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Abstract 

Background. Perichilar cholangiocarcinoma is a rare type of malignant neoplasm and 

is 3-7 cases per 100,000 population. Surgical method is the only radical method of treatment, 

allowing to improve long-term survival results. One of the important and characteristic 

features of perihilar cholangiocarcinoma is tumor invasion to the area of the portal vein 

bifurcation, which occurs in 30–45% of cases. Portal vein invasion is the one of the main 

causes of perihilar cholangiocarcinoma irresectability. However, innovative surgical 

technologies allow resection of the liver with resection and reconstruction of the portal vein 

with acceptable mortality. 

The aim. The aim of our study was to asses results of surgical treatment of perihilar 

cholangiocarcinoma with (Group 1) and without (Group 2) portal vein invasion. 

Materials and methods. From 2003 to January 2023 in the Department of Surgery 

and Liver Transplantation of the Ukrainian National Institute of Surgery and Transplantation, 
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208 patients with perihilar cholangiocarcinoma underwent major extended liver resections. 

We compared 93 (46%) patients who received extended liver resection with portal vein 

resection (Group 1) with 115 (54%) patients who underwent liver resections without vascular 

reconstructions (Group 2). The average Ca 19–9 in the group 1 was 288 (8 – 1000) U/ml, in 

the group 2 –262 (10 – 612) U/ml. The level of total bilirubin in patients of the group 1 was 

312 (43 – 621) mcmol/l, in the group 2 – 267 (10 – 612) mcmol/l. In view of this, in the 

preoperative period, 190 (91,3%) patients underwent decompression of the bile ducts, using 

percutaneous transhepatic cholangiostomy (PTBD) or retrograde endobiliary stenting. For 

patients with small remnant liver volume less than 40 %, in 80(38,5%) cases we did 

preoperative PVE of a resected part of the liver. In 9 cases we made simultaneous PVE and 

PTBD. When choosing the volume of surgical intervention, we proceeded from the tumor 

type of Bismuth-Corlette classification, invasion into the portal vessels and the depth of the 

liver lesion. The portal vein reconstruction was in all cases performed in an “end-to-end”. In 

all cases we made extended lymphadenectomy. 

Results. All complications were classified according to the Dindo-Clavien 

classification. Postoperative mortality in the main group was 11.5%. The overall 1, 3, 5-year 

survival in the group 1 was 96%, 68,3%, 57,4%, respectively. 1, 3, 5-year survival rate in the 

comparison group 2 was 98,4%, 76,7%, 47,3%, respectively. 

Conclusions. Aggressive tactics of surgical treatment of perihilar cholangiocarcinoma 

provides maximum radicality, allows to increase resectability in case of tumor invasion of the 

portal vein with acceptable mortality and long-term survival. 

Keywords: perihilar cholangiocarcinoma; portal vein invasion; surgical 

treatment; liver resection; long-term survival; radicality. 

 

Introduction 

Cholangiocarcinoma is a malignant tumour originating from the biliary tree 

epithelium, occupying the second place after hepatocellular cancer, primary malignant liver 

tumours [1, 2, 3]. Cholangiocarcinoma account for up to 3% of all malignant tumours of the 

abdominal cavity [2, 4, 5]. Previously, cholangiocarcinoma was anatomically divided into 

three types – intrahepatic cholangiocarcinoma, hilar cholangiocarcinoma, and distal 

cholangiocarcinoma [4, 6, 7]. Recently, a lot of authors use the term "perihilar 

cholangiocarcinoma". In 1965, the American pathologist Gerald Klatskin [8], was the first to 

describe the clinical features of 13 patients with hilar cholangiocarcinoma. According to 

TNM classification of International Union Against Cancer (UICC) edition 7, the perihilar 
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cholangiocarcinoma is taken to mean cholangiocarcinoma with biliary duct lesions of liver 

portals, i.e. biliary ducts topologically located between the right edge of the umbilical portion 

of the left branch of the portal vein and the mouth of the right posterior sectional branch of the 

portal vein, and distally restricted place of entrance of the cystic duct [9].  Thus, in the 

modern surgical literature, three equally important terms are used, which determine the same 

localization of cholangiocarcinoma confluence of the bile ducts – the hilar, perihilar and 

Klatskin tumours. Perihilar cholangiocarcinoma – the most common type, is detected from 50 

to 70% of all malignant tumours of the bile ducts [7, 10]. The incidence of intrahepatic and 

distal cholangiocarcinoma is 6-10% and 25-30%, respectively. One of the important and 

characteristic features of perihilar cholangiocarcinoma is tumour invasion to the area of the 

portal vein bifurcation, which occurs in 30–45% of cases [11, 12]. Perihilar 

cholangiocarcinoma is a complex cancer pathology and its surgical treatment remains one of 

the difficult problems of surgical hepatology. However, since liver resection surgery is the 

only radical treatment for perihilar cholangiocarcinoma, many of the world’s best clinics have 

adopted an aggressive approach. Recently, with the development of new methods of pre-

operative diagnosis and the use of transplant technologies of liver surgery has led to an 

increase in radical surgical interventions and long-term survival rates. 

Nevertheless, there are still many contradictions in the approaches to the treatment of 

Klatskin tumor. This is caused by low prevalence rate, relatively small groups of studies in 

various clinics and the lack of large randomized studies. 

 

Materials and methods 

From 2003 to January 2023, 276 patients with perihilar cholangiocarcinoma were 

examined in the Department of Surgery and Liver Transplantation of the National Institute of 

Surgery and Transplantation of NAMS of Ukraine. In 68 (24.6%) cases, due to the detection 

of distant metastases, carcinomatosis, or poor liver function, radical surgical interventions 

were not performed. 208 patients underwent radical liver resections. In 93 (46 %) cases, due 

to invasion of the perihilar cholangiocarcinoma in the portal vein confluence, liver resection 

was supplemented with resection and reconstruction of the latter. These 93 (46 %) patients are 

included in the main study group 1. The experimental group consisted of 115 (54%) patients 

who underwent liver resections without vascular reconstructions. 120 (57,7%) patients were 

male, 88 (42,3%) patients were female. The average age of patients in the main group was 57 

(37 – 81) years in the experimental group of 57.1 (26 – 74) years (Table 1). 
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Table 1. Patient and tumor characteristics in two study group (group 1 – with portal 

vein resection, group 2 – without portal vein resection) 

 Group 1 

n-93 (46 %) 

Group 2 

n-115 (54%) 

P-value 

 n % n %  

Male/ Female 55/38 61,5/38,5 65/50 62,1/37,9 0.898 

Age, y 57 (37 – 81) 57,1(26 – 74) 0,829 

Bilirubin 

(mmol/l) 

312 (43 – 621) 267 (10 – 612) 0,063 

Ca 19-9 288(8 – 1000) 262 (2,5 – 1200) 0,696 

TNM      

T2a 3 1,2 15 10,5 0,771 

T2b 7 4,9 31 20 0,003 

T3 68 76,8 55 54,8 0,002 

T4 15 17,1 14 14,7 0.926 

      

N0 72 78,1 88 77,9 0,865 

N1 16 15,8 18 17,9 0,505 

N2 5 6,1 8 4,2 0,325 

      

M0 93 100 113 97,9  

M1 -  2 2,3  

      

Bismuth-Corlette 

classification 

     

B1 -  -   

B2 -  10 8,4  

B3a 44 47,6 47 36,8 0,783 

B3b 36 40,2 44 41,1 0,973 

B4 13 12,2 14 13,7 0346 

 

All patients underwent preoperative examination, including general, biochemical 

analysis of blood, ultrasound of the abdominal organs, EGD, colonoscopy, echocardiography. 

Three-phase computed tomography of the abdominal organs and chest was mandatory. 

According to the spiral computed tomography, damage to the liver parenchyma, invasion of 

the portal vessels, hepatic veins, the presence of extrahepatic metastases was evaluated and 

the volume of the remaining part of the liver was calculated (Fig. 1). Magnetic resonance 
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imaging and cholangiography were performed to assess the lesion of the biliary tree of all 

patients (Fig. 2). 

 

Fig. 1 Spiral computed tomography. Bismuth-Corlette type IIIb perihilar 

cholangiocarcinoma with portal vein invasion. 

 

 

Fig. 2 Magnetic resonance cholangiography. Bismuth-Corlette type IIIb perihilar 

cholangiocarcinoma. 
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All patients underwent serological tumour marker tests. The most specific tumour 

marker in perihilar cholangiocarcinoma was the carbohydrate antigen CA 19-9. The average 

Ca 19–9 in the main group was 288 (8 – 1000) U/ml, in the experimental group (10 – 612) 

262 U/ml. It is known that with an increase in the level of CA 19-9 by more than 180 U/ml, 

its sensitivity is 79% and specificity – 98% [13, 14, 15]. 

Obstruction of the bile ducts can lead to bacterial translocation, impaired blood 

coagulation, renal failure and an increased risk of developing liver failure in the postoperative 

period [16, 17]. The level of total bilirubin in patients of the main group was 312 (43 – 621) 

mcmol/l, in the experimental group – 267 (10 – 612) mcmol/l. In view of this, in the 

preoperative period, 116 (88.5%) patients underwent decompression of the bile ducts, using 

their external drainage under x-ray or ultrasound control, or retrograde endobiliary stenting 

(Table 2).  

 

Table 2. Preoperative biliary decompression and portal vein embolization in two study 

group (group 1 – with portal vein resection, group 2 – without portal vein resection) 

 Group 1 

n-93 (46 %) 

Group 2 

n-115 (54%) 

p-value 

 n % n %  

Without decompression 2 2,6 16 18,2 0.001 

PTBD right bile duct 30 34,6 30 30,7 0,413 

PTBD left bile duct 29 29,5 32 23,8 0,454 

PTBD right and left bile duct 21 24,4 22 19,4 0,432 

Endoscopic biliary drainage 7 8,9 8 7,9 0,814 

PVE RPV 19 20,5 38 29,6 0,182 

PVE RPV + Sg 4 9 7,7 5 4,6 0,395 

PVE LL 2 1,3 7 5,7 0,129 

 

Percutaneous transhepatic cholangiostomy (PTBD) of the right lobar duct was 

performed in 60 (28,8%) cases, the left lobe duct – in 61 (29,3%) cases, the right and left lobe 

ducts together – in 43 (20,7%) cases. 15 (7,2%) patients underwent retrograde endobiliary 

stenting. The time from decompression of the biliary tree to the performance of surgery was 

50 (13 – 126) days. In the preoperative period, an acceptable level of serum bilirubin was <60 

mcmol/l. All patients in the preoperative period had the volume of the remaining part of the 

liver evaluated with the use of computer volumetry. In cases where the planned hepatic 

residue was less than 35% of the total liver volume, we performed X-ray endovascular 

embolication of the portal vein branches (PVE). In 57 (27,4%) cases, patients with Bismuth-
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Corlette type IIIa perihilar cholangiocarcinoma underwent embolization of the right lobar 

branch of the portal vein. In 14 (6,7%) cases, patients with Bismuth-Corlette type IV perihilar 

cholangiocarcinoma underwent embolization of the right and segmental Sg 4 portal vein 

branch. In 9 (4,3%) cases, patients with Bismuth-Corlette type IIIb perihilar 

cholangiocarcinoma underwent occlusion of the left lobar branch of the portal vein. On day 

21-28, to assess the degree of liver regeneration, these patients underwent repeated spiral 

computed tomography with the volumetry of the remaining portion of the liver. With the help 

of embolization of the corresponding branch of the portal vein, it was possible to reach an 

increase in the remaining liver residue on average by 25-35%, which made it possible to 

reduce the manifestations of liver failure in the postoperative period. 

Results 

During the period from 2003 till January 2023, 208 radical surgical interventions were 

performed in cases of perihilar cholangiocarcinoma at the National Institute of Surgery and 

Transplantation. In all cases the first stage included the performance of extended lymph node 

dissection of lymph nodes of groups 5, 7, 8, 9, 12, 13, 14, 16 and 17 according to the Japanese 

classification of lymph nodes. When choosing the volume of surgical intervention, we 

proceeded from the type of biliary tree lesion according to Bismuth-Corlette classification, 

invasion into the portal vessels and the depth of the liver lesion. Thus in, in case of type IIIa, 

in 30(31,7%) cases the main group underwent right hemihepatectomy, in 14 (15,8%) cases – 

right-sided trisectioectomy. In 34 (37,8%) cases with Bismuth-Corlette type IIIb biliary tree 

lesion, left-sided hemihepatectomy was performed, and in 2 (2,4%) case – left-sided 

trisectionectomy. In case of type IV, we performed 11 (10,9%) right-sided trisectionectomies 

and 2 (1.2%) left-sided liver trisectionectomy. Characteristics of surgical interventions are 

presented in Table 3. The portal vein reconstruction was in all cases performed in an “end-to-

end” form between the trunk of the portal vein and the branch of the portal vein of the 

remaining part of the liver. The average duration of portoplasty was 28.4 (15 – 53) minutes. 

The duration of the operation in the main group was 518 (325 – 850) minutes, and in the 

experimental group – 485 (330 – 905) minutes. Intraoperative blood loss was 1133 (100 – 

4090) ml in the main group, 700 (250 – 2200) ml. 

Histologically, the tumour in the main group in 13 (12,2%) cases was well 

differentiated, in 71 (78,1 %) cases – moderate differentiated, in 9 (9,7 %) cases – poor 

differentiated (Table 4). According to a histological study, metastatic lesion of 1-3 regional 

lymph nodes (N1) was detected in 16 (15,8%) patients, 4 or more (N2) – in 5 (6,1%) patients 

(Table 1).  
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Table 3. Types of liver resection depending on Bithmuth-Corlette classification in two 

study group (group 1 – with portal vein resection, group 2 – without portal vein resection) 

Bismuth-Corlette 

classification 

Group 1 

n-93 (46 %) 

Group 2 

n-115 (54%) 

p-value 

 N % n % - 

B2 -  9 8,4 - 

Sg 4,5,8 -  4 4,2 - 

RL -  3 2,1 - 

LL -  3 2,1 - 

B3a 44 47,6 45 34,7 0,080 

RL 30 31,7 39 29,5 0,727 

RTS 14 15,8 6 5,3 0,018 

B3b 36 40,2 45 42,1 0,894 

LL 34 37,8 38 36,8 0,863 

LTS 2 2,4 7 5,3 0,903 

B4 13 12,2 145 14,7 0,539 

RTS 11 10,9 6 6,3 0,426 

LTS 2 1,2 9 8,4 0,051 

 

Table 4. Histologic differentiation and type of tumour growth in two study group 

(group 1 – with portal vein resection, group 2 – without portal vein resection) 

 Group 1 

n-93 (46 %) 

Group 2 

n-115 (54%) 

p-value 

Histologic differentiation n. % n. %  

Well differentiated 13 12,2 16 13,7 0,716 

Moderate differentiated 71 78,1 91 78,9 0,818 

Poor differentiated 9 9,7 7 7,4 0,425 

The type of tumour growth      

Periductal infiltrative growth 37 37,8 42 35,8 0,579 

Polypoid (intraductal) growth 40 43,9 54 46,3 0,607 

Mass-forming or nodular 15 18,3 18 17,9 0,988 

 

The type of tumour growth was also investigated in the main group and the 

experimental group. Thus, intraductal growth was most often detected in 40 (43,9%) cases, 

periductal growth – in 37 (37,8%) cases, and the least frequent type of growth was mass-

forming or nodular, which was detected in 15 (18,3%) cases. 

The incidence of postoperative complications and mortality was not significantly 

different in both groups. All complications were classified according to the Dindo-Clavien 

classification (Table 5). In the main group of patients, most frequently in the postoperative 

period, liver failure was observed in 55 (31,1%) patients, which required a stay in the 
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intensive care unit. In 23 (12,9%) patients, bile bleeding from the wound surface of the liver 

was observed, which were drained under ultrasound control. In 6 (3,4 %) patients, there were 

hepaticojejunostomy leaks, which required relaparotomy with the formation of 

rehepaticojejunostomy. 

Postoperative mortality in the main group was 10,8%. The causes of postoperative 

mortality in 11 cases were multiple organ failure and sepsis, in 2 case – coagulopathic 

bleeding, in 5 case – acute cardiovascular insufficiency, in 1 case – thrombosis of the hepatic 

artery, in 1 case – thrombosis of the portal vein. 

 

Table 5. Postoperative complication in two study group (group 1 – with portal vein 

resection, group 2 – without portal vein resection) 

Grade 

Dindo-Clavien 

Complications Group 1 

n-61 (46,6%) 

Group 2 

n-70 (53,4%) 

p-value 

  n % n %  

Grade IIIa Hepatic abcess 2 3,3 -   

 Pleural effusion 3 4,9 6 8,6 0,409 

 Bile leak 5 8,2 13 18,6 0,853 

Grade IIIb PV hemorrhage 1 1,6 1 1,4 0,921 

 HA hemorrhage 1 1,6 -   

 Biliary fistula 2 3,3 3 4,3 0,764 

Grade IVa Liver failure 10 16,4 6 8,6 0,172 

Grade IVb Sepsis 2 3,3 -   

Grade V Death 7 11,5 8 11,4 0,993 

 

The overall 1, 3, 5-year survival in the group 1 was 96%, 68,3%, 57,4%, respectively. 

1, 3, 5-year survival rate in the comparison group 2 was 98,4%, 76,7%, 47,3%, respectively 

(Fig. 3). 
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Fig 3. Overall survival in studies group (group 1 – with portal vein resection, group 2 

– without portal vein resection) 

 

Discussion 

Surgical treatment of perihilar cholangiocarcinoma remains one of the most acute 

problems of surgical hepatology, connected with the difficulty of performing R0 resection due 

to frequent invasion of the hepatoduodenal ligament into the vessels. 

The initial concept of isolated bile duct resection without liver resection and palliative 

procedures resulted in local recurrences in the first year in 76% of patients [18]. Miyazaki et 

al. in their study showed that with isolated resection of the extrahepatic bile ducts, five-year 

survival is absent, while five-year survival of patients, who underwent liver resection, was 

27% [19]. 

Recent advances in surgical techniques and perioperative patient management, 

including anesthetic management, reduction of intraoperative blood loss, management of 

central venous pressure, nutritional support, led to an improvement in the results of surgical 

treatment of perihilar cholangiocarcinoma [20, 21]. Perioperative mortality decreased from 

90% to less than 10%. This development has prompted many leading surgical centers to 

aggressive treatment of patients with perihilar cholangiocarcinoma. In 1990, Nimura Y. et al. 

proposed the concept of a routine total caudal lobectomy [22]. This idea is associated with 

tumour infiltration along the biliary tree and the spreading of the caudate lobe of the liver to 
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the bile ducts. This approach has led to the possibility of performing R0 liver resections in 

case of perihilar cholangiocarcinoma and an increase in 5-year survival from 5% to 40% [22, 

23, 24]. On the other hand, an aggressive approach and the implementation of extensive liver 

resections led to an increase in the incidence of postoperative liver failure [25]. However, the 

development of endovascular technologies and the ability to simulate a hepatic remnant in the 

preoperative period, by embolization of the portal vein branches, made it possible to reduce 

postoperative mortality as a result of liver failure to 20%. Thus in 1982, Makuuchi et al. first 

proposed a method of embolization of the right lobar branch of the portal vein to prevent 

postoperative liver failure [26]. Ebata T. et al. reported a series of 353 patients with perihilar 

cholangiocarcinoma who underwent embolization of the portal vein branches of the removed 

part of the liver before extended hemihepatectomy [27]. In this series, resectability was 83%, 

postoperative mortality was 4%, and five-year survival increased to 40%. Thus, the use of 

preoperative decompression of the biliary tree and modelling of the hepatic remnant before 

liver resection with perihilar cholangiocarcinoma contributes to an increase in resectability 

with a decrease in postoperative mortality [18, 28, 29]. 

Invasion of the perihilar cholangiocarcinoma into the portal vein remains the main 

obstacle to the implementation of surgical interventions. However, the development of 

hepatobiliary surgery and the introduction of transplantation technologies have made it 

possible to expand the indications for radical surgical interventions. In their study Ebata T. et 

al. report that when a perihilar cholangiocarcinoma invades a portal vein, a portal vein 

resection followed by portoplasty leads to an increase in 5-year survival from 10% to 37% 

[30]. 

As the concept of resection of the portal vein developed, Neuhaus P. et al.  proposed a 

new method for achieving a radical surgical treatment of perihilar cholangiocarcinoma [31, 

32]. This is the so-called hilar en block resection or non-touch technique, which includes 

extended right-sided trisectomyectomy (Sg1,4-8), resection of the portal vein bifurcation, 

resection of the right hepatic artery and extrahepatic bile ducts. The study reported an increase 

in five-year survival to 58% compared with standard hemihepatectomy (29%). However, the 

disadvantage of the technique is a high risk of postoperative liver failure, high postoperative 

mortality, limited use only for Bismuth-Corlette type IIIa and IV perihilar 

cholangiocarcinoma. 

Our approach to the choice of surgical intervention is based on the level of damage to 

the biliary tree according to Bismuth-Corlette classification. Thus, in case of type IIIa damage 

to the bile ducts, we perform right-side hemihepatectomy, or right-sided trisectionectomy. In 
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case of Bismuth-Corlette type IIIb lesion of the biliary tree, we perform left-sided 

hemihepatectomy or left-sided trisectionectomy. In case of type IV, we performed right-sided 

trisectionectomy or left-sided liver trisectionectomy. The choice of the volume of the 

removable part of the liver depended on the level of lesion of the portal vein. 

 

Conclusions 

1. Invasion of the perihilar cholangiocarcinoma into the portal vein dictates the 

need for its resection and reconstruction and is not a contraindication to radical surgical 

treatment. 

2. Aggressive tactics, including resection of the bile ducts, of the corresponding 

liver parenchyma and necessarily the caudate lobe, with a resection of the portal vein, 

provides maximum radicalism, allows to increase the resectability of perihilar 

cholangiocarcinoma. 

3. Innovative surgical technologies for the treatment of perihilar 

cholangiocarcinoma provide satisfactory immediate and long-term results with an acceptable 

level of mortality and long-term survival. 
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