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ABSTRACT 
Background.  Failure to rescue (FTR) is defined as the 
inability to prevent death after the development of a com-
plication. FTR is a parameter in evaluating multidisciplinary 
postoperative complication management. The aim of this 
study was to evaluate FTR rates after major liver resection 
for perihilar cholangiocarcinoma (pCCA) and analyze fac-
tors associated with FTR.
Patients and Method.  Patients who underwent major liver 
resection for pCCA at 27 centers were included. FTR was 
defined as the presence of a Dindo grade III or higher com-
plication followed by death within 90 days after surgery. 
Liver failure ISGLS grade B/C were scored. Multivariable 
logistic analysis was performed to identify predictors of FTR 
and reported using odds ratio and 95% confidence intervals.
Results.  In the 2186 included patients, major morbidity rate 
was 49%, 90-day mortality rate 13%, and FTR occurred in 
24% of patients with a grade III or higher complication. 
Across centers, major complication rate varied from 19 to 
87%, 90-day mortality rate from 5 to 33%, and FTR ranged 
from 11 to 50% across hospitals. Age [1.04 (1.02–1.05) 
years], ASA 3 or 4 [1.40 (1.01–1.95)], jaundice at presenta-
tion [1.79 (1.16–2.76)], right-sided resection [1.45 (1.06–
1.98)], and annual hospital volume < 6 [1.44 (1.07–1.94)] 
were positively associated with FTR. When liver failure is 
included, the odds ratio for FTR is 9.58 (6.76–13.68).
Conclusion.  FTR occurred in 24% of patients after resec-
tion for pCCA. Liver failure was associated with a nine-fold 
increase of FTR and hospital volume below six was also 
associated with an increased risk of FTR.

Perihilar cholangiocarcinoma (pCCA) is a cancer arising 
of the extrahepatic bile duct, usually involving the biliary 
confluence. Often pCCA involves the portal vein (branches) 
or hepatic artery, and radical resection mostly necessitates 
a combination of resection of the bile ducts with (extended) 
hepatic resection, sometimes with vascular reconstruction.1 
These procedures have a high rate of morbidity (overall com-
plication rate 57% and major complication rate 40%) and a 
90-day mortality of 10–18%.2

There is a growing demand for comparable and trans-
parent health care outcomes that can help to compare the 
quality of care provided by different hospitals. In surgical 
oncology, numerous studies have attempted to clarify fac-
tors that may be important in comparing quality of hospi-
tals, such as mortality, length of stay, costs per patient and 

hospital volume.3,4 Mortality is an often used performance 
indicator for surgical quality, but the incidence is low and 
dependent on multiple factors. These include patient factors 
such as age, tumor factors, preoperative management, surgi-
cal factors, postoperative complications, and their manage-
ment. Failure to rescue (FTR) is defined as the death of a 
patient due to a major postoperative complication and has 
shown to be the main determinant for differences in mortal-
ity between hospitals rather than differences in complication 
rates.5 Parameters like FTR can be a quality parameter on 
how major complications are managed by the multidiscipli-
nary team.5–7

Variations in mortality between hospitals after pCCA sur-
gery may be explained by differences in patient selection, 
preoperative management (i.e., biliary drainage and portal 
vein embolization), the extent of surgery (i.e., the size of 
the liver remnant and vascular reconstructions performed), 
and surgical technique. Differences in FTR, rather than only 
the incidence of major complications, is an additional fac-
tor that can explain differences in postoperative mortality.8 
Factors associated with the occurrence of FTR may include 
properties of the hospital and its organization; in particu-
lar patient volume and the presence of a multidisciplinary 
team for early detection and management of complications. 
This requires both expertise and teamwork of all special-
ties involved; nursing, surgical residents, gastroenterologists 
for endoscopic reinterventions, intensivists, and interven-
tion radiologists for percutaneous reinterventions.9 FTR is 
especially relevant in pCCA surgery, due to the complex 
and abundant (major) complications including liver failure, 
cholangitis, bile leakage, and intra-abdominal infections, 
often inducing organ failure that requires multiple invasive 
interventions in a multidisciplinary approach.10

The objective of this study was to evaluate FTR rates 
after major liver resection for pCCA and analyze factors 
associated with FTR.

PATIENTS AND METHODS

Patients

The need for ethical approval and individual informed 
consent was waived by the Institutional Medical Ethics 
Committee of the Amsterdam UMC. All patients undergo-
ing a resection for pCCA were included in this study, except 
patients who had only undergone an extrahepatic bile duct 
resection, explorative laparotomy, or a liver transplantation. 
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The definition of pCCA was a pathology proven or suspicion 
of a malignant biliary tumor originating at the hepatic ductal 
confluence between the segmental bile ducts and cystic duct. 
Patients who underwent resections for presumed pCCA were 
included from 27 participating centers collaborating in an 
international research group, the Perihilar Cholangiocarci-
noma Collaboration Group. All centers included a consecu-
tive series of patients operated between 2000 and 2023, but 
the inclusion period was not standardized across centers.

Data Collection

Data were retrospectively collected by health care profes-
sionals per center independently. Length of follow-up was at 
least 90 days after surgery. Retrieved baseline characteristics 
were age, sex, ASA classification, jaundice prior to opera-
tion, biliary drainage, preoperative cholangitis, Bismuth 
classification, resection type, and vascular reconstruction.

Outcome Parameters

All complications within 90 days after surgery were 
scored and classified according to the Dindo classifica-
tion system, with grade III or higher considered as major 
complication. Perioperative mortality was defined as death 
within 90 days after surgery. The definition for FTR was 
death within 90 days after surgery in the presence of a major 
complication. Overall survival was defined as the time 
between surgery and death, or date of last follow-up. Pre-
operative cholangitis was defined as fever and leukocytosis 
requiring (additional) biliary drainage. Major liver resection 
was defined as resection of at least three Couinaud’s liver 
segments11. R0 resection margins were defined as tumor-free 
margins in all reported margins in the respective pathol-
ogy reports. Hemorrhage, liver failure and biliary leak-
age were scored and classified according to the respective 
International Study Group of Liver Surgery (ISGLS) crite-
ria, and only grades B and C were considered as clinically 
relevant.12–14

Hospitals were grouped into quartiles of the 90-day post-
operative mortality rate. The rates of FTR and major com-
plications were compared between these quartiles (groups).

Predictive Factors for Failure to Rescue

Potential predictive factors for FTR were explored in 
logistical regression analysis were sex, age, ASA classifica-
tion, BMI, jaundice at presentation, preoperative cholangitis, 
biliary drainage, Bismuth classification, portal vein embo-
lization, bilirubin level at surgery, the type of resection, the 
year of surgery, and hospital volume, categorized in < 6 or 
≥ 6 resections a year (based on annual median center volume 

in the cohort). A model with and without the addition of the 
variable postoperative liver failure was used.

Statistical Analysis

Continuous data when normally distributed, were pre-
sented as a median with interquartile range as appropriate. 
Categorical data were presented as a frequency with per-
centage. A chi-squared test was used to compare categorical 
variable and Kruskall–Wallis or Mann–Whitney U tests for 
continuous variables.

Predictors of FTR were assessed in a standard multivaria-
ble logistic regression. Characteristics with a P value < 0.20 
in a univariable analysis were entered into the multivariable 
model. Outcomes of the multivariable analysis were reported 
as odds ratio (OR) with the corresponding 95% confidence 
interval (CI). Two-sided P values < 0.05 were considered 
statistically significant. All statistical analysis were per-
formed using SPSS (version 28.0 IBM, Chicago, IL).

RESULTS

Patients and Outcomes

Out of 2492 patients who underwent surgery for suspected 
pCCA, 266 patients were excluded from further analyses; 
70 did not undergo complete resection and 198 underwent 
only extrahepatic bile duct resection. The median number of 
patients included per center was 76 (44–95). Patients from 
centers with less than 30 inclusions were excluded (n = 38). 
The remaining 2186 patients were included in the analyses.

The median age was 65 (57–72) years and 1283 patients 
(59%) were male (Table 1). Preoperative biliary drainage 
was performed in 1802 patients (83%) and 466 (20%) expe-
rienced at least one episode of preoperative cholangitis. Pre-
operative portal vein embolization was performed in 787 
patients (10%). The most frequently performed resection was 
extended right hepatectomy in 726 patients (33%), followed 
by left hepatectomy in 635 patients (29%), and right hepa-
tectomy in 392 patients (18%).

Complications and Mortality

A total of 1069 (49%) patients experienced a major com-
plication and 275 (13%) patients died within 90 days after 
surgery. After a major complication, 260 patients died within 
90 days, corresponding to an overall FTR rate of 24%.

The major complication rate varied from 19 to 87% 
between hospitals and the 90-day mortality rate varied from 
5 to 33%. The FTR ranged from 11 to 50% between hospi-
tals. When centers were categorized into four quartiles based 
on 90-day mortality rate, the 90-day morality rates of the 
quartiles are 8%, 11%, 14%, and 21% (Fig. 1A). The major 
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complication, FTR, and liver failure rates in these hospital 
quartiles are shown in Fig. 1B–D.

Outcomes Based on Hospital Volume

The median annual hospital volume was 6 (4–7) patients. 
Hospitals that performed six or more resection per year 
were classified as high volume. The 90-day mortality rate 
was 12% in the high and 14% in the low volume hospitals 
(P = 0.059), while major morbidity rates were 51% and 46%, 

respectively (P = 0.040). This corresponded to an FTR rate 
of 23% in the high and 27% in the low volume hospitals 
(P = 0.078). Liver failure occurred in 17% of the patients 
operated by high and 11% in those in the low volume hos-
pitals (P < 0.001).

Factors Associated with FTR

At univariable analysis, age, ASA score of 3 or 4, jaun-
dice at presentation, and right-sided liver resection were 
associated with FTR (Table 2). When included in the mul-
tivariable analysis, age, male sex, jaundiced at presentation, 
right-sided liver resection, and annual hospital volume ≤ 6 
were individually associated with higher FTR (Table 2). 
When postoperative liver failure (grade B/C) was included 
in the multivariable analysis, jaundiced at presentation and 
right-sided liver resection lost their statistical significance, 
but liver failure was associated with an odds ratio for FTR 
of 9.58 (6.76–13.68).

DISCUSSION

In this study of 2186 patients who underwent major liver 
resection for pCCA, major complication rate was 49%, 
90-day mortality rate 13%, and FTR occurred in 24%. In a 
multivariate analysis for FTR, older patients, male patients, 
patients jaundiced at presentation, patients who underwent 
right-sided liver resection, and patients operated in a low 
volume center were at greater risk of FTR. Liver failure 
dominates the risk of FTR when included in the analysis.

FTR is increasingly used as a quality measure of sur-
gery and is used to compare the outcomes of postopera-
tive care across hospitals.15,16 It is hypothesized that early 

TABLE 1   Baseline 
characteristics of patients 
who underwent major 
liver resection for Perihilar 
cholangiocarcinoma for those 
without complications, no 
failure to rescue and failure to 
rescue

Full cohort N = 2186 No FTR N = 809 FTR N = 260 P value

Age, median (IQR) 65 (57–72) 64 (55–72) 68 (61–74) < 0.001
Male sex, n (%) 1283 (59) 472 (58) 63.5 (64) 0.244
ASA 3/4, n (%) 833 (38) 285 (35) 112 (43) 0.003
Bismuth Type IV, n (%) 554 (25) 220 (27) 67 (26) 0.047
Jaundiced at presentation, n (%) 1740 (80) 618 (76) 217 (84) 0.002
Biliary drainage, n (%) 1802 (82) 696 (86) 231 (89) < 0.001
Preoperative cholangitis, n (%) 466 (21) 198 (25) 74 (29) < 0.001
Portal vein embolization, n (%) 430 (20) 193 (24) 73 (28) < 0.001
Right liver resection, n (%) 1118 (51) 457 (57) 172 (66) < 0.001
Extended liver resection, n (%) 1076 (49) 439 (54) 154 (59) < 0.001
Caudate lobe resection, n (%) 1614 (74) 593 (73) 199 (77) 0.566
Portal vein reconstruction, n (%) 787 (36) 313 (39) 110 (42) < 0.001
Hepatic artery reconstruction, n (%) 83 (4) 37 (5) 11 (4) 0.825
Liver failure, ISGLS grade B/C, n (%) 323 (15) 128 (16) 156 (60) < 0.001
Bile leakage, ISGLS grade B/C, n (%) 432 (20) 325 (40) 66 (25) < 0.001
Hemorrhage, ISGLB grade B/C, n (%) 212 (10) 91 (11) 61 (23) < 0.001
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quartiles based on 90-day mortality rate. B Major complication, C 
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recognition and treatment of complications can reduce 
mortality.17 While complications are usually associated 
with mortality rates, FTR has been shown to account for 
a large part of mortality differences among hospitals.18 
Prospective research supports this, such as the PORSCH 
trial in which an algorithm assisted in the early detection 
and treatment of pancreatic fistula after pancreatic resec-
tion and by that reduced 90-day mortality from 5 to 3%.19

The only other study to evaluate FTR in pCCA showed 
a FTR rate of 24%, comparable with the 24% in the current 
study.8 This study identified age above 65 years and right 
liver resection as predictive factors for FTR. These were 
also associated with FTR in this study along with sev-
eral others, most likely due to the higher statistical power. 
When liver failure is included, jaundiced at presentation 
and right-sided liver resection no longer reach statistical 
significance in the multivariable analysis, most likely due 
to the higher probability of liver failure in the presence of 
these factors.20 The clear association of right-sided liver 
resection and liver failure with FTR is again a sign that 
preoperative estimation of postoperative liver function is 
essential, since there is no effective treatment for postop-
erative liver failure.21 It is essential to minimize the risk of 
(primary) liver failure by preoperative work up, and selec-
tion of patients for preoperative liver regenerative proce-
dures or liver transplantation as alternative to resection. 
Remnant liver volume of at least 40%, a liberal approach 

to portal vein embolization, and quantitative liver function 
testing are all suggested to aid preoperative selection.22–25

Other larger studies including liver resection for all indi-
cations have identified hospital volume as an important 
predictor of FTR.26–29 All these papers report lower FTR 
rates in either higher volume centers or with higher surgeon 
volume. In the current study on resections for pCCA, annual 
hospital volume of six or more procedures was also asso-
ciated with lower FTR. Liver surgery for pCCA is among 
the most high-risk procedures of any elective cancer sur-
gery. The treatment of pCCA harbors challenges in accurate 
diagnosis and staging,30 biliary drainage and its associated 
complications,31 and the preoperative optimization of the 
future liver remnant volume and function.32,33 Therefore, it 
is likely that increasing experience in the treatment of pCCA 
will improve outcomes and the treatment should be concen-
trated in a limited number of centers. It seems reasonable 
to assume that adequate detection and timely treatment of 
adverse events is difficult when these procedures are per-
formed less than once every two months.34 Experience with 
other hepatopancreatobiliary procedures will likely help to 
reduce FTR rates. 35

When based on the 90-day mortality quartiles, the hospi-
tals in Q2 have similar major complications compared with 
Q1, but higher mortality, suggesting that these centers need 
to improve FTR by managing the complications. Aggres-
sive treatment of infection and a low threshold to perform 

TABLE 2   Uni- and multivariable analysis to identify factors associated with failure to rescue after major liver resection for perihilar cholangio-
carcinoma

Univariable Multivariable model 1 Multivariable model 2

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, (per year increase) 1.04 (1.02–1.05) < 0.001 1.04 (1.02–1.05) < 0.001 1.05 (1.03–1.07) < 0.001
Male sex 1.24 (0.93–1.66) 0.144 1.24 (0.92–1.67) 0.159 1.42 (1.01–1.98) < 0.043
ASA 3/4 1.62 (1.19–2.21) 0.002 1.40 (1.01–1.95) 0.043 1.26 (0.86–1.84) 0.234
BMI 1.01 (0.99–1.02) 0.588
Jaundiced at presentation 1.69 (1.12–2.57) 0.013 1.79 (1.16–2.76) 0.009 1.47 (0.91–2.37) 0.118
Biliary drainage 1.29 (0.84–2.00) 0.246
Preoperative cholangitis 1.29 (0.94–1.78) 0.112 1.23 (0.88–1.71) 0.225 1.12 (0.78–1.62) 0.544
Bismuth type IV versus I/II/III 0.94 (0.69–1.29) 0.708
Portal vein embolization 1.22 (0.89–1.67) 0.227
Bilirubin at surgery ≥ 50 µmol/L 1.25 (0.88–1.77) 0.219
Right-sided liver resection 1.51 (1.12–2.02) 0.006 1.45 (1.06–1.98) 0.020 1.06 (1.74–1.50) 0.762
Extended liver resection 1.22 (0.92–1.63) 0.161 1.17 (0.85–1.62) 0.332 1.09 (0.76–1.55) 0.636
Caudate lobe resection 1.18 (0.83–1.69) 0.363
Portal vein reconstruction 1.24 (0.93–1.66) 0.145 1.11 (0.81–1.52) 0.527 1.23 (0.87–1.76) 0.245
Hepatic artery reconstruction 0.91 (0.48–1.92) 0.906
Surgery after the year 2010 1.01 (0.75–1.34) 0.968
Annual hospital volume ≤ 6 0.76 (0.57–1.01) 0.060 1.44 (1.07–1.94) 0.017 1.95 (1.39–2.75) < 0.001
Liver failure, ISGLS grade B/C 7.94 (5.81–10.84) < 0.001 9.58 (6.76–13.68) < 0.001
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postoperative imaging studies might help to lower FTR, as 
has been shown in patients undergoing pancreatic surgery.19 
The higher mortality in Q3 and Q4 seems related to the 
higher liver failure incidence, which suggests the improve-
ments from these centers should come from preoperative 
selection of patient optimization. Besides the testing and 
optimization of the future remnant liver, avoiding biliary 
drainage in case of a large remnant and avoiding cholan-
gitis in case of biliary drainage could help to reduce mor-
bidity.36 Aggressive management infection could also help 
to avoid secondary liver failure, in which a vulnerable but 
sufficient liver is stressed by a complication and can lead to 
liver failure.25

This study has several limitations including the possible 
selection due to its retrospective nature. The timing of com-
plications and data on the management of complications was 
not available. Therefore, it could not be shown whether the 
management strategy of complications influenced FTR. In 
addition, while 90-day mortality is an objective outcome, 
the scoring and grading of complications like liver failure is 
somewhat subjective, despite the ISGLS criteria. Therefore, 
the interobserver variability might have influenced the dif-
ferences in liver failure rates between centers. In addition, 
to assess hospital volumes only, the number of resections 
for pCCA was used, not taking into account the volume and 
experience with other (major) liver surgery. Nevertheless, 
the used multicenter database is among the largest existing 
and this report is the first to investigate the hospital differ-
ences in FTR.

In conclusion, the FTR rate was 24% meaning almost one 
out of every four patients who experience a major complica-
tion after major liver resection for pCCA dies. Risk factors 
for FTR include higher age, males, ASA 3 or 4, jaundiced 
at presentation, right-sided resections, as well as an annual 
hospital volume below six procedures. Considering the 
rarity of the disease and complexity in the management of 
pCCA this is an argument to concentrate on the treatment 
of pCCA. The risk of FTR after major liver resection for 
pCCA is dominated by liver failure, which emphasizes the 
need for preoperative risk assessment and optimization of 
the function and size of the future liver remnant.
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