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Alislrad: 

Background: Hilar resection, especially in combination with liver resection, results in 

substantial morbidity and mortality, which clearly influences the overall outcome. In 

the present study, patients who underwent resection of a proximal bile duct tumor, were 

analyzed with the aim of identifying risk factors for morbidity and mortality. 

Method: Between 1983 and 1998, 112 consecutive patients underwent a local resection, 

in 32 patients combined with a hemi-hepatectomy (11 extended resections). Eighty-four 

percent of the patients underwent preoperative (endoscopic) drainage. For evaluation of 

different treatment strategies during the study, the period was divided in three, 5-years 

intervals. 

Results: Postoperative complications occurred in 65% of all patients. The overall hospital 

mortality was 15% for local resections and 25% for hemi-hepatectomies. There was a 

significantly lower morbidity and no mortality after hilar resection during the last 

5-years. A higher Bismuth classification showed significant correlation with postoperative 

morbidity. Extended liver resections and vascular resections and a preoperative albumin 

level below 35 g/L were found to be significant predictors of increased mortality in 

univariate analysis. 

Conclusion: The overall morbidity and mortality rate in this series is higher than most 

recently published series. More (extended) liver resections resulted in an increased rate 

of microscopical tumor-free resections, at the cost of higher hospital morbidity and 

mortality. Improved preoperative work-up will result in a selection of patients who might 

benefit from these extensive resections. 
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ntroduction 

Proximal bile duct tumor, hilar cholangiocarcinoma, carcinoma of the hepatic duct 

bifurcation, carcinoma of the hepatic duct confluence and Klatskin tumor, are all 

synonyms for the same tumor, defined by Klatskin in 1965 as an adenocarcinoma of the 

hepatic duct at its bifurcation within the porta hepatis.' Treatment of this tumor has 

been extensively analyzed in the past and the major outcome of these clinical reports 

was that a curative resection is essential to achieve the best long-term results.2'" Because 

these tumors have close relation to important structures in the hepatic hilum, such as 

the hepatic artery and portal vein, and have progression along the proximal biliary system 

with perineural and lymphatic involvement, a margin-negative resection is technically 

demanding and often impossible.13'5"17 

During the last 15 years, resection of hilar cholangiocarcinoma has been performed 

in our institution by different surgical teams and consequently, with different surgical 

strategies. This varied from local hilar resections to (extended) liver resections, including 

vascular resections and reconstructions.18 

It is known that hilar resection, especially in combination with liver resection, can 

be associated with substantial morbidity and mortality, which clearly influences the 

overall benefit of the procedure.iy Long-term survival (more than 5 years) of these patients 

and possible significant factors relating to their survival have been assessed previously.20 

In the present study, we have analyzed all patients who underwent resection of a proximal 

bile duct tumor during the past 15 years in our institution, with the aim of identifying 

risk factors for morbidity and mortality. The influence of different treatment policies as 

a result of change in the surgical teams, was a special point of consideration during this 

analysis. 
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Patients and Methods 

Patients 

Between 1983 and 1998, 112 patients with hilar cholangiocarcinoma underwent resection. 

For evaluation of different treatment strategies during the years, these 15 years were divided 

into 3 equal periods in time. The number of patients in each period varied: '83-87: n=42, 

'88-,92: n=45 and '93-97: n=25. In 1993 the surgical staff changed in our institution and 

because of organizational changes, less operations for bile duct tumors were done during 

the following two years, which explains the lower total number of patients in this group. 

Resections were performed in 43 women and 69 men with a median age of 59.9 years (range: 

18 to 74 years). Patient characteristics are given in table 1. There was no significant diffe

rence in age, gender, medical history, signs or symptoms between the three different periods. 

TABLE 1. PATIENT CHARACTERISTICS/RISK FACTORS/SYMPTOMS IN RELATION WITH THE DIFFERENT PERIODS 

Total 

Female/ Male 

Median Age (years) 

Range 

Age > 70 years (n=112)* 

Period '83-'87 

42 

16/26 

57 

18-74 

4 (10%) 

Card iopu lmonary diseases (n=101)' 8 (25%) 

Jaund ice (n=109)' 

Malaise (n=101)' 

(abdominal pain/nausea) 

Weight loss (n=94) 

Cholangit is (n=82)* 

Prur i tus (n=84)* 

39 (100%) 

25 (76%) 

27 (87%) 

7 (28%) 

25 (86%) 

Period '88-'92 

45 

15/30 

64 

21-74 

10 (22%) 

11 (25%) 

43 (96%) 

30 (70%) 

35 (88%) 

11 (31%) 

26 (76%) 

Period '93-'97 

25 

12/13 

59 

37-73 

5 (20%) 

7 (28%) 

24 (96%) 

17 (68%) 

19 (83%) 

2 (9%) 

13 (62%) 

Total 

112 

43/69 

59.5 

18-74 

19 (17%) 

26 (26%) 

106 (97%) 

72(71%) 

81 (86%) 

20 (24%) 

64 (76%) 

" Note: In parentheses patients with complete data 
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Preoperative work-up 

In the first 5 years, preoperative work-up consisted of (endoscopic) ultrasonography and 

ERCP (endoscopic retrograde cholangiopancreatography) with subsequent biliary 

drainage.21 In the minority of these patients (19%), PTC (percutaneous transhepatic 

cholagiography) was used. To assess vascular involvement of the tumor, angiography 

followed in most patients (86%). All tumors were classified using the Bismuth-Corlette 

classification (fig. I).6 

FIGURE 1. CLASSIFICATION OF KLATSKIN TUMORS ACCORDING TO BISMUTH-CORLETTE. 

Type I and II tumors are limited to the confluens of the right and left hepatic duct. In type III 
tumors the segmental branches of the right or lefthepatic duct are involved (type Ilia or Illb, 
respectively). In type IV tumors the tumor extends into the segmental branches of both right 
and left hepatic duct. 
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In the second period, preoperative management was mostly similar to the previous 

period. Ultrasound with Doppler imaging was used routinely to rule out vascular involve

ment of the tumor. However, in two-thirds of all patients angiography was still performed. 

The last period was characterized by a different preoperative work-up scheme. ERCP 

and ultrasound with Doppler imaging were still used routinely. However, endoscopic 

ultrasonography was not performed anymore. PTC was only done in one patient and 

angiography was only used in 3 cases (12%). Furthermore, laparoscopy with ultrasono

graphy was started routinely and carried out in the last 19 patients (76%).22 

Computed tomography (CT) was not routinely used, since it was considered inferior 

to ultrasound in the evaluation of proximal bile duct tumors.23" It was used throughout 

the three periods in 83%, 42% and 48% of the patients, respectively. Most CT scans were 

performed in other hospitals before referral to our center. 

The preoperative classification determined the operative plan. However, as mentioned 

in other reports, the definitive classification, obtained during operation, often differed 

from the preoperative classification.'" As shown in table 2, the original classification had 

to be adjusted during operation in 38 patients (35%). 

TABLE 2. CONVERSION OF PREOPERATIVE TO DEFINITIVE BISMUTH-CORLETTE CLASSIFICATION 

Definitive type 

Preoperat ive type 

Type I 

Type II 

Type Ilia 

Type Illb 

Type IV 

Not available 

Total 

Type I 

13 

1 

14 (13%) 

Type II 

4 

28 

5 

1 

38 (35%) 

Type Ilia 

5 

6 

15 

1 

1 

28 (26%) 

Type 

2 

9 

14 

1 

[lib 

26 (23%) 

Type 

1 

1 

l 

1 

4 (4% 

rv Total 

24 

45 

21 

17 

1 

2 

110" 

'Note: In 2 patients the definitive classification could not be retrieved 
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To relieve jaundice and prevent possible cholangitis after introducing micro

organisms during diagnostic cholangiography, 93 (84%) patients underwent preoperative 

biliary drainage by means of ERCP (n=81, 87%) or PTC (percutaneous transhepatic 

cholangiography) (n=4, 4%) or both (n=8, 9%).25'27 The overall mean time interval between 

insertion of the first biliary drainage catheter and the resection was 36 days (median 

period: 28.5 days). Subdividing the three periods, the percentages of patients who under

went preoperative biliary drainage were 78%, 82% and 96% with a mean duration of 

drainage of 35, 30 and 49 days respectively. The reason for the difference in preoperative 

drainage time between the last and the two earlier periods has probably to do with two 

factors. First, while in the earlier periods patients were referred at the onset of jaundice 

for drainage, during the last period drainage was often performed in the referring 

hospital, thereby inducing delay before referral. Secondly, the long waiting list which 

was a purely logistic problem. Mean values of total bilirubin (j.imol/L) after biliary draina

ge were 110, 123 and 48 respectively. The overall mean total bilirubin level after biliary 

drainage was still 99 (6-553) umol/L. 

Surgical procedures and adjuvant therapy 

The first 5 years ('83-'87) were characterized by extensive surgical procedures (table 3). In 

this period, one surgeon completed almost all procedures and frequently performed 

extensive operations, often including vascular resections and reconstructions. In two-

thirds of the cases the resection was combined with postoperative radiation therapy. The 

second 5 years ('88-'92) were characterized by limited surgery. During this second period, 

91% of the patients underwent a local resection (table 3). A reconstruction with two 

hepatico-jejunostomies was carried-out most frequently during this period (71%). Pre

operative radiotherapy was added to the therapy since 1990, to prevent implantation 

metastases in patients who had undergone endoscopic or percutaneous biliary drainage.2S 

One-third of the patients in this period underwent preoperative radiotherapy. During 

this second period, patients underwent postoperative radiotherapy routinely. The last 5 

years ('93-'97) were characterized by again more extensive resections, performed by a 
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surgical team rather than one surgeon. Most hemi-hepatectomies (52%), and almost all 

extended resections (6/25, 24%), were undertaken during this period (table 3). Pre- and 

postoperative radiotherapy was given routinely. Macroscopically nonradical resections 

were less frequently performed during the last period (20%). These percentages were 39% 

and 35% for the first and second periods respectively (table 3). Overall, palliative hilar 

resections were performed for biliary drainage in 26 of all 58 patients with type III or IV 

tumors (45%). Since most proximal bile duct tumors infiltrate into the posterior part of 

the liver, local resection was often combined with caudate lobe resection.15**" Overall, 

local resection was combined with partial liver resection (segment I and/or (part of) 

segment IV) in 33 cases (41%). In the remaining type III and IV tumors (n=32) local 

resection was combined with a hemi-hepatectomy. 

Pathological examination 

The histopathological resection and dissection margins were analyzed for the assessment 

of microscopical presence or absence of tumor.34 Margin-negative resections were more 

frequently performed in the last period (32%). This percentage was significantly lower 

for the first (5%) and second period (14%) (table 3). 

Stat ist ical analysis 

Each clinical, laboratory, surgical and pathological parameter was tested by chi-square 

analysis (Pearson test and the two tails Fisher,s exact test) and One-Way ANOVA, using 

SPSS for Windows 8.0.0™, in analyzing significant differences within the three groups. 

These parameters were tested for their ability to predict hospital morbidity and mortality. 

Probabilities of less than 0.05 were considered as significant. The variables of statistical 

significance during univariate analysis were included in a following multivariate analysis, 

using the logistic regression test. 
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TABLE 3. OPERATIVE PROCEDURES IN RELATION WITH THE DIFFERENT PERIODS 

Resections Period '83-'87 Period '88-'92 Period '93-'97 Total p-value 

Total 42 45 

Local resection 27 (64%) 41 (91%) 

Local resection/r ight 

hemi-hepatectomy' 6{4}(14%) 1{1}(2%) 

Local resection/left 

hemi-hepatectomy 9 (22%) 3 (7%) 

25 112 

12 (48%) 80(71%) 

7{6)(28%) 14{11}(13%) - p<0.05 

6 (24%) 18(16%) 

Hepatico-jejuno-
s tomies ' 

-one 

-two 

-three or more 

Vascular 

resection/reconstr . 

-artery 

-vein 

-artery and vein 

11 (29%) 

18 (47%) 

9 (24%) 

0 (0%) 

2 (5%) 

6 (14%) 

7 (17%) 

30(71%) 

5 (12%) 

1 (2%) 

0 (0%) 

1 (2%) 

14 (56%) 

8 (32%) 

3 (12%) 

V (4%) 

1 (4%) 

0 (0%) 

32 (31% 

56 (53% 

17 (16% 

2 (2%) 

3 (3%) 

7 (6%) 

p<0.05 

- NS 

Macroscop.palliative 

resections (n=103)4 13 (39%) 

Microscop.margin-

negative resections 

i n = i i i r 2 (5%) 

16 (35%) 

6 (14%) 

5 (20%) 

(32%) 

34 (33%) 

16 (14%) 

NS 

p<0.05 

1 Note: Between { } all extended right hemihepatectomies 
: Note: During this resection (left hemihepatectomy) it was not possible to reconstruct the right artery 

' Note: In 7 patients the number of hepatico-jejunostomies could not be retrieved 
4 Note: Between () only patients with complete data 
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Results 

In 11 patients the postoperative complications could not be retrieved. In the remaining 

group, postoperative complications occurred in 65% (66/101) (table 4). The thirty-day 

mortality was 14% (16/112) and the overall hospital mortality was 18% (20/112). Morbidity 

and mortality were not significantly different in the three periods. 

The postoperative hospital stay was not different for the three periods or for the type 

of resections (mean: 23 days after local resection and 31 days after a combined liver 

resection). The mean total hospital stay (including all patients) was 25 days, ranging 

between 1 and 98 days (median hospital stay: 21 days). 

The types of postoperative complications are given in table 5. All other complications 

(pleural fluid, lung-emboli, cardiac failure, cardiac infarction, wound infection, urinary 

tract infection, renal failure and intestinal obstruction) were categorized as miscellaneous 

and were coexistent with one or more of the above mentioned complications. 

In the second period 12 patients (27%) and in the third period 5 patients (20%) had to 

be re-operated because of bile leakage and/or intra-abdominal abscesses or arterial 

bleeding. The number of re-operations during the first period could not be retrieved in 

this retrospective analysis. In one patient, during the second period, a gastric outlet 

stenosis required a gastroenterostomy after 3 weeks. In another patient, during the last 

period, an exploration of the femoral artery was necessary for a complication during 

arterial catheter placement. Abscesses were often drained by percutaneous ultrasound 

or CT guided drainage. All other complications could be managed conservatively. 

Twelve clinical, laboratory, surgical and pathological parameters suggested as possible 

risk factors for complications, were investigated in relation with postoperative morbidity 

and mortality during univariate analysis (table 6). The Bismuth classification showed a 

significant correlation with postoperative morbidity (p<0.05). A preoperative albumin 

level below 35 g/L was found to be a significant predictor of increased mortality (p<0.05), 

which was also reported by others.27. Preoperative levels of total Bilirubin, Alkaline 

Phosphatase and Alanine Aminotransferase or the duration of drainage had no 
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TABLE 4. HOSPITAL MORBIDITY/ MORTALITY IN RELATION WITH THE DIFFERENT 

Total 

Morbidity ' 

Mortality 

Days in hos 

(mean valu 

Range 

pital 

es) 

Period 

42 

83-'87 

21/32 (66%) 

8 (19%) 

27 

1-78 

Period 

45 

'88-

32/44 (73% 

9 (20%) 

24 

2-98 

92 Period -93-'97 

25 

13/25 (52%) 

3 (12%) 

23 

7-63 

Total 

112 

66/101(65%) 

20 (18%) 

25 

1-98 

p-value 

NS 

NS 

NS 

NS 

'Note: In 11 patients complete data regarding to morbidity could not be retrieved 

TABLE 5. POSTOPERATIVE COMPLICATIONS IN RELATION WITH THE DIFFERENT PERIODS 

Total' 

Bleeding2 

Bile leakage 

Liver/intra-abdominal 

abscess 

Liver failure/ 

Cholangitis 

necrosis 

Period 

32 

7 (22%) 

4 (13%) 

8 (25%) 

5 (16%) 

3 (9%) 

83 '87 Period '88-

44 

10 (23%) 

13 (30%) 

10 (23%) 

3 (7%) 

2 (5%) 

92 Period ' 

25 

1 (4%) 

5 (20%) 

7 (28%) 

4 (16%) 

5 (20%) 

93 '97 Total 

101 

18 (18%) 

22 (22%) 

25 (25%) 

12 (12%) 

10 (10%) 

p-value 

NS 

NS 

NS 

NS 

NS 

Pneumonia 

Miscellaneous' 

1 (3%) 

16 (50%) 

4 (9%) 

22 (50%) 

2 (8%) 

8 (32%) 

7 (7%) 

46 (46%) 

NS 

NS 

! Note: In 11 patients complete data regarding to morbidity could not be retrieved 

-Note: Intra-abdominal and/ or upper gastrointestinal bleeding 

'Note: Pleural fluid, lung-emboli, cardiac failure, cardiac infarction,wound infection, urine tract infection, 

renal failure and intestinal obstruction 
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correlation with hospital morbidity or mortality. 

Most of the patients died due to multi organ failure after massive intra-abdominal 

(11/20, 55%) or upper gastro-intestinal (2/20,10%) blood loss, liver failure/ necrosis (9/20, 

45%) and/or sepsis (cholangitis) (10/20, 50%) with intra-abdominal abscesses (6/20, 30%) 

and/or liver abscesses (4/20, 20%). The diagnosis was confirmed by autopsy in 12 patients 

(60%). Of the 20 patients who died postoperatively, 12 patients had undergone a local 

resection (12/80, 15%), 3 patients had undergone a hemi-hepatectomy (3/21, 14%) and 

5 patients had undergone an extended hemi-hepatectomy (5/11, 46%) (table 6b). Overall, 

these extended liver resections and also vascular resections (mortality rate: 50%, 6/12), 

were found to be significant predictors of increased mortality during univariate analysis 

(p<0.05) (table 6b). 

In analyzing the different types of resection in relation with the different periods, 

there was a significant lower morbidity for local resections during the last period (33%), 

compared with the two preceding periods (67% and 75% respectively, p<0.05). 

Furthermore, overall highest mortality resulted from (extended) hemi-hepatectomies 

during the first period (27%) and, in contrast, no patient died after a local resection 

during the last period. 

Eventually, only preoperative albumin levels below 35 g/L and extended liver 

resections were significant independent variables. This was determined by using logistic 

regression testing in multivariate analysis. 
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TABLE 6. CLINICAL AND LABORATORY RISK FACTORS CORRELATED WITH MORBIDITY AND MORTALITY 

Patients No (%) Morbidity % p-value Mortali ty % p-value 

Sex(n=112) * 

Age (yrs) (n=112) * 

Cardio-Pulmonary 

History (n=101) * 

Male 

Female 

>/70 

< 70 

Yes 

69 (62) 

43 (38) 

19(17) 

93(83) 

26 (26) 

65 

67 

74 

63 

73 

Weight loss (>5 kg) 

(n=94) ' Yes 

No 

Albumin (n=95) * 

Preoperat. biliary 
drainage (n= l l l ) * 

Cholangitis (n=82)" 

Classificat. (n=102) * 

81 (86) 

13(14) 

</ 35 g/1 30 (32) 

> 35 g/1 65 (68) 

Preoperat. Rth (n=112) 

Yes 

No 

Yes 

No 

Type I 

Type II 

Type Ilia 

Type Hlb 

Type IV 

Yes 

No 

93 (84) 

18 (16) 

20 (24) 

62 (76) 

14(13) 

38 (34) 

28 (25) 

26 (24) 

4 (4) 

33 (30) 

79 (70) 

70 

50 

77 

64 

63 

72 

53 

72 

38 

74 

81 

50 

75 

66 

65 

- NS 

h NS 

- NS 

- NS 

- NS 

- NS 

- NS 

p<0.05 

- NS 

20 

14 

32 

15 

19 

20 

21 

15 

30 

12 

17 

17 

15 

23 

7 

If, 

32 

14 

0 

12 

20 

- NS 

NS 

- NS 

- NS 

_ p<0.05 

- NS 

] NS 

NS 

} NS 

'Note: In parentheses only patients with complete data 
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TABLE 6B. CLINICAL AND LABORATORY RISK FACTORS CORRELATED WITH MORBIDITY AND MORTALITY 

Opera t ive t r e a t m e n t (n=112) 

Patients No (%) Morbidity ' % p-value Mortality % p-value 

Hilus resect ion 

Hemi-hepatectomy 

Extended 

Hemi-hepatectomy 

80(71) 

21 (19) 

11 HO) 

66 

50 

91 

NS 

15 

14 

46 

p<0.05 

'Note: In 11 patients complete data regarding to morbidity could not be retrieved 

Opera t ive t r e a t m e n t accord ing to t h e different per iods (n=112) 

Patients No (%) Morbidity* % p-value Mortality % p-value 

Hilus resection 80(71) 

'83-'87 27 

'88-'92 41 

'93-'97 12 

+ (Extended) Hemi-hepatectomy 32 (29) 

'83-'87 15 

'88-'92 4 

-93-'97 13 

66 

67 

75 

33 

65 

64 

50 

69 

p<0.05 

MS 

15 

15 

20 

0 

25 

27 

25 

23 

NS 

NS 

"Note: In 11 patients complete data regarding to morbidity could not be retrieved 

O p e r a t i v e t r e a t m e n t (n=112) 

Patients No (%) Morbidity % p-value Mortality % p-value 

Vascular resection (n=110)" 

Artery 

Vein 

Artery and vein 

None 

No. Hep.-jejunostomies (n= 

One 

Two 

Three or more 

105)*' 

2(2) 

3(3) 

7(6) 

98 (87) 

32 (31) 

56 (53) 

17 (16) 

100 

100 

71 

63 

68 

63 

71 

NS 

NS 

100 

33 

43 

14 

25 

IS 

6 

p<0.05 

NS 

"Note: In parentheses only patients with complete data 
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Discussion 

In the past, hilar resections combined with major liver resections for Klatskin tumors 

resulted in high postoperative morbidity and mortality.81335"37 A 30-days mortality before 

1980 has been reported as 14% for local resections and 22% for liver resections, whereas 

between 1980 and 1989, as 8% and 15% respectively.8 More recent, an operative mortality 

of 7.6% after a local resection (n=118) and 8.2% after a hepatic resection (n=280) has been 

reported.35 However, the overall operative mortality was calculated without taking into 

account the different definitions of mortality rate, used in the different studies included 

(30-day-, 60-day- and hospital related mortality). 

In the present study, the hospital mortality was 15% for local resections (30-days mortality: 

14%) and 25% for liver resections (30-days mortality: 16%), which is higher than most 

reports. The mortality rate was the lowest in the last period (12%) as compared with the 

earlier periods. In this period, there was no mortality after a local resection and 

3 patients died after a liver resection of whom two after more than 30 days postoperatively. 

The overall morbidity rate of 65% in this series is also higher than most recently 

published reports in which it varied between 22% and 54% for local resections and liver 

resections, respectively.6'27-31-33-37-40 However, most reported complications in these studies 

are similar to the complications in this study. Bile leakage was the most common 

complication, followed by liver failure, sepsis/cholangitis, intra-abdominal abscesses and 

postoperative or gastro-intestinal bleeding, in decreasing frequencies. Compared with 

these studies, postoperative bleeding or gastro-intestinal bleeding and intra-abdominal 

abscesses occurred more frequently in present study. Nevertheless, the percentage of 

these complications decreased substantially during the last period. 

Overall, the one factor that correlated with hospital morbidity was the definitive 

Bismuth classification. In particular type I and type 1Kb tumors were correlated with a 

lower morbidity rate. For type Ilia tumors, as also mentioned in other reports, often an 

extended right liver resection including segment IV and the caudate lobe was performed 

(79%), resulting in higher hospital morbidity.'5,3,,37-4M3 
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In an attempt to clarify differences in postoperative complications throughout the 

years, we analyzed factors involved in the peri-operative management of patients with a 

hilar bile duct carcinoma. During analysis of the periods, three significant different 

characteristics were found: 1) The type of resection (less liver resections during the 

second period). 2) The percentage of curative resections (highest during the third period). 

3) The number of hepatico-jejunostomies (mostly two anastomoses during the first and 

second period and one anastomosis during the third period). An explanation for these 

differences is given below. 

After the first period, it was found that (extended) liver resections with vascular 

resections and reconstructions in addition to hilar resections, were associated with high 

morbidity, although many resulted in non-radical resections without substantial benefit 

in survival.44 Therefore, the surgical policy was changed in the second period toward 

more local resections, in an attempt to obtain at least good palliation with adequate 

biliary drainage and radiotherapy. However, in this period the morbidity and mortality 

remained high. Eventually, due to improved results of extended resections in the recent 

literature to obtain margin-negative resections, this policy was changed again in 1993 to a 

more aggressive approach. This resulted in more (extended) liver resections (52%, table 3), 

which led to a higher percentage of radical resections (32%, table 3) with still high 

morbidity and mortality (69% and 23% respectively, table 6b). However, due to significant 

lower morbidity (33%, table 6b) and no mortality for local resections during the last period, 

and less frequently performed vascular resections, the overall morbidity and mortality 

(52% and 12% respectively, table 4) was even improving. During these (extended) liver 

resections, usually only one anastomosis remains to be constructed, which explains the 

highest percentage of only one (common)hepatico-jejunostomy (56%) in the last period. 

In our institution, biliary drainage generally is performed after diagnostic ERCP to 

prevent cholangitis.15 In this series, 89/111 (80%) patients underwent preoperative 

endoscopic biliary drainage. However, the place of preoperative biliary drainage in 

reducing postoperative morbidity and mortality has been discussed frequently in the 

past.25274''5' In this series, no correlation was found between the preoperative levels of 
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serum total Bilirubin, Alkaline Phosphatase and Alanine Aminotransferase or the duration 

of drainage on the one hand , and hospital morbidity and/or mortality on the other 

hand.2752 Furthermore, the high incidence of liver or intra-abdominal abscesses may be 

related to preoperatively not sufficiently drained and/ or septic liver segments. In this 

series, highest percentage of abscesses was recorded during the last period (28%), in 

which however most patients (98%) underwent preoperative biliary drainage. While 

introducing microorganisms, possible insufficient drainage could have caused these 

abscesses. In view of these facts and the now available diagnostic tools as MRCP, it is 

debatable if ERCP still should be the standard in preoperative work-up.53'55 

Under-classification during the preoperative work-up was found most frequently in 

the first and second period. The percentage adjustments of the preoperative Bismuth 

classification to definitive classification after resection, was 15/40 (38%), 18/45 (40%) and 

5/25 (20%) for the three different periods. In the majority of all patients (n=29), mainly 

during the first period, the tumor seemed to be more extended into the segmental bile 

duct branches. However, in 8 patients during resection, the tumor appeared to be less 

extended into the proximal bile ducts. This "over-grading" is probably due to the fact 

that during ERCP it was not always possible to fill the entire biliary system with contrast 

and that non-filled parts at the proximal bile duct were interpreted as tumor lesions. 

However, different diagnostic work-up with newer diagnostic tools, especially with the 

use of preoperative laparoscope led eventually to improvement of tumor staging which 

resulted in a selected group of patients with Bismuth type III tumors eligible for an 

extended resection and overall less unnecessary palliative laparotomies.222440 

During the years, we have learned that Bismuth type I and II tumors are more suitable 

for a local resection with less morbidity and mortality, as shown in the last 5-years. 

Furthermore, we have learned that for the mere purpose of achieving adequate biliary 

drainage, local resection is preferable to extensive liver resections. And finally, we have 

learned that vascular resections for proximal bile duct tumors have to be abandoned. 

The ultimate benefit of performing more extended resections for type III tumors in the 

last period, at the cost of still high mortality, has to be shown in the survival rates, which 
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are not processed in this analysis because of too short follow-up. The survival of the first 

79 patients of this series was reported previously.''' In this series, pre-operative Bismuth 

classification, absence of multifocality, diploid type tumors and negative proximal bile 

duct margins at histopathological examination, were found to be the only significant 

prognostic factors for long-term survival. Correlation between long-term survival and 

type of resection (local resection vs. local resection in combination with hemi-hepatectomy) 

was not statistically significant (P>0.6) 

In conclusion, more (extended) liver resections for type III tumors during the last 

period, resulted in an increased rate of tumor-margin free resections, at the cost of higher 

procedure related hospital morbidity and mortality. Owing to better preoperative work -

up, resulting in a better preoperative diagnosis and operative plan, unnecessary palliative 

resections were less frequently performed during the last period. This, in combination 

with significantly better results after local resections during the last period, resulted in 

lower overall hospital morbidity and mortality rates than the two preceding periods. 

However, these rates were not significantly different and therefore it remains to be seen 

if indeed in the future, when also taking into account the latest survival rates, present-

day management of Klatskin tumors will yield the expected benefits. 

Acknowledgement 

The authors wish to thank N.J.Lygidakis, M.D., M.N. van der Heyde, M.D. and P.C. Verbeek, 

M.D., for their contributions to the series of patients described in this study. 

5 2 EVALUATION OF MORBIDITY AND MORTALITY AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA CHAPTER 2 



Reference list 

1. Klatskin G. Adenocarcinoma of the hepatic duct at its bifurcation within the porta hepatis. An unusual 

tumor with distinctive clinical and pathological features. American journal of medicine 1965; 38:241-256. 

2. Beazley RM. Hadjis N, Benjamin IS, Blumgart LH. Clinicopathological aspects of high bile duct cancer. 

Experience with resection and bypass surgical treatments. Ann.Surg. 1984; 199:623-636. 

3. Blumgart LH, Hadjis NS, Benjamin IS, Beazley R. Surgical approaches to cholangiocarcinoma at confluence 

of hepatic ducts. Lancet 1984; 1:66-70. 

4. Ottow RT, August DA, Sugarbaker PH. Treatment of proximal biliary tract carcinoma: an overview of 

techniques and results. Surgery 1985; 97:251-262. 

5. Iida S, Tsuzuki T, Ogata Y, Yoneyama K, Iri H, Watanabe K. The long-term survival of patients with carcinoma 

of the main hepatic duct junction. Cancer 1987; 60:1612-1619. 

6. Bismuth H, Nakache R, Diamond T. Management strategies in resection for hilar cholangiocarcinoma. 

Ann.Surg. 1992; 215:31-38. 

7. Bengmark S, Ekberg H, Evander A, Klofver-Stahl B , Tranberg KG. Major liver resection for hilar cholangio

carcinoma. Ann.Surg. 1988; 207:120-125. 

8. Boerma EJ. Research into the results of resection of hilar bile duct cancer. Surgery 1990; 108:572-580. 

9. Cameron JL, Pitt HA, Zinner MJ, Kaufman SL, Coleman J. Management of proximal cholangiocarcinomas 

by surgical resection and radiotherapy. Am.J.Surg. 1990; 159:91-97. 

10. Stain SC, Baer HU, Dennison AR, Blumgart LH. Current management of hilar cholangiocarcinoma. 

Surg.Gynecol.Obstet. 1992; 175:579-588. 

11. Yeo CJ, Pitt HA, Cameron JL. Cholangiocarcinoma. Surg.Clin.North Am. 1990; 70:1429-1447. 

12. Hadjis NS, Blenkharn JI, Alexander N, Benjamin IS , Blumgart LH. Outcome of radical surgery in hilar 

cholangiocarcinoma. Surgery 1990; 107:597-604. 

13. Helling TS. Carcinoma of the proximal bile duct. JAm.Coll.Surg. 1994; 178:97-106. 

CHAPTER 2 EVALUATION OF MORBIDITY AND MORTALITY AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA 53 



14. Bismuth H, Corlette MB. Intrahepatic cholangioenteric anastomosis in carcinoma of the hilus of the liver. 

Surg.Gynecol.Obstet. 1975; 140:170-178. 

15. Mizumoto R. Kawarada Y. Suzuki H. Surgical treatment of hilar carcinoma of the bile duct. 

Surg.Gynecol.Obstet. 1986; 162:153-158. 

16. Childs T. Hart M. Aggressive surgical therapy for Klatskin tumors. Am.J.Surg. 1993; 165:554-557. 

17. Klempnauer J, Ridder GJ, Wasielewskie von WR, Werner M, Weimann A, Pichlmayr R. Resectional surgery 

of hilar cholangiocarcinoma: a multivariate analysis of prognostic factors. J.Clin.Oncol. 1997; 15:947-954. 

18. Lygidakis NJ. Van der Heyde MN, van Dongen RJ, Kromhout JG. Tytgat GN. Huibregtse K. Surgical approaches 

for unresectable primary carcinoma of the hepatic hilus. Surg.Gynecol.Obstet. 1988; 166:107-114. 

19. Lai EC, Tompkins RK, Mann LI.. Roslyn JJ. Proximal bile duct cancer. Quality of survival. Ann.Surg. 1987; 

205:111-118. 

20. Gerhards Ml', Gulik van TM. Bosnia A. Hoopen ten-Neumann H, Verbeek PC, Gonzalez GD, et al. Long-term 

survival after resection of proximal bile duct carcinoma (Klatskin Tumours). World J.Surg. 1999; 23:91-96. 

21. Tio TL, Reeders JW, Sie LH, Wijers OB, Maas JJ. Colin EM, et al. Endosonography in the clinical staging of 

Klatskin tumor. Endoscopy 1993; 25:81-85. 

22. Delden van O, Wit de LTh , Nieveen van Dijkum EJ. Smits NJ, Gouma DJ, Reeders JW. Value of laparoscopic 

ultrasonography in staging of proximal bile duct tumors. Journal of Ultrasound in Medicine 1997: 16:7-12. 

23. Gibson RN, Yeung E, Thompson JN, Carr DH, Hemingway AP. Bradpiece HA, et al. Bile duct obstruction: 

radiologic evaluation of level, cause, and tumor resectability. Radiology 1986; 160:43-47. 

24. Hul van der RL, Plaisier PW, Lameris JS, Veeze-Kuijpers B, van, Blankenstein M, et al. Proximal cholangio

carcinoma: a multidisciplinary approach. European Journal of Surgery 1994: 160:213-218. 

25. Hoopen ten-Neumann H, Gerhards MF. Gulik van TM, Bosnia A, Verbeek PC, Gouma DJ. The occurrence of 

implantation metastases after resection of Klatskin tumors. Dig Surg 1999; 16:209-213 

5 4 EVALUATION OF MORBIDITY AND MORTALITY AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA CHAPTER 2 



26. Lameris JS, Hesselink EJ, Leeuwen van LP, Nijs HG, Meerwaldt JH, Terpstra OT. Ultrasound-guided per

cutaneous transhepatic cholangiography and drainage in patients with hilar cholangiocarcinoma. 

Semin.Liver Dis. 1990; 10:121-125. 

27. Su CH, Tsay SH, Wu CC, Shyr YM, King KL, Lee CH, et al. Factors influencing postoperative morbidity, mor

tality, and survival after resection for hilar cholangiocarcinoma. Ann.Surg. 1996; 223:384-394. 

28. Buskirk SJ, Gunderson LL, Schild SE, Bender CE, Williams HJ, Jr., Mcllrath DC, et al. Analysis of failure 

after curative irradiation of extrahepatic bile duct carcinoma. Ann.Surg. 1992; 215:125-131. 

29. Iwasaki Y, Okamura T, Ozaki A, Todoroki T, Takase Y, Ohara K, et al. Surgical treatment for carcinoma at 

the confluence of the major hepatic ducts. Surg.Gynecol.Obstet. 1986; 162:457-464. 

30. Koyama K, Tanaka J, Kato S, Asanuma Y. New strategy for treatment of carcinoma of the hilar bile duct. 

Surg.Gynecol.Obstet. 1989; 168:523-530. 

31. Nimura Y. Hayakawa N, Kamiya J, Kondo S, Shionoya S. Hepatic segmentectomy with caudate lobe 

resection for bile duct carcinoma of the hepatic hilus. World J.Surg. 1990; 14:535-543. 

32. Ogura Y, Kawarada Y. Surgical strategies for carcinoma of the hepatic duct confluence. Br.J.Surg. 1998: 

85:20-24. 

33. Tashiro S, Tsuji T, Kanemitsu K, Kamimoto Y, Hiraoka T, Miyauchi Y Prolongation of survival for carcinoma at 

the hepatic duct confluence. Surgery 1993; 113:270-278. 

34. Bosma A. Surgical pathology of cholangiocarcinoma of the liver hilus (Klatskin tumor). Semin.Liver Dis. 

1990; 10:85-90. 

35. Ahrendt SA. Cameron JL, Pitt HA. Current management of patients with perihilar cholangiocarcinoma. 

Advances in Surgery 1996; 30:427-452. 

36. Cameron JL. Skinner DB, Zuidema GD. Long term transhepatic intubation for hilar hepatic duct strictures. 

Ann.Surg. 1976; 183:488-495. 

37. Ogura Y, Mizumoto R, Tabata M, Matsuda S. Kusuda T. Surgical treatment of carcinoma of the hepatic 

duct confluence: analysis of 55 resected carcinomas. World J.Surg. 1993; 17:85-92. 

CHAPTER 2 EVALUATION OF MORBIDITY AND MORTALITY AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA 55 



38. Guthrie CM, Haddock G, De BA, Garden OJ, Carter DC. Changing trends in the management of extra-

hepatic cholangiocarcinoma. Br.J.Surg. 1993; 80: 1434-1439. 

39. Madariaga JR, Iwatsuki S. Todo S, Lee RG, Irish W, Starzl TE. Liver resection for hilar and peripheral 

cholangiocarcinomas: a study of 62 cases. Ann.Surg. 1998; 227:70-79. 

40. Tompkins RK, Saunders K, Roslyn JJ, Longmire WP, Jr. Changing patterns in diagnosis and management 

of bile duct cancer. Ann.Surg. 1990: 211:614-620. 

41. Evander A, Ihse I, Lunderquist A, Tylen U, Akerman M. Percutaneous cytodiagnosis of carcinoma of the 

pancreas and bile duct. Ann.Surg. 1978; 188:90-92. 

42. Pichlmayr R, Ringe B. Lauchart W, Bechstein WO, Gubernatis G. Wagner E. Radical resection and liver 

grafting as the two main components of surgical strategy in the treatment of proximal bile duct cancer. 

World J.Surg. 1988; 12:68-77. 

43. Mizumoto R. Suzuki H. Surgical anatomy of the hepatic hilum with special reference to the caudate lobe. 

World J.Surg. 1988; 12:2-10. 

44. Heyde van der MN, Verbeek PC, Lygidakis NJ. Decision-making in the treatment of patients with malignant 

proximal bile duct obstruction. Semin.Liver Dis. 1990; 10:145-148. 

45. Gulik van T. Rauws EA, Gonzalez GD, Smits NJ, Bosnia A, Gouma DJ, et al. Pre- and postoperative irradia

tion in the treatment of resectable Klatskin tumours. Ned.Tijdschr.Geneeskd. 1997; 141:1331-1337. 

46. Pitt HA, Gomes AS, Lois JF, Mann LL, Deutsch I.S, Longmire WP, Jr. Does preoperative percutaneous biliary 

drainage reduce operative risk or increase hospital cost?. Ann.Surg. 1985: 201:545-553. 

47. Pichlmayr R, Weimann A, Klempnauer J, Oldhafer KJ , Maschek H, Tusch G, et al. Surgical treatment in 

proximal bile duct cancer. A single-center experience. Ann.Surg. 1996; 224:628-638. 

48. Miyagawa S. Makuuchi M, Kawasaki S. Outcome of extended right hepatectomy after biliary drainage in 

hilar bile duct cancer. Arch.Surg. 1995; 130:759-763. 

49. Nagino M, Nimura Y, Kamiya J, Kanai M, Uesaka K. Surgical treatment of hilar cholangiocarcinoma. 

Nippon Geka Gakkai Zasshi 1997: Journal of Japan Surgical Society. 98:491-494. 

56 



50. Kanai M, Nimura Y, Kamiya J, Kondo S, Nagino M, Miyachi M, et al. Preoperative intrahepatic segmental 

cholangitis in patients with advanced carcinoma involving the hepatic hilus. Surgery 1996; 119:498-504. 

51. Karsten TM, Allema JH, Reinders M, van GT, de WL, Verbeek, et al. Preoperative biliary drainage, colonisation 

of bile and postoperative complications in patients with tumours of the pancreatic head: a retrospective 

analysis of 241 consecutive patients. European Journal of Surgery 1996; 162:881-888. 

52. Little JM. A prospective evaluation of computerized estimates of risk in the management of obstructive 

jaundice. Surgery 1987; 102:473-476. 

53. Lee MG, Lee HJ, Kim MH, Kang EM, Kim YH, Lee SG, et al. Extrahepatic biliary diseases: 3D MR cholangio

pancreatography compared with endoscopic retrograde cholangiopancreatography. Radiology 1997; 

202:663-669. 

54. Fulcher AS, Turner MA. HASTE MR cholangiography in the evaluation of hilar cholangiocarcinoma. 

Am.J.Roentgenol. 1997; 169:1501-1505. 

55. Liu CL, Lo CM , Lai EC, Fan ST. Endoscopic retrograde cholangiopancreatography and endoscopic endo

prosthesis insertion in patients with Klatskin tumors. Arch.Surg. 1998; 133:293-296. 

CHAPTER 2 EVALUATION OF MORBIDITY AND MORTALITY AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA 57 



58 


