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Background: The aim of this study was to investigate the incidence and risk factors of primary and
secondary liver failure after major liver resection for perihilar cholangiocarcinoma.
Methods: All patients who underwent a major liver resection for presumed perihilar cholangiocarcinoma
between 2000 and 2020 at 2 tertiary-referral hospitals were included. Liver failure was defined according
to the International Study Group for Liver Surgery criteria, and only grade B/C was considered clinically
relevant. Primary liver failure was defined as failure without any underlying postoperative cause, and
secondary liver failure was defined as liver failure with an onset after an underlying postoperative
complication as a cause.
Results: The incidence of liver failure and 90-day mortality were 20.9% and 17.0% in the 253 included
patients, respectively. The incidences of primary liver failure was 9.1% and secondary liver failure was
11.9%. Abdominal sepsis, portal vein thrombosis, and arterial thrombosis were the most frequent causes.
The absence of preoperative remnant liver assessment and blood loss were independent risk factors for
primary liver failure. Independent risk factors for secondary liver failure were Eastern Cooperative
Oncology group performance status, percutaneous biliary drainage, and preoperative cholangitis.
Conclusion: Liver failure after major liver resection for perihilar cholangiocarcinoma occurred in 1 of
every 5 patients. The proposed subdivision into primary and secondary liver failure could help to un-
derstand differences in outcomes between centers and help to reduce liver failure.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
Introduction

Radical resection of perihilar cholangiocarcinoma (pCCA)mostly
requires extrahepatic bile duct resection combined withmajor liver
resection.1,2 The operative risks associated with this type of surgery
is among the highest of any elective procedure in oncological sur-
gery. Even in experienced centers, mortality can reach up to 18%.3
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Most of these fatalities can be attributed to postoperative liver
failure (LF).

There is no effective treatment available for postoperative LF
after resection of pCCA, and, consequently, this leads to high mor-
tality rates.4 Adequate preoperative patient selection and work up
is therefore important to determine the risk of postoperative LF.
Assessment of future liver remnant liver volume is the most com-
mon modality to assess the risk of LF, however, no uniform vali-
dated cut-off is available predicting a safe resection.5 Assessment of
future liver remnant liver function using indocyanine green
retention tests or mebrofenin hepatobiliary scintigraphy (HBS) are
gaining interest.6,7 Both assessment of future liver remnant volume
and function can be used to guide the decision to perform preop-
erative portal vein embolization to induce growth of the future
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remnant liver and reduce LF.5,7e9 Despite these efforts, LF and
postoperative mortality remain high after resection of pCCA.8,9

Beside numerous patient factors (eg, cirrhosis and advanced
age), several intraoperative (eg, excessive blood loss) and post-
operative events (eg, intra-abdominal infection) have been linked
to an increased risk of postoperative LF.10 To date, there is no
classification of postoperative LF, while the clinical presentation
can be diverse. It is likely that LF with a rapid and fulminant onset
after liver resection is solely due to a small liver remnant. These
events can likely be prevented with portal vein embolization or
more parenchymal-sparing resection.11 This type of LF can be
termed primary LF. In contrast, the initial recovery can be un-
eventful, but LF can be induced late after postoperative complica-
tions in the weeks after surgery, for instance, after portal
thrombosis or infectious complications.4 This can be termed sec-
ondary LF. This type of LF is likely not prevented by portal vein
embolization but rather by minimizing failure-to-rescue through
aggressive diagnosis and management of postoperative complica-
tions. To date, these types of LF have been combined in literature,
and reports on the subtypes have not been published.

The aim of this study was to propose a definition for primary
and secondary LF and to investigate the incidence and risk factors of
primary and secondary postoperative LF after major liver resection
for pCCA.

Methods

All patients who underwent resection of presumed pCCA be-
tween January 2000 and March 2020 at 2 tertiary referral hospitals
(Amsterdam University Medical Centers [UMC], location Academic
MC, and Erasmus MC) were included. Data was obtained from
prospective databases. The need for ethical approval and individual
informed consent was waived by the medical ethics committee at
the Amsterdam UMC, location Academic MC.

Patient work-up and management was similar in both centers
and was described previously.4,12 Assessment of future liver
remnant function has been performed routinely using HBS using
technetium labeled mebrofenin at the Amsterdam UMC, location
AMC since 2000.7,13 Computed tomographyevolumetric assess-
ment of the future remnant liver had been performed in conjunc-
tion with HBS until 2010, after which volumes were measured in
selected patients. As of 2016, liver volume measurement has not
been part of the standard work-up anymore.8 At the Erasmus MC,
future liver remnant volume assessment was performed for most
patients who were scheduled for an extended right hemi-
hepatectomy. Liver volume measurements were performed only
after embolization. Liver biopsy was performed in case of possible
liver cirrhosis. Portal vein embolizationwas considered for patients
with a remnant liver volume below 40% (Erasmus MC) or a liver
function below 2.7%/min/m2 or below 8.5%/min (AmsterdamUMC).
When the optimal resection (left or right hemihepatectomy) was
preoperatively inconclusive, portal vein embolization was not
performed.7

Liver failure (LF) subtype definitions

LF, biliary leakage, and postoperative hemorrhage were scored
and graded according to the respective International Study Group
for Liver Surgery (ISGLS) criteria, and only grades B and C were
considered clinically relevant.14e16 Secondary LF was defined as the
onset of LF grade B or C after any underlying cause or event that
could have contributed to its onset, such as compromised vascu-
lature, infection (eg, cholangitis, intra-abdominal abscess, or
pneumonia), or hypoperfusion (eg, hemorrhage). Examples could
be a patient with biliary leakage resulting in abdominal sepsis
leading to intensive care admittance and LF after a few days of
deterioration of the infection, or a patient with hepatic artery
thrombosis diagnosed day 1 after hepatectomy resulting in
ischemia and fulminant LF. Multiple causes can be present in a
single patient. LF was considered primary in the absence of these
underlying events (eg, fulminant LF starting a few days after an
extended right hemihepatectomy with a very small remnant liver).
LF was also considered primary when these events occurred after
the onset of LF, since these events are common sequelae of fulmi-
nant LF. Time of onset of LF was defined as the number of days
between surgery and the day onwhich a patient first met the ISGLS
criteria of LF grade B or C. The ISGLS definition can be met only on
or after the fifth postoperative day, when a patient meets these
criteria on the fifth postoperative day, but also fit the criteria earlier,
the earlier moment was recorded as day of onset. When patients
died before the fifth postoperative day, patients were considered to
have LF when they fit the criteria on the day of death. The defini-
tions are summarized in Table I.

Variables

Extended right liver resection was defined as the resection of
segment 4 along with a right hemihepatectomy either with or
without segment 1, and extended left liver resectionwas defined as
the extension of a left hemihepatectomy with segments 5 and 8
with or without segment 1. Eastern Cooperative Oncology Group
(ECOG) performance score was used to determine patient’s level of
function.17 Preoperative cholangitis was defined as any episode of
fever, leukocytosis, or elevated C-reactive protein, and malaise
requiring additional biliary drainage before resection.18 Post-
operative ascites was defined as drainage of at least 500 cc of ascites
during at least 3 days from the preoperatively placed drain or the
need for percutaneous ascites drainage.19 Liver ischemia was
considered minor in the case of small wedge shape ischemic areas
on postoperative imaging and major ischemia ischemic areas that
exceeded 1 liver segment.

Statistical analysis

All categorical variables were displayed as numbers with per-
centages and differences were tested using c2 analysis or Fisher
exact tests. All continuous variables with the exception of odds
ratios were displayed as medians with interquartile range, and
differences were tested using Mann-Whitney U test. Odds ratios
were displayed with 95% confidence intervals (95% CI). Univariable
and multivariable analyses were performed using logistic regres-
sion. Variables with a P value of .100 or lower at univariable ana-
lyses were included in the multivariable analyses for the LF using
backward selection. These identical variables were used with
backward selection in the multivariable analyses for primary and
secondary LF. All statistical analyses were performed using SPSS
(version 26.0, IBM, Chicago IL).

Results

During the study period, 300 patients underwent resection of
presumed pCCA. Out of these patients, 43 underwent extrahepatic
bile duct resection without liver resection and 4 patients under-
went a central liver resection with bile duct resection and were
excluded from the analysis. There was 1 death after 90 days among
the exclusions, which was a patient who underwent bile duct
resection only. The diagnoses at postoperative pathologic exami-
nation in the 253 included patients with presumed pCCA were
pCCA (n ¼ 221, 87.4%), intraductal papillary neoplasm of the bile



Table I
Summary of primary and secondary liver failure definitions

Primary liver failure Secondary liver failure

Definition ISGLS grade B/C liver failure in the absence of a major complication ISGLS grade B/C liver failure with an onset after the occurrence of a
major complication.

Day of onset The first day the ISGLB grade B/C criteria are met. When the criteria are met on day 5 as well as any earlier day, the earliest day was defined
as the day of onset

ISGLS, International Study Group for Liver Surgery.

Table II
Baseline characteristics of 200 patients without and 53 patients with liver failure after resection of presumed perihilar
cholangiocarcinoma

All patients n ¼ 253 Liver failure n ¼ 53 No liver failure n ¼ 200 P value

Age, y, median (IQR) 64 (66e70) 66 (57e71) 63 (56e70) .436
Male sex, n (%) 156 (61.7) 37 (69.8) 119 (59.5) .204
Body mass index, kg/m2, median (IQR) 25.0 (22.2e26.5) 24.8 (21.9e26.2) 25.0 (22.3e26.7) .824
ECOG performance status, n (%) .002
0 150 (59.3) 21 (39.6) 129 (64.5)
1 75 (29.6) 20 (37.7) 55 (27.5)
2 24 (9.5) 11 (20.8) 13 (6.5)
3 4 (1.6) 1 (1.9) 3 (1.5)

ASA classification, n (%) .034
I 44 (17.4) 10 (18.9) 34 (17.0)
II 158 (62.5) 26 (49.1) 132 (66.0)
III 51 (20.2) 17 (32.1) 34 (17.0)

Bismuth classification, n (%) .325
Left or right duct 15 (5.9) e 15 (7.5)
Type I 3 (1.2) e 3 (1.5)
Type II 22 (8.7) 5 (9.4) 17 (8.5)
Type IIIA 102 (40.3) 26 (49.1) 76 (38.0)
Type IIIB 60 (23.7) 10 (18.9) 50 (25.0)
Type IV 51 (20.2) 12 (22.6) 39 (19.5)

Jaundiced at presentation, n (%) 189 (74.7) 47 (88.7) 142 (71.0) .008
Initial biliary drainage type, n (%) .021
None 37 (14.6) 3 (5.7) 34 (17.0)
PTBD 38 (15.0) 13 (24.5) 25 (12.5)
EBD 178 (70.4) 37 (69.8) 141 (70.5)

Biliary drainage type, n (%) <.001
None 37 (14.6) 3 (5.7) 34 (17.0)
PTBD 32 (12.6) 13 (24.5) 19 (9.5)
EBD 113 (44.7) 14 (26.4) 99 (49.5)
Both PTBD and EBD 71 (28.1) 23 (43.4) 48 (24.0)

Preoperative cholangitis, n (%) 109 (43.1) 32 (60.4) 77 (38.5) .005
Portal vein embolization, n (%) 50 (19.8) 8 (15.1) 42 (21.0) .438
Future remnant liver assessment, n (%) 212 (83.8) 38 (71.7) 174 (87.0) .011
Volume assessment 189 (69.8) 37 (69.8) 152 (76.0) .377
Function assessment 158 (62.5) 25 (47.2) 133 (66.5) .011
Both volume and function assessment 135 (53.4) 24 (45.3) 111 (55.5) .216

Bilirubin at surgery, mmol/L, median (IQR) 14 (9e25) 20 (12e36) 13 (9e23) <.001

ASA, American Society of Anesthesiologists; EBD, endoscopic biliary drainage; ECOG, Eastern Cooperative Oncology Group; PTBD, percu-
taneous transhepatic biliary drainage; IQR, interquartile.
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duct without invasion (n ¼ 9, 3.6%), another malignancy (n ¼ 5,
2.0%), and benign disease (n ¼ 18, 7.1%).

Forty-three patients of the 253 included patients died within 90
days after surgery (17.0%, 95% CI 12.8e22.1%). Clinically relevant LF
(ie, ISGLS grade B/C) occurred in 53 patients (20.9%, 95% CI
16.4e26.4%). The 90-day mortality rate was 67.9% (n ¼ 36) among
the 53 patients that suffered from LF, compared to only 3.5% (n¼ 7)
in the patients without LF (P < .001).

Baseline characteristics are provided in Table II. Patients with LF
had worse ECOG performance scores (P¼ .002) and ASA scores (P¼
.034). The incidence of LF was associated with preoperative
percutaneous biliary drainage and preoperative cholangitis. Finally,
bilirubin levels at surgery were higher in patients that experienced
LF (P < .001). LF and mortality rates also differed among the per-
formed resection (Table III). Several intraoperative factors were
identified as risk-factors for LF and 90-day mortality
(Supplementary Table S1).
Univariable andmultivariable analyses were performed in order
to determine the parameters that were associated with LF (Table
IV). ECOG performance status, percutaneous transhepatic biliary
drainage (PTBD), no future liver remnant (FLR) assessment, right
liver resection, and blood loss greater than 2000mLwere identified
as independently associated with LF.

LF was classified as primary LF in 23 patients (43.4%) and as
secondary LF in the remaining 30 (56.6%). Mortality was similar
for primary (16/23, 69.6%) and secondary (20/30, 66.7%) LF (P ¼
1.000). The onset was faster for primary LF with a median of 21e3

days after surgery vs 94e17 days for secondary LF (P < .001). The
individual characteristics of the 23 patients with primary LF is
shown in Supplementary Table S2. In the 30 patients with sec-
ondary LF, the causes included 1 or more of the following;
abdominal sepsis (n ¼ 14), portal vein thrombosis (n ¼ 6), arterial
perfusion deficit (n ¼ 5), postoperative bleeding (n ¼ 2), hepatic
outflow obstruction (n ¼ 1), respiratory insufficiency (n ¼ 1), and



Table III
Liver failure and 90-day mortality rates according to the type of procedure performed

Liver failure, n (%) 90-day mortality, n (%)

All patients (N ¼ 253) 53 (20.9) 43 (17.0)
Left hepatectomy (n ¼ 86) 8 (9.3) 7 (8.1)
Extended left hepatectomy (n ¼ 16) 8 (50.0) 5 (31.3)
Right hepatectomy (n ¼ 60) 15 (25.0) 14 (23.3)
Extended right hepatectomy (n ¼ 91) 22 (24.2) 17 (18.7)
Portal vein reconstruction (n ¼ 66) 16 (24.2) 15 (22.7)
Hepatic artery reconstruction (n ¼ 5) 3 (60.0) 1 (20.0)
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Fig 1. (A) The incidence of primary and secondary liver failure according to the type of liver resection performed. (B) The day of onset of liver failure according to primary and
secondary liver failure subgroups across the different types of liver resections.
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myocardial infarction (n¼ 1). Seven of these patients had a second
adverse event that may have contributed to the secondary LF, and
details of the patients with secondary LF are summarized in
Supplementary Table S3. The incidence of primary and secondary
LF categorized by resection is shown in Fig 1A and by the day of
onset in Fig 1B.

Patients who did not undergo any assessment of the remnant
liver preoperatively more often suffered from primary LF (10/41;
24.4%) compared to patients who did undergo FLR assessment (13/
212, 6.1%, P ¼ .001). Out of the 23 patients with primary LF, 2 (8.7%)
had undergone preoperative portal vein embolization. In patients
who underwent right liver resection with FLR assessment, primary
LF rate was 6.9% (9/130) and secondary LF rate was 13.8% (18/130),
while after right resections without FLR assessment primary LF
incidence was 38.1% (8/21) and the secondary LF rate 9.5% (2/21) (P
< .001). Portal vein embolization before right liver resection led to a
4.1% primary LF rate (2/49) compared to 14.7% (15/102) without
portal vein embolization, with similar secondary LF rates of 13.7%
and 12.2%, respectively.

Predictors of primary LF included absence of FLR assessment
and excessive blood loss (Table V). In contrast, factors associated
with secondary LF were ECOG performance status, jaundice at
presentation, preoperative PTBD, and preoperative cholangitis.
None of the variables was predictive for both types of LF.

Several liver-related complications are associated with high
incidences of LF, such as those shown in Supplementary Table S1,
including portal vein and arterial thrombosis.

Discussion

In this study of 253 patients who underwent major liver
resection for presumed pCCA, the incidence of LF was 20.9% and the
90-day mortality was 17.0%. Of the 53 patients with LF, 23 (43.4%)
had primary LF in the absence of an underlying postoperative
cause. The most frequent causes for the 30 patients (56.6%) with
secondary LF were abdominal sepsis and thrombosis (portal or
arterial). Independent predictors of primary LF were absence of FLR
assessment and excessive blood loss, while independent predictors
of secondary LF were performance status (ECOG >0), jaundice at
presentation, preoperative PTBD, and preoperative cholangitis.

The high risks associated with resection of pCCA has fueled
studies seeking the optimal patient management strategy.
Numerous risk factors for adverse outcomes have been identified,
and several risk scores were proposed that can aid clinicians to
predict the risk of LF or mortality. Despite this vast quantity of
research, LF and mortality remain a significant issue in all Western
series, and their respective incidences have not changed much over
the last decades.3,20

The relation of remnant liver volume and function with LF is
well defined: a smaller remnant liver has less functional capacity,
which increases the risk of postoperative LF and mortality.11,13,21

The minimal volume or function of remnant liver is still a subject
of debate, especially in the presence of compromised liver paren-
chyma (ie, cirrhosis, fibrosis, steatosis, and biliary obstruction). For
pCCA, several liver volume cut-off values have been proposed to
select patients for portal vein embolization to preoperatively
enhance the future liver remnant.5,12,22 In a review of liver volume
cut-off values, a minimal remnant liver volume of 40% was most
commonly reported in patients with pCCA.5 Despite these liver
volume cut-offs, LF and mortality rates remain high,12,22 suggesting
that patient selection using volume alone is insufficient.22 Func-
tional remnant liver assessment using HBS or indocyanine green
clearance have been shown to increase the predictive value for LF
over liver volume.6,7 Addition of HBS to liver volume assessment
increased the negative predictive value for liver failure from 83% to
94%, at the expense of a drop in positive predictive value.7 Most
remnant liver assessment strategies are able to reach high negative
predictive value, but lack positive predictive value. In other words,



Table IV
Univariable and multivariable analyses to identify factors associated with liver failure

OR (95% CI) P value P value

Age, continuous 1.01 (0.98e1.04) .529
Male sex 1.57 (0.82e3.02) .172
Body mass index, continuous 0.99 (0.90e1.08) .785
ECOG performance status, 0 vs 1e3 2.77 (1.49e5.16) .001 2.22 (1.10e4.47) .025
ASA classification, continuous 1.43 (0.87e2.36) .164
Jaundiced at presentation 3.20 (1.30e7.89) .012
Biliary drainage type
None reference reference
PTBD 7.75 (1.96e30.68) .004 8.67 (1.91e39.42) .005
EBD 1.60 (0.43e5.92) .479 1.45 (0.35e6.00) .610
Both PTBD and EBD 5.43 (1.51e19.59) .010 3.16 (0.76e13.19) .114

Preoperative cholangitis 2.43 (1.31e4.52) .005
FLR assessment 0.38 (0.18e0.78) .002 0.22 (0.09e0.54) .001
Portal vein embolization 0.67 (0.29e1.53) .339
Bilirubin at surgery, >50 mmol/L 1.79 (0.59e5.40) .301
Right liver resection 1.75 (0.91e3.34) .093 2.38 (1.10e5.13) .027
Extended liver resection 2.08 (1.13e3.85) .019
Caudate lobe resection 1.17 (0.60e2.27) .654
Portal vein reconstruction 1.30 (0.67e2.53) .445
Blood loss greater than 2000 mL 3.04 (1.59e5.84) <.001 3.69 (1.71e7.98) .001

ASA, American Society of Anesthesiologists; CI, confidence interval; EBD, endoscopic biliary drainage; ECOG, Eastern Cooper-
ative Oncology Group; FLR, future liver remnant; OR, odds ratio; PTBD, Percutaneous transhepatic biliary drainage.

Table V
Multivariable analyses to identify factors associated with either primary or secondary liver failure

Primary liver failure Secondary liver failure

OR (95% CI) P value OR (95% CI) P value

ECOG performance status, 0 vs 1e3 0.91 (0.38e2.18) .829 6.02 (2.47e14.58) <.001
Jaundiced at presentation 2.35 (0.68e8.19) .180 3.45 (1.01e11.76) .048
Biliary drainage type
None Reference Reference
PTBD 6.43 (0.71e58.20) .098 6.56 (1.30e33.09) .023
EBD 3.12 (0.38e25.45) .289 0.81 (0.15e4.36) .806
Both PTBD and EBD 4.36 (0.53e36.29) .173 4.45 (0.96e20.62) .056

Preoperative cholangitis 1.25 (0.53e2.95) .610 3.23 (1.45e7.19) .004
FLR assessment 0.21 (0.08e0.51) .001 1.02 (0.37e2.82) .973
Right liver resection 2.03 (0.77e5.34) .151 0.41 (0.63e3.14) .408
Extended liver resection 2.29 (0.95e5.51) .064 1.66 (0.77e3.56) .196
Blood loss greater than 2000 mL 2.97 (1.17e7.57) .022 1.90 (0.89e4.06) .100

CI, confidence interval; EBD, endoscopic biliary drainage; ECOG, Eastern Cooperative Oncology Group; OR, odds
ratio; PTBD, Percutaneous transhepatic biliary drainage.
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these parameters can adequately indicate a safe resection, but pa-
tients not meeting the criteria for a safe resection do not all develop
LF, despite a high risk. This may result in unnecessary portal vein
embolization or withholding patients a curative-intent resection.
Nevertheless, such a strategy has been shown to reduce LF and
mortality rates drastically.8,9 Using the 2 decades of experience
with liver function assessment at the Amsterdam UMC, liver vol-
ume assessment is no longer part of routine clinical practice, due to
the higher predictive value of mebrofenin scintigraphy for LF.7,23

The rarity of the disease results in low numbers of resections for
pCCA per center and 10 or more resections per year per center is
very uncommon, especially in Western countries.3 Since about 1 in
5 patients experiences LF it might take several years to evaluate an
alternative work-up strategy in an individual center. Therefore, it is
essential to study historic outcomes and collaborate with other
centers nationally and internationally. The low incidence of the
disease and subsequent low absolute numbers of patients that
suffer LF is likely why no sub-classification of LF into primary and
secondary LF has been reported before. The sub-classification of LF
might help to identify possible preventable cases of LF and help
understand differences between outcomes across centers.

Mortality of primary and secondary LF in this study was similar,
ie, 69.6% and 66.7%, respectively. Primary LF was common in
patients who did not undergo any form of preoperative assessment
of the remnant liver (19/41, 24.4%). Only 2 out of the 23 primary LF
cases had undergone PVE, while the application of PVE might have
been able to reduce the risk of LF.8,9 These observations again
illustrate the importance of preoperative remnant liver assessment.
This particularly includes patients in which a liver resection is
preoperatively not anticipated, such as in patients with Bismuth II
tumors who were scheduled for an extrahepatic bile duct resection
but required liver resection because of unexpected more proximal
extent of the tumor. Preoperative assessment of the potential
remnant liver likely aids intraoperative treatment decision when a
liver resection is unexpectedly required.

The high mortality rate of secondary LF and its later onset in the
presence of underlying postoperative causes warrants that all pa-
tients should be closely monitored in the postoperative period.
Aggressive management of infectious complications and extended
antibiotic prophylaxis is important to reduce its impact on the
livers capacity to uphold homeostasis. Aggressive detection of in-
fections preoperatively is essential to limit their impact on out-
comes. This likely includes detection and management of biliary
leakage, which often coincides with infectious problems.24e26 The
high LF andmortality rates seen in patients with compromised liver
vasculature also suggests that early detection and aggressive
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management is essential. In this study, even findings of minor
ischemia on postoperative imaging, such as a small wedge-shaped
perfusion deficit in the remnant liver, is associated with LF and
mortality. Besides the risk of infectious complications and sec-
ondary LF, these perfusion deficits cause a smaller functional
remnant, with an increased risk of LF. Care should be taken to
preserve portal venous as well as hepatic atrial inflow to the
remnant liver and adequate venous outflow. Vascular resection and
reconstruction must be weighed against the expected oncological
benefit. The predictors of secondary LF suggest that the perfor-
mance status of patients is key, which might be compromised by
biliary drainage complications such as repeated procedures and
cholangitis.

The differential predictors of primary and secondary LF confirms
the difference between the 2 entities. Remnant liver assessment is
key to avoid primary LF, and blood loss is likely related to remnant
liver ischemia directly and indirectly through inflow occlusion, as
well as a surrogate for a difficult procedure. This likely compro-
mises postoperative liver function resulting in primary LF, however,
the exact consequences of blood loss are incompletely under-
stood.27 The predictors of secondary LF (ECOG performance score,
preoperative percutaneous drainage, preoperative cholangitis an
jaundice at presentation) are likely associated with postoperative
morbidity, and, therefore, secondary LF.28 Infectious complications
are likely the key issue. In addition to the high mortality associated
with percutaneous drainage overall and preoperatively in the
DRAINAGE trial, these results suggest to use percutaneous drainage
as the preferred drainage method.29 The absence of a significant
association with LF with patients who underwent both endoscopic
and percutaneous drainage, as well as the bulk of contradicting
literature, both keep this recommendation controversial.

This study included only patients who underwent curative
resection for pCCA. Prevention of LF is perhaps most essential since
there is no treatment available for LF. Remnant liver assessment
and portal vein embolization are essential in the prevention of LF,
but patient selection is another essential strategy. All studies on LF
and mortality of pCCA are surgical studies and almost exclusively
include patients who underwent resection. It is likely that
excluding patients with risk factors identified in the multivariable
analyses in this report from surgery will decrease the incidence of
LF, while this will not become evident in most analyses. Perhaps
more strict patient selection can in part explain the differences in
postoperative mortality between Eastern and Western series.3,18

This study has some limitations that include the retrospective
study design and inclusion of patients with a 2 decade time span.
However, the rarity of the disease renders this the only realistic
study design. Although the work-up of the centers was similar, the
method of remnant liver assessment differed, therefore remnant
liver function or volume cut-off values were not included in the
analyses. These have been analyzed elsewhere,7,8 and this study
was limited to whether any form of remnant liver assessment was
performed. Finally, the multivariable analyses on primary and
secondary LF are likely underpowered. However, the analyses were
included to illustrate the differential risk factors for these types of
LF, which highlights them as distinct entities. The multivariable
analysis on primary and secondary LF confirms the entities differ, as
do the tables, however, future studies should confirm the
definition.

In conclusion, the incidence of LF after major liver resection for
pCCA was 20.9%, with a primary LF incidence (without post-
operative complications before LF) of 9.1% and secondary LF inci-
dence of 11.9%. Independent predictors of primary LF were blood
loss and work-up absence of remnant liver assessment preopera-
tively. Predictors of secondary LF were performance status (ECOG
>0), jaundice at presentation, preoperative PTBD, and preoperative
cholangitis. Standard remnant liver assessment and a liberal
approach toward portal vein embolization may reduce primary LF
and aggressive detection and management of postoperative
complication might help to reduce secondary LF.
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