterized by an improved volume sensitiv-
ity. On a clinical assessment, the CoDe5 system detected
only a small number of additional lesions compared with
those detected by the CoDe3 system: 78% versus 73% of
lesions (18). Similarly, in the current study, 54 of the 59
tumor sites detected on the CoDe8 images without attenu-
ation correction were detected also on the CoDe5 images. A
more significant difference was found with regard to image
quality, which was improved on the images obtained by the
system with the thicker detectors. Higher T/NT and T/Bg

ratios were obtained on the CoDe8 images, particularly in
smaller lesions and in lesions detected above the diaphragm.

The impact of attenuation correction in coincidence im-
aging was assessed in this study for the CoDe8 camera.
Only 2 additional tumor sites were detected on the attenu-
ation-corrected images compared with the noncorrected im-
ages. These results resemble the previous experience at
Vanderbilt University Medical Center with the CoDe5 cam-
era (1,9). In the latter studies, CoDe5AC images detected
78% and CoDe5NC images detected 75% of the lesions that
were detected on the images obtained by a dedicated PET
system. Chan et al. reported a better tumor staging on the
corrected images (19). Although it may not always improve
the overall lesion detection rate, attenuation-corrected im-
ages have been previously reported to improve image qual-
ity as well as to provide a better anatomic delineation of
lesions (8–11,19). In the current study, the T/Bg ratios
obtained on the corrected images were higher for a large
range of lesion sizes and tumor locations.

For some years, a debate developed around image coreg-
istration. Image coregistration of data arising from different
technologies was labor intensive. The new generation of
hybrid systems composed of a dedicated PET system and a
diagnostic CT system is now regarded as a new imaging
tool with improved diagnostic accuracy (20). Although the

TABLE 1
Added Value of Fusion of Coincidence and CT to Image Interpretation and Patient Management

Tumor
type

Coincidence results
alone Fused image results

Added value of fused images
to image interpretation

Added value of fused images
to patient management

Lung
cancer

Parahilar uptake Localization of uptake to lung
parenchyma, no evidence
of LN involvement

Better anatomic localization,
exclusion of nodal involvement

Accurate staging, referral for
surgery

Lung
cancer

Uptake in lung tumor
and in additional
abdominal site

Localization of abdominal site
of uptake at left adrenal

Better anatomic localization,
detection of metastatic spread

Accurate staging, referral for
chemotherapy

Colorectal
cancer

Uptake in right
anterior abdomen

Uptake localized in ectopic
kidney

Differentiation of physiologic from
tumor uptake

Exclusion of disease

Colorectal
cancer

Perirectal uptake Focus of uptake in large
perirectal residual mass

Better anatomic localization,
detection of viable tissue within
fibrosis

None

Colorectal
cancer

Uptake in right upper
abdomen

Physiologic uptake in hepatic
flexure of colon

Differentiation of physiologic from
tumor uptake

None

Colorectal
cancer

Presacral and
perineal uptake

Uptake in pelvic masses and
in adjustment LNs

Better anatomic localization,
detection of nodal involvement

None

Colorectal
cancer

Pelvic uptake Pelvic uptake extending to
sacrum

Better anatomic localization,
detection of adjacent bone
involvement

Referral for radiotherapy to
involved bone

Breast
cancer

Uptake in left pelvis Localization of uptake to iliac
crest

Better anatomic localization,
detection of bone involvement

None

Breast
cancer

Uptake in breast and
in paratracheal
region

Localization of cervical
uptake in thyroid nodule

Better anatomic localization,
detection of unsuspected
thyroid lesion

Thyroid lesion was found to be
second primary tumor;
breast and thyroid tumors
were removed

Unknown
primary

Sites of uptake in
cervical,
oropharynx, and
retrosternal regions

Oropharynx uptake delineated
lesion at that location on CT
image; retrosternal uptake
was located in postsurgical
changes

Better anatomic localization,
detection of unknown primary
tumor, exclusion of disease in
region of previous surgery

Referral for surgery and
radiotherapy

LN � lymph node.
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CT installed in the coincidence �-camera is of low resolu-
tion and does not replace the diagnostic CT, emerging data
support the impression that fusion of the SPECT or coinci-
dence data with low-resolution CT improves diagnostic
accuracy (1,9,21). The impact of fusing the coincidence data
with the low-resolution CT data was determined in the
current study by comparing the interpretation of CoDe8AC
images alone with fused images of CoDe8AC with CT:
Fused images improved image interpretation in one third of
the patients. In 6 of 30 study patients (20%), the data added
by the fusion were clinically relevant to patient manage-
ment.

There are several limitations to the current study. Not all
patients had contemporaneous diagnostic CT or histology of
all detected lesions and, therefore, it was not possible to
assess the overall diagnostic accuracy of coincidence imag-
ing in this study. However, because the purpose of the study
was to compare 2 imaging systems, images obtained by the
system with the thicker detector and attenuation correction
were the reference for comparison. We could not determine
the actual size for all tumor sites detected on the coinci-
dence images. Correlation between imaging modalities per-
formed within 6 wk of each other is acceptable if it aims to
determine the final diagnosis of the lesions and has been
used in the current study as a standard of reference. CT-
measured tumor size, however, was not an accurate refer-
ence for the scintigraphic lesion size because of the time gap
between the 2 studies. The low-resolution CT data of the
CoDe8 system was not appropriate for size measurements,
particularly in the case of smaller lesions. Because a critical

mass is always necessary for a lesion to be visualized on
scintigraphy, we used the functional volume as a parameter
to estimate the tumor size. The functional volume of an
18F-FDG–avid disease has been found in PET studies to be a
clinically relevant parameter with a prognostic impact (22).

Another limitation is the different waiting times from
injection to acquisition with each of the systems. Because
the principal design of the study was to perform both studies
during the same visit, this difference was inevitable. To
minimize its impact on the study results, the order of sys-
tems was randomized. Randomization was not optimal, as
more patients were scanned with the 1-in. system first.
When assessing the impact of the waiting time, for each of
the systems, T/NT ratios measured in lesions detected on
early studies were not statistically different from the ratios
measured in lesions detected on delayed images. Lesions
seen on CoDe8 and missed on CoDe5 images occurred also
in patients in whom the latter was used first.

The manufacturer’s software permitted scanning with the
5/8-in. system in both the P–P and the P–C modes but only
with the P–P mode in the case of the 1-in. system. This fact
in the study design may have introduced some bias in the
results.

CONCLUSION

The results of this study suggest that the increase of the
NaI(Tl) crystal thickness and attenuation correction im-
prove image quality and, to a lesser extent, the tumor
detection rate in coincidence imaging. Fused coinci-

FIGURE 2. A 57-y-old patient with known
colorectal cancer was referred for 18F-FDG
study because of rising carcinoembryonic anti-
gen levels. Coincidence images detected in-
creased uptake in anterior abdomen. Fusion of
coincidence data with low-resolution CT image
localized uptake in dilated collecting system of
right ectopic kidney. Patient was disease free
on clinical follow-up.
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TABLE 2
Impact of NaI(Tl) Detector Thickness on Image Quality

Parameter CoDe5NC CoDe8NC P* 95% CI

All tumor lesions (n � 54)
T/NT ratio 4.2 � 3.5 6.3 � 5.2 �0.0005 1.3, 3.0
T/Bg ratio 4.9 � 3.9 6.4 � 5 �0.0005 0.8, 2.3

Assessment of lesions according to location
Above diaphragm (n � 31)

T/NT ratio 4.5 � 4 7.1 � 5.7 �0.0005 1.3, 3.9
T/Bg ratio 5.25 � 4.6 7.5 � 5.7 �0.0005 1.1, 3.4

Below diaphragm (n � 23)
T/NT ratio 3.7 � 2.6 5.2 � 4.3 �0.001 0.6, 2.4
T/Bg ratio 4.3 � 2.7 4.8 � 3.3 NS �0.3, 1.4

Assessment of lesion of different sizes†

Lesions �7.2 mL (n � 14)
T/NT ratio 3.6 � 2.8 6.2 � 4.7 �0.001 1.2, 4.0
T/Bg ratio 4 � 3 6.6 � 4.3 �0.0005 1.4, 3.6

Lesions 7.2–12.5 mL (n � 13)
T/NT ratio 4.2 � 3.7 6 � 2.7 �0.01 0.3, 3.4
T/Bg ratio 4.6 � 3 6.5 � 3.3 �0.03 �0.02, 3.9

Lesions 12.5–17.5 mL (n � 14)
T/NT ratio 4.4 � 4 7 � 7.7 �0.01 0.4, 4.9
T/Bg ratio 5 � 3.8 6.4 � 6.4 �0.05 �0.3, 3.2

Lesions �17.5 mL (n � 13)
T/NT ratio 4.5 � 3.5 6 � 4.9 NS �0.5, 3.3
T/Bg ratio 6 � 5.4 6 � 5.7 NS �1.3, 1.5

*P � 0.05 was considered significant. NS � not significant.
†Parameters evaluated: T/NT ratio and T/Bg ratio. Lesion size was measured by functional volumes. Descriptive statistics were used to define
4 subgroup limits.

Image sets compared were CoDe5NC, 5/8-in. NaI(Tl) crystals without attention correction; and CoDe8NC, 1-in. NaI(Tl) crystals without
attention correction.

TABLE 3
Impact of Attenuation Correction on Image Quality

Parameter CoDe8NC CoDe8AC P* 95% CI

All tumor lesions (n � 54)
T/NT ratio 6.3 � 5.2 7.5 � 5.8 �0.05 �0.2, 2.8
T/Bg ratio 6.4 � 5 8.9 � 5.6 �0.0005 1.4, 3.8

Assessment of lesions according to location
Above diaphragm (n � 31)

T/NT ratio 7.1 � 5.7 9.0 � 6.4 �0.04 �0.1, 4.1
T/Bg ratio 7.5 � 5.7 10.4 � 6.2 �0.001 1.2, 4.6

Below diaphragm (n � 23)
T/NT ratio 5.2 � 4.3 5.6 � 4.2 NS �1.8, 2.5
T/Bg ratio 4.8 � 3.3 7 � 4.1 �0.003 0.4, 3.9

Assessment of lesion n of different sizes†

Lesions �7.2 mL (n � 14)
T/NT ratio 6.2 � 4.7 8.7 � 5.3 NS �0.2, 5.6
T/Bg ratio 6.6 � 4.3 9.9 � 4.4 �0.01 1.2, 5.7

Lesions 7.2–12.5 mL (n � 13)
T/NT ratio 6 � 2.7 8.3 � 7.6 NS �2.0, 6.5
T/Bg ratio 6.5 � 3.3 10.1 � 6.9 �0.03 �0.1, 7.3

Lesions 12.5–17.5 mL (n � 14)
T/NT ratio 7 � 7.7 7.4 � 6.3 NS �2.6, 3.3
T/Bg ratio 6.4 � 6.4 7.94 � 4.6 �0.03 �0.8, 3.9

Lesions �17.5 mL (n � 13)
T/NT ratio 6 � 4.9 5.7 � 3.5 NS �3.1, 2.5
T/Bg ratio 6 � 5.7 7.8 � 6.6 �0.03 �0.04, 3.7

*P � 0.05 was considered significant. NS � not significant.
†Parameters evaluated: T/NT ratio and T/Bg ratio. Lesion size was measured by functional volumes. Descriptive statistics were used to define
4 subgroup limits.

Image sets compared were 1-in. NaI(Tl) crystals with and without attenuation correction (CoDe8NC and CoDe8AC).
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dence-CT images add data that are clinically relevant in
20% of the patients.
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