
Abstract. The purpose of this study was to evaluate a
dual head coincidence gamma camera (DH-PET)
equipped with single-photon transmission for 2-[fluo-
rine-18]-fluoro-2-deoxy-D-glucose (FDG) imaging in
oncological patients. Forty-five patients with known or
suspected malignancies, scheduled for a positron emis-
sion tomography (PET) scan, were first studied with a
dedicated ring PET and subsequently with DH-PET. All
patients underwent measured attenuation correction us-
ing germanium-68 rod sources for ring PET and caesi-
um-137 sources for DH-PET. Ring PET emission scan
was started 64±17 min after intravenous administration
of 235±42 MBq FDG. DH-PET emission followed
160±32 min after i.v. FDG. Attenuation-corrected and
non-attenuation-corrected images were reconstructed for
ring PET and DH-PET. The image sets were evaluated
independently by three observers blinded to clinical data
and to results of conventional imaging. Attenuation-cor-
rected ring PET as the standard of reference depicted 118
lesions, non-attenuation-corrected ring PET 113 (96%)
lesions, and attenuation-corrected DH-PET and non-at-
tenuation-corrected DH-PET, 101 (86%) and 84 (71%)
lesions, respectively (P<0.05). The lesion detection rate
of attenuation-corrected and non-attenuation-corrected
DH-PET was almost similar for lesions >20 mm, where-
as attenuation correction increased the detection rate
from 60% to 80% for lesions ≤20 mm (P<0.01). A pa-
tient-based analysis revealed concordant results relative
to attenuation-corrected ring PET for non-attenuation-
corrected ring PET, attenuation-corrected DH-PET and
non-attenuation-corrected DH-PET in 42 (93%), 36
(80%) and 31 (69%) patients, respectively. Differences
might have influenced patient management in two (4%),
six (13%) and ten (22%) patients, respectively. In con-
clusion, measured attenuation correction markedly im-

proves the lesion detection capability of DH-PET. With
measured attenuation correction the diagnostic perfor-
mance of DH-PET is closer to that of dedicated ring
PET.
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Introduction

Today positron emission tomography (PET) with 2-[flu-
orine-18]-fluoro-2-deoxy-D-glucose (FDG) plays an im-
portant role in the diagnostic work-up of oncological pa-
tients [1]. However, this method is cost-intensive, hin-
dering its widespread use [2]. This has led to the devel-
opment of gamma cameras suitable for both convention-
al single-photon imaging and positron imaging. Previous
studies have shown that FDG imaging in oncological pa-
tients is possible with gamma cameras equipped with ul-
tra-high-energy collimators [3–10]. However, Macfarlane
et al. reported a lower system sensitivity and spatial res-
olution for single-photon emission tomography (SPET)
systems compared with ring PET and a limited detect-
ability of hypermetabolic lesions with a diameter below
2–3 cm [5]. Lonneux et al. compared FDG SPET and
ring PET in lung cancer and gastrointestinal malignan-
cies and concluded that FDG SPET cannot substitute for
ring PET in oncological patients [11].

Recently dual-head gamma cameras modified for co-
incidence detection have become available for oncologi-
cal FDG PET imaging. These systems provide both
higher spatial resolution and system sensitivity com-
pared with SPET systems [12]. Phantom studies revealed
a spatial resolution comparable to that of ring PET, while
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system sensitivity and lesion detection capability for du-
al-head coincidence gamma cameras are still inferior to
dedicated ring PET [13–15]. Despite these limitations,
Stokkel et al. reported encouraging clinical results for
dual-head gamma camera PET in 11 patients with laryn-
geal cancer [16]. In contrast, Shreve et al. demonstrated
a limited value of gamma camera PET for FDG imaging
compared with ring PET, the lesion detection rate for
gamma camera PET being only 55% [12]. Delbeke et al.
showed a relative sensitivity for a dual-head gamma
camera system of 73% in 19 patients [14]. This is con-
firmed by our previously published results showing a le-
sion detection rate of 79% in 32 oncological patients. In
agreement with Delbeke et al., we assumed that the lack
of non-uniform attenuation correction is a possible rea-
son for this apparent limitation of DH-PET [15].

Transmission scanning using the single-photon source
caesium-137 was introduced for PET by Karp et al. and
Yu et al. in 1995 [17, 18]. Potential advantages of singles
transmission compared with coincidence transmission
using germanium-68 sources are the shorter acquisition
time and the possibility of discriminating transmission
and emission events due to the energy of 137Cs of
662 keV [17]. Recently, measured attenuation correction
was introduced for DH-PET using singles transmission
with collimated 137Cs point sources [19].

The aim of the present study was to evaluate whether
measured attenuation correction using singles transmis-
sion is helpful in overcoming lesion detection limitations
of dual-head gamma camera PET using dedicated ring
PET as the standard of reference.

Materials and methods

This study comprised 45 oncological patients with a mean age of
57±14 years who were scheduled for a PET scan. Suspected or
known diagnosis was malignant lymphoma (n=10), head and neck
cancer (n=10), lung cancer (n=7), recurrent colorectal cancer
(n=4), pancreatic cancer (n=4), ovarian cancer (n=2), cervical can-
cer (n=3), malignant melanoma (n=1), germ cell cancer (n=1), re-
nal cell cancer (n=2) and cancer of unknown primary (n=1). Prior
to PET, all patients were in a fasted state for at least 6 h, con-
trolled by serum glucose levels.

Ring PET. The emission ring PET scan (ECAT EXACT, CTI
Knoxville, Tenn.) was started 64±17 min after intravenous admin-
istration of 235±42 MBq FDG. The ring PET studies were per-
formed as whole-body scans in all patients except those with head
and neck cancer. For the whole-body scan the scan field com-
prised five or six bed positions, while in patients with head and
neck cancer the scan field comprised two bed positions. All pa-
tients underwent measured attenuation correction using 68Ge rod
sources. For repositioning of the patients a laser guide system was
used. The acquisition time was 10–15 min per bed position for the
emission scan and 12–15 min for the transmission scan. All stud-
ies were performed with extended septa (2D mode). Attenuation-
corrected images were reconstructed using iterative reconstruction
based on the maximum likelihood expectation maximisation algo-

rithm [20]. Filtered backprojection was used to reconstruct non-at-
tenuation-corrected images since the iterative algorithm estab-
lished in our laboratory reduces the image quality of non-attenua-
tion-corrected images (data not shown).

Dual-head gamma camera PET (DH-PET). DH-PET was per-
formed on the same day following the ring PET study using a du-
al-head gamma camera modified for coincidence detection (Solus
MCD/AC, ADAC Labs., Milpitas, Calif.). To improve efficiency
for the detection of 511-keV photons, the detectors are equipped
with 5/8-inch sodium iodine crystal instead of the regular 3/8-inch
crystal. In coincidence mode stray radiation shields are mounted
on each detector to decrease radiation from outside the field of
view. For single-photon transmission scanning both detectors are
equipped with collimated 137Cs point sources with an activity of
30 mCi each.

The gamma camera was positioned according to the known or
suspected disease. The DH-PET study consisted of one bed posi-
tion in all patients (38.5 cm axial). For the emission scan data
were acquired with a 180° rotation with 32 steps of pre-set 40 s
each. Decay correction was performed by automatically adjusting
the time of each acquisition step. A dual-window technique was
used, accepting coincidences between photopeak events and pho-
topeak and Compton events. This technique increases the coinci-
dence rate but also results in an increase in scattered and random
events [21]. The pre-set windows (photopeak 511 keV±15%,
Compton 310 keV±15%) were adjusted for each patient study. The
Compton window was set relative to the photopeak window ac-
cording to the manufacturer’s guidelines. The acquisition matrix
was 128×128. For reconstruction the data were rebinned into
96 projections.

The emission scan was started 160±32 min after intravenous
administration of FDG IV and was immediately followed by a
transmission scan with the patient in the identical position. The ac-
quisition consisted of a 360° rotation with 96 azimuths of 2 s each.
To cover the axial field of view, both point sources translate axial-
ly along the detectors. The pre-set window (662 keV±10%) was
adjusted for each patient study. Total acquisition time (emission
and transmission) for one bed position was about 30 min. The in-
crease in acquisition time of 6 min/bed position is acceptable and
was well tolerated by the patients.

After prefiltering with a Wiener filter, the data were recon-
structed iteratively with and without attenuation correction using
software provided by the manufacturer (ordered subsets expecta-
tion maximisation; eight subsets, two steps). Figure 1 shows a co-
ronal slice of the thorax without attenuation correction and with
attenuation correction, and the corresponding attenuation map.

Image analysis. All four image sets (ring PET with/without atten-
uation correction and DH-PET with/without attenuation correc-
tion) were evaluated independently by three observers using an in-
teractive grey-scaled screen display. The observers were blinded
to the results of conventional imaging and to clinical data. The
number of detectable lesions with focally increased FDG uptake
outside the physiological pattern as criterion of malignancy was
counted or each image set. Consensus was obtained for each le-
sion by majority decision. The detection rate of each modality was
calculated relative to attenuation-corrected ring PET as the stan-
dard of reference. Attenuation-corrected ring PET images were
used to assess the lesion size applying the “measure distance tool”
implemented in the ECAT 6 software package. Additionally, le-
sion-to-background ratios were determined for attenuation-cor-
rected and non-attenuation-corrected ring PET and DH-PET imag-
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es using identical regions of interest. Standardised uptake values
(SUVs) normalised to body weight were calculated for each lesion
approximately corrected for partial volume effects using attenua-
tion-corrected ring PET image data [22]. A patient-based analysis
of the findings of each image set was performed to assess the clin-
ical significance of differences in lesion detection.

Statistical analysis. Data are presented as mean±standard devia-
tion. The Mann-Whitney U test was used to compare differences
between unpaired samples, Wilcoxon’s test to compare differences
between paired samples, and the chi square test to compare fre-
quencies (SPSS for Windows, SPSS Inc.).

Results

An example of the improved image quality of attenua-
tion-corrected DH-PET is given in Fig. 1. The anatomi-
cal structures of the thorax and the upper abdomen are
clearly delineated only with attenuation correction. Fur-
thermore, the artefacts of the non-attenuation-corrected
image, such as increased activity in the lungs and at the
liver surface, are compensated by measured attenuation
correction. Figure 2 shows a patient with multiple ab-
dominal lesions. All lesions are clearly shown with at-
tenuation-corrected and non-attenuation-corrected ring
PET. However, the liver lesion, clearly demonstrated
with attenuation-corrected DH-PET, is hardly visible
with non-attenuation-corrected DH-PET. Figure 3 shows
a patients with head and neck cancer and bilateral lymph
node metastases demonstrated by ring PET and DH-PET.

Attenuation-corrected ring PET detected 118 lesions
in 37 out of 45 patients. Eight patients showed no focally
increased FDG uptake and were regarded as free of ma-
lignancy. Non-attenuation-corrected ring PET demon-

Fig. 1. Corresponding coronal DH-PET images of the thorax and
the upper abdomen: without attenuation correction (left) and with
attenuation correction (middle). The right image shows the attenua-
tion map. With attenuation correction, anatomical structures like
the lungs and the mediastinum are better delineated. Without atten-
uation correction the FDG uptake in the lungs and the peripheral
parts of the liver is overestimated. These artefacts are not visible
after attenuation correction. Note also the better demonstration of
the small mediastinal lesion located in the midline (white arrow)

Fig. 2. Corresponding coronal slices of attenuation-corrected ring
PET (top left), non-attenuation-corrected ring PET (top right), at-
tenuation-corrected DH-PET (bottom left) and non-attenuation-
corrected DH-PET (bottom right). Thick arrow, para-aortic lymph
node involvement; thin arrow, focal liver lesion. The liver lesion
is clearly shown with ring PET and attenuation-corrected DH-
PET; however, it is hardly visible with non-attenuation-corrected
DH-PET

Fig. 3. Head and neck cancer with bilateral lymph node metastases
shown with ring PET and DH-PET. However, central necrosis is
best demonstrated with attenuation-corrected ring PET (arrow).
Sequence of images as in Fig. 2
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strated 113 lesions (96%) in 35 patients. Attenuation-
corrected DH-PET depicted 101 lesions (86%) in 34 pa-
tients, whereas only 84 lesions (71%) in 34 patients were
shown by DH-PET without attenuation correction
(P<0.05). DH-PET with and without attenuation correc-
tion was negative in all eight patients with negative at-
tenuation-corrected ring PET.

Subdividing the lesions with respect to the anatomi-
cal localisation reveals an increase in the detection rate
with attenuation-corrected (as compared with non-atten-
uation-corrected) DH-PET for all anatomical sites. Ta-
ble 1 shows detection rates for different anatomical re-
gions in detail. Subdividing the lesions with respect to
lesion size shows an increase in detection rate for atten-
uation-corrected DH-PET for lesions ≤20 mm (P<0.01;
Table 2).

The lesion-to-background ratios were significantly
higher for ring PET than for DH-PET, both with (5.0±2.8
vs 2.6±2.0; P<0.001) and without attenuation correction
(6.1±4.9 vs 2.5±1.7; P<0.001).

Lesions not detected by DH-PET showed a smaller
diameter than did detectable lesions, for both attenua-
tion-corrected and non-attenuation-corrected DH-PET.
Lesions not detected with non-attenuation-corrected DH-
PET showed lower SUVs than detectable lesions. De-
tailed data on these lesion characteristics are shown in
Table 3. Attenuation correction slightly but significantly
increased lesion-to-background ratios only for intratho-
racic lesions (3.0±2.7 vs. 2.6±2.1; P<0.01).

Relative to attenuation-corrected ring PET as the stan-
dard of reference, concordant clinical findings were ob-
tained with non-attenuation-corrected ring PET in 42 pa-
tients (93%), with attenuation-corrected DH-PET in 36
(80%) patients, and with non-attenuation-corrected DH-
PET in 31 patients (69%). Combining attenuation-cor-
rected and non-attenuation-corrected DH-PET resulted in
findings concordant with attenuation-corrected ring PET
in 37 patients (82%). Non-attenuation-corrected ring PET
missed a focus suspicious for recurrent head and neck
cancer, a lesion indicating an adrenal metastasis in lung

Table 1. Detection rate and anatomical region

Region Ring PET DH-PET P value

AC (n) no AC AC no AC

Head/neck 18 17/18 (94%) 16/18 (89%) 14/18 (78%) NS
Thorax 62 59/62 (95%) 52/62 (84%) 44/62 (72%) 0.07
Abdomen 24 23/24 (96%) 20/24 (83%) 16/24 (67%) NS
Pelvis 14 14/14 (100%) 13/14 (93%) 10/14 (71%) NS
All 118 113/118 (96%) 101/118 (86%) 84/118 (71%) <0.05

AC, Attenuation correction; NS, not significant

Table 2. Detection rate and lesion size

Diameter Ring-PET DH-PET p-value

AC (n) no-AC AC no-AC

≤20 mm 83 79/83 (95%) 66/83 (80%) 50/83 (60%) <0.01
>20 mm 35 34/35 (97%) 35/35 (100%) 34/35 (97%) NS

AC, Attenuation correction; NS, not significant

Table 3. Lesion characteristics

DH-PET, attenuation-corrected DH-PET, non-attenuation-corrected

Detected Not detected P value Detected Not detected P value

SUV 10.7±5.8 9.4±7.3 NS 11.3±5.9 8.4±5.8 <0.01
Sizea (mm) 22±13 14±4 <0.05 23±14 15±5 <0.001
l/bkg 2.7±2.2 1.8±0.9 <0.05 2.8±1.9 1.6±0.5 <0.001

l/bkg, lesion-to-background ratio
a estimated using “measure distance tool; ECAT 6.4”
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Table 4. Detection rates of lesions indicating (1) primary tumour/local recurrence, (2) lymph node metastases, (3) distant metastases or
(4) involved lymph nodes in patients with malignant lymphoma. (Classification based on clinical data and localisation of the lesions; ten
unclassified lesions not included)

Ring-PET DH-PET P value*

AC (n) No AC AC No AC

1) Primary tumour/ local recurrence 19 18/19 (95%) 18/19 (95%) 16/19 (84%) NS
2) Lymph node metastases 30 29/30 (97%) 26/30 (87%) 20/30 (67%) NS
3) Metastases 12 11/12 (92%) 8/12 (67%) 8/12 (67%) NS
4) Involved lymph nodes (malignant lymphoma) 47 46/47 (89%) 43/47 (92%) 34/47 (72%) <0.05

NS, Not significant
* Comparison of DH-PET with AC and DH-PET without AC

cancer and axillary lymph node involvement in a patient
with low-grade malignant lymphoma. Attenuation-cor-
rected DH-PET underestimated involved lymph nodes in
four patients, metastatic spread in three patients and peri-
toneal carcinomatosis in one patient, and missed a lesion
indicating local recurrence of renal cancer in one patient.
Non-attenuation-corrected DH-PET underestimated in-
volved lymph nodes in eight patients, metastatic spread in
three patients, peritoneal carcinomatosis in one patient
and local recurrence of renal cancer in one patient, and
missed a lesion suspicious for recurrent head and neck
cancer in one patient. These differences might have af-
fected patient management in two patients (4%) for non-
attenuation-corrected ring PET, six patients (13%) for at-
tenuation-corrected DH-PET and ten patients (22%) for
non-attenuation-corrected DH-PET (Table 4).

Discussion

In this study we evaluated a dual-head coincidence gam-
ma camera equipped with 137Cs sources for singles trans-
mission attenuation correction in oncological FDG PET
studies with attenuation-corrected ring PET as the stan-
dard of reference.

The lesion detection rate for non-attenuation-correct-
ed DH-PET in this study (71%) is within the range of
previously published results for dual-head coincidence
gamma cameras of 55%–79% [12, 14, 15]. Besides le-
sion-to-background ratio and amount of FDG uptake, le-
sion size is one important factor determining detectabili-
ty. In our study the detection rate for lesions ≤20 mm us-
ing non-attenuation-corrected DH-PET was only 60%,
compared with 97% for lesions >20 mm. In contrast to
this, the localisation of the lesions did not significantly
influence detectability.

Measured attenuation correction using singles trans-
mission markedly improves image quality, with better
delineation of anatomical structures and absence of arte-
facts present on non-attenuation-corrected images (see
Figs. 1–3). Attenuation correction significantly increased
the lesion detection rate of DH-PET from 71% to 86%
relative to attenuation-corrected ring PET. The improve-

ment was especially evident for small lesions with a di-
ameter ≤20 mm, with an increase of lesion detection rate
from 60% to 80%. Measured attenuation correction im-
proves lesion detectability in all body regions, e.g. head
and neck area, thorax, abdomen and pelvis. This is most-
ly due to the clear improvement in image quality since
the image contrast as expressed by the lesion-to-back-
ground ratios itself is positively affected by attenuation
correction only for intrathoracic lesions surrounded by
lung tissue (i.e. not for lesions outside the thorax).

The improvement in lesion detection capability is
clinically relevant as the results concordant with attenua-
tion-corrected ring PET increased from 78% for non-at-
tenuation-corrected DH-PET to 87% for attenuation-cor-
rected DH-PET.

The necessity of measured attenuation correction for
ring PET is the subject of controversy. In this study, at-
tenuation correction for ring PET had only a minor effect
on both lesion detection and concordance of clinical re-
sults. This is in agreement with the observation by
Kotzerke et al. that attenuation correction did not signifi-
cantly improve the diagnostic accuracy of ring PET [23].
Bengel et al. reported a significantly higher lesion-to-
background ratio for non-attenuation-corrected ring PET
compared with attenuation-corrected ring PET [24]. More
pragmatic arguments against conventional transmission
studies are the considerable additional acquisition time
required to achieve sufficient statistics and the problem of
exact repositioning of the patient. However, without at-
tenuation correction the shape of foci is distorted and ex-
act anatomical localisation of the focus can be difficult,
especially in the thorax [25]. Furthermore, increased
FDG uptake of the lungs, the skin and those parts of the
liver near to the surface are well-known artefacts of non-
attenuation-corrected ring PET images. Moreover, attenu-
ation correction is a precondition for quantitative image
analysis (e.g. standardised uptake values).

Conclusion

Use of measured attenuation correction markedly im-
proves image quality and minimises the limitations of
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DH-PET for the detection of small lesions. This is
achieved with only a minor increase in additional acqui-
sition time. With singles transmission the diagnostic per-
formance of DH-PET is closer to that of dedicated PET.

For dedicated ring PET the necessity of measured at-
tenuation correction is still a matter of debate. However,
since the introduction of segmented attenuation correc-
tion and singles transmission, the additional acquisition
time required for attenuation correction is minimal. Be-
cause of the better image quality and the opportunity for
quantification, measured attenuation correction is recom-
mended for dedicated ring PET, too.
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