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A B S T R A C T 

Objective: Surgical resection of hilar cholangiocarcinoma carries significant morbidity and mortality, 

particularly if postoperative bile leak occurs. Prognostic factors and scoring tools have been described for 

overall morbidity and mortality but none are specific for postoperative bile leak. In this study, we investigate 

the prognostic utility of various factors in predicting overall morbidity, mortality and risk of biliary leak in 

Bismuth Type III tumors with the hopes of developing a scoring tool in future research. 

Materials and Methods: A retrospective sample of 23 patients with Bismuth Type III tumors exclusively 

who underwent surgery between 2010 and 2017 were selected for this study. Demographic, surgical, 

pathologic and biochemical data were collected from the patients’ medical records.  

Results: 11 patients underwent a right hepatectomy for type IIIa tumors and 10 patients underwent a left 

hepatectomy for type IIIb tumors. 2 patients were lost to follow up and were excluded. R0 resection was 

achieved in 20 patients. Overall survival at 1, 3 and 5 years was 78.3%, 61.9% and 38.1%, respectively. A 

BMI >24kg/m2 was associated with a worse prognosis, increased overall morbidity and decreased survival 

at 1, 3 and 5 years (p<0.05). A preoperative creatinine >0.74 was associated with decreased 5-year survival 

(p<0.05).  

Conclusion: A BMI >24kg/m2 and a preoperative creatinine >0.74 are associated with a poor prognosis in 

Bismuth Type III Klatskin tumors. Furthermore, Age, sex, preoperative hemoglobin, tumor size, use of 

CUSA and type IIIb tumors demonstrate a borderline significant association with the occurrence of 

postoperative bile leak. 

 

 

                                                                            © 2020 Antoine El Asmar. Hosting by Science Repository.  

Introduction 

 

Hilar cholangiocarcinoma (hCCA), or the Klatskin tumor named 

eponymously after Gerard Klatskin, arises from the extrahepatic biliary 

epithelium and accounts for 50-60% of cholangiocarcinoma cases, the 

second most common primary liver tumor after hepatocellular 

carcinoma [1]. The anatomic classification proposed by Bismuth and 

Corlette classifies hCCA into 4 types, with type III, which involves the 

confluence of the left and right hepatic ducts and extends to either the 

right (IIIa) or left (IIIb) duct, being the most prevalent accounting for 60-

80% of cases [2, 3]. Surgery is the standard of care for hCCA [4]. 

Achieving an R0 resection with negative longitudinal and radial margins 

is paramount and is associated with increased overall survival [5]. To 

achieve R0 resections, major hepatectomies are necessary due to the 

aggressive biology of the hCCA. These tumors exhibit a high degree of 

lymphovascular invasion and lymphangitis carcinomatosa up to 2cm 

away from the tumor and towards both the liver and hepatoduodenal 

ligament [6, 7]. Moreover, a high degree of liver infiltration is seen 

owing to its frequent location at the hilar plate [8]. Therefore, for the 

case of type III tumors, a hepatectomy, right for type IIIa and left for 

type IIIb, is necessary [4]. 
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Hepatic resection for hCCA carries both high morbidity and mortality. 

In a recent review, postoperative morbidity ranged between 14-66% and 

mortality between 0-19% [5]. Both rates are significantly higher than 

similar resections for causes other than hCCA [5]. In one study, 63% of 

patients developed complications postoperatively with severe 

complications (Clavien-Dindo Grade 3 and 4) seen in 36.5% [9]. A 90-

day mortality of 10% was also reported [9]. Factors predictive of severe 

complications were serum creatinine, lymphocyte number, the 

neutrophil-to-lymphocyte ratio, operative time, serum CA 19-9 levels, 

and the number of transfused blood products [9]. A cause of significant 

morbidity and mortality is postoperative bile leak (PBL) which can have 

an incidence of up to 29% [9]. Bile leaks are more likely to occur in wide 

surface hepatectomies and high-risk surgical inventions, particularly if 

the major Glisson’s sheath and hepatic hilum are exposed. Furthermore, 

classically advanced age, high postoperative white blood cell count, 

prolonged operating time, and left-sided hepatectomies are predictive of 

PBL [10-12]. These, however, are not specific to resections for hCCA. 

In Dumitrascu et al.’s study, serum urea levels and neutrophil-to-

lymphocyte ratio were found to predict clinically relevant bile leak on 

univariate analysis however, multivariate analysis did not reveal any 

independent risk factor [9].  

 

Currently, survival rates at 1, 3 and 5 years are 82%, 45% and 20% 

respectively [13]. Many studies have both investigated factors and 

described preoperative and postoperative scoring tools to optimize 

patient selection and preoperative preparation to improve overall 

survival and guide neoadjuvant and adjuvant treatment [14, 15]. Factors 

such as R0 resection, number of harvested lymph nodes, and score 

systems utilizing serum biomarkers have been described to predict 

overall survival while others, which utilize patient characteristics and 

response to portal vein embolization, have been described to predict 

postoperative liver failure [16-18]. Again, none are specific for the 

biliary leak. In our study, we investigate the prognostic factors associated 

with overall postoperative morbidity and mortality of surgical resection 

of Bismuth-Corlette type III (BCT-III) tumors and attempt to identify 

those predictive of PBL with the hopes of creating a prognostic scoring 

tool to further improve patient outcomes and overall survival. 

 

 

Materials and Methods 

 

I Patient Selection & Data Collection 

 

A retrospective sample of 23 patients who underwent a hepatectomy 

with curative intent for BCT-III tumors between 2010 and 2017 at Saint 

George Hospital University Medical Center, a tertiary referral center in 

Beirut, Lebanon, was selected. Patients with BCT-III tumors that were 

unresectable were excluded. Demographic, surgical, pathologic and 

biochemical information were collected from the patients’ medical 

records. Data collection was performed using Microsoft Excel “Excel 

version 1908”. Verbal informed consent was obtained from the patient 

or his representative when applicable. Institutional review board 

approval was obtained to conduct this study (Ref: IRB-REC/O/017-

19/519). 

 

II Preoperative Preparation 

 

Tumor classification was done using the Bismuth-Corlette classification 

based on preoperative imaging and investigation. Preoperative imaging 

consisted primarily of computed tomography (CT) scan. Magnetic 

resonance cholangiopancreatography (MRCP) and endoscopic 

retrograde cholangiopancreatography were done on a need by need basis 

to help define tumor type, locoregional extent of the disease and to rule 

out distant metastasis. Resectability was defined as follows [19, 20]: 

i. BCT-III Tumors (IIIa or IIIb) 

ii. No distant metastasis 

iii. No invasion of the main portal vein or both its branches 

iv. No contralateral involvement of the hepatic artery or portal vein  

 

III Surgery and Postoperative Care 

 

All resections were performed by a single surgeon utilizing the same 

surgical technique. A right hepatectomy was performed for BCT-IIIa 

tumors and a left hepatectomy was performed for BCT-IIIb tumors. Two 

Blake drains were systematically placed at the end of the surgery anterior 

and posterior to the bilioenteric anastomosis. Patients were observed in 

the intensive care unit for 48 hours prior to discharge to the floor. Our 

postoperative care protocol is illustrated in (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Transfusions and Laboratory work-up protocol, adopted at Saint Georges Hospital University Medical Center after Major Hepatectomy 

(Anatomical Right/ Right Extended or Left/ Left Extended hepatectomy). 

FFP: Fresh Frozen Plasma; PRBC: Packed Red Blood Cells; CBC: Complete Blood Count; PT: Prothrombin Time; PTT: Partial thromboplastin time. 
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IV Statistical Analysis 

 

Descriptive analysis was done using proportions and percentages for 

categorical variables. Chi-square was used to analyse associations 

between two independent categorical variables. Student’s t-test was used 

to analyse associations between independent continuous variables with 

a normal distribution; otherwise, the Mann-Whitney U test was used. 

Spearman’s rank-order correlation was used to assess a relationship 

between two variables. Mortality was defined at 1, 3 and 5 years, and 

survival analysis was done using the Kaplan-Meier estimator. Statistical 

significance was defined for a p-value < 0.05. All statistical analysis was 

performed using SPSS v.24.0 (IBM Corp. Released 2016. IBM SPSS 

Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Some of the analysed variables (continuous and discrete), and their effect on Survival and Bile leakage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Histograms showing the repartition of A) Age and B) Survival in months, and C) the effect of Creatinine on 5 years’ survival, and D, E, F) BMI 

on 1, 3 and 5 years’ survival. 
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Results 

 

I Patient Characteristics 

 

23 patients were selected for this study. 2 patients were lost to follow-up 

and were excluded from subsequent statistical analysis. The mean age of 

the sample was 60.65 years of age. 10 patients underwent a right 

hepatectomy for BCT-IIIa tumors and 11 patients underwent a left 

hepatectomy for BCT-IIIb tumors. 

 

II Surgical and Pathological Characteristics 

 

R0 resection with lymph node dissection of the porta hepatis was 

achieved in 91.3% of cases (21 patients). The mean tumor size was 

3.43cm, with the largest tumor measuring 9 cm along its longest axis and 

the smallest measuring 1cm. Final pathology revealed most to be 

moderately differentiated cholangiocarcinoma. Perineural invasion was 

observed in 78% of cases. Moreover, positive regional lymph nodes were 

observed in 40% of cases (Figure 2). 

 

III Factors Predictive of Survival 

 

Mean overall survival was 40.48 months with a mean disease-free 

survival of 38.85 months. Survival at 1, 3 and 5 years was 78.3%, 61.9% 

and 38.1% respectively. Preoperative body mass index (BMI) > 24 kg/m2 

was significantly correlated with poorer overall survival at 1, 3 and 5 

years (p-value = 0.02, p-value = 0.02 and p-value = 0.16 respectively). 

A creatinine > 0.74 at presentation was also significantly associated with 

decreased 5-year survival (p-value = 0.043) (Figure 3). A strong 

correlation was observed between age, sex and overall survival; 

however, results were deemed borderline significant for 1-year survival 

(p-value = 0.07 and p-value = 0.089 respectively). The use of a cavitron 

ultrasonic surgical aspirator (CUSA) and preoperative hemoglobin 

levels were observed to have an impact on overall survival (p-value = 

0.073 and p-value = 0.088 respectively). Lastly, tumor size was observed 

to have an impact on disease free survival (p-value = 0.081). 

 

IV Factors Predictive of Postoperative Bile Leak 

 

PBL was observed in 43.5% of cases (10 patients). None of the patients 

developed infectious or septic complications secondary to the collection 

and none required surgical management. Spontaneous resolution 

between the 5th and 7th postoperative day was observed in 6 patients. 3 

patients were discharged with a drain in place which was removed 3 

weeks postoperatively to allow a mature fistulous tract to form. 1 patient 

required CT-guided drainage of the biloma and was discharged with a 

drain that was removed 3 weeks later. No statistically significant 

association was observed between the collected variables and the 

occurrence of a PBL. A borderline significant result was appreciated 

between BCT-IIIb tumors and the occurrence of a PBL, however (p-

value = 0.074). 

 

Discussion 

 

Klatskin tumors remain to be a challenging entity to manage. With 

significant postoperative morbidity and mortality associated with 

curative resection, with rates of 14-66% and 0-19%, respectively, 

identifying predictive factors associated with complications and overall 

survival is crucial to better select surgical candidates and tailor 

postoperative care. In the literature, survival at 1, 3 and 5 years is 82%, 

45% and 20%, respectively [5]. In our study, survival was 78.3%, 61.9% 

and 38.1%, respectively which is slightly higher for 3-year and 5-year 

survival. The statistical significance of this difference, however, was not 

assessed. In this study, we aimed to identify factors predictive of poor 

survival (overall survival and disease-free survival) as well as those 

predictive of PBL, a major cause of postoperative morbidity [9]. 

 

The prognostic role of various demographic, surgical, pathologic, and 

biochemical factors, both preoperatively and postoperatively, have been 

investigated in various studies, some demonstrating statistically 

significant associations while others do not. Classically, age, operating 

time and the type of surgery are predictive of poorer overall outcomes. 

In our study, only BMI and preoperative serum creatinine were 

significantly associated with poorer overall survivability, findings 

similar to those in the literature whereas age did demonstrate a strong 

correlation but was only borderline significant [9]. Furthermore, the 

association between left hepatectomies and PBL was also borderline 

significant. Similar associations were observed for sex, use of a CUSA, 

preoperative hemoglobin and tumor size where overall and disease-free 

survival is observed to be poorly impacted. However, the association 

was only borderline significant. These associations may be better 

appreciated in larger multicentric studies. Interestingly, in our study, 

none of the collected variables were demonstrated to be correlated with 

PBL. This contrasts the findings in the literature that reveals that more 

extensive surgery, prolonged operating time, advanced age, elevated 

biomarkers and BCT-IIIb tumors are more associated with increased 

occurrence of PBL. A borderline significant association was appreciated 

between BCT-IIIb tumors and PBL. However, this is best evaluation 

with a larger sample.  

 

This study is not without limitations. The small sample size, chiefly due 

to the rarity of hCCA, limits both the statistical analysis and the 

generalizability of resulting associations. Moreover, the retrospective 

nature of the study design may create a certain selection bias. Prospective 

studies may not be feasible because of the low incidence of the disease. 

Therefore, the present and obtained associations are best investigated in 

large multicentric studies. 

 

Conclusion 

 

Perihilar cholangiocarcinoma is a challenging entity to manage and is 

associated with high postoperative morbidity and mortality. Various 

factors have been demonstrated to predict poorer outcomes, such as 

tumor histology, size, the extent of surgery, as well as demographic 

factors such as age and biochemical factors such as lymphocyte count 

and neutrophil-to-lymphocyte ratios. Elevated BMI > 24kg/m2 and 

preoperative serum creatinine > 0.74 are associated with poorer overall 

survival, whereas age, sex, preoperative hemoglobin levels, tumor size, 

use of a CUSA, and BCT-IIIb tumors were observed to influence overall 

survival but were only borderline significant. Furthermore, though many 

factors have been associated with PBL, no statistically significant 

association was appreciated in this study. 
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