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ARTICLE INFO ABSTRACT
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The purpose of this article is to describe a novel technique of multiphase fusion three-dimensional (3D) images in

CT patients with malignant pancreatobiliary obstruction. Multiphase fusion 3D images of CT arteriography, por-
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Malignant pancreatobiliary obstruction

tovenography and hepatic venography combined with negative-contrast CT cholangiopancreatography can be
done with enhanced multiphase CT scan using intravenous contrast agent at once. This technique may be feasible
for one-stop evaluation of malignant pancreatobiliary obstruction.

1. Introduction

Although malignant pancreatobiliary obstruction usually caused by a
variety of local malignancy, such as cholangiocarcinoma, pancreatic
carcinoma, hepatocellular carcinoma, ampullary carcinoma, gallbladder
carcinoma, or metastasis to the regional lymph nodes [1], clinical stra-
tegies for the management of these disorders differ including the need
for- and type of surgery [2]. In order to improve curative rates, precise
staging and knowledge of the regional anatomy between tumor and
surrounding structures are essential. Therefore, preoperative imaging
evaluation concerning a suspected malignant obstruction traditionally
requires multimodality imaging for the purpose of correct and complete
diagnosis, such as ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), or even invasive procedures of endoscopic
retrograde cholangiopancreatography (ERCP), percutaneous trans-
hepatic cholangiography (PTC), or both. Thus, high cost and longer
work-up time for patients are inevitable [3]. Recent developments in
multidetector CT (MDCT) technology provide rapidly acquired multi-
phase datasets during each phase of maximum vascular and paren-
chymal enhancement using sub-millimeter section, and allowing
reconstruction of three-dimensional (3D) CT angiography and
negative-contrast CT cholangiopancreatography (nCTCP) images [4].
Meanwhile, multiphase 3D CT angiography/CT cholangiography image
fusion can be generated by means of a dedicated workstation [5]. In
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view of this, one-stop evaluation of the regional anatomy between tumor
and adjacent structures are desirable for surgeons [6]. In this article, we
describe a novel method for multiphase fusion imaging in 13 male and
17 female patients (mean age, 62 years; range, 49-82 years) without
distant metastases who underwent curative or palliative treatment with
malignant pancreatobiliary obstruction.

2. Imaging technique

All CT scans were performed with a 320-MDCT scanner (Aquilion
one, Toshiba Medical Systems). Patients were routinely instructed to fast
for 8-10 h prior to the CT examination and each patient was asked to
drink 500-800 ml of water 30 min before scanning to distend the
gastrointestinal tract. The standard scanning protocol in our hospital
mainly consists of unenhanced and biphasic contrast enhanced scans in
a single breath-hold (4-5 s) for each of the sequence. An automatic
trigger scanning mode with a 10 s delay was used when a region of in-
terest was set on the descending aorta, of which the preset CT number
was 200 Hounsfield units. For this mode, the arterial and portal venous
phase were a delay of 35-42 s and 65-78 s, respectively, after starting
the injection of 90-100 ml of nonionic contrast agent (Optiray 320, Tyco
Healthcare, Quebec, Canada) at a rate of 3-4 ml/s through the ante-
cubital vein. The parameters were at 120 kVp; 0.5 s scanning time per
rotation; detector collimation of 0.5 mm x 64 with a pitch factor of
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0.828; tube current with automatic dose modulation ranging from 97 to
307 mA,; field of view (FOV) of 30-34 cm.

For the arterial and portal venous phase raw data, their volume data
were automatically reconstructed with the slice thickness of 1.0 mm and
reconstruction interval of 1.0 mm, same FOV as above. Then, the portal
venous phase raw data was reconstructed once again for nCTCP with a
low spatial resolution algorithm for reducing the image noise [7,8], and
other parameters included: the slice thickness of 0.5 mm; reconstruction
interval of 0.5-1.0 mm; matrix of 512 x 512; FOV of 22-34 cm. All
reconstructed axial source images (volume data) were transferred to a
workstation (Advantage Workstations, version 4.6, GE Medical Systems)
for further image postprocessing.

3. Image postprocessing
3.1. CT arteriography

Because of 3D CT arteriography (CTAG) is as accurate as digital
subtraction angiography for the assessment of hepatobiliary arterial
anatomy [5], arterial evaluation can be concisely depicted with the late
arterial phase in either maximum intensity projection (MIP) or volume
rendering (VR) mode. In patients with malignant pancreatobiliary
obstruction, preoperative knowledge of the blood supply of tumor
derived from main hepatic and peripancreatic arteries (Fig. 1), arterial
tumor contact (Fig. 2), or arterial variants, such as replaced or accessory
right or left hepatic artery (Figs. 3 and 4) is crucial to surgery planning
[7-10].
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3.2. CT portovenography and hepatic venography

In the absence of distant metastasis, the most important veins that
can affect tumor resectability include the portal vein and superior
mesenteric vein [9]. CT portovenography (CTPV) is helpful to evaluate
the morphology and relationship of these veins with the surrounding
structures, the degree of tumor invasion, and whether or not collaterals
presented in patients with abdominal malignancies (Figs. 2-4). On the
other hand, CT hepatic venography (CTHV) may aid surgical planning
because it helps surgeons selected hepatectomy of either the right or left
lobe of the liver [5]. However, the portal vein and hepatic vein were
often opacified concomitantly during the portal phase, thought the
enhancement of them might be different in this study. To extract the
portal vein and hepatic vein respectively, we used one of segment tools
for small vessels on the workstation, which has the function to auto-
matically add or remove object vessels depended on each vascular
anatomy.

3.3. Negative-contrast CT cholangiopancreatography

Different from previous reports [5, 6, 8], a subvolume 3D nCTCP
with MinIP were generated using the volume data during the portal
venous phase with 3D tools according to the published literatures [4,
11]. The imaging principle is based on the dilated bile ducts as a
negative contrast agent for differentiation from the surrounding
enhanced hepatic and pancreatic parenchyma without additional biliary
contrast agent [12]. This technique was useful for identifying obstruc-
tive level, depicting complex biliary tree anatomy, and providing entire

Fig. 1. A 61-year-old woman with hepatocellular carcinoma in the left hepatic lobe underwent curative treatment of left hemihepatectomy. On 3D CTAG with MIP
(a), an enhanced tumor (arrowheads) in the left hepatic lobe during the late arterial phase whose blood supply derived from the left hepatic artery (arrow) is noted.
On 3D nCTCP with MinIP (b), it demonstrates a relative hypodense tumor (arrowheads) during the portal venous phase with dilated left intrahepatic ducts caused by
the tumor (arrow) and normal extrahepatic duct (curved arrow) and pancreatic duct (tailed arrow). Multiphase fusion 3D images with VR, which consisted of
different observed structures according to the clinical needs can be showed (c-f), such as 3D nCTCP (yellow) with the duodenal (gray) distinctly depicting the spatial
relationship between the tumor (green) and dilated left intrahepatic ducts (c) or blood supply of the tumor that originated from the left hepatic artery (arrow, d);
delineating the depressed middle hepatic vein (arrow, blue) and left portal vein branches (arrowheads, purple) (e) caused by the tumor, or entirely depicting spatial
relations of the tumor in the liver (25 % of transparency) to intrahepatic ducts and hepatic vessels (f). GB, gallbladder; Du, duodenum. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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pancreatobiliary system in one image similar to of 3D MR chol-
angiopancreatography [13] (Figs. 1-6). In this article, however, we used
the segment tool in “paint on slices” for manual edition on the work-
station, which can independently segment multiple regions, such as the
liver, pancreas, and duodenum from the other abdominal lower atten-
uation (fat or air, etc.) on the same edited image. The adjustment of
edited slab thickness each time can be controlled by the mouse
scroll-wheel based on the dilated pancreatobiliary system. The whole
edited slab thickness ranged 70-150 mm. After saving the image of 3D
nCTCP with MinIP, a volume rendering mode was chosen to transfer the
MinIP to VR image, and the duodenal image then could be segmented
form pancreatobiliary system easily.

3.4. Tumor and liver outline

A tumor outline were grossly segmented from the surrounding
structures also using the “paint on slices” segment tool, which based on a
better discernible attenuation difference between tumor and surround-
ing structures from the late arterial or portal phase, For the hepatic
morphologic outline, we chosen volume rendering mode during the
portal phase and manually removed its surrounding structures from the
liver volume. Tumor and liver morphologic outline is helpful in
depicting the spatial relationship between intrahepatic or hilar lesions
and the bile ducts and hepatic vasculatures (Figs. 1 and 5).

3.5. Multiphase fusion 3D images

All the postprocessed 3D images above were orderly saved in a
“save/recall” file and each saved image could be recalled in a unique 3D
VR display mode. Specifically, CTAG, CTPV, CTHV, and liver volume
displayed using a “plateau” ramp in view of their hyperdense values;
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Fig. 2. A 51-year-old man with extrahepatic
ductal carcinoma underwent palliative treat-
ment of intraoperatively external biliary
drainage. CTAG (a) demonstrates tumor (T)
encasement of the common hepatic artery
(arrowhead) as well as narrowing of the main
portal vein (arrow) on 3D CTPV with MIP (b),
which suggests tumor vessel invasion. 3D
nCTCP with MinIP (c) shows abrupt narrowing
of the common bile duct at suprapancreatic
segment (arrow) with a hypodense tumor
(arrowhead) also at this location. Pancreatic
fatty infiltration, which demonstrates as
patches of hypodense pattern (tailed arrows) is
noted; however, nondilated pancreatic duct is
discernible (curved arrow). Multiphase fusion
3D images with VR (d) consisted of the pan-
creatobiliary system (yellow), duodenum
(gray), tumor (green), main peripancreatic ar-
teries (red), portal vein (purple), and hepatic
vein (blue) depict tumor encasement of the
common hepatic artery (arrow) and portal vein
(arrowheads), which suggest unresectable
tumor. GB, gallbladder; Du, duodenum. (For
interpretation of the references to color in this
figure legend, the reader is referred to the web
version of this article.)

meanwhile, either nCTCP or duodenum using a “valley” ramp regarding
their hypodense values. For the tumor morphologic display, either
plateau or valley ramp was used based on its high or low attenuation
values compared to enhanced hepatic or pancreatic parenchyma. In
addition, “Smooth 3D+ ” function was also adopted for further reducing
the volume rendering image noise before fusion. After that, multiphase
fusion images could be conducted according to the need of observed
structures, but the maximal numbers of fused images from the “save/
recall” file are seven objects on the present workstation. The trans-
parency of each fused image can be adjusted through 1-100 % for
optimization of object display (Figs. 1 and 5). Postprocessing time was
approximately 10-15 min for 3D nCTCP, and 15 min for CTAG, CTPV,
CTHYV, and tumor and liver outline, respectively. A total of 25-30 min of
extra postprocessing time was required to conduct the fusion images.

4. Discussion

Preoperative delineating of the spatial relationship between tumor
morphology and adjacent structures is critical so that surgeons could be
understood more easily before surgery in patients with malignant pan-
creatobiliary obstruction. Advanced postprocessing techniques of MDCT
aid in the accurate assessment of the vascular anatomy and the presence
and extent of tumor invasion into the hepatic artery, portal vein, and
hepatic parenchyma [14]. Multiphase fusion images have the ability to
depict the hepatic and peripancreatic arteries, portal and superior
mesenteric veins, hepatic vein, pancreatobiliary system as well as liver,
tumor and duodenal outline in one image. However, previous multi-
phase or multi-organ fusion image was also multi-procedure or
multi-modality [5, 6, 15-17]. Therefore, high cost and longer work-up
time for patients are inevitable. In this article, we introduced a novel
method for multiphase fusion images, which was not published before.
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Fig. 3. A 49-year-old man with borderline resectable pancreatic head carcinoma. In this case, the portal vein occlusion of less than 2 cm segment at surgery was
found because of tumor involvement but separable, in whom curative pancreatoduodenectomy was performed. Narrowing of the portal vein (arrowheads) with
collaterals (arrow) on 3D CTPV with MIP (a) and the replaced right hepatic artery from the superior mesenteric artery (arrowheads) can be seen clearly on 3D CTAG
with VR (b), respectively. Meanwhile, 3D nCTCP with MinIP (c) shows abrupt termination of both the common bile duct and pancreatic duct with a hypodense mass
in the head of pancreas (arrow). Multiphase fusion images with VR (d) consisted of the pancreatobiliary system (yellow), main peripancreatic arteries (red), portal
vein (purple), hepatic vein (blue), and duodenum (gray) show spatial relationship between tumor (green) and its surrounding structures, including the portal vein
occlusion (arrowhead) and collaterals (arrow). Intraoperative photography (e) shows the replaced right hepatic artery (arrowheads) from the superior mesenteric
artery (tailed arrow), separated portal vein (arrow) from tumor, and dissected pancreatic body (curved arrow). GB, gallbladder; Du, duodenum; IVC, inferior vena
cava. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. A 57-year-old woman with pancreatic neck carcinoma underwent curative treatment. In this case, both the main peripancreatic arteries and vein were not
tumor contact resulted in curative tumor resection. 3D CTGA with VR (a) shows accessory left (arrow) and right (arrowhead) hepatic arteries originated from the
common hepatic artery (tailed arrow), and 3D nCTCP with MinIP (b) shows abrupt termination of both the common bile duct and pancreatic duct with a hypodense
tumor in the neck of pancreas (arrow). Additionally, low insertion of the cystic duct (arrowhead) is also noted. Multiphase fusion images with VR (c) consisted of the
pancreatobiliary system (yellow), main peripancreatic arteries (red), portal vein (purple), hepatic vein (blue), and duodenum (gray) show spatial relationship of
tumor (green) to its adjacent structures. GB, gallbladder; Du, duodenum. (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

With this method, enhanced dual-phase or multi-phase CT scan could be imaging in surgery [5,6], we believe that one-stop evaluation of the
performed using intravenous contrast agent at one time, resulted in regional anatomy between tumor and adjacent structures may be
CTAG, CTPV, CTHV, and nCTCP generated concurrently. Accordingly, feasible with this technique.

multiphase fusion images could be created without additional biliary

contrast agent. Considering the application values of multiphase fusion
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Fig. 5. A 69-year-old woman with gallbladder neck carcinoma resulted in I type perihilar obstruction according to Bismuth-Corlette classification [4] underwent
curative treatment because of neither the main peripancreatic arteries nor veins involved by tumor, and cholecystectomy with choledochojejunostomy was per-
formed. 3D nCTCP with MinIP (a) shows abrupt stricture on the common hepatic duct (arrow), but the distal common bile duct (arrowhead) and pancreatic duct
(tailed arrow) are normal. Fused 3D nCTCP (yellow), tumor (green), duodenal (gray), and liver (30 % of transparency) images with VR (b) show spatial relations of
gallbladder neck carcinoma (arrowhead) involved the common hepatic duct (arrow). Multiphase fusion images with VR (c) consisted of the pancreatobiliary system
(yellow), main peripancreatic arteries (red), portal vein (purple), hepatic vein (blue), and duodenum (gray) entirely show anatomic relations of tumor (green) to
main peripancreatic arteries and veins. GB, gallbladder; Du, duodenum. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

Fig. 6. A 68-year-old woman with ampullary adenocarcinoma and pancreatic head adenocarcinoma concomitantly who underwent curative treatment of pan-
creatoduodenectomy because there were no main peripancreatic vessels involvement. In this case, however, pancreatic head adenocarcinoma was postulated from
ampullary adenocarcinoma. 3D nCTCP with MinIP (a) shows abrupt terminations of extrahepatic bile ducts and pancreatic ducts at locations of the pancreatic head
(arrows) and ampulla of Vater (arrowhead), respectively. Meanwhile, trifurcation of biliary ducts also be showed (tailed arrows). Multiphase fusion images with VR
(b) consisted of the pancreatobiliary system (yellow), main peripancreatic arteries (50 % of transparency, red), portal vein (purple), hepatic vein (blue), and du-
odenum (gray) show anatomic relations both of ampullary tumor (arrowhead, green) and pancreatic head tumor (arrow, green) to its surrounding structures.
Macroscopically, tumors at the ampulla of Vater and pancreatic head (c) are observed concomitantly with size of 3.5 cm (arrowhead) and 4.0 cm (arrow),
respectively. Histologic section of ampullary tumor (d) demonstrates multiple papillary structures (arrows) with adenocarcinoma cells (H&E, 100 x). Histologic
section of pancreatic head tumor (e) also demonstrates multiple papillary structures (arrows) with adenocarcinoma cells same as ampullary tumor, which are
different from primary pancreatic adenocarcinoma (H&E, 100 x). Microscopically, adenocarcinoma cells can be seen in lymphatic vessels (arrows, f) (H&E, 100 x),
thus, pancreatic head adenocarcinoma was postulated from ampullary adenocarcinoma. GB, gallbladder; Du, duodenum.(For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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