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Abstract
To construct a robust morbidity risk-prediction model based on a Japanese nationwide web-based database of patients who
underwent liver surgery.
Although liver resection has become safer, patient mortality and morbidity still occur. This study investigated postoperative

morbidity risks in patients who underwent hepatectomy in Japan at institutions registered in the National Clinical Database.
This analysis involved 14,970 patients who underwent hepatectomy of more than 1 section, except for left lateral sectionectomy,

during 2011 and 2012 at 1192 hospitals in Japan. Patients were randomized into 2 subsets, with 80% of patients analyzed for model
development and the remaining 20% for model validation.
Rates of 90-day inhospital mortality and overall morbidity were 3.7% and 25.7%, respectively. Rates of surgical site infection and

bile leakage were 9.0% and 8.0%, respectively, but these morbidities showed little association with mortality. Rates of nonsurgical
complications, including postoperative transfusion over 5 units, unexpected intubation, renal failure, cardiac events, septic shock,
and postoperative pneumonia, ranged from 0.2% to 2.6%. These complications were highly associated with mortality, suggesting
they were life-threatening. Risk models for morbidity yielded high C-indices for transfusion of over 5 units (0.758), unplanned
intubation (0.755), renal failure (0.80), cardiac events (0.779), septic shock (0.783), pneumonia (0.768), and bile leakage (0.676).
Preoperative parameters/comorbidities can accurately predict life-threatening complications after hepatectomy. These models

allow early identification of patients at risk of mortality andmay be useful in deciding on surgical interventions and in improving surgical
quality.

Abbreviations: ACS = American College of Surgeons, ADL = activities of daily living, ASA = American Society of
Anesthesiologists, BMI = body mass index, CIs = confidence intervals, COPD = chronic obstructive pulmonary disease, E-PASS =
Estimation of Physiological Ability and Surgical Stress, HCC = hepatocellular carcinoma, MOS = more than one segment, NCD =
National Clinical Database, ORs = odds ratios, POSSUM = Physiological and Operative Severity Score for the enumeration of
Mortality and Morbidity, ROC = receiver-operating characteristic, SSI = surgical site infection.
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1. Introduction

Liver resection remains the standard therapeutic option for
patients with a variety of liver tumors, including hepatocellular
carcinoma (HCC), metastatic liver tumors, and tumors originat-
ing from the bile duct. Over the past 2 decades, liver resection has
become safer. Reports based on Nationwide Inpatient Samples
(NIS) have shown that overall mortality rates declined from
10.4% in 1988 to 1989 to 5.3% in 1999 to 2000,[1] and to 3.8%
in 2010 to 2012.[2] These reductions are a result of advances in
anesthesia and surgical techniques that reduce intraoperative
blood loss.[3–6] Nevertheless, overall posthepatectomy morbidity
rates remain high, ranging from 32% to 44.6% in the National
Surgical Quality Improvement Project (NSQIP) and NIS data-
sets,[2] although studies at single institutions have reported lower
rates.[7–9] Studies based on theNational Clinical Database (NCD)
of Japan showed that the 30-day mortality and 90-day inhospital
mortality rates after hepatectomy of more than one segment
(MOS) were higher than in patients undergoing esophagectomy,
partial/total gastrectomy, right hemicolectomy, low anterior
resection, and pancreaticoduodenectomy.[10–17]
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Previous analyses, most involving patients treated at single
institutions, have identified predictors or risk models for
morbidities, including major morbidities,[18] morbidities classi-
fied as Clavien–Dindo grades III and IV,[19–21] and mortality.[22]

To our knowledge, clear definitions of life-threatening morbid-
ities and risk models for these morbidities have never been
clarified using a robust nationwide database. This study focused
on the risk of morbidities in patients registered in the NCD who
underwent hepatectomy during the years 2011 and 2012.

2. Methods

2.1. Data collection

The NCD is a nationwide project, in cooperation with the board
certification system for surgery in Japan. Submission of cases to
the NCD is a prerequisite for all institutions that are members
of the Japan Surgical Society and the Japanese Society of
Gastroenterological Surgery (JSGS), and only registered cases can
be used for the board certification.[17] The NCD collected data on
over 4 million patients who underwent surgery at 4105 hospitals
from January 1, 2011 to December 31, 2012. The NCD is a web-
based data management system that continuously recruits
individuals who approve the data collection, and members of
various departments in charge of annual reviews, thereby
assuring data traceability. Moreover, the project validates data
consistency by inspecting institutions selected at random.
All variables, definitions, and inclusion criteria for the NCD

are accessible to participating institutions on the NCD website
(http://www.ncd.or.jp). Details about the database and the
website have been reported.[17] The database administrators
also provide e-learning systems to teach participants how to input
consistent data. Morbidities recorded in the database included
surgical site infection (SSI), blood transfusion of over 5 units, bile
leakage, pneumonia, pulmonary embolism, sepsis, unplanned
intubation, renal failure, central nervous system events, and
cardiac events.
This analysis focused on hepatectomy procedures performed in

1192 hospitals in Japan from January 1, 2011 to December 31,
2012, including 957 hospitals in 2011 and 1047 hospitals in
2012. In particular, this study included 14,970 patients who
underwent resection of more than 1 section, except for left lateral
sectionectomy, as described.[15] Risk models of pivotal surgical
and nonsurgical life-threatening complications were constructed
based on their correlations with patient mortality. Types of
hepatectomywere defined as described, with the liver divided into
4 sections and 8 segments.[23,24] Specific hepatectomy procedures
were identified by variables indicating resected segments (S1–S8),
which were also included in the development of the risk model.
Hepatectomies that included secondary procedures, such as
revascularization, and hepatectomy for gall bladder cancer or
hilar bile duct cancer, were included in the development of the
risk model.

2.2. Endpoints

The primary outcome measures were the identification of
morbidities associated with hepatectomy and factors predicting
these complications. Secondary endpoints included correlations
between postoperative morbidities and 30-day mortality and
90-day inhospital mortality. Thirty-day mortality was defined as
death within 30 days of surgery, regardless of the patient’s
geographical location, even if the patient had been discharged
from the hospital. Ninety-day inhospital mortality was defined as
2

death within the index hospitalization period, regardless of the
length of hospital stay (up to 90 days), and also any death after
discharge, up to 30 days after surgery.

2.3. Statistical analysis

Continuous variables were expressed as means and compared
using Fisher exact test, unpaired Student t test, or the
Mann–Whitney U test, as appropriate. Categorical variables
were compared using the chi-square test. Statistical significance
was defined as a P value <0.05. Correlations between each
morbidity and 90-day inhospital mortality, and between each
pair of morbidities were analyzed using the Pearson product-
moment correlation.
Patients were randomized into 2 subsets, with 80% of patients

(n=12,002) analyzed for model development and the remaining
20% (n=2968) for model validation. The NCD 2013 dataset,
which included records of 7327 patients, was also used for the
model validation.
Logistic regression models for the development dataset were

constructed using step-wise selection of predictors having a P
value <0.05. Goodness-of-fit tests were performed to determine
how well the model could distinguish between patients with and
without complications. Receiver-operating characteristic (ROC)
curves for respective morbidities were created for the validation
dataset. An ROC curve is a plot of a test’s true positive rate
(sensitivity) versus its false-positive rate (1� specificity).
All statistical analyses were performed using IBM SPSS

Statistics for Windows (Version 20.0; IBM Corp., Armonk, NY).
3. Results

3.1. Risk profile of the study population

The average age of the 14,970patients in theNCDwhounderwent
MOS hepatectomy in 2011 and 2012 was 66.9 years, and 10,498
(70.1%) were men. An abbreviated risk profile of the study
population is shown in Table 1. Of these patients, 45.7% were
diagnosed with primary HCC, 29.6% with metastatic liver
tumors, 11.9% with intrahepatic cholangiocellular carcinoma,
and 1.5% with gallbladder carcinoma. Types of hepatectomy
included removal of 1, 2, and 3 sections form 34.3%, 51.7%, and
8.5% of patients, respectively. Of the 14,970 patients, 0.8%
required emergency hepatectomy and 10.7% had an American
Society of Anesthesiologists’ (ASA’s) physical status of grade 3 or
higher. Pre-existing comorbidities included hypertension in 37.3%
of patients, a history of preoperative chemotherapy in 5.9%,
chronic obstructive pulmonary disease in 2.8%, diabetes mellitus
in 25.1%, heavy alcohol use in 25.6%, and ascites in 2.1%.

3.2. Morbidities and outcomes after hepatectomy

The overall morbidity rate in the NCD hepatectomy population
was 25.7%, involving 3840 patients. The 30-day mortality rate
was 1.9%, and the 90-day inhospital mortality rate was 3.7%
(Table 2).
Surgical complications included SSI in 9.0% of patients, bile

leakage in 8.0%, and transfusion of over 5 units of blood in
4.1%. Nonsurgical complications included unexpected intuba-
tion in 2.3% of patients, renal failure in 2.6%, heart disease in
0.9%, septic shock in 1.2%, and postoperative pneumonia in
2.4%. Each type of the complications, except for cardiac events,
had a great impact on length of hospital stay (Supplemental
Table 1, http://links.lww.com/MD/B430).
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Table 1

Baseline demographic and clinical characteristics of patients
undergoing hepatectomy.

Variables N=14,970 %

Demographics
Age, mean (SD), y 66.9 (11.5)
Males 10498 70.1
Emergency operation 123 0.8
ASA score ≥3 1598 10.7

Primary diagnosis
Hepatocellular carcinoma 6841 45.7
Metastatic liver tumors 4431 29.6
Donors for LRLT 568 3.8
Gallbladder carcinoma 232 1.5
Extrahepatic bile duct carcinoma 312 2.1
Intrahepatic cholangiocellular carcinoma 1781 11.9
Others 805 5.4

Type of hepatectomy
One section 5139 34.3
Two section 7733 51.7
Three section 1267 8.5
Hepatectomy with revascularization 358 2.4
Others 831 5.6

Laboratory data
Platelets <80,000/mL 365 2.4
Albumin <3.0g/dL 696 4.6
Total bilirubin >2.0mg/dL 357 2.4
AST >100 IU/L 670 4.5
ALT >100 IU/L 767 5.1
ALP >600 IU/L 1586 10.6
BUN >40mg/dL 138 0.9
Creatinine >2.0mg/dL 229 1.5
eGFR <30mL/min/1.73m2 555 3.7

Preoperative risk assessment
Hypertension 5591 37.3
Angina 162 1.1
Dialysis 120 0.8
UTI 87 0.6
Chronic steroid use 131 0.9
Preoperative chemotherapy 889 5.9
COPD 413 2.8
Diabetes 3756 25.1
Alcoholism 3836 25.6
Ascites 307 2.1
Esophageal varices 234 1.6

ALP= alkaline phosphatase, ALT= alanine aminotransferase, ASA=American Society of Anesthe-
siologists, AST= aspartate aminotransferase, BUN=blood urea nitrogen, COPD= chronic obstructive
pulmonary disease, eGFR= estimated glomerular filtration rate, LRLT= living related liver
transplantation, UTI=urinary tract infection.

Table 2

Outcomes in the NCD hepatectomy population (N=14,970).

Outcomes Overall incidence, n (%)

Total morbidities 3840 (25.7)
Readmission within 30 d 314 (2.1)
Reoperation within 30 d 418 (2.8)
30-d mortality 287 (1.9)
90-d inhospital mortality 558 (3.7)

NCD=National Clinical Database.
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Table 3 shows the relationships between patient morbidity
rates and 30-day mortality and 90-day inhospital mortality rates.
Transfusion of over 5 units of blood, pneumonia, septic shock,
unplanned intubation, renal failure, and cardiac events were
found to correlate with both 30-day mortality and 90-day
inhospital mortality rates. Sorting of these morbidities by their
relationship to 90-day inhospital mortality (Table 4) identified
2 groups of morbidities, those highly and weakly correlated
with mortality. Interestingly, morbidities weakly correlated
with mortality, such as SSI and bile leakage, showed good
correlations with each other. Transfusion of over 5 units of blood
correlated with mortality and overall complication rates. The risk
models created in this study included these life-threatening
morbidities, and also bike leakage, which is specific to
hepatectomy.
3

3.3. Risk models for morbidities

Risk models for postoperative morbidities after hepatectomy
were constructed based on preoperative clinical parameters and
types of liver resection. The final logistic regression models with
odds ratios (ORs) are summarized in Table 5. The 95%
confidence intervals (CIs) and statistical significance of each
model and b-coefficient intercept (b0) are presented in
Supplemental Table 2a, 2b, 2c (http://links.lww.com/MD/
B430). The scoring system for the morbidity risk models
according to the logistic regression equation was as follows:
predicted morbidity=e (b0+SbiXi)/1+e (b0+SbiXi), where bi
is the coefficient of the variable Xi in the logistic regression
equation provided in Supplemental Table 2a, 2b, 2c (http://links.
lww.com/MD/B430) for each morbidity. The risk of requiring
transfusion of more than 5 units of blood could be predicted
based on 21 factors, including segment 1 hepatectomy, surgery
for gallbladder malignancy, and body mass index (BMI).
Similarly, the risks of bile leakage and septic shock after liver
resection could be predicted based on 17 and 14 factors,
respectively. Other risk factors are shown in Table 5.

3.4. Model performance

To evaluate model performance, the C-index (measure of model
discrimination), defined as the area under the ROC curves, was
determined for each factor (Fig. 1). The C-index for the
transfusion of over 5 units of blood was 0.703 (95% CI
0.655–0.750, P<0.001). The C-indices for other complications
of hepatectomy were 0.635 (95% CI 0.559–0.669, P<0.001)
for bile leakage, 0.718 (95% CI 0.664–0.773, P<0.001) for
unplanned intubation, 0.756 (95% CI 0.705–0.807, P<0.001)
for renal failure, 0.676 (95% CI 0.575–0.778, P=0.002)
for cardiac events, 0.784 (95% CI 0.723–0.844, P<0.001) for
sepsis, and 0.749 (95% CI 0.692–0.805, P<0.001) for
pneumonia. The supplemental figure shows the validation of
these models and the ROC curves for model performance in the
NCD 2013 dataset (http://links.lww.com/MD/B431). These
findings suggest good performance of these models.

4. Discussion

The study was undertaken to evaluate life-threatening morbid-
ities highly associated with mortality after hepatectomy and to
create risk models for each morbidity. A robust database of
14,970 patients in the NCD who underwent hepatectomy over a
2-year period (2011 and 2012) was used as a source for
development (80%) and validation (20%) of the models. The
6 life-threatening morbidities were found to be unplanned
intubation, renal failure, cardiac events, septic shock, pneumo-
nia, and transfusion of over 5 units of blood, with some of these
comorbidities highly correlated with each other. In contrast, all
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Table 3

Relationship between morbidities and different types of mortality in the NCD hepatectomy population (N=14,970).

Complications Overall incidence (%) Mortality (%) Correlation with 30-d mortality Correlation with 90-d inhospital mortality

Overall complications 3840 (25.7) 480 (12.5) 0.202 0.268
Surgical complications
Surgical site infection 1345 (9.0) 132 (9.8) 0.031 0.099
Superficial incision 670 (4.5) 61 (9.1) 0.017 0.016
Deep incision 300 (2.0) 52 (17.3) 0.056 0.101
Organ space 862 (5.8) 105 (12.2) 0.043 0.109

Blood transfusion over 5 units 606 (4.1) 253 (41.7) 0.322 0.408
Bile leakage 1199 (8.0) 116 (9.7) 0.018 0.091

Nonsurgical complications
Pneumonia 359 (2.4) 142 (39.6) 0.156 0.293
Pulmonary embolism 33 (0.2) 9 (27.3) 0.066 0.058
Sepsis 559 (3.7) 217 (38.8) 0.245 0.361
Septic shock 179 (1.2) 140 (78.2) 0.334 0.428

Unplanned intubation 343 (2.3) 230 (67.1) 0.395 0.507
Renal failure 368 (2.5) 217 (59.0) 0.355 0.458
UTI 87 (0.6) 19 (21.8) 0.021 0.072
CNS events 181 (1.2) 115 (63.5) 0.279 0.346
Cardiac events 128 (0.9) 118 (92.2) 0.245 0.361

CNS= central nervous system, NCD=National Clinical Database, UTI=urinary tract infection.

Yokoo et al. Medicine (2016) 95:49 Medicine
types of SSI and bile leakage appeared to be minor morbidities,
with little relationship with patient mortality. Nevertheless, any
type of morbidities, regardless of its severity, prolonged length of
hospital stay. The risk models based on preoperative comorbid-
ities, laboratory data, and procedure-specific variables were
found to accurately predict each morbidities, as determined by
the validation datasets. This was also confirmed when the
datasets from 2013 were used for validation. To our knowledge,
this is the first study to assess a risk model of postoperative
complications based on preoperative comorbidities among
patients in the Japanese NCD who underwent hepatectomy.
Many risk models have been constructed to predict outcomes

after hepatectomy. Most of these models included an analysis of
mortality and/or sets of major morbidities.[18–22] None, however,
assessed the risks of specific morbidities, perhaps because the
number of patients who underwent hepatectomy at a single
center was insufficient and/or the variables assayed were not
adequate. The American College of Surgeons (ACS)-NSQIP
database has been accumulating a large number of patients who
underwent various surgical procedures to predict mortality and
morbidity from each procedure, with this database shown to be
both accurate and useful.[25,26] Standard ACS-NSQIP variables
Table 4

Correlation coefficients of morbidities in patients who underwent he

Morbidities
90-d inhospital

mortality
Overall

complications
Organ
space

Deep
incision

Bile
leakage

Unplanned intubation 0.507 0.259 0.138 0.144 0.090
Renal failure 0.458 0.264 0.126 0.110 0.093
Cardiac events 0.430 0.156 0.036 0.028 0.026
Septic shock 0.428 0.183 0.147 0.147 0.078
Blood transfusion >5units 0.408 0.347 0.163 0.154 0.139
Pneumonia 0.293 0.263 0.139 0.136 0.108
Overall complications 0.268 1 0.418 0.243 0.498
Organ space 0.109 0.418 1 0.282 0.413
Deep incision 0.101 0.243 0.282 1 0.139
Bile leakage 0.091 0.498 0.413 0.139 1
Superficial incision 0.060 0.367 0.263 0.495 0.166
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were found to be less accurate for predicting outcomes in patients
who underwent hepatobiliary than gastrointestinal tract surgery,
suggesting that risk models include variables for specific
procedures.[27,28] The inclusion of patients who underwent
secondary procedures after hepatectomy was found to improve
the prediction of mortality, and also major morbidities.[29] The
NCD includes the standard variables in the ACS-NSQIP, and also
variables associated with secondary procedures after hepatecto-
my, including biliary reconstruction, revascularization, and
lymphadenectomy, and also variables associated with the
resected liver segments.[15] These additional variables increased
the accuracy of predicting mortality after hepatectomy.[15,17] The
robust data entry system of the NCD, which included procedure-
specific variables, resulted in risk models for life-threatening
morbidities (unplanned intubation, renal failure, cardiac events,
septic shock, pneumonia, and transfusion of over 5 units of
blood) being accurate and having good discriminatory ability,
generating areas under the ROC curves of 0.755 to 0.800.
The most common preoperative variables among the models,

being included in more than 3 of the 6 models, included age,
activities of daily living (ADL), ASA grade, hypertension,
chronic obstructive pulmonary disease (COPD), preoperative
patectomy.

Superficial
incision

Unplanned
intubation

Renal
failure

Cardiac
events

Septic
shock

Blood transfusion
>5units Pneumonia

0.090 1 0.469 0.408 0.476 0.370 0.420
0.093 0.469 1 0.243 0.407 0.379 0.342
0.008 0.408 0.243 1 0.237 0.224 0.156
0.083 0.476 0.407 0.237 1 0.311 0.344
0.141 0.370 0.379 0.224 0.311 1 0.269
0.131 0.420 0.342 0.156 0.344 0.269 1
0.367 0.259 0.264 0.156 0.183 0.347 0.263
0.263 0.138 0.126 0.036 0.147 0.163 0.139
0.495 0.144 0.110 0.028 0.147 0.154 0.136
0.166 0.090 0.093 0.026 0.078 0.139 0.108
1 0.090 0.093 0.008 0.083 0.141 0.131



Table 5

Risk model for morbidities in patients undergoing hepatectomy.

Variables
Transfusion over

5units
Unplanned
intubation

Renal
failure

Cardiac
events

Septic
shock Pneumonia

Bile
leakage

C-index 0.758 0.755 0.8 0.779 0.783 0.768 0.676
C-index 2013 0.702 0.742 0.761 0.703 0.749 0.714 0.648
Correlation with 90-d inhospital mortality 0.408 0507 0.458 0.430 0.428 0.293 0.091
Mortality, % 41.7 67.1 59.0 92.2 78.2 39.6 9.7
Incidence, % 4.1 2.3 2.6 .9 1.2 2.4 8.0
No. of operative deaths 253 230 217 118 140 142 116
Demographics
Age 1.004 1.164 1.022 1.32 1.2 1.262 1.008
Male 1.397 1.66

Preoperative risk assessment
Ambulance transport 2.944
Emergent surgery 1.563 1.202
ADL before 30 d 1.48 1.868 2.537 2.422 4.273
Preoperative ADL 2.197
ASA grade 5 14.453
ASA grade ≥3 1.457 1.051 1.658 1.962 1.387
BMI >30kg/m2 1.304 2.142
BMI >35kg/m2 1.862 8.536
Previous cardiac surgery 3.098
Open wound 2.459
Hypertension 1.161 1.112 1.48
PVD 3.939
Cerebrovascular disease 1.592
Recent cerebrovascular disease 4.918
Respiratory distress 2.072 2.162
COPD 1.827 3.758 2.551 1.663
Ascites 1.248
Preoperative pneumonia 1.792 3.464 5.674
Preoperative dialysis 4.884
Bleeding disorder, untreated 1.188 4.574
Smoking within a year 1.462 1.623
Chronic steroid use 1.157 3.089 1.779
Systemic sepsis 4.975 3.35 4.323 2.156

Preoperative laboratory values
WBC >9000/mL 1.894
WBC <3500/mL 2.022
Hemoglobin male <13.5g/dL; female <12.5g/dL 1.188
HCT male <37; female <32 1.394
PLT <150,000/mL 1.268
PLT <120,000/mL 1.662
ALB <4.0mg/dL 1.186 1.558
ALB <3.8mg/dL 1.977
ALB <3.5mg/dL 1.24 1.655 1.882
T-Bil >2.0mg/dL 1.365
T-Bil >1.2mg/dL 1.57 1.658
AST >40 IU/L 1.113 1.662 1.833
AST >35 IU/L 1.043 1.346
ALP >340 IU/L 1.195 1.371 1.387
BUN >40mg/dL 1.83
Creatinine >1.2mg/dL 3.023
CRP >1mg/dL 1.264
PT INR >1.1 1.06

PT <10s 1.856
Surgical factors
Hepatectomy S1 1.373 1.961 1.548
Hepatectomy S4 1.672
Hepatectomy S4a+S5 2.567 5.748
Hepatectomy S5 1.251 1.407 2.003 2.183 1.446 1.313
Hepatectomy S6+S7 1.277
Hepatectomy S7 1.024
Hepatectomy S8 1.237 2.11 1.375
Combined caudate lobe resection 1.585 2.14 1.781
Trisectionectomy 1.174
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Variables
Transfusion over

5units
Unplanned
intubation

Renal
failure

Cardiac
events

Septic
shock Pneumonia

Bile
leakage

Hepatectomy with revascularization 1.783 1.449 4.176 3.111 1.463
Hepatectomy for extrahepatic bile duct carcinoma 2.783 1.945
Surgery for gallbladder malignancy 1.967 1.32 2.654 2.962 2.208
No mass forming tumor (other than tumor) 2.22

ADL= activities of daily living, ALB= albumin, ALP= alkaline phosphatase, ASA=American Society of Anesthesiologists, AST= aspartate aminotransferase, BMI=body mass index, BUN=blood urea nitrogen,
COPD= chronic obstructive pulmonary disease, CRP=C-reactive protein, HCT=hematocrit, PLT=platelet, PT=prothrombin time, PVD=peripheral vascular disease, T-Bil, total bilirubin, WBC=white blood
cell.

Yokoo et al. Medicine (2016) 95:49 Medicine
pneumonia, chronic steroid use, systemic sepsis, low albumin
levels, hyperbilirubinemia, and elevated aspartase transaminase
levels. These riskmodels also found that secondaryprocedures and
tumor location were significant variables. In contrast to models
predicting these life-threateningmorbidities, the riskmodel for bile
leakage, although having a lower predictive power (C-index
0.676), selected characteristic variables, including open wound,
peripheral vascular disease, C-reactive protein (CRP) concentra-
tion >1mg/dL, and various types of complicated hepatectomy.
Assessment of life-threatening morbidities showed that cardiac

events were less frequent (0.9%) than other major morbidities
(1.2–4.1%). However, the mortality rate among patients with
cardiac events was quite high (92.2%). Variables with OR >3
included ASA grade 5, BMI>35kg/m2, previous cardiac surgery,
recent cerebrovascular disease, COPD, preoperative dialysis, and
bleeding disorder. Although septic shock was an uncommon
morbidity (1.2%), its mortality rate was quite high (78.2%).
Preoperative ADL, respiratory distress, COPD, preoperative
systemic sepsis, and white blood cell (WBC) count <3500/mL
were also strongly predictive (OR>2), as were secondary surgical
procedures including revascularization, biliary reconstruction,
and hepatectomy S4a+S5, which were often indicated for gall
bladder cancer.
Renal failure occurred in 2.6% of patients, with a relatively

high mortality rate (59%). Risk models of acute renal failure
Figure 1. Receiver-operating characteristics (ROC) curves of model performanc
postoperative complication: (A) transfusion of over 5 units of blood; (B) bile leakage
and (G) pneumonia.

6

according to Risk, Injury, Failure, Loss of kidney function, and
End-stage kidney disease (RIFLE) criteria (absolute increase from
baseline of serum creatinine ≥0.3mg/dL within 48hours after
surgery) in patients who underwent hepatectomy found that
alanine aminotransferase (ALT) concentration, pre-existing
cardiovascular disease, chronic renal failure, and diabetes
were the strongest predictors of acute renal failure.[30] In our
database, the strongest variables (OR >3) included preoperative
pneumonia, chronic steroid use, systemic sepsis, and creatinine
>1.2mg/dL. Other significant variables (OR 2–3) included ADL
before 30 days, BMI >30kg/m2, hepatectomy S4a and S5, and
hepatectomy including S8. This study showed that variables
other than preoperative renal insufficiency were significant
predictors of renal failure after hepatectomy in Japanese patients.
Unplanned intubation occurred in 2.3% of patients, with these

patients having a high mortality rate (67.1%). Significant
predictors of unplanned intubation (OR >1.8) included BMI
>35kg/m2, ADL before 30 days, and COPD. Similar to a
previous study,[35] results from the NCD showed that pulmonary
complications were significantly more frequent in patients with
high BMI, irrespective of the extent of resection.
Severe preoperative pneumonia, systemic sepsis, and renal

insufficiency were associated with postoperative pneumonia,
septic shock, and renal failure, respectively. The latter conditions
were associated with each other, leading to mortality, possibly
e, as shown by C-indices and their 95% confidence intervals (CIs), for each
; (C) unplanned intubation; (D) renal failure; (E) cardiac events; (F) septic shock;
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through multiple organ failure. According to the Clavien–Dindo
classification,[31] these grade IVa life-threatening morbidities
would advance to grade IVb and then to grade V. These patients
required control of infection at the source and intensive care
before undergoing surgery. Information about preoperative risks
of specificmorbidities would help in the prevention and treatment
of these morbidities.[30]

Although several scoring systems, including the Physiological
and Operative Severity Score for the enumeration of Mortality
and Morbidity (POSSUM)[32] and the Estimation of Physiologi-
cal Ability and Surgical Stress (E-PASS),[33] have been found to
predict the risks associated with hepatectomy, these predictive
models include intraoperative, and also preoperative factors. The
50-50 criteria, as assessed on postoperative day 5, may accurately
predict postoperative liver failure and death after hepatecto-
my.[34] Predicting the risks for each patient undergoing an
invasive procedure and preparing measures that can be applied
intraoperatively or postoperatively to these patients may improve
the quality of surgery. The risk models described in this study
showed good discrimination in predicting the occurrence of life-
threatening morbidities after hepatectomy.
Although this study evaluated over 14,000 patients who

underwent hepatectomy, it had several limitations. First, this
analysis included only patients who underwent MOS hepatecto-
my, but did not evaluate patients who underwent other types of
hepatectomy, including partial hepatectomy, lateral sectionec-
tomy, subsegmentectomy, and S4a+S5 resection. Mortality rates
have been reported lower for patients undergoing these
procedures than for those who underwentMOS hepatectomy.[15]

At the start of the NCD in 2011, detailed input of these items was
limited only to patients undergoingMOS hepatectomy, excluding
the lateral segment. This study therefore did not evaluate
morbidities in patients who underwent other types of hepatecto-
my. Beginning in 2015, the variables recorded for MOS
hepatectomy were also recorded for patients who underwent
other types of hepatectomy. Future studies may therefore analyze
factors associated with mortality in patients who underwent non-
MOS hepatectomy.
A second limitation was associated with the characteristics of

the NCD system, which did not record the dates of occurrence
and outcomes of each morbidity. The lack of these data may
hamper sequential analysis of morbidities leading to mortality.
We are also planning to include these variables in a future model.
In conclusion, this study identified life-threatening morbidities

associated with mortality after hepatectomy. A robust morbidity
risk-prediction model was constructed based on a Japanese
nationwide web-based database of patients who underwent liver
surgery. Using preoperative comorbidities and type of resection,
this model could accurately predict the incidence of complica-
tions. The NCD has initiated feedback implementation, calculat-
ing the risk of mortality and analyzing performance reports at
each participating hospital, using the risk models described
here,[17] and risk models for morbidities may soon be utilized.
This model may therefore help guide postoperative procedures.
Real improvements in surgical quality should be monitored on a
nationwide scale and be validated in future studies.
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