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Abstract: Objective: This study aims to investigate the role of three-dimensional visualization technique in the di-
agnosis and treatment of progressive hilar cholangiocarcinoma. Methods: From January 2014 to February 2017, 
a three-dimensional visualization model was set up in 23 patients with progressive hilar cholangiocarcinoma. The 
distributions and variations of the hepatic portal ducts were observed. The tumors were classified based on Bis-
muth classification. The simulation operation was performed and the operation plan was established. Results: All 
23 patients revealed a clear relationship between the intrahepatic and extrahepatic ducts, as well as the tumors 
and ducts. An individualized surgery program was established through the accurate calculation of liver volume and 
residual liver volume. Among these patients, 13 patients completed radical resection of hilar cholangiocarcinoma 
combined with massive hepatectomy. No bile leakage occurred and no operative death was found. Conclusion: For 
patients with progressive hilar cholangiocarcinoma, the optimized three-dimensional visualization technique can 
accurately demonstrate the dilated biliary tract system, provide a new standard to determine the presence of tumor 
and peripheral vascular invasion, help in establishing a reasonable individualized operation plan, reduce the inci-
dence of bile leakage and liver failure after the operation, and improve the success rate of operation.
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Introduction

Hilar cholangiocarcinoma has occult symp-
toms, its vast majority of patients have been in 
the progressive stage on medical visit, and at 
that time, the caudate lobe and hepatic portal 
duct are often invaded [1]. Since hilar cholan-
giocarcinoma is not sensitive to present che- 
moradiotherapy protocols, radical resection of 
hilar cholangiocarcinoma combined with hepa-
tectomy has become the only effective app- 
roach for the treatment of progressive hilar 
cholangiocarcinoma [2-5].

However, these patients are often accompa-
nied by severe jaundice before surgery, and 
impairment of liver and kidney function and 
coagulation; and radical surgery requires high 
technique and a long operation time, which 
results in significantly increased postoperative 
complications and mortality [6]. In order to 
reduce operation risk and improve the cure 

rate, the preoperative evaluation of the patient’s 
tumor progress is critical. In particular, deter-
mining the presence of anatomic variations in 
the hepatic hilum, the Bismuth classification, 
the extent of the tumor invasion, and the resid-
ual hepatic volume are important [7, 8].

As a new evaluation method, the role of three-
dimensional (3D) visualization in liver surgery 
has become increasingly important, and has 
been gradually promoted [9-13]. However, few 
studies have been reported on the application 
of this technique in progressive hilar cholangio-
carcinoma. This is mainly due to obvious biliary 
dilatation in patients with hilar cholangiocarci-
noma. Dilated bile ducts causes poor 3D com-
puted tomography (CT) image reconstruction, 
and the accurate image reconstruction of the 
dilated bile duct and occupied space cannot be 
carried out in the arterial phase, portal vein 
phase, venous phase and delayed phase. Thus, 
it seriously affects the classification of tumors 
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and the judgment of the scope of invasion. In 
the present study, the 3D visualization soft-
ware Intelligent Precise Service (IPS, Shenzhen 
Xudong Digital Medical Imaging Technology Co. 
Ltd.) was used. Through technical optimization, 
the multi-phase fusion visualization of each 
phase of the blood vessel and occupied space 
was realized, and a 3D visualization model of 
bile duct expansion was established for the 
first time, worldwide. IPS was used to perform 
the preoperative evaluation and surgical plan-
ning for 23 patients with progressive hilar chol-
angiocarcinoma, and the imaging features of 
the tumor invasion to the surrounding duct 
were observed under the 3D visualization 
model. Details are reported as follows.

Data and methods

General information

From January 2014 to February 2017, a total of 
23 patients with hilar cholangiocarcinoma of 
Bismuth grades III and IV underwent image 
reconstruction by 3D visualization model before 
surgery. Among these patients, 13 patients 
underwent surgical resection, in which seven 
patients were male and six patients were 
female. Furthermore, among these patients, 
nine patients were Bismuth grade III and four 
patients were Bismuth grade IV. All patients 
provided a signed informed consent, and this 
protocol was approved by the Ethics Committee 
of our hospital.

Three-dimensional visualization model recon-
struction

In the present study, the 64-slice spiral CT 
(Philips, Holland) was used to scan the hepa- 
tic hilum and its surrounding structures. Thin 
slice CT data were collected during the non-
enhanced phase, arterial phase, portal vein 
phase and hepatic vein phase, and stored in a 
CD disc in Digital Imaging and Communications 
in Medicine 3.0 (DICOM 3.0) format. The above 
data was imported into the 3D reconstruction 
software IPS (Xudong, Shenzhen, China), and a 
3D visualization model of the liver was estab-
lished by combining surface rendering and vol-
ume rendering.

(1) The courses, distributions and variations of 
the hepatic artery, portal vein and biliary tract 
system were observed by IPS. (2) According to 
the distribution of the portal vein, hepatic vein 
and the topological relation of blood flow, 

Couinaud’s liver segmentation was carried out, 
and the volume of whole liver and volumes of 
the liver segments were calculated. (3) Bismuth 
classification was performed according to the 
scope of the tumors invading bile duct. (4) 
Through rotation, magnification and transpar-
ency in the 3D visualization model, tumors were 
classified, and the invasion relationship be- 
tween tumors and the hepatic artery and portal 
vein was determined. Furthermore, whether 
the radical resection was successful was deter-
mined by comparison ofextensive liver resec-
tion points (U, P). The pre-resection line was 
delineated, and the residual liver volume and 
the percentage of the residual liver volume 
were calculated. The biliary stump of the resid-
ual liver section was accurately displayed. (5) 
The operation plan or abandonment of the 
operation were finally determined based on  
the preoperative general situation, Child-Pugh 
grade, degree of cirrhosis, indocyanine green 
test result, and the percentage of residual liver 
volume.

Results

All 23 patients completed the 3D visualization 
model analysis. The distributions, courses and 
variations of the hepatic artery, portal vein and 
bile duct were clearly observed (Figure 1). (1) 
Patients with common hepatic arteries account-
ed for 70% (16/23), patients with right hepatic 
artery originating from the superior mesenteric 
artery accounted for 13% (3/23), patients with 
left hepatic artery originating from the left gas-
tric artery accounted for 13% (3/23), and 
patients with common hepatic artery origi- 
nating from the superior mesenteric artery 
accounted for 4% (1/23). (2) Patients with com-
mon portal vein accounted for 84% (19/23), 
patients with trident type portal veins account-
ed for 8% (2/23), and patients with right ante-
rior portal vein originating from the left branch 
of the portal vein accounted for 8% (2/23). (3) 
Patients with common bile ducts accounted  
for 52% (12/23), patients with right posterior 
hepatic duct veins originating from the left 
hepatic duct accounted for 26% (6/23), pa- 
tients with trident type bile ducts accounted for 
14% (3/23); and patients with right anterior bile 
duct originating from the left hepatic duct 
accounted for 8% (2/23).

The divided liver segments were distinguished 
using different colors, and the total hepatic vol-
ume was 1,016-1,725 ml (Figure 2).
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In these 23 patients, the 3D images of the dilat-
ed bile duct were accurately displayed, and the 
tumors were localized using the IPS dilation  
biliary tract optimization technique. The tumors 
were also classified based on the Bismuth clas-
sification: seven patients were grade IIIa, two 
patients were grade IIIb, and 14 patients were 
grade IV (Figure 3).

Among these 13 patients, it was found that the 
attachment area of the tumor to the surround-
ing hepatic artery was greater than 1/3 of the 
circumferential area of the hepatic artery in 
seven patients, and the attachment area of the 
tumor to the surrounding portal vein was great-
er than 1/3 of the circumferential area of the 
portal vein in three patients. All these attach-
ments were tumor invasions instead of inflam-
matory adhesions, which were verified during 
the operation (Figure 4).

(1) After undergoing the simulation operation, 
the percentage of residual liver volume of seven 
patients with Bismuth grade IIIa was greater 
than 40% (Figure 5). Among these patients, five 
patients underwent right hemihepatectomy 
plus caudate lobectomy, and two patients un- 
derwent extended right hemihepatectomy plus 
caudate lobectomy. (2) After undergoing the 
simulation operation, the percentage of residu-
al liver volume in two patients at Bismuth grade 
IIIb was greater than 40%. Both patients under-
went left hemihepatectomy plus caudate lo- 
bectomy. (3) In 10 patients at Bismuth grade  
IV, the range of the tumor invasion exceeded 
the extensive liver resection point; and these 

Figure 1. Liver 3D visualization model. A. Hepatic artery 3D reconstruction, the proper hepatic artery is divided into 
the left hepatic artery and the right hepatic artery before it travels into the liver; B. Portal vein 3D reconstruction, the 
portal vein is divided into the left portal vein and the right portal vein before it travels into the liver; C. Hepatic vein 
3D reconstruction, it can be observed that the thick right inferior hepatic vein enters the inferior vena cava alone; 
D. Bile duct 3D reconstruction, the common bile duct is divided into the left hepatic duct and the right hepatic duct 
before it travels into the liver.

Figure 2. Divided liver segments. A. Front of divided liver segments, revealing segments II, III, IV, V and VIII; B. Back 
of divided liver segments, revealing segments II, III, XI and XII; C. Head side of divided liver segments, revealing seg-
ments II, IV, VII and VIII; D. Tail side of divided liver segments, revealing segments I, III, IV, V, VI and VIII.

Figure 3. The 3D images of the dilated bile duct: The 
tumor invades the confluence of the right and left 
hepatic ducts, but does not invade the left hepatic 
duct, right anterior hepatic duct and right posterior 
hepatic duct.
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patients were unable to undergo radical sur-
gery, but underwent percutaneous transhepat-
ic biliary drainage (PTBD) to reduce jaundice 
instead. The percentage of residual liver vol-
ume in six patients at Bismuth grade IV was 
21%, 31%, 37% and 45%, respectively. For two 

residual liver volume increased to 37% and 
42%, respectively. One patient underwent right 
trisegmentectomy plus caudate lobectomy, and 
one patient underwent extended right hemi-
hepatectomy plus caudate lobectomy.

The broken ends of the biliary tract in the cross-
section of the residual liver after the operation 
were clearly demonstrated in the 13 operated 
patients by simulation operation (Figure 6). The 
electronic portable device with the 3D visual-
ization model of the liver was brought into the 
operation room, which was used for real-time 
observation and contrast during the operation. 
The intraoperative condition was confirmed to 
coincide with the 3D model. After mutilation of 
the liver, the liver section and bile duct opening 
were accurately matched, and bile duct anasto-
mosis was performed. The operation time was 
365-740 minutes, and intraoperative blood 
loss was 200-1,500 ml. No bile leakage was 
found after the operation. No perioperative 
death was found.

Discussion

Combined hepatectomy has become the stan-
dard surgical procedure for hilar cholangiocar-
cinoma. At present, the number of patients who 
underwent combined hepatectomy accounts 
for 69-98% of the total number of operations 
for hilar cholangiocarcinoma, and the radical 
resections performed on these patients ac- 
count for 78-95% of the total number of opera-
tions. After radical resection, the 5-year sur- 
vival rate was approximately 40% [14, 15]. 
Neuhaus et al. reported that the 5-year survival 
rate of the combination of right trisegmentec-
tomy and portal vein reconstruction reached up 
to 72% [16].

Figure 4. The extent of tumor invasion of portal vein. A. The attachment area 
of the tumor to the surrounding right hepatic artery was greater than 1/3 of 
the circumferential area of the hepatic artery. B. All these attachments to 
the right hepatic artery were tumor invasions instead of inflammatory adhe-
sions, which were verified during the operation.

Figure 5. The percentage of residual liver volume cal-
culation: the residual liver volume was 45.30%.

Figure 6. The broken ends of the biliary tract in the 
cross-section of the residual liver: the branches of 
the bile duct in the 2nd and 3rd segments of residual 
liver were observed.

patients with greater than 
35% of the residual liver vol-
ume, adequate drainage was 
performed by preoperative 
PTBD. After bilirubin was low-
ered to the normal level, right 
trisegmentectomy plus cauda- 
te lobectomy were performed 
directly. For two patients who 
had <35% of the residual liver 
volume, after undergoing PT- 
BD combined with portal vein 
embolization (PVE), CT reex-
amination and the reconstruc-
tion of the 3D visualization 
model was performed; and 
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Hilar cholangiocarcinoma primarily occurs in 
the biliary tract. Therefore, the courses, distri-
butions and variations of the intrahepatic and 
extrahepatic biliary tract system, and the range 
of tumor invasion in the biliary tract, are of 
great significance for operation planning. At 
present, the vast majority of software is target-
ed at the visual reconstruction of the hepatic 
arteriovenous system [17-19], and biliary tract 
system imaging has poor results due to biliary 
tract dilatation. IPS software pioneered the 
optimization of the biliary tract system in the 
world, which can clearly reveal the 3D anatomi-
cal structures of the dilated bile duct. Therefore, 
through the single display of the 3D visualiza-
tion model of the biliary tract system, the biliary 
tract system type and variation can be accu-
rately revealed, and the limit point of bile duct 
separation can be accurately determined. It 
can also prevent accidental injury to the vital 
bile duct in the retention side of the liver during 
the operation, establishing a solid foundation 
for the design of the operation plan. In addition, 
after the delineation of the pre-resection line, 
by hiding the resected side of the liver in IPS, 
the cross-section of broken ends of the biliary 
tract of the retention side of liver can clearly be 
demonstrated. During the operation, the liver 
was excised as scheduled; and the surgeons 
could find the bile duct openings on the cross-
section of the residual liver when performing 
the anastomosis by repeatedly comparing with 
the 3D visualization model of the biliary tract on 
a portable electronic device, avoiding omission, 
and effectively preventing the occurrence of 
bile leakage after the operation.

For progressive hilar cholangiocarcinoma, he- 
patic artery and portal vein invasion often 
occurs in the early stage. Accurately determin-
ing the presence of the tumor invasion to 
peripheral vessels is of great significance for 
the development of the operation plan. On two-
dimensional images, this is difficult to deter-
mine due to the absence of a definite standard, 
and its determination often relies on the clini-
cian’s experience. We revealed on the 3D visu-
alization model that if the attachment area of 
the tumor to its surrounding vessels was more 
than 1/3 of the total area of corresponding ves-
sels, it could be confirmed that this tumor inva-
sion is difficult to separate during the opera-
tion, and a corresponding vascular resection is 
required. Thus, 3D visualization models provide 
a new clue for the diagnosis of tumor invasion 
in progressive hilar cholangiocarcinoma, ensur-

ing the accurate and effective establishment of 
the operation plan. Thus, it reduces intraopera-
tive bleeding, and avoids hepatic insufficiency 
and hepatic failure caused by the poor blood 
supply of the residual liver after the operation, 
reducing risks from the operation.

In addition, in order to achieve the R0 radical 
resection criteria of progressive hilar cholan-
giocarcinoma, it usually requires the extended 
resection of half of the liver or even the hepatic 
trefoil. Postoperative complications and mor-
tality are closely related to the volume of liver 
resection in patients with hilar cholangiocarci-
noma. Gerhards et al. reported that for patients 
with hilar cholangiocarcinoma, the total inci-
dence of complications was 65% after resec-
tion, and the operative mortality of combined 
hepatectomy was 25% [20]. Therefore, the cal-
culation of the residual liver volume and the 
percentage of residual liver volume are essen-
tial for the surgical planning of patients with 
progressive hilar cholangiocarcinoma. The IPS 
system can not only routinely calculate the  
volume of each segment of the liver to pro- 
vide accurate information for routine hepatec-
tomy, but also accurately calculate the volume 
of irregular residual livers according to the 
patient’s individualized surgical plan. It greatly 
increases the flexibility of the operation plan, 
provides more possibility for surgical design for 
many patients that require massive hepatecto-
my, improves the resection rate, and effectively 
reduces the incidence of postoperative com- 
plications.

In summary, for patients with progressive hilar 
cholangiocarcinoma, the optimized 3D visual-
ization technique can accurately demonstrate 
the dilated biliary tract system, provide a new 
clue to determine the presence of tumor inva-
sion to peripheral vessels, help in establishing 
a reasonable individualized operation plan, and 
improve the success rate of the operation. In 
addition, this technique can reduce the inci-
dence of operative complications, such as bile 
leakage. Furthermore, on the basis of radical 
resection, it retains the liver volume as far as 
possible, and reduces the risk of postoperative 
liver failure. Therefore, 3D visualization is of 
great significance for the diagnosis and treat-
ment of progressive hilar cholangiocarcinoma.
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