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Abstract. This study evaluated the use of image fusion
in the preoperative staging of neuroendocrine tumors
(NET) of the pancreas and the gastrointestinal tract
(GIT). Thirty-eight patients suffering from a metasta-
sized NET with location of the primary in the pancreas
(n=15) or the GIT (n=23) were examined by somatosta-
tin receptor scintigraphy (SRS) and computed tomogra-
phy (CT). Consecutive image registration and fusion
were performed using custom-built software integrated
in AVS/Express (Advanced Visual Systems, Waltham,
MA, USA). Registration was performed by a voxel-
based algorithm based on normalized mutual informa-
tion. Image fusion was feasible in 36/38 patients. A total
of 87 foci were assigned to anatomical regions (e.g. gut,
pancreas, liver, lymph node or others) by two indepen-
dent observers in both SRS and SRS/CT fusion images.
The assignments used a binary ranking system (1=“defi-
nite”, 0=“not definite”). These results were then retro-
spectively compared to the classification of the foci,
based on postoperative histology or clinical follow-up.
Imaging by SRS allowed a definite anatomical assign-
ment in 57% (50/87) and 61% (53/87) of all lesions in
the case of observers A and B, respectively. Image fu-
sion improved the topographic assignment to 91%
(79/87) and to 93% (81/87). The number classified as
“definite” by both observers increased from 54% (47/87)
to 86% (77/87). The increase in definite assignments was
highly significant for both observers (P<0.0001 for
each). In the case of foci classified as liver metastases,
image fusion allowed improved assignment to the corre-

sponding liver segment from 45% (18/40) to 98%
(39/40) and from 58% (23/40) to 100% (40/40) by ob-
servers A and B, respectively. Furthermore, the im-
proved assignment of foci classified as lesions by image
fusion was relevant for therapy in 7/36 patients (19%).
Therefore, the image fusion technique presented herein
appears to be a very useful method for clinical routine.
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Introduction

Both somatostatin receptor scintigraphy (SRS) and com-
puted tomography (CT) are well-established imaging
procedures for the diagnosis of neuroendocrine tumours
[1, 2, 3]. The detection of increased somatostatin recep-
tor expression as a correlate for neuroendocrine tumour
tissue allows very sensitive and specific detection of pri-
mary tumours, recurrent disease or metastases. However,
an exact anatomical assignment is not always possible,
even if single-photon emission tomography (SPET) im-
aging is used [4]. This is especially true in the abdominal
region, where reliable assignment of pancreatic foci and
their differentiation from neighbouring lymph nodes or
the exact assignment of a focus to a liver segment is cru-
cial for interventional therapeutic approaches (surgical or
non-surgical). CT, on the other hand, offers detailed ana-
tomical information on the region examined, especially
when arterial and venous contrast medium phases are in-
cluded [5].
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Registration of medical images can in general be achieved ei-
ther by prospective (e.g. stereotactic frames, fiducial markers) or
retrospective techniques (e.g. manual co-registration or automatic
methods based on surface or voxel intensity information) [8, 9]. In
comparison to the invasive “gold standard” of stereotactic frames,
co-registration of CT and SPET data by voxel-based algorithms
seems most promising [10] among the non-invasive retrospective
methods. In general, voxel-based registration of any two images
involves finding the parameters of a coordinate transformation be-
tween them that optimize a certain measure of mutual image simi-
larity.

For our present study, the coordinate transformation was a 3-
D rigid-body transformation with six degrees of freedom (three
translations and three rotations). This transformation was deter-
mined in a two-step process. As the first step, a very coarse ini-
tial registration was performed manually according to internal
landmarks (e.g. kidneys) [11], adjusting the translation and rota-
tion parameters in all three dimensions in order to achieve a
close enough match between the two sets of images to ensure ro-
bust operation of the subsequent automatic algorithm. While this
was not strictly required by our registration algorithm, this step,
in our experience, helps to prevent failed registrations that can
be caused, for example, by different image overlap or gross ini-
tial misregistration.

In the second registration step, our independent implementa-
tion of voxel-based image registration software [12] found the op-
timum rigid-body transformation using multi-resolution optimiza-
tion of the normalized mutual information image similarity metric
[13]. The previously defined manual transformation served as an
initial estimate for the automatic method. Additional use of vol-
ume clipping greatly reduced computation time, and coincidence
thresholding improved performance by suppression of background
noise in SPET data [14].

Validation of image fusion. Retrospective voxel-based algorithms
for image registration have proved to be a useful and feasible ap-
proach to image registration [10]. Furthermore, when applied to
co-registration of functional and morphological imaging modali-
ties, the results achieved using our implementation of a voxel-
based registration algorithm were found to be highly accurate.
This was validated by participation of our group in the “Retro-
spective Registration Evaluation Project” (RREP) administered
by the group of J.M. Fitzpatrick at the Department of Computer
Science at Vanderbilt University (Nashville, TN, USA). In this
project, participants download patient image data via the Internet,
apply to it their respective registration techniques and return the
results for evaluation. The project organizers then compare the re-
ported transformations to (undisclosed) gold standard transforma-
tions that were determined using bone-implanted markers.

The registration software used to obtain the results presented
in this paper was validated using data from the aforementioned
project [10] and consistently achieved sub-voxel registration accu-
racy [15]. In addition to producing highly accurate registrations,
our software is extremely computationally efficient and can, for
example, complete a rigid registration in less than 50 s on a cur-
rent PC with a 3-GHz Pentium4 CPU (Intel, Santa Clara, CA,
USA) with hyperthreading.

Evaluation of SRS scintigraphy and SRS/CT image fusion. In SRS
scintigraphy, only foci within the reach of an abdominal CT scan
were subject to the further evaluation process. Furthermore, hepat-
ic lesions in patients with multiple (>4) or diffuse liver metastases
on SRS scintigraphy were not subject to evaluation.
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The use of more than one imaging modality may pro-
vide substantial informational benefit. Techniques for the
composition of two (or more) images range from simple
mental integration (i.e. simultaneous visual analysis of
both examinations) to various computer-assisted ap-
proaches commonly referred to as “image fusion”. The
latter methods require the definition of a single common
coordinate system for all images so that anatomically cor-
responding points have the same coordinates. Transforma-
tion of the images into this coordinate system is common-
ly referred to as “registration”. The co-registered images
can easily be presented as a combined or “fused” image of
both modalities by a variety of visualization methods (e.g.
alternating pixels, semi-transparent overlays).

The aim of this study was to evaluate the clinical val-
ue of retrospective image fusion with regard to the detec-
tion of (metastatic) neuroendocrine tumours of the gas-
trointestinal tract and the pancreas.

Materials and methods

Thirty-eight patients (23 male, 15 female; age range 36–83 years,
mean 55 years) diagnosed with a metastasized tumour of the gas-
trointestinal tract (n=23) or the pancreas (n=15) were included in
this study. Histology of the primary had been obtained by resec-
tion (n=32), laparotomy (n=3) and needle biopsy (n=3).

Somatostatin receptor scintigraphy and computed tomography.
Image fusion was based on image data from the corresponding
SPET and CT examinations of each patient. Acquisition of SRS
images included whole-body scans obtained 4, 24 and 48 h after
the intravenous injection of 180–200 MBq indium-111 pentetreo-
tide (OctreoScan, Tyco Healthcare, Petten, The Netherlands) with
a double-head gamma camera (Helix, GE Medical Systems, Sol-
ingen, Germany). Furthermore, SPET of the abdominal area
and/or thorax was performed 24 and 48 h after injection using a
three-head gamma camera (Multispect 3, Siemens, Erlangen, Ger-
many). Image acquisition and reconstructions were performed as
recommended by Krenning et al. [3].

Native and contrast-enhanced spiral CT (Somatom Plus 4, Sie-
mens, Erlangen, Germany) was obtained. Native scan parameters
were 10 mm slice thickness, 10 mm/s table speed and 10 mm re-
construction interval. The examination was repeated in the arterial
phase after the intravenous application of 100 ml contrast medium
(Ultravist 370, Schering AG, Berlin, Germany) with a start delay
of 18 s at a flow rate of 4 ml/s, a slice thickness of 5 mm, a table
speed of 5 mm/s and an increment of 3 mm. In the final abdominal
scan, the venous phase was documented after 70 s; the slice thick-
ness was 5 mm, the table speed was 5 mm/s and the increment was
5 mm. In every patient, both CT scan and scintigraphy were per-
formed within an interval shorter than 14 days.

Registration and image fusion. All image data were transferred in
DICOM format to an SGI O2 workstation (Silicon Graphics,
Mountain View, CA, USA) via our clinic-wide intranet. Registra-
tion of CT and SPET data and consecutive image visualization
were performed using a custom-built software package imple-
mented in AVS/Express 5.0 (Advanced Visual Systems, Waltham,
MA, USA). Clinical applications for this registration technique
have already been published elsewhere [6, 7].
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All areas with increased tracer uptake were topographically as-
signed in both SRS- and fused SRS/CT images by two indepen-
dent nuclear medicine physicists. The categories were as follows:
gut, pancreas, liver, lymph node or others (i.e. spleen, bone metas-
tases or physiological gut uptake). Furthermore, in the case of foci
assigned to the liver, hepatic lesions were attributed to the corre-
sponding anatomical segment according to Couinaud’s classifica-
tion [16].

The assignment of a given SRS focus to an anatomical corre-
late consisted of a binary ranking system (1=“definite”, 0=“not
definite”).

Verification of findings. All patients were subject to a follow-up
(minimum 2 years, mean 2.8 years) consisting of clinical findings,
laboratory parameters (Cg A, 5-HIAA), imaging modalities (CT,
MRI, SRS, ultrasound) and in some cases resection of lesions. The
classification of lesions according to clinical follow-up or histopa-
thology served as the gold standard to which the results of SRS
and SRS/CT image fusion were compared using the same catego-
ries as mentioned above.

For the classification of liver metastases, again Couinaud’s
classification was used.

Statistical analysis. The results of the assignments by each observ-
er before and after image fusion were evaluated using the (exact)
Mantel-Haenszel test. Two-factorial non-parametric analysis of
longitudinal data was performed for the proof of differences be-
tween the observers (1st factor) and the methods (2nd factor: no
fusion versus fusion), as well as for interactions between observ-
ers and methods [17]. A P value <0.05 was considered significant.
Calculations were carried out with SPSS 10.0 statistical software
(SPSS Inc., Chicago, IL, USA) and SAS, Release 8.2 (SAS Insti-
tute Inc., Cary, NC, USA).

Results

Assignment of lesions to anatomical regions

All image fusion results were subject to visual plausibili-
ty control. Image fusion data of 2/38 patients (5%) were
excluded from further analysis, as they did not pass plau-
sibility control due to gross variations in the position of
abdominal organs.

In the remaining 36 patients, SRS showed a total of
87 lesions. Table 1 lists their distribution according to
clinical follow-up or histopathology.

The overall number of definite focal assignments by
SRS alone was 57% (50/87) for observer A and 61%

(53/87) for observer B (Table 2). The attribution of foci
to the liver achieved values of 98% (39/40) and 100%
(40/40), respectively. Foci classified as pancreatic le-
sions were attributed in 62% (8/13) and 47% (7/13) of all
cases, respectively. The assignment of foci to the gut at-
tained values of 29% (2/7) and 43% (3/7), respectively.
In the category “others”, definite assignments of 10%
(1/10) and 30% (3/10), respectively, were observed. The
assignment was poorest for mesenteric lymph nodes: 0%
(0/17) and 6% (1/17), respectively.

Based on SRS/CT image fusion, definite assignments
(Table 2) were made by observer A in 91% (79/87) and
by observer B in 93% (81/87).

Image fusion increased the already high number of
definite attributions as hepatic lesions to 100% (40/40)
each. Furthermore, all (13/13) pancreatic lesions were
now correctly classified by both observers. The greatest
improvement due to image fusion was seen for the clas-
sification of abdominal foci as mesenteric lymph nodes.
Their assignment was “definite” in 82% (14/17) and
94% (16/17), respectively. Moderate improvements were
observed for the categories “gut” [71% (5/7) and 71%
(5/7), respectively] and “others” [60% (6/10) and 70%
(7/10), respectively]. The overall improvement was high-
ly significant for both observer A (P<0.0001) and ob-
server B (P<0.0001) using the exact Mantel-Haenszel
test.

As Table 2 shows, there was an increase of foci clas-
sified as “definite” by both observers from 54% (47/87)
to 86% (77/87) while the number of foci that could not
be definitely classified by either observer dropped from

Table 1. Anatomical assignment of SRS foci (n=87) according to clinical follow-up and histology

Gut Pancreas Mesenteric LN Liver (segments) Othersa

I II III IV V VI VII VIII

Foci 7 (6) 13 (5) 17 (9) 0 2 (2) 0 11 (3) 2 10 (4) 7 (3) 8 (3) 10 (3)

Numbers in parentheses indicate foci verified by histopathology
a Spleen (n=2), abdominal wall (n=1), gastric wall (n=1), bone metastases (n=3), physiological gut uptake (n=2) and bile accumulation (n=1)

Table 2. Results of topographical assignments of all foci (n=87)
by both observers according to SRS and image fusion

Observer A

Definite Not Total
definite

Observer B Definite 47 (77) 6 (4) 53 (81)
Not definite 3 (2) 31 (4) 34 (6)
Total 50 (79) 37 (8) 87 (87)

The number of assignments for SRS/CT image fusion are shown
in parentheses



Changes relevant for therapy due 
to improved assignment of foci

In about one-fifth of all patients (7/36), the more precise
localization of 14/87 (16%) foci was relevant for thera-
py. In four cases, solitary liver metastases were enucleat-
ed. One patient with unilobular metastases underwent
atypical hepatic resection. Additionally, a formerly un-
known ileal primary was removed in one patient and an-
other underwent resection of the pancreas tail as well as
splenectomy after the verification of splenic infiltration.
Postoperative histopathology revealed neuroendocrine
tumour tissue in all resected tissue samples.

One of these patients developed a hepatic recurrence
41 months after enucleation of liver metastases. The oth-
er six patients were followed-up clinically and by imag-
ing procedures for a period of 24–60 months: in this
group no relapse was observed.

Discussion

Neuroendocrine tumours are not only classified accord-
ing to their functionality, i.e. hormone or neuropeptide
hypersecretion, but also according to the localization of
the primary. In addition, the extent of metastatic spread
is relevant for further diagnostic procedures, consecutive
therapy and disease prognosis [18, 19].

In cases of locally confined disease, surgery with cur-
ative intent results in a better prognosis compared to that
in patients with tumours with regional or distant metas-
tases [20, 21]. Even in the case of hepatic metastases,
enucleations, segmental resections or hemihepatectomies
can be performed if the appropriate segments are known.
Palliative surgery, on the other hand, allows a reduction
of tumour burden or the prevention of intestinal blockage
[22, 23].

Information on tumour localization and the extent of
tumour spread is not only important for primary diagno-
sis but also crucial for the detection of recurrent disease,
where the differentiation between postinterventional fi-
brosis and recurrence is often difficult. In this setting,
functional imaging by SRS is of great importance for the
detection of neuroendocrine tumour tissue. Depending
on the expressed receptor subtype [24] and the localiza-
tion of the primary, sensitivities of up to 97% can be
achieved [4, 25]. Although tumours smaller than 1 cm
may evade detection owing to the low spatial resolution
of SPET [26], this technique offers the advantage of per-
forming a whole-body scan. Nevertheless, the exact ana-
tomical localization of foci detected by both planar and
SPET imaging remains difficult, as the high percentage
(36%) of foci classified as “not definite” by both observ-
ers shows.

The anatomical information is greater in morphologi-
cal imaging. However, whereas the detection of liver
metastases by spiral CT achieves a sensitivity of about
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36% (31/87) to 5% (4/87). Furthermore, the percentage
of discrepant observer results dropped from 10% (9/87)
to 7% (6/87). According to two-factorial non-parametric
analysis of longitudinal data (first factor: observer; sec-
ond factor: method, i.e. no fusion vs fusion), there were
no significant differences between the observers (in the
mean of the methods: P=0.19500) and no interactions
between observers and methods (P=0.79733), but highly
significant differences between the methods (in the mean
of the observers: P<0.0001).

Segmental assignment of liver foci

Table 1 shows the segmental assignment of 40 foci clas-
sified as hepatic lesions according to follow-up or post-
operative histopathology. Segmental assignment of liver
foci (n=40) based on SRS yielded definite assignments
in 45% (18/40) for observer A and 58% (23/40) for ob-
server B. The highest number of definite assignments
was observed in case of segment VI: 80% (8/10) and
90% (9/10), respectively. The other foci were assigned as
follows: segment IV, 45% (5/11) and 73% (8/11); seg-
ment V, 50% (1/2) and 0% (0/2); segment VII, 14% (1/7)
and 14% (1/7); segment II, 50% (1/2) and 100% (2/2);
and segment VIII, 25% (2/8) and 38% (3/8). There were
no hepatic foci assigned to segments I and III.

The use of image fusion allowed definite segmental
assignment of all hepatic lesions (40/40) in the case of
observer B. Observer A assigned 98% (39/40) of all foci
correctly, misclassifying a segment VIII focus as an ex-
trahepatic lesion.

After image fusion, the number of hepatic foci classi-
fied as “definite” by both observers increased from 39%
(14/40) to 98% (39/40). Consequently, the number of
discrepant observer results (Table 3) was reduced from
31% (13/40) to 3% (1/40). Again, non-parametric multi-
variate analysis revealed no significant differences
(P=0.10169) or interactions (P=0.28419) between the
observers.

Table 3. Results of topographical assignments of liver foci (n=40)
by both observers according to SRS and image fusion

Observer A

Definite Not Total
definite

Observer B Definite 14 (39) 9 (1) 23 (40)
Not definite 4 (0) 13 (0) 17 (0)
Total 18 (39) 37 (1) 40 (40)

The number of assignments for SRS/CT image fusion are shown
in parentheses
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78%, the examination is often less reliable for the detec-
tion of gastrointestinal primaries [27].

As neither modality can sufficiently fulfill the re-
quirements demanded for the optimal planning of novel
interventional techniques or multimodal therapy con-
cepts, the combination of the two examinations might be
the answer to these problems [28]. While the clinical use
of mental image fusion (i.e. the correlation of image data
by the human brain) is widespread, its accuracy is limit-
ed [9]. Therefore, computer-based fusion of images, or
more precisely, registration of corresponding sets of da-
ta, remains desirable. Various approaches to image regis-
tration and fusion have been extensively reviewed by
Maintz and Viergever [8]. Prospective techniques based
on stereotactic frames or external fiducial markers have
been shown to be very useful and reliable; however,
preparation of the patients in the pre-acquisition phase is
often time consuming [9, 29, 30] and sometimes even re-
quires invasive measures (stereotactic frames or bone-
implanted markers). However, the latter might only be
tolerable for patients with locally restricted pathologies
(e.g. brain tumours), where the frame system can be used
for diagnostic purposes and subsequent therapy.

In comparison with the relatively rigid skull-brain
system, the abdominal region is more prone to motion
artefacts. First of all, the identical positioning of the pa-
tient in each examination is more difficult. External
(skin-placed) markers as well surface-based retrospec-
tive techniques appear to be less suitable for the fusion
of abdominal images where the localization of the ab-

dominal wall between two examinations can differ great-
ly owing to breathing excursions [9, 31]. Furthermore,
changes in anatomy between two scans due to excursions
of the abdominal wall or diaphragm as well as bowel
movement and degree of filling can influence the accura-
cy of abdominal image registration. Unfortunately, these
inherent “systemic errors” also apply to voxel-based ap-
proaches, which have proven to be highly accurate in
rigid body settings [10]. Therefore more sophisticated
non-rigid registration methods (see [32] for a survey of
the field) have yet to become applicable to images from
multiple modalities, and especially low-resolution imag-
es such as those provided by SPET or positron emission
tomography (PET). Another promising solution seems to
be almost simultaneous co-registration by CT/SPET or
CT/PET hybrid systems [28]. However, as these systems
cannot yet be considered standard equipment, the above-
mentioned various registration attempts will still play a
role in clinical routine. The presented voxel-based ap-
proach by maximization of mutual information has been
shown to generate accuracy substantially below the im-
age voxel sizes in rigid-body settings [10, 13], and clini-
cal experience with fusion PET and CT data by the same
method [6, 7] suggests its usefulness even for the regions
subject to motion artefacts, such as the abdomen.

Although the drop-out rate due to positioning arte-
facts was low in our patients (2/38), it has to be empha-
sized that with any image fusion technique, supervision
of results and control of plausibility remain crucial
(Fig. 1).

As our data show, computer-assisted fusion of image
data according to the above-mentioned method, while
less than perfect, not only significantly improved the an-
atomical assignment of lesions detected by SRS for each
observer, but also reduced the number of discrepant ob-
server assignments. The same was true for the assign-
ments of the liver foci to the corresponding segment.
Furthermore, our image fusion technique seemed to im-
prove the localization of tumour recurrence and the dif-
ferentiation between nodal and extranodal tumour mani-
festation (Fig. 2).

Of course, not all of these more accurate assignments
resulted in an alteration in the course of therapy. Howev-
er, our retrospective image fusion approach resulted in a
change of therapeutic strategy in about one-fifth of all

Fig. 1. Original and fused images from a 62-year-old male patient
after resection of the pancreatic primary, right-sided hemihepatec-
tomy and enucleation of liver metastases. The CT scan is shown
on the left, the corresponding SPET image in the centre and the
fused image on the right. The current SRS-SPET showed a focus
suspected to be a hepatic lesion. For further clarification of the lo-
calization, image fusion was performed. However, as physiologi-
cal accumulation in the right kidney was partially projected into
the thorax according to the corresponding CT scan, this registra-
tion was considered to be invalid for evaluation and the patient
was excluded from the study. Alterations of the patient’s breathing
pattern and the resulting changes in diaphragmatic excursions or
different positioning of the patient were considered as possible
reasons for this unsuccessful image fusion
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patients, which is in concordance with the results of oth-
er studies investigating the use of image fusion for the
topographical assignment of SRS foci [28, 31]. Especial-
ly in the case of hepatic foci, the presented image fusion
approach was beneficial, as it allowed resection or enu-
cleation of liver metastases with curative intent in five
patients. These observations conform to those previously
made at our institution using the same registration tech-
nique on a different tumour entity in the case of PET
studies [6].

Conclusion

In summary, the retrospective image fusion of SRS and
spiral CT is a feasible method for the integration of two
imaging modalities (functional and morphological, re-
spectively) in a single set of images. The study demon-
strated that image fusion by the presented technique was
a reliable and accurate tool for the diagnosis of neuroen-
docrine gastroenteropancreatic tumours in clinical rou-
tine. Furthermore, in comparison to the analysis of SPET
images alone, fused images proved to add substantial in-
formation for the topographic assignment of SRS foci
and had an impact on consecutive treatment strategies in
approximately one-fifth of all patients.
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