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Abstract. Dual-head gamma cameras operated in coinciand 6.9+2.8 for PETnad?(<0.001). Histopathological
dence mode are a new approach for tumour imaging ugvaluation revealed lymph node metastases in 11 of 88
ing fluorine-18 fluorodeoxyglucose (FDG). The aim of sampled lymph node stations (size: 2.3£1.0 cm). All
this study was to assess the diagnostic accuracy of sugfmph node metastases were identified in the PETac
a camera system in comparison with a full-ring positrorstudies, while PETnac detected 10/11 and CGC 8/11.
emission tomography (PET) system in patients with lund-or positive lymph nodes that were visible in CGC and
cancer. Twenty-seven patients (1 female, 26 males, ageETnac studies, T/L ratios were 3.7+2.3 for CGC and
6219 years) with lung cancer or indeterminate pulmona6.6+3.1 for PETnacR=0.02). The diameters of false-
ry nodules were studied on the same day with a full-ringnegative lymph nodes in the CGC studies were 0.75, 1.5
PET scanner (Siemens ECAT EXACT) and a coinci-and 2 cm. False-positive FDG uptake in lymph nodes
dence gamma camera system (ADAC Vertex MCD)was found in two patients with all three imaging meth-
Sixty minutes after injection of 185-370 MBq FDG, a ods. For all lesions combined, T/L ratios in CGC relative
scan of the chest was performed with the full-ringto PETnac studies decreased significantly with decreas-
system. Approximately 2 h p.i., the coincidence camerang lesion size r£0.62; P<0.001). In conclusion, com-
study was performed. Coincidence gamma cameraared with a full-ring PET system the sensitivity of CGC
(CGC) and PET images with (PETac) and without attenimaging for detection of lung cancer is limited by a low-
uation correction (PETnac) were analysed independentlgr image contrast which deteriorates with decreasing le-
by two blinded observers. In addition, FDG uptake insion size. Nevertheless, the ability of CGC imaging to
primary tumours and involved lymph nodes was quanti-detect pulmonary lesions with a diameter of at least 2 cm
fied relative to normal contralateral lung (T/L ratios). All appears to be similar to that of a full-ring system. Both
primary tumours were histologically proven. The lymphsystems provide a similar specificity for the evaluation
node status was histologically determined in 23 patientf lymph node involvement.
In four patients, no lymph node sampling was performed
because of extensive disease or concurrent illnesses. Key words:Positron emission tomography — Dual-detec-
the 27 patients, 25 primary lung cancers and two metaer coincidence imaging — Fluorodeoxyglucose — Lung
static lesions were histologically diagnosed. The numbecancer
of coincidences per centimetre axial field of view was
3.33+£0.93x16 for the CGC and 1.09+0.36x4.@or the  Eur J Nucl Med (1999) 26:388-395
dedicated PET system. All primary tumours (size:
4.6+2.6 cm) were correctly identified in the CGC and
dedicated PET studies. T/L ratios were 4.7+£2.5 for CGC
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oxyglucose (FDG) for the imaging of malignant tumourstissue and to ensure standardized glucose metabolism in all pa-
has been widely documented in the literature [1]. In partients. Details of the study were explained to the patients by a
ticular, numerous studies in recent years have demorphysician and written informed consent was obtained. The study
stratea that FDG-PET is the most accurate non_invasivgotocol was reviewed and approved by the Ethics Committee of
method for the detection and staging of lung cancel'® Technische Universitat Minchen.

S . Fluorine-18 was produced with a self-shielded 11-MeV cyclo-
[2-8]. This is attributable to the fact that lung cancer, (RDS 112; Siemens/CTI) by the acceleration of protons onto

cells show high uptake of FDG while the background acyp, gxygen-18 water target. FDG was synthesized using a standard
tivity in normal lung and mediastinum is low. _ technique modified from the synthesis reported by Hamacher et
These encouraging results have attracted considerabde [11].
clinical interest in imaging lung cancer with FDG. How-
ever, the high cost of FDG-PET studies has preventep . . :
. o . - . “Imaging with full-ring PET system
widespread application of this technique. Generally, ring
detector systems with bismuth germanate (BGO) crysthe ECAT EXACT PET scanner consists of 24 rings of BGO de-
tals are used for FDG studies in cancer patients. Thegectors that yield 47 transverse slices, 3.4 mm apart [axial field of
systems are considerably more expensive than convewiew (FOV): 16.2 cm]. According to NEMA standards, the spatial
tional gamma cameras and are exclusively applicable fggsolution in axial and transaxial directions is 5 and 5.8 mm, re-
imaging with positron-labelled compounds. E%ec‘_‘:t"’e'y [_1211' ﬁZ‘;yM”é'”“tes_ aflter t'”tl.eCt'or.‘ of 185‘372 zl\ng_
In 1996, a modification of a dual-detector single-pho-"-DC (mean: 214+49 MBq) a single static emission scan of 20 min
T duration was acquired in 2D mode. The FOV included the chest
ton emission tomography (SPET) system to enable ope

. . . . ¥r'0m the thoracic inlet to below the carina. After the emission
ation in coincidence mode was introduced by Mu'scan, a 15-min transmission scan for attenuation correction was

ehllehner and colleagues. This system is capable of Operformed. This scan yielded approximately 1.8xddunts/slice.
erating in coincidence mode as well as imaging lowelmages were reconstructed with and without attenuation correc-
energy photons, such as the 140 keV photons of technéen using a penalized least square algorithm developed by Fessler
tium-99m. The evaluation of the performance charactertL3].

istics of these systems according to NEMA standards

yielded encouraging results. The volume sensitivity angmaging with coincidence gamma camera (CGC)

spatial resolution were found to be comparable to those

of a dedicated ring system operated in 2D mode [9]. ArThe Vertex MCD camera is a dual-head gamma camera equipped
initial clinical study [10] showed promising results for wlth 5/8'" sodium |o_d|de (Nal) (_:rystals which are pl_aced into coin-
the evaluation of pulmonary lesions: 13 of 14 intrapul-S'dence mode. Patients were imaged over the entire thorax and up-
monary lesions visualized by a dedicated ring syste er abdomen (one bed position in ten patients, two bed positions

d d by th incid 0 17 patients). The axial FOV was 38 cm when one bed position
were detected by the coincidence gamma camera [10]. was used and 57 cm when two bed positions were employed. Prior

In the present study, we evaluated the diagnostic agy image acquisition, the singles count rate was determined on the
curacy of coincidence gamma camera imaging for theate meter of the camera. Imaging was started when the singles
detection of lung cancer and mediastinal staging usingate was below 1.5x®&. The interval between FDG injection
histopathological diagnosis as the gold standard. Diagand start of the image acquisition was 126+27 min. All patients
nostic results were compared with those obtained using\#ere imaged for 32 stops through a rotation of 180° per detector
full-ring PET scanner and computed tomography. Furat 40 s/frame for a total acquisition time of approximately 23 min
thermore, count rates and image contrast were detebe' bed position. Data were acquired in 3D mode and decay cor-

mined for the coincidence camera and compared Wiﬂr]ection was performed during the acquisition. Images were not
the results for a full-ring PET system corrected for photon attenuation. The energy windows were set at

511 keV/30% for thel8F photopeak and 310 keV/30% for the

Compton events in the Nal crystal. The coincidence mode of ac-

quisition utilized all photopeak-photopeak events as well as the

Materials and methods photopeak-Compton scatter events. No Compton-Compton coinci-
dences were accepted. The detectors provide a timing resolution

A total of 27 patients (1 female, 26 males, age 62+9 years) wer@f 6 NS and a 15-ns timing window was used to acquire the coinci-

included in the study. Twenty-five patients had clinically suspect-d€nce events. According to NEMA standards the resolution in axi-

ed or biopsy-proven non-small-cell lung cancer. Two patientsf"" and tre_msamal direction (full-width at half-maximum, FWHM)

were studied for the evaluation of indeterminate pulmonary nodiS @Pproximately 5 mm [9]. o _ o

ules. All patients were imaged on the same day with a full-ring Each data setlwas rebinned utilizing single sllge rebmryng arjd

PET system (CTI/Siemens ECAT EXACT 47) and a dua|_detecto,reconstrqcted_usmg an ordered subset expectation maximization

gamma camera operated in coincidence mode (Vertex, Moleculd@SEM) iterative algorithm [14]. The parameters used to perform

Coincidence Detection, ADAC Laboratories). After a single injec-th? iterative reconstruction included an ord_ered _subsgt of 8 with a

tion of FDG, the patients were studied first with the full-ring Wiener pre-filter and a noise factor of 0.7 with 2 iterations.

system followed by the coincidence gamma camera. Computed to-

mography (CT) of the chest was performed as part of the routinggical staging

staging within 2 weeks of the FDG studies (spiral CT in 17 cases,

conventional CT in ten cases). Patients fasted for at least 4 h pridtistological diagnoses of all primary lesions were obtained by bi-

to PET imaging in order to minimize glucose utilization of normal opsy ©=3) or thoracotomy r=24). Mediastinal lymph nodes
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were evaluated in 22 patients (thoracotomy in 21 cases, mediasti- CT scans of the chest were analysed by two blinded radiolo-
noscopy in one case). In these patients, 88 lymph node stations agists (B.K. and T.T.). A lymph node station was considered as
cording to the AJCC (American Joint Committee on Cancer) claspositive when a lymph node with a short-axis diameter of more
sification [15] were sampled and histopathologically examined.than 1.0 cm was identified [16-18].

Only lymph nodes in the areas 10 and 11 were considered to be

N1 or hilar nodes. Peritumoural lymph nodes were not included irQuantitative analysisThe singles and coincidence count rate at
the analysis because it is often not possible to differentiate thegbe beginning of the CGC studies were determined from the rate
nodes from the primary tumour in CT or PET studies. meter of the camera system. The total number of coincidence
events recorded during the CGC and dedicated PET studies was
determined from the raw data files. For better comparison of CGC
and PET studies, the total coincidence counts were divided by the

Visual interpretation.For comparison of the CGC and the full- Wwidth of the axial FOV. - . .
ring PET, three sets of images were read separately by two blind- Circular regions of interest (ROIs) with a diameter of 2 cm

Data analysis

ed observers (P.B. and W.A.W): were placed over all primary tumours using the plane with the
) maximum FDG uptake. For quantitative analysis of FDG uptake
1. CGC.lmages . ) ) in lymph node metastases, a circular ROl with a diameter of
2. FuII-r!ng PET system W|tho_ut attenuation correction (PETnac) 1.5 cm was used. A large, irregular ROI in the contralateral lung
3. Full-ring PET with attenuation correction (PETac) was chosen as a reference region. Image contrast was expressed as

Images were interpreted on the computer screen using a linedy ratio between the mean counts in the tumour and the reference
grey scale. All lesions presenting with focally increased FDG upRO! (T/L ratio). In the PETac studies, the mean standardized up-
take within the mediastinum and the lung were reported as abnotake value normalized to injected dose and body weight (SUV)
mal. The location of lesions was described as intrapulmonary, hiwas determined for all lesions [19].
lar or mediastinal. For further analysis, a consensus interpretation
regarding the presence and location of lymph node metastases was
obtained in all cases.

Table 1. Characteristics of the study patie:its

Patient Age Sex Tumour type Lesion pT stage SUvV T/L CGC T/L PETnac pN (stage)
no. (years) size (cm)
1 54 m SCLC 3.5 X 4.7 3.8 5.1 3
2 70 m Squamous 8.5 3 14.4 114 12.6 0
3 75 m Squamous 8.2 2 4.1 7.9 7.6 0
4 69 m Squamous 5.0 X 5.9 34 4.6 X
5 57 m Squamous 9.8 4 15.8 6.7 11.6 2
6 53 m Neuroendocrine 2.7 2 5.6 4.7 6.4 1
7 47 m Squamous 6.6 4 10.3 55 7.3 2
8 43 m Squamous 3.3 3 7.7 55 8.3 1
9 58 m Squamous 4.0 2 5.0 3.2 55 1
10 61 m Squamous 3.0 1 4.5 2.7 6.4 0
11 72 m Adenoca. 55 2 8.6 5.1 11.6 1
12 69 m Adenoca. 35 2 3.3 2.0 2.9 0
13 56 m Squamous 2.0 2 10.1 4.9 10.0 1
14 51 f Large cell 2.0 2 7.5 4.4 9.4 2
15 61 m Undiff. 5.0 4 10.0 15 35 0
16 59 m Squamous 25 2 7.7 4.9 7.2 0
17 61 m Undiff. 9.5 4 7.0 4.8 6.5 X
18 67 m Squamous 5.8 3 10.1 8.2 8.9 1
19 63 m Large cell 3.5 X 35 5.5 6.7 X
20 66 m Squamous 5.0 4 8.6 9.6 10.9 X
21 74 m Squamous 3.5 2 4.9 4.1 7.5 0
22 50 m Squamous 55 3 5.6 4.8 5.9 1
23 63 m Adenoca. 3.2 3 4.0 1.8 3.5 2
24 76 m Squamous 9.0 3 7.9 5.4 5.0 2
25 69 m Squamous 15 1 3.7 2.5 4.6 0
26 65 m Metastasis 0.9 - 2.7 1.3 2.9 -
27 60 m Metastasis 1.0 — 3.6 1.3 4.0 -

SCLC, Small cell lung cancer; squamous, squamous cell carcinoma; adenoca., adenocarcinoma; large cell, large cell caifinoma; un
undifferentiated carcinoma; metastasis, metastatic tumour. pT stage, histopathological tumour stage. SUV, standardiza@deaugtke v
termined from the attenuation-corrected dedicated PET study T/L CGC, Tumour/lung ratio in the coincidence gamma camédrd studies.
PETnac, Tumor/Lung ratio in the non-attenuation-corrected dedicated PET studies. pN stage histopathological lymph iode status
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Statistical analysis roendocrine carcinoma; metastatic lesions: renal cell car-

Image contrast and count rates in PETnac and CGC images wefdoma and. re(_:tal carCInoma)_. Resection of .the tumour
analysed by linear regression analysis and a paired two-sided@Nd determination of the maximum tumour diameter by

test. All statistical tests were performed at the 5% level of signifi-2 pathologist was performed in 23 patients. Four patients
cance. did not undergo surgery because of distant or contralat-
eral mediastinal metastases or poor general medical con-
dition. In these patients, the histopathological diagnosis
Results was obtained by biopsy and the maximum tumour diam-
eter was determined in the CT scan.

The mean tumour diameter was 4.6+2.6 cm (range
In the 27 patients 25 primary lung cancers and two metdd.9-9.8 cm). The histopathological tumour stage of the
static lesions were histologically diagnosed (primaryprimary lung cancers was T1 in two patients, T2 in nine,
lung cancers: 16 squamous cell carcinomas, three aden®3 in six and T4 in five. The lymph node status was NO
carcinomas, two large cell carcinomas, two undifferentiin eight, N1 in seven, N2 in five and N3 in one. In six
ated carcinomas, one small cell carcinoma and one nepatients, no mediastinal lymph node sampling was per-
formed due to advanced T4 tumour stage (three pa-
tients), metastatic lesions (two patients) or poor general
medical condition (one patient). Lymph node metastases
were found in seven mediastinal and four hilar lymph
node stations. Ten of the 11 positive lymph nodes were
enlarged on the CT scan, with a short-axis diameter of
more than 1 cm. One lymph node metastasis was found
in a normal-sized lymph node (0.75 cm). Involvement of
peritumoural lymph nodes was detected in four patients.
Table 1 summarizes patient characteristics and tumour
stages.

Histopathological evaluation

Results of CGC and dedicated PET imaging

Qualitative image interpretatiorAll intrapulmonary tu-
mours were correctly identified by both observers in the
CGC, PETnac and PETac studies. Figure 1 shows an ex-
Fig. 1. CT (A) CGC B), PETnac €) and PETac}) studies of a ample of a squamous cell carcinoma imaged by CT,
patient with a squamous cell carcinoma (patient 16). The tumoquC’ PETnac and PETaC._The maln dlﬁeren(?e between
shows markedly increased FDG uptake that is clearly visualize¢ GC and PETnac studies is a considerably higher back-
on the CGC, PETnac and PETac images. However, backgrour@ound activity in the CGC studies. This high back-
activity is considerably higher on the CGC images than on th@round results in blurring of tumour contours and nor-
PET image: mal anatomical structures.

Fig. 2.CT (A), CGC B), and
PETac C) studies of a patient
with small cell carcinoma and
mediastinal lymph node in-
volvement (patient Ifjrst row,
primary tumoursecond row
lymph node metastases). CT,
CGC and PETac demonstrate
increased FDG uptake in the
enlarged mediastinal lymph
node. Atelectatic lung tissue vi-
sualized on the CT image shows
no increased FDG upta:ce
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Fig. 3.CGC A), PETnacB),

and PETac(Q) studies of a pa-
tient with squamous cell carcino-
ma (patient 23). The ipsilateral
mediastinal lymph node involve-
ment is clearly visible in the
PETnac and PETac studies. In the
CGC study, the lymph node me-
tastasis cannot be separated from
the primary tumot ¢

The 11 histologically confirmed lymph node metas- | primary tumors (n=27) lymph nodes (n = 8)
tases were correctly identified by CGC, PETnac anc _ | T -
PETac in 8, 10 and 11 cases, respectively (Fig. 2). Th | 1
three false-negatives on CGC were a subcarinal lymp

node with a diameter of 0.75 cm, a para-aortic lympl :
node with a diameter of 1.5 cm and a subcarinal lympte
node with a diameter of 2 cm. The two false-negative§ o]
lymph nodes with diameters of more than 1 cm were loF (] . L
o
3
2
1
0

cated close to the primary tumour. Probably the priman i {

tumour and the lymph node metastasis appeared as o TJ t— L
7 I -

lesion on the CGC images (Fig. 3). The small subcaring
cGC PETnac cGe PETnac

lymph node was also false negative in PETnac. Fals
positive findings occurred in two patients with all imag-
ing techniques. In both cases, non-specific inflammator,
changes were detected histologically. PETac and PETnddg. 4. Tumour/lung ratios (T/L) for primary tumours and lymph
detected two additional mediastinal lesions that were ngtode metastases in the CGC and PETnac studieshdrieontal
surgically sampled because of locally advanced, T4 tulines in this “box plot” represent the 10th, 25th, 50th (median),
mour stage. However, only histologically proven lymph 7th and 90th percentiles of the T/L ra ios

node stations were included in the further analysis. CT
detected 10 of the 11 lymph node metastases. In six [ 1.2
tients, CT showed enlarged lymph nodes that were hist
logically negative for tumour. CGC, PETnac and PETa
studies were true-negative in four of these patients ar s
also false-positive in two.

)

Quantitative analysisAt the beginning of the CGC
scan, the number of single events was 1.1+0.29810
and the coincidence count rate was 1.4+0.4/10rhe
total number of coincidences recorded per centimeti ¢
axial FOV and used for further processing was 3.33+(&
93x10/cm for CGC and 1.09+0.36x%@m for the dedi- ~ 02
cated PET systenP€0.001). The total number of true
coincidences, randoms and multiples for the dedicate o : : : ' - : ; ; : '
system was 1.24+0.43x80m axial FOV. o 1 2 3 4 S5 6 7 8 9 10

The SUV of the pulmonary lesions was 6.9+3.3. Thc size {om)
T/L ratio was 4.7+2.5 (median: 4.8) in the CGC studiedio- S. Tumour/lung ratio of QGC studies (elative to PETnac de-
and 6.9+2.8 (median: 6.5) in the PETnac imageé)e“d'”g on the size of the IeS|cm:(3_5, 27 primary tumqurs_and 8
(P<0.001, Fig. 4). Thus, for the pulmonary lesions thelymph r_10de meta_stases). There is a stat_lstlcally s_lgnlflcant d.e-
image contrast was 32% lower in the CGC than in thﬁ(}:re.ase in the relative contrast of the CGCllmages W!'[h decreasing
PETnac studies. All pulmonary lesions with a diameter 0" >2€ (1=0.62><0.01 by linear regression analysis)
of more than 2 cm had a T/L ratio of at least 1.5 in the
CGC studies (mean 5.1+2.4). The SUV of the lymph
node metastases was 6.6+3.5 (range: 2.8-12.8). For

contrast (CGC/PETn
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lymph node metastases that were visible in CGC andhethods have been reported to improve the detectability
PETnac studies, the image contrast was 56% lower iof lesions compared with filtered backprojection [22],
CGC than in PETnac. The T/L ratio was 3.7+2.3we chose to reconstruct the images iteratively using pa-
(median: 3.2) for CGC and 6.6+3.1 (median: 6.3) forrameters such that the reconstructed resolution is similar
PETnac P=0.002, Fig. 4). There was a statistically sig-to filtered backprojection with a Hanning filter (cut-off
nificant decrease in the T/L ratio in the CGC studies relfrequency of 0.4 cycles/bin) [23].
ative to the PETnac studies with decreasing lesion size Compared with a dedicated ring system, CGC cam-
(for pulmonary lesionst=0.61,P<0.001; all 35 lesions eras have several technical limitations which impair im-
combined:r=0.62, P<0.001 by linear regression analy- age quality. The percentage of scattered and random
sis). For lesions with a diameter of 0-2 cm, 2-5 cm anavents is considerably higher than for a ring system op-
more than 5 cm the relative contrast was 0.44+0.1lerated in 2D mode. Phantom studies have shown that the
0.64+0.14 and 0.81+0.21, respectively (Fig. 5). scatter fraction in a cylinder of 20-cm diameter is 32%
for the CGC system, whereas it is 17% for the dedicated
system used in this study [9, 24]. For a singles count rate
Discussion of 1.1x10/s, the percentage of random coincidences is
approximately 25% for a 20-cm cylinder phantom. The
Dual-head gamma cameras with sodium iodide (Nal) deeorresponding fraction of random events for the dedicat-
tectors operated in coincidence mode represent a need system is only 4% [9, 24]. In patient studies, an even
approach for imaging with positron-labeled tracers. Inhigher percentage of randoms and scattered coincidence
the present study in lung cancer patients, the CGC visican be expected. In addition, pulse pile-up in the detec-
alized all 27 histopathologically proven pulmonary le-tor system limits the singles count rate that can be pro-
sions. The lesion to background ratio was approximatelgessed by the CGC system. Both factors result in arte-
30% lower for the CGC system than for the dedicatedacts and markedly reduce image quality when the sin-
ring system. Furthermore, only 8 out of 11 histopatho-gles count rate exceeds 1.5%50[9]. To overcome this
logically proven lymph node metastases were visualizegroblem, patients were imaged after the singles count
by the CGC system while all 11 metastases were detecatate had dropped below this value. Consequently, the
ed by the full-ring system. number of coincidence events used for reconstruction
Several technical aspects of this study need specigler cm axial FOV was 70% lower for the CGC system
consideration. The injected activity (214+49 MBq) was (trues, scatter, randoms) compared with the dedicated
lower than in previous studies using dedicated ring sysring system (trues, scatter). Due to decay and excretion
tems for the evaluation of lung cancer patients. In thesef 18F during the interval between the dedicated PET and
studies, approximately 370 MBq were administered [5,CGC studies, this number does not directly reflect the
20, 21]. The lower injected activity may have introducedphysical characteristics of the two camera systems.
a bias against the dedicated PET in comparison with thidowever, it gives a valid estimate of the relative number
CGC system. However, all primary tumours and lymphof coincidence events that can be acquired in a clinical
node metastases were detected by the dedicated PIpiotocol.
system. The lower activity was necessary to enable early The lower number of coincidence events and the high
completion of the combined CGC/PET examination. Af-fraction of scattered and random events explain why, de-
ter a dose of 370 MBq, a waiting period of approximate-spite comparable spatial resolution, image contrast was
ly 2 h between the PET and the CGC scan would havsignificantly lower in the CGC studies than with the ded-
been required. This longer waiting period would haveicated system. Furthermore, the image contrast in the
complicated the comparison of dedicated PET and CGCGC relative to non-attenuation-corrected dedicated
scans because of changes in the activity distribution IPET studies (PETnac) deteriorated significantly with de-
tumours and normal tissues. To compensate for the lowereasing lesion size. In addition to the high fraction of
er injected activity, the duration of the emission scarscattered and random coincidences, this decrease in im-
was extended to 20 min, which is longer than in severahge contrast may be related to the currently used single
previous studies using an emission time between 6 arglice rebinning method. To increase the number of coin-
10 min [20, 21]. cidences for reconstruction, a relatively wide acceptance
An additional technical consideration is that differentangle of 15% is used. The resulting axial smearing of the
iterative algorithms were used for the reconstruction ofmage data may decrease the contrast for small lesions.
the dedicated PET and CGC studies. The OSEM algd-urthermore, high uptake in the vicinity of a lesion
rithm is the standard method for image reconstructiorseems to limit the detectability on CGC images: two
with the Vertex MCD camera. Currently, there is no gendymph nodes with diameters of 1.5 and 2 cm that were
erally available iterative reconstruction package for thdocated close to the primary tumour were not identified
ECAT EXACT scanner and filtered backprojection is theby the CGC camera while they were clearly visible on
standard reconstruction method. In most studies, the PETnac and PETac images (Fig. 3).
Hanning filter with a cut-off frequency of 0.3-0.5 cy- In previous studies using dedicated PET systems,
cles/bin has been applied. Since iterative reconstructioRDG imaging has been very successful in the differenti-
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ation of benign and malignant pulmonary nodules andary nodules with FDG and dedicated PET systems, the
mediastinal staging of lung cancer. Is there currently anean size of the lesions ranged between 1.8 and 3 cm
role for CGC systems in these clinical applications? In2, 26—-28]. In a recently published study that included
the evaluation of lymph node metastases, metabolic imenly pulmonary nodules with diameters of 3 cm or less,
aging using FDG has two principal advantages over CT36% of the nodules had a diameter of 2 cm or more [28].
On the one hand, focal FDG accumulation may allonEven when applying a size limit of 2 ¢rooincidence
the detection of metastatic deposits in lymph nodes thamaging may be a useful test in a relatively large per-
are not yet enlarged. On the other hand, non-specificallgentage of patients presenting with indeterminate pulmo-
enlarged lymph nodes without tumour involvement gen-ary nodules.
erally show no increase in FDG uptake. Due to these two In the future, the sensitivity of CGC imaging for
advantages, the sensitivity and specificity of dedicatedmall lesions may be improved by the use of attenuation
PET systems in the evaluation of lymph node involve-correction. New methods to acquire transmission mea-
ment have been consistently found to be superior tsurements for attenuation correction have recently been
those of CT [5, 6, 25]. In the present study, 3 out of 1lintroduced but have not yet been validated in clinical tri-
lymph node metastases that were detected by the dedils [29]. Currently, there is controversy over the effect of
cated PET system were not visualized by CGC imagingattenuation correction on lesion detectability in oncolog-
Furthermore, as indicated above, the image contrast iical FDG-PET studies. Improved visualization of small
CGC studies relative to the dedicated system deterioragnd deep-seated lesions has been reported in some cases
ed significantly with decreasing lesion size. For lesiond30]; however, a consistent improvement in diagnostic
with a diameter of 1 cm, the image contrast was approxiaccuracy has not yet been documented [31, 32]. In the
mately 60% lower than with the dedicated PET systempresent study, one mediastinal lymph node with a diame-
Therefore, visualization of lymph node metastases wither of 0.75 cm was only detected on the attenuation-cor-
a diameter of less than 1 cm is only possible for metarected dedicated PET images. For staging of lung can-
bolically highly active lesions. In CT studies, a lymph cer, the transmission images provide very helpful ana-
node diameter of more than 1 cm is generally used astamical landmarks, such as the trachea and the main
criterion for tumour involvement. Therefore, CGC sys-bronchi. Therefore, the localization of focal FDG uptake
tems will probably not provide an increased sensitivityin the mediastinum is greatly facilitated. This is impor-
compared with CT in the evaluation of mediastinaltant for subsequent histopathological verification of ab-
lymph node metastases. However, the specificity of CG@Qormal findings in CGC studies by mediastinoscopy or
appears to be comparable to that of dedicated PET sybiopsy.
tems. Both imaging methods were true negative in 75 of In conclusion, this initial evaluation of dual-head
77 surgically sampled lymph node stations. In contrastgamma camera coincidence imaging in lung cancer
false-positive CT results occurred in six lymph node stayielded encouraging results. Detectability of pulmonary
tions. Therefore, CGC studies may provide complemenlesions with a diameter of at least 2 cm appears to be
tary information to CT in the mediastinal staging of lungsimilar to a dedicated ring system. The sensitivity of co-
cancer. For example, in patients with advanced diseasacidence imaging for detection of small lymph node
who are candidates for primary radiotherapy or neo-admetastases is limited by a lower image contrast which
juvant therapeutic regimens, CGC imaging studies mayleteriorates relative to the dedicated system with de-
be helpful in the evaluation of lymph nodes that are notreasing lesion size. However, the specificity for the
accessible by mediastinoscopy. evaluation of lymph node involvement is comparable be-
The CGC results regarding the evaluation of pulmo4{ween the two systems. It is expected that improved im-
nary nodules are more encouraging. All primary tumoursging technology of coincidence cameras and commer-
were detected with a mean tumour to lung ratio of 4.7cially supported distribution of FDG will have a major
However, detection was facilitated by the size of the leimpact on the development of more widely available and
sions: 24 of the 27 lesions had a diameter of 2 or morkess costly metabolic imaging in patients with oncologi-
cm and the mean diameter was 4.6 cm. Furthermore, theal diseases.
FDG uptake of the tumour tissue was high, with a mean
SUV of 6.9. Additionally, the study population was AcknowledgementsVe gratefully acknowledge the efforts of the
highly selected since all patients had a strong clinicatyclotron and radiochemistry staff. Furthermore, we appreciate
suspicion for a malignant lung tumour or biopsy-provent_he excellent technical support by _the tt_achnolo_gis_ts at our institu-
lung cancer. Consequently, the findings of the preserfto”: We thank J. Fessler, PhD, University of Michigan, for gener-
study cannot be directly extrapolated to an evaluation 0gusl_y providing the s_oftware_ for the iterative reconstruction of the
; . . edicated PET studies. This study was financially supported by
mdetgrmlnate solitary pulmonary nodu!es. Nevertheless,pac Laboratories, Milpitas, Calif.
the high contrast of the pulmonary lesions suggests that
CGC imaging provides a similar sensitivity to a full-ring
PET system in the detection of malignant pulmonary
nodules with a diameter of 2 cm or more. In previous
clinical studies evaluating indeterminate solitary pulmo-
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