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Abstract

Background  Although mortality after liver resection has
declined, posthepatectomy liver failure (PHLF) remains a
major cause of operative mortality. To date there is not
consensus on a definition for PHLF. However, there have
been many efforts to define PHLF causing operative mor-
tality. In the present study we sought to identify early
predictors of death from irreversible PHLF.

We retrospectively analyzed the
medical records of 359 patients with hepatocellular carci-
noma who underwent liver resection between March 2000
and December 2010. Various biochemical parameters from
postoperative days (POD) 1, 3, 5, and 7 were analyzed and
compared with the “50-50" criterion.

Results Operative mortality was 4.7 %. Prothrombin time
(PT) <65 % and bilirubin >38 pmol/L on POD 5 showed
the only significant difference as compared with “50-50”
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criterion. The new combination of bilirubin level and the
international normalized ratio showed higher sensitivity,
area under the curve, as well as similar accuracy (sensi-
tivity 78.6 vs. 28.6 %; p = 0.002; area under the curve
0.8402 vs. 0.6396; p = 0.00176; accuracy 88.6 vs. 93.4 %;
p = 0.090). Multivariate analysis revealed the combination
of PT <65 % and bilirubin >38 pmol/L on POD 5 to be the
only independent predictive factor of mortality (odds ratio,
82.29; 95 % confidence interval 8.69-779.64; p < 0.001).
Conclusions In patients with chronic liver disease who
will undergo liver resection the combination of PT <65 %
and bilirubin >38 pmol/L on POD 5 may be a more sen-
sitive predictor than the “50-50” criterion of mortality
from PHLF. Although it needs to validated by prospective
study, this measure may be applied to select patients
receiving artificial liver supports or liver transplantation.

Introduction

Advances in preoperative evaluation, surgical techniques
and equipment, and perioperative care have expanded the
numbers of patients who can tolerate liver resection for
hepatocellular carcinoma and dramatically reduced post-
operative mortality. This mortality rate has decreased
from 13 to 20 % in 1977 [1] to less than 5 % more recently
[2-6].

However, because it is a major cause of postoperative
mortality after liver resection, liver failure has drawn
continuous attention. The incidence of posthepatectomy
liver failure (PHLF) ranges from 1.2 to 32 % in the pub-
lished literature [7-13]. This wide variation reflects the
heterogeneous patient populations and the different defi-
nitions of PHLF between studies. Many studies have been
designed to define PHLF, but an accepted standardized
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definition of PHLF has not yet been developed. Recently,
the International Study Group of Liver Surgery (ISGLS)
has defined both PHLF and severity of PHLF [14].

Although artificial liver support (ALS) has not shown
short-term benefits in patients with decompensated cir-
rhosis [15], it has had a positive effect, relieving symptoms,
extending the amount of time patients can wait for liver
transplantation, and decreasing mortality [16—19]. The
definition the ISGLS used included invasive procedures
(i.e., ALS) as a parameter, and the prediction of mortality
showed low specificity. Thus, criteria for detecting early
mortality from irreversible PHLF are desperately needed.

The present study was designed to establish a new
model for the early prediction of death from irreversible
PHLF.

Materials and methods
Patients

Between March 2000 and December 2010, a single surgeon
performed hepatectomies for 359 patients with hepatocel-
lular carcinoma at Severance Hospital, Yonsei University
Health System, Seoul, Korea. Of the 359 patients, 313 with
a pure hepatocellular carcinoma component underwent
liver resection were enrolled in this study to unify the
diagnosis and grouping of the study population.

The indocyanine green retention rate at 15 min (ICG
R15) was measured preoperatively to evaluate liver func-
tion in all patients. The surgeon determined the extent of
liver resection needed according to the results of the ICG
R15 test. The indication of fresh frozen plasma transfusion
was prolongation of prothrombin time over 19 s. The
medical records of 313 patients were analyzed retrospec-
tively with the approval of the institutional review board.

Outcomes

Demographic and clinical characteristics, results of liver
function tests, surgical findings, and results of biochemical
testing on postoperative days (POD) 1, 3, 5, and 7 were
investigated. The factors analyzed to suggest a possible
new early predictor for mortality from PHLF were These:
total bilirubin, albumin, blood urea nitrogen (BUN),
aspartate transaminase (AST), alanine transaminase (ALT),
cholesterol, prothrombin time (PT) to reflect synthetic
function, cholestasis, and liver cell necrosis. Cut-off values
for the biochemical test were calculated by using receiver
operating characteristics (ROC) curve analysis and the
“50-50” criterion suggested by Balzan et al. [20] (i.e., the
combination of PT index <50 % and serum bilirubin

>50 umol/L) was reinvestigated. The definition of PHLF
used was that suggested by ISGLS.

Statistical analysis

Among biochemical parameters, significant variables were
selected with ROC curve analysis. Significant variable and
combinations of significant variables were compared with
the “50-50” criterion. Sensitivity, specificity, accuracy,
positive predictive value (PPV) and negative predictive
value (NPV) comparisons were conducted with the gen-
eralized estimating equation (post hoc Bonferroni), and
ROC curve comparison was carried out by the DeLong
method [21]. Univariate and multivariate analyses for
operative mortality were conducted using logistic regres-
sion analysis. The results of continuous variables were
presented as mean plus or minus standard deviations, and
the results of categorical variables were presented as
number (percentage). A p value of <0.05 was considered to
be statistically significant. Statistical analysis was per-
formed with SPSS 15.0 (SPSS Inc., Chicago, IL), and
comparison of criteria was performed with SAS 9.1.3 ver
(SAS Institute Inc., Cary, NC).

Results
Baseline characteristics

Demographic and clinical characteristics of 313 patients
are presented in Table 1. A total of 249 (79.6 %) men and
64 (20.4 %) women underwent hepatectomy performed by
a single surgeon and were included in this study. Their
median age was 55 years (range: 27-76 years). Among
these 313 patients, 136 (44.4 %) patients had confounding
diseases; and heart disease, including hypertension, was
found most frequently (18.2 %). Hepatitis B virus was the
most common underlying cause of HCC (n = 261;
83.4 %). The Child-Pugh score for all patients was A. The
median ICG R15 was 8.7 % (1-77.5 %).

Operative and pathologic characteristics

Of the 313 patients, 204 (65.2 %) underwent major hepa-
tectomy (i.e., resection of three or more Couinaud seg-
ments). All liver resections were performed without the
Pringle maneuver. Median operative time was 272 min
(range: 91-670 min), and median estimated blood loss was
650 mL (range: 0-14,000 mL). A total of 269 patients
(859 %) had a single tumor. Median tumor size was
3.2 cm (range: 0.7-16 cm). Pathology results revealed that
most patients had chronic liver disease, such as chronic
hepatitis and liver cirrhosis, which were observed in 130
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Table 1 Baseline characteristics of patients

Table 2 Operative and pathologic characteristics of patients

Variables N =313 Variables N = 313
Age (year) 55 (27-76) Operation type
Minor resection 109 (34.8 %)
Gender Major resection 204 (65.2 %)
Female 64 (20.4 %)
Male 249 (79.6 %) Combined resection

Underlying liver disease

None 1 (0.3 %)
HBV 261 (83.4 %)
HCV 17 (5.4 %)
Non-B Non-C 19 (6.1 %)
Alcohol 15 (4.8 %)

Co-morbidity disease

None 177 (56.6 %)
Diabetes mellitus 27 (8.6 %)
Heart disease 57 (18.2 %)
Pulmonary disease 20 (6.4 %)
Cerebral disease 20 (6.4 %)
Two more combined 12 (3.8 %)
ICG R15 (%) 8.7 (1-77.5)

HBYV hepatitis B virus, HCV hepatitis C virus, ICG R15 indocyanine
green retention rate at 15 min

(41.5 %), and 173
(Table 2).

(55.3 %) patients, respectively

Operative mortality

In this series, 17 patients (4.7 %) died while hospitalized.
Three patents died before POD 3 because of multiple organ
failure following massive hemorrhage and transfusion
during the operation; the others died at median POD 22
(range: 8-72 days) because of PHLF followed by sepsis
and multiple organ failure.

Results of biochemical testing

We investigated the sensitivity and specificity of bio-
chemical tests on each postoperative day using ROC curve
analysis. Prothrombin time and bilirubin on POD 5 and 7
showed a significant area under the curve (AUC). The
cutoff values for PT and bilirubin were 65 % and 38 pmol/
L on POD 5 and 55 % and 32 pmol/L on POD 7,
respectively.

When the new cutoff values were compared with the
“50-50” criterion, only the combination of PT and bili-
rubin on POD 5 showed significant superiority. The new
combination of PT and bilirubin on POD 5 showed the
higher AUC (i.e., 0.8402) compared with the AUC of the

@ Springer

No 265 (84.7 %)
Yes 48 (15.3 %)
272 (91-670)
650 (0-14,000)

Operation time (min)
Estimated blood loss (mL)

Intraoperative transfusion
No 201 (64.2 %)
Yes 112 (35.8 %)

Tumor number

Single 269 (85.9 %)

Multiple 44 (14.1 %)

Tumor size (cm) 3.2 (0.7-16)
Non-tumor pathology

None 6 (1.9 %)

Steatosis 4 (1.3 %)

130 (41.5 %)
173 (55.3 %)

Chronic hepatitis

Cirrhosis

“50-50” criterion (i.e., 0.6396). This was a statistically
significant difference (p = 0.0176) (Fig. 1). Though the
new combination had a lower specificity (91 %) than the
specificity (99.5 %) of the “50-50" criterion, it had a
statistically higher sensitivity (p = 0.002; odds ratio [OR],
9.17; 78.6 %) and a similar accuracy (p = 0.090; OR,
0.55; 88.6 %) (Table 3).

Univariate and multivariate analysis for operative
mortality

Univariate analysis revealed the following features asso-
ciated with operative mortality: age (p = 0.035; OR 1.07),
major operation (p = 0.05; OR, 4.46), operative time
longer than 360 min (p = 0.009; OR, 3.75), estimated
blood loss greater than 1,000 mL (p = 0.007; OR, 4.38),
intraoperative transfusion (p = 0.003; OR, 5.65), and PT
<65 % and bilirubin >38 umol/L on POD 5 (p < 0.001;
OR, 36.45). Median ICG R15 was 11.4 % (3.6-29.2 %) in
the patients who died, and was not associated with opera-
tive mortality. Multivariate analysis revealed that only PT
<65 % and bilirubin >38 pmol/L on POD 5 significantly
correlated with operative mortality (p < 0.001; OR, 82.29)
(Table 4).
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Fig. 1 Comparison of receiver operating characteristics (ROC)
curves. New combination of prothrombin time <65 % and bilirubin
>38 pumol/L showed a higher area under the ROC curve (0.8402)
than area under the ROC curve (0.6396) of the “50-50" criterion

Discussion

In liver surgery, the range of liver parenchyma disease for
resection has been extended with the development of
advanced surgical techniques, and the possibility of treat-
ment via hepatectomy has increased even in patients with
fibrosis, liver cirrhosis, severe fatty liver, and decreased
liver function [22]. The combination of fibrosis of the liver,
fatty liver, and liver cirrhosis provokes local ischemia and
delays regeneration of the liver, increasing the possibility
of ischemic reperfusion injury [23, 24]. This risk increases
the possibility of PHLF in patients with underlying liver
disease following major hepatectomy.

Therefore, a method for the early detection of mortality
from irreversible PHLF has been the focus of continuous
attention within the liver resection sector. To date, many
studies have suggested varying definitions of liver failure
[4, 13, 14, 20, 25-28], but no agreed upon definition has
been developed because of the wide variations in under-
lying liver disease, diagnosis, and surgical methods.

Many previous studies have adapted serum bilirubin and
PT as parameters for defining PHLF leading to operative
mortality. Bilirubin and PT can be examined objectively
and easily during the postoperative follow-up period and
are seen as reasonable indicators of liver function. In the
present study, results of other biochemical tests (blood urea
nitrogen, creatinine, albumin, platelets, alanine amino-
transferase, and aspartate aminotransferase) did not show
significant predictability. However, the reported cutoff
values for PT and bilirubin have been reported to be very
different [14]. Most previous studies defining PHLF have
been conducted in heterogeneous patient populations.
When the underlying diseases of subjects were examined,
the rate of chronic hepatitis or liver cirrhosis was
0-50.9 %, and diagnosis of patients was variable. How-
ever, in the present study, 96.4 % of patients had hepatitis
virus infection and all patients underwent liver resection
because of hepatocellular carcinoma. In addition, all liver
resections were performed by a single surgeon. Therefore,
our study might overcome the limitation of the heteroge-
neity of many previous studies.

The “50-50" criterion has been well recognized as an
indicator for PHLF, and several studies have compared
their results with the “50-50" criterion. When the.

“50-50” criterion was applied to our patients, it showed
low sensitivity (28.6 %). However, our new combination
of PT and bilirubin showed high sensitivity (78.6 %), AUC
(0.8402) and similar accuracy (88.6 %). Though the posi-
tive predictive value (PPV) (39.3 %) of our criterion was
lower than the PPV (80 %) of “50-50” criterion, it did not
have statistical significance (p = 0.093). The negative
predictive value NPV might have a more significant value
than the PPV as a screening test to detect mortality early,

Table 3 Comparison of “50-50" criteria and new combined criteria of PT and bilirubin

PT <65 % and bilirubin >38 pmol/L “50-50" Criteria OR 95 % CI p Value
Sensitivity 11/14 (78.6 %) 4/14 (28.6 %) 9.17 2.23-37.66 0.002
Specificity 201/221 (91 %) 218/219 (99.5 %) 0.06 0.01-0.38 0.003
PPV 11/28 (39.3 %) 4/5 (80 %) 0.17 0.02-1.34 0.093
NPV 204/207 (98.6 %) 218/228 (95.6 %) 3.00 1.16-7.75 0.023
Accuracy 88.6 % 93.4 % 0.55 0.27-1.10 0.090

Prothrombin time <50 % and serum bilirubin >50 pmol/L on postoperative day 5. Prothrombin time <65 % and serum bilirubin >38 pmol/L on

postoperative day 5

OR odd ratio, PT prothrombin time, CI confidence interval, PPV positive predictive value, NPV negative predictive value
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Table 4 Univariate and multivariate analysis for operative mortality

Variables Univariate analysis Multivariate analysis
OR 95 % CI p Value OR 95 % CI p Value

Gender

Female 1

Male 1.28 0.36-4.61 0.705
Age 1.07 1.00-1.13 0.035 1.06 0.98-1.15 0.176
Co-morbidity

None 1

Diabetes mellitus 2.79 0.68-11.40 0.152

Heart disease 0.38 0.05-3.12 0.367

Pulmonary disease 0.98 0.12-8.27 0.985

Cerebral disease 2.33 0.46-11.92 0.310

Two more combined 5.32 0.95-29.86 0.057
ICG R15 (%) 0.99 0.94-1.05 0.729
Operation type

Minor resection 1

Major resection 4.46 1.00-19.94 0.050 0.39 0.03—4.95 0.467
Operation time (min)

>360 3.75 1.37-10.14 0.009 1.33 0.28-6.35 0.717
Estimated blood loss (mL)

>1,000 4.38 1.50-12.83 0.007 0.32 0.03-3.10 0.322
Intraoperative transfusion

No 1

Yes 5.65 1.79-17.81 0.003 6.80 0.65-71.34 0.110
Non-tumor pathology

Normal 1

Chronic hepatitis 0.15 0.01-1.63 0.118

Cirrhosis 0.34 0.04-3.25 0.346

Steatosis 0 0 0.999
Number of tumor 1.58 0.94-2.63 0.083
Tumor size 0.98 0.79-1.21 0.836
Combined resection 2.16 0.72-6.46 0.167
“50-50" Criteria® 1.76 0.52-5.91 0.362
PT <65 and Bil >38" 36.45 9.26-143.53 <0.001 82.29 8.69-779.64 <0.001

OR odd ratio, CI confidence interval, /CG R15 indocyanine green retention rate at 15 min, Bil serum total bilirubin, PT prothrombin time

? Prothrombin time <50 % and serum bilirubin >50 pmol/L on postoperative day 5

° Prothrombin time <65 % and bilirubin >38 pmol/L on postoperative day 5

though it might lead to overtreatment of patients who might
not progress toward PHLF.

According to the definition of PHLF suggesting by
ISGLS, the mortality rate associated with PHLF in our
study was 4.7 %. This finding was also similar to the
mortality less than 5 % cited in previous reports. None of
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our patients received rescue liver transplantation or ALS,
although ALS has been reported to improve neurological
symptoms, decrease biochemical parameters, and extend
the time waiting for liver transplantation in patients with
acute liver failure [18]. In addition, ALS enhances the
30-day survival rate of patients with hepatorenal syndrome
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[29]. In a prospective, confirmative study on the “50-50”
criterion in ICU patients, Paugam-Burtz et al. [19] reported
that use of the molecular adsorbents recirculating system
(MARS) in five liver failure patients extended the time that
two patients were able to wait for liver transplantation.

In conclusion, in this study, we found that the combi-
nation of PT <65 % and bilirubin >38 pmol/L on POD 5
had high sensitivity as a valuable early predictor of mor-
tality from irreversible PHLF. Although it remains to be
verified by prospective studies whether this combination of
factors is a consistent and valuable predictor, intensive
treatment should be initiated in patients who have the
combination of PT <65 % and bilirubin >38 pmol/L. on
POD 5. However, the question of whether to perform ALS
or liver transplantation should be decided by physician’s
judgments based on the patient’s clinical status (ascites,
encephalopathy, and multiorgan dysfunction).
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