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Abstract
To generate a nomogram to predict posthepatectomy liver failure (PHLF), we attempted to elucidate salient risk factors in patients
with hepatocellular carcinoma (HCC).
We performed a retrospective review of 665 patients with HCC who received hepatectomy in 2 academic institutions in China.

Independent risk factors for PHLF were identified from putative demographic, intrinsic, biochemical, surgery-related, and volumetric
data. A predictive nomogram was formulated based on relevant risk factors, and we compared this with existing models.
We identified clinical signs of portal hypertension (P= .023), serum total bilirubin (P= .001), serum creatinine (P= .039), and

intraoperative hemorrhage (P= .015) as being important risk factors in predicting PHLF. The nomogram had a C-index of 0.906 for
the externally validated data. The nomogram displayed better predictive value than 2 of the other most cited models (C-indices of
0.641 and 0.616, respectively) in the current cohort. Additionally, we were able to patients into low- (<10%), intermediate- (10–30%),
and high-risk (≥30%) groups based on the nomogram. This allows us to facilitate person-specific management.
Here, we constructed a simple nomogram for prediction of PHLF in patients with HCC weighted by independent risk factors.

Further prospective studies are required to confirm the predictive ability of our nomogram.

Abbreviations: AUC = area under the curve, C-index, concordance index, HCC = hepatocellular carcinoma, PHLF =
posthepatectomy liver failure, ROC = receiver operating characteristic curves, SLV = standardized liver volume, TFLV = total
functional liver volume.
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1. Introduction
Recently, with advances in surgical technique and perioperative
care, more patients are now able to receive hepatic reaction with
curative intent.[1,2] Consequently, hepatobiliary surgeons are
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also being performed, with improved overall long-term survival
the ultimate aim.[3] However, posthepatectomy liver failure
(PHLF) is still a significant driver of morbidity and mortality.[4,5]

Not only is it a leading cause of mortality, it is one of the primary
drivers of life-threatening complications that are linked to
operative treatment.[6–8]

There are numerous definitions of PHLF that have been used but
it was only 2011 that a consensus was reached, after the
International Study Group of Liver Surgery (ISGLS) defined PHLF
as a “postoperatively acquired deterioration in the ability of the
liver tomaintain its synthetic, excretory and detoxifying functions,
characterized by an increased international normalized ratio (INR)
and concomitant hyperbilirubinemia on or after postoperative day
5.” This definition held true only in the absence of other causes for
the relevant biochemical and clinical alterations such as biliary
obstruction.[9] Although several articles relating to PHLF have
been previously published,[3,10–13] an accurate and effective
prediction system for PHLF is still lacking.[14]

Models incorporating End-Stage Liver Disease (MELD)[15] and
albumin-bilirubin (ALBI) score[16] have been shown to have an
increased incidence of PHLF. While a MELD score ≥10 appeared
to be associatedwith an increased risk of PHLF, theMELDscoring
system was not able to predict the severity of PHLF robustly.[17]

Recently, Hu et al[13] reported that a newly designed nomogram
was able to provide good preoperative prediction of PHLF in
patients with resectable hepatocellular carcinoma (HCC). Never-
theless, a small sample size used to evaluate this nomogram and it
was not externally validated. In addition, Dasari et al[3] also
reported aPHLFrisk scorewithhighvolume samples could stratify
thePHLF risk in elective patients receivinghepatectomy.However,
the surgical factors associatedwith PHLFwere not included in this
study and there was no external validation performed. Conse-
quently, we conducted a retrospective study on patients withHCC
who underwent “curative” liver resection with the aim of
formulating a postoperative nomogram to accurately predict
PHLF in these patients.
2. Materials and methods

2.1. Patients

We retrospectively collected the data from 665 patients with
HCC who underwent attempted curative liver resection from 2
academic institutions in China. Patients in the Second Affiliated
Hospital of Zhejiang University School ofMedicine were selected
as the training cohort (n=325) while patients from the Eastern
Hepatobiliary Surgery Hospital were chosen as the validation
cohort (n=340). These 2 institutions experience high volumes of
patients requiring liver cancer surgery. Only patients receiving
hepatectomy (R0 or R1 resection) and histopathologically
confirmed as having HCC according to the European Association
for the Study of the Liver (EASL) criteria[9] were included.
We used the following inclusion criteria: aged 18 to 85 years;

patients with resectable HCC eligible for hepatectomy; no prior
treatment; and Child–Pugh A or B liver function. We excluded
patients with a history of any other malignant tumor or recurrent
tumors before hepatectomy. Both institutional ethics committees
of Second Affiliated Hospital of Zhejiang University School of
Medicine and institutional ethics committees of Eastern Hep-
atobiliary Surgery Hospital approved this study. We obtained
written informed consent from patients for use of their clinical
data in this research study.
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2.2. Data collection

The data for patients undergoing hepatectomy included sex, age,
body weight, body mass index (BMI), activity of daily living
(ADL) scores, history of etiology, comorbidity, hepatitis,
cirrhosis, preoperative laboratory test, clinical signs of portal
hypertension (CSPH), Child–Pugh classification, indocyanine
green retention rate (ICGR15) test, radiological data (including
computed tomography [CT] or magnetic resonance imaging
[MRI]-based volumetric factors) and surgical information.
Patients who underwent cholecystectomy along with hepatecto-
my were enrolled in the study.
The CSPH was defined as “a hepatic venous pressure gradient

(HVPG) ≥10 mm Hg, with the presence of porto-systemic
collaterals on imaging or patients with gastroesophageal varices
on endoscopy.”[18] We defined resection of 4 or more liver
segments as major hepatectomy and defined resection of 3 or less
liver segments as minor hepatectomy.[19] As no consensus has
been reached for determining standardized liver volume
(SLV),[14] we used total functional liver volume (TFLV). Total
liver volume (TLV) incorporated total tumor volume to replace
SLV, and the following formula was generated to calculate future
liver remnant (FLR) ratio: FLR ratio = (FLR/TFLV) � 100%
(Fig. 1). Spleen volume (Sp) may also be a critical factor in
posthepatectomy outcomes. Indeed Truant et al reported that
increased Sp/FLR (Fig. 2) appeared to correlate with PHLF.[20]

2.3. Statistical analysis

All statistical analyses were performed using version 7.00
(GraphPad Software, San Diego, CA) and SPSS, version 22.0
for Windows (IBM Corp, Armonk, NY). Categorical variables
were evaluated using either Fisher exact test or Chi-squared test.
Continuous variables were compared using the Mann–Whitney
U test (for variables that were not normally distributed) or the
Student t test. All variables were incorporated into a univariate
analysis and only those variables showing statistical significance
(P < .05) were included in a multivariate logistic regression
model. The corresponding area under the curve (AUC) and
receiver operating characteristic (ROC) curves and were used to
assess how well the test data affected performance of the
predictive model.
The nomogram was formulated based on the results of

multivariate logistic regression analysis, using the rms package of
R, version 3.1.1 (http://www.r-project.org/). In constructing the
model, each of the independent factors was assigned points
proportionate to the value of the regression coefficient.
Calculating the concordance index (C-index) was used to
measure the predictive performance of the nomogram.
3. Results

3.1. Patient characteristics

The final cohort of patients was 665 (580 males and 85 females)
with amean age of 61 years. Patients from our center were chosen
as the training cohort (n=325) while patients from the remaining
center were selected as the externally validated cohort (n=340).
The ratio of the patients in these 2 groups was approximately 1 to
1. Reassuringly, the baseline patient characteristics did not differ
significantly between the 2 groups (Table 1). The PHLF
percentage was 8.3% (n=27) in the training cohort and 7.1%
(n=24) in the externally validated cohort.

http://www.r-project.org/


Figure 1. (A,B) Liver volume obtained from a 58-year-old woman with posthepatectomy liver failure and future liver remnant (FLR) ratio of 45.53%. (C,D) Liver
volume obtained from a 66-year-old man with normal posthepatectomy liver function and an FLR ratio of 97.74%.
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3.2. Factors associated with PHLF

In the training cohort, univariate analysis showed that CSPH,
serum alkaline phosphatase (ALP), serum gamma-glutamyl
transpeptidase (GGT), serum total bilirubin (TB), serum
albumin (ALB), serum creatinine (CRE), intraoperative hemor-
rhage, and extent of resection and FLR ratio were all
significantly associated with PHLF (Table 2). However, the
multivariate analysis revealed that only CSPH (P= .023), serum
TB (P= .001), serum CRE (P= .039), and intraoperative
Figure 2. (A) Spleen volume obtained from a 44-year-old man with clinical signs of
of 34.6%. (B) Sp obtained from a 65-year-old man with non-CSPH and Sp/TLV

3

hemorrhage (P= .015) were independently associated with
PHLF (Table 2).

3.3. Construction of the predictive nomogram

We constructed the nomogram to predict the probability of PHLF
by using the 4 aforementioned independent risk factors (Fig. 3).
The points assigned to each factor were weighted by their hazard
ratios (HRs). The total score was used to calculate the probability
of PHLF. For example, a patient with HCC who underwent
portal hypertension (CSPH) and spleen volume (Sp)/total liver volume (TLV) ratio
ratio of 9.7%.

http://www.md-journal.com


Table 1

Patient baseline characteristics by cohort.

Training cohort (n=325) Validation cohort (n=340) Univariate P-value
No. of patients % No. of patients %

Age, yrs .499
Median 61.0 62.0
IQR 54.0–67.5 54.0–68.0

Gender .083
Male 276 84.9 304 89.4
Female 49 15.1 36 10.6

BMI, kg/m2 .741
Median 22.7 22.6
IQR 20.6–24.8 20.6–24.6

ADL scores .685
Grade I 278 85.5 287 84.4
>Grade I 47 14.5 53 15.6

Hypertension .876
Presence 82 25.2 84 24.7
Absence 243 74.8 256 75.3

Diabetes .097
Presence 29 8.9 19 5.6
Absence 296 91.1 321 94.4

CSPH .597
Presence 24 7.4 30 8.8
Absence 301 92.6 310 91.2

Platelet count, 109/L .157
Median 143.0 138.0
IQR 106.0–192.0 102.0–178.75

Serum ALT, IU/L .989
Median 33.0 32.9
IQR 22.0–49.0 22.0–48.8

Serum AST, IU/L .104
Median 37.0 34.9
IQR 27.0–59.0 28.3–48.8

Serum ALP, IU/L .644
Median 103.0 101.5
IQR 83.0–133.5 83.0–132.8

Serum GGT, IU/L .674
Median 55.0 58.1
IQR 32.0–115.5 36.3–101.8

Serum TB, mmol/L .297
Median 14.5 15.0
IQR 11.4–18.8 11.8–19.3

Serum CRE, mmol/L .603
Median 64.0 64.0
IQR 56.0–71.5 56.0–72.0

INR .991
Median 1.0 1.0
IQR 0.9–1.1 0.9–1.1

ICGR15, % –

Median 6.3 NA
IQR 3.6–9.3 NA

Intraoperative hemorrhage, mL .607
Median 200.0 300.0
IQR 100.0–500.0 100.0–500.0

Extent of resection (minor/major) .187
Minor 236 72.6 262 77.1
Major 89 27.4 78 22.9

FLR ratio, % –

Median 90.8 NA
IQR 71.8–96.4 NA

Sp/TLV ratio, % –

Median 16.2 NA
IQR 11.3–25.0 NA

ADL= activity of daily living, ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST=aspartate aminotransferase, BMI=body mass index, CRE= creatinine, CSPH= clinical signs of portal hypertension,
FLR= future liver remnant, GGT=gammaglutamyl transpeptidase, ICG= indocyanine green, INR= international normalized ratio, NA= not available, Sp= spleen volume, TB= total bilirubin, TLV= total liver volume.
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Table 2

Univariate and multivariate analyses of factors associated with posthepatectomy liver failure.

Overall survival

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age, yr 0.990 0.954–1.027 .588
Gender (male/female) 0.685 0.198–2.368 .550
Body weight, kg 1.004 0.964–1.046 .842
BMI, kg/m2 1.077 0.953–1.216 .233
ADL scores 1.190 0.484–2.924 .705
Hypertension (presence/absence) 1.533 0.561–4.188 .405
Diabetes (presence/absence) 2.696 0.352–20.63 .339
Viral hepatitis (presence/absence) 0.936 0.414–2.115 .874
CSPH (presence/absence) 3.159 1.082–9.227 .035 4.540 1.236–16.68 .023
Platelet count, 109/L 0.997 0.991–1.004 .410
Serum ALT, IU/L 1.000 0.993–1.007 .964
Serum AST, IU/L 1.000 0.993–1.007 .884
Serum ALP, IU/L 1.006 1.002–1.009 .001 1.002 0.997–1.007 .426
Serum GGT, IU/L 1.002 1.000–1.003 .016 0.999 0.997–1.001 .458
Serum TB, mmol/L 1.094 1.051–1.139 .000 1.093 1.039–1.150 .001
Serum ALB, g/L 0.926 0.086–0.997 .041 1.009 0.935–1.089 .815
Serum CRE, mmol/L 1.031 1.006–1.055 .013 1.029 1.001–1.058 .039
INR 2.396 0.145–39.52 .541
ICGR15, % 1.036 0.969–1.107 .298
Intraoperative hemorrhage, mL 1.001 1.001–1.002 .000 1.001 1.000–1.002 .015
Hepatic inflow occlusion (yes/no) 0.519 0.213–1.266 .149
Extent of resection (minor/major) 0.233 0.099–0.502 .000 0.479 0.152–1.504 .207
FLR ratio, % 0.979 0.960–0.998 .033 1.000 0.988–1.012 .986
Sp/TLV ratio, % 1.393 0.106–18.31 .801

ADL= activity of daily living, ALB= albumin, ALP= alkaline phosphatase, ALT=alanine aminotransferase, AST= aspartate aminotransferase, BMI=body mass index, CI= confidence interval, CRE= creatinine,
CSPH= clinical signs of portal hypertension, FLR= future liver remnant, GGT=gamma-glutamyl transpeptidase, HR=hazard ratio, ICG= indocyanine green, INR= international normalized ratio, Sp= spleen
volume, TB= total bilirubin, TLV= total liver volume.
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hepatectomy had 55mmol/L preoperative TB (84 points), 60m
mol/L preoperative CRE (20 points), 1000mL intraoperative
hemorrhage (6 points), and CSPH (23 points). Thus, the total
score for this patient was 133, indicating a >90% probability of
developing PHLF.

3.4. Validation of the predictive accuracy for PHLF using
the nomogram

The calibration curve showed a good agreement between the
likelihood of PHLF using our nomogram and the actual observed
Figure 3. Predictive nomogram for assessing probability of posthe
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disease in both cohorts (Fig. 4A, B). In addition, TheC-index of the
nomogram for prediction of PHLF was 0.818 (95% confidence
interval [CI]: 0.735–0.901) for the training cohort and 0.906
(95% CI: 0.833–0.979) for the validation cohort (Fig. 5A, B).
To compare the MELD[15] and ALBI[16] score, the data from

the externally validated cohort were used to assess the
performance of the 2 scoring systems. The C-indices were
0.616 (95% CI: 0.512–0.720) for ALBI (Fig. 5C) and 0.641
(95% CI: 0.522–0.760) for MELD (Fig. 5D), respectively.
Therefore, the criteria used to generate a C-index of 0.906 were
considered to be the best among all the aforementioned criteria.
patectomy liver failure in patients with hepatocellular carcinoma.

http://www.md-journal.com


Figure 4. (A) Calibration curves for predicted probability of posthepatectomy liver failure (PHLF) in training cohort (using the nomogram values). (B) Calibration
curves for predicted probability of PHLF in external validation cohort (using the nomogram values).

Shen et al. Medicine (2019) 98:51 Medicine
3.5. Risk groups

Based on the risk estimated by the nomogram, we believe that
patients could be separated into 3 risk groups (Table 3): a low-
risk group (total points <60.6 and predicted PHLF rate <10%),
with a predicted mean risk of venous invasion of 7.71% (95%CI:
7.36–8.57); an intermediate-risk group (total points 60.6–80.3
and predicted PHLF rate 10–30%), with a predicted mean risk of
PHLF of 18% (95% CI: 16.64–19.35); and a high-risk group
(total points >80.3 with a predicted PHLF percentage exceeding
30%), and a predicted mean risk of 50.81% PHLF (95% CI:
39.89–61.73). The observed PHLF percentages were essentially
equal to the predicted mean risks.

4. Discussion

The prediction of PHLF is still evolving mainly due to its
multifactorial causative factors.[3] Even so, many risk factors[10–
12] have been identified and several prediction models[3,13] have
been developed for PHLF.However, their clinical utility has some
limitations.[14] We performed this study to identify the risk
factors of PHLF in patients with resectable HCC to construct a
nomogram for postsurgical prediction of PHLF.
A number of biologic markers appear to be associated with

PHLF.[14] However, none of these markers individually have
been shown to provide an adequate assessment of liver
function.[10] TB was recognized as one of the most important
factors of liver function and is a component of the ISGLS
definition.[9] Preoperative TB levels of ≥20.3mmol/L have been
reported to be a strongly independent risk factor for PHLF.[21]

Dasari et al[3] reported that patients with raised preoperative
CRE, indicative of impaired renal function, exhibited a higher
incidence of PHLF when analysis was multivariate. This may be
due to the fact that elevated preoperative CRE is an indicator of
poor general health and may suggest other coexisting medical
disorders. In our study, preoperative TB and CRE were also
found to be important indicators of PHLF and included in the
nomogram. In addition, intraoperative hemorrhage was the other
independent risk factor of PHLF in our study (P= .015).[22]

The CSPH is associated with an augmented likelihood of
developing varices,[23] overt clinical decompensation (ascites,
6

variceal hemorrhage, and encephalopathy),[24] postoperative
decompensation,[25] andHCC. The American Association for the
Study of Liver Diseases (AASLD) guidelines and the EASL
guidelines consider elevated portal hypertension to be a
contraindication for resection due to the higher relative risk of
liver decompensation after surgery.[26] A n increasing number of
studies have confirmed that increased portal venous pressure is
associated with a higher risk of liver function decompensation
after surgery, at least in the short term.[13] In our study, CSPH
was demonstrated to be an important independent risk factor of
PHLF. The definition of “the presence of porto-systemic
collaterals on imaging or patients with gastroesophageal varices
on endoscopy” was used to assess the presence of CSPH. Given
that HVPG is an invasive technique, it is not used widely
throughout the world.
Development of PHLF is strongly associated with the volume

and function of the remaining healthy liver.[14] However, there is
no consensus on how much remaining liver is considered to be
“enough” due to the diverse characteristics of such affected
patients. Volumetric factors including FLR ratio, Sp/TLV ratio,
and the extent of resection and functional factors such as ICGR15

were included in our study. Unfortunately, none of these factors
were associated with the presence of PHLF in multivariable
analysis. However, this is explicable since every patient received a
rigorous preoperative examination. Patients with less of their
remaining functional liver volume or poor liver function would
not receive surgery. Therefore, the lack of volumetric factors did
not affect the application of our nomogram.
The performance of our nomogram in predicting PHLF could

be considered to be acceptable given that the C-index was 0.818
and 0.906 in both cohorts. The calibration curves were also
suggestive of a relatively accurate nomogram. When compared
with other criteria (ALBI, AUC=0.616; MELD, AUC=0.641),
our nomogram showed superior accuracy. By using the
nomogram, we were able to stratify patients with HCC into 3
distinct risk groups. By doing so, specific management strategies
can be established according to the specific risk categories. We
suggest early use of hepatic protectant, close observation and
intensive care should be planned after surgery especially in the
intermediate- and high-risk groups.



Figure 5. (A) Receiver-operating characteristics curve for posthepatectomy liver failure (PHLF) in training cohort (using the nomogram values). The C-index is 0.818.
(B) Receiver-operating characteristics curve for PHLF in external validation cohort (using the nomogram values). The C-index is 0.906. (C) Receiver-operating
characteristics curve for PHLF in external validation cohort (using the albumin-bilirubin values). The C-index is 0.641. (D) Receiver-operating characteristics curve for
PHLF in external validation cohort (using the Models incorporating End-Stage Liver Disease values). The C-index is 0.616. AUC = area under the curve.

Shen et al. Medicine (2019) 98:51 www.md-journal.com
This study has some limitations. First, although CT or
MRI-based volumetric factors were considered in our
study, parameters of ultrasonic elastography imaging were
not included. Second, although we had 665 patients in this
Table 3

Risk groups based on the predicted nomogram.

Group Total points Predicted risk

Low risk <60.6 <10%
Intermediate risk 60.6–80.3 10–30%
High risk >80.3 >30%

CI= confidence interval.

7

study sample, the sample size is still considered to be
quite small. Larger cohorts across multiple sites are needed
to further evaluate the clinical utility of our nomogram in the
future.
Predicted mean risk (95% CI) Observed rate

7.71% (7.36–8.57) 3.85% (10/260)
18.00% (16.64–19.35) 21.57% (11/51)
50.81% (39.89–61.73) 43.86% (6/14)

http://www.md-journal.com
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5. Conclusion

We present a novel prediction nomogram of PHLF based on 4
essential independent prognostic risk factors. This proposed
nomogram showed acceptable performance, with a C-index of
0.906 that represents robust external validation. The nomogram
may be a convenient tool for facilitating decisions regarding
posthepatectomy treatment approaches.
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