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a b s t r a c t

Background: Independent associations between chronic liver disease, MELD, and postoperative out-
comes among patients selected for liver resection have not been completely established. We hypothe-
sized independent associations between MELD, cirrhosis, and postoperative mortality.
Methods: Patient-level data from the targeted hepatectomy module and ACS NSQIP PUF during 2014
e2015 were merged. Multivariable regression models with interaction effect between MELD and liver
texture (normal, congested/fatty, cirrhotic) tested the independent effects of covariates on mortality and
morbidity.
Results: 3,530 patients were included, of whom 668 patients (19%) had cirrhosis. ACS NSQIP defined
mortality (3.9%vs1.1%) and morbidity (23.5%vs15.8%) were higher in patients with cirrhosis (both
p < 0.001). In multivariable models, cirrhosis (OR ¼ 2.24; 95%CI:1.16e4.34, p ¼ 0.016) and MELD
(OR ¼ 1.10; 95%CI:1.03e1.18, p ¼ 0.007) were independently associated with mortality. MELD (OR ¼ 1.04;
95%CI:1.002e1.08, p ¼ 0.038) was associated with postoperative morbidity.
Conclusions: Higher MELD and presence of cirrhosis have an independent negative effect on mortality
after liver resection. MELD could be used to estimate postoperative risk in patients with and without
cirrhosis.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Patient selection criteria continue to be important in liver sur-
gery. A number of factors such as extent of resection and planned
future liver remnant have been associated with postoperative
morbidity and mortality.1e3 Presence of underlying chronic liver
disease such as steatosis, fibrosis, or cirrhosis has also been asso-
ciated with postoperative outcomes.4 Stratification of risk among
patients with cirrhosis has been particularly challenging and a
number of studies have provided evidence linking greater liver
disease scores, such as Model for End-Stage Liver Disease (MELD)
score, with worse patient-specific outcomes.5
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MELD score was initially developed as an alternative to Child-
Pugh-Turcotte score to predict mortality of patients with cirrhosis
who had transjugular intrahepatic portosystemic shunts and a
separate cohort of patients with chronic liver disease awaiting liver
transplantation.6,7 Subsequent studies established utility of MELD
in predicting mortality among patients with cirrhosis selected for
resection.5,8 Interestingly, other contemporaneous studies
demonstrated lack of association between MELD score and mor-
tality after liver resection among patients without cirrhosis.9,10

MELD score remains an attractive preoperative tool for assess-
ment of postoperative outcomes after liver surgery. It relies on
objective, readily available data, which can be directly compared
between patient populations. Given published equipoise sur-
rounding utility of the MELD score among patients with varying
degrees of underlying liver disease, we aimed to estimate inde-
pendent effects of MELD score and chronic liver disease on post-
operative morbidity and mortality.
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Methods

Patient selection and variable definitions

All patients �18 years who had a liver resection between 2014
and 2015 were abstracted from The American College of Surgeons
National Surgical Quality Improvement Program (ACS NSQIP)
Participant Use File (PUF). ACS NSQIP is a de-identified, indepen-
dently collected, Health Insurance Portability and Accountability
Act (HIPAA) compliant dataset that includes patient-level data from
a nationwide cohort of participating hospitals. An additional
hepatectomy-specific targeted module was released in 2014 and
available subsequently. Patient data abstracted from the ACS NSQIP
PUFweremergedwith data from the targeted dataset for use in this
retrospective cohort study. The University of Virginia Institutional
Review Board has designated the ACS NSQIP PUF and targeted
datasets as a publicly available de-identified data exempt from
formal IRB review.

Patients with reported liver texture variable as reported in the
hepatectomy targeted dataset were included in this study. Liver
texture was categorized as normal, congested/fatty, and cirrhotic.
Sodium adjusted MELD score was calculated from serum creatinine,
bilirubin, international normalized ratio, and sodium.11 Extent of
liver resection was categorized according to the Current Procedural
Terminology (CPT) classification as minor (partial hepatectomy:
47120) or major (right, left, or trisectionsectomy: 47130, 47125,
47122, respectively). Other demographic and clinical variables
included age, sex, and American Society of Anesthesiologists (ASA)
class. The ACS NSQIP estimated probabilities of morbidity and mor-
tality were calculated for each patient and used in model develop-
ment for overall adjustment for differences in morbidity and
mortality risk. ACS NSQIP calculates these estimated probabilities for
both morbidity and mortality using hierarchical regression models
that account for multiple patient-level factors and represents the
probability that an individual will experience a mortality or
morbidity based on these factors.12 Importantly, the ACS NSQIP
probabilities ofmorbidity andmortality can be publicly reported and
viewed with the ACS NSQIP risk calculator (http://www.
riskcalculator.facs.org/RiskCalculator/) and statistically adjust for
important clinical covariates which are included in these models
including extent of liver resection (as defined by CPT code), age
range, ASA class, functional status, and selected comorbid conditions.

Outcome measures

Primary outcome measure was ACS NSQIP mortality defined as
any death occurring within 30 days following the date of surgery or
in-hospital mortality. Secondary outcome was defined as ACS
NSQIP defined overall morbidity. Composite overall morbidity was
defined as the occurrence of any of the following events: surgical
site infection, wound disruption, pneumonia, unplanned intuba-
tion, pulmonary embolism, > 48 h ventilator requirement, renal
failure, urinary tract infection, stroke or cerebral vascular accident,
cardiac arrest, myocardial infarction, deep venous thrombosis, or
systematic sepsis. Posthepatectomy liver failure (PHLF) was also
included as an outcome measure but was not included as a
dependent variable in multivariable analyses given lack of corre-
sponding ACS NSQIP estimated probability of PHLF. PHLF was re-
ported in the hepatectomy targeted dataset according to the
International Study Group for Liver Surgery definition13 and cate-
gorized as present or absent.

Statistical analysis

Differences in distribution of categorical variables were assessed
using chi-square or Fisher’s exact text, where appropriate, and re-
ported as frequencies with percentages; continuous variables were
reported as median with interquartile range (IQR) and compared
using the Wilcoxon rank-sum test.

Two separate multivariable analyses were performed to test the
associations between clinically relevant covariates and outcome
measures. Each multivariable model included MELD (included as a
continuous variable), categorized liver texture, and adjustment for
clinically relevant baseline risk characteristics using the logit of ACS
NSQIP probability of mortality (for mortality model) and the logit of
ACS NSQIP probability of morbidity (for morbidity model). Addi-
tional interaction terms between liver texture and MELD were
included in both multivariable models to estimate independent
effects of these two covariates; both of these interaction termswere
subsequently removed prior to fitting the final models due to their
lack of significance. Separate Receiver Operating Curves (ROC) with
Area Under the Curve (AUC) estimates were developed from both
models to demonstrate goodness of fit of the regression models. All
data management and statistical analysis was performed using SAS
9.4(Cary, North Carolina).

Results

A total of 3,530 adult patients with reported liver texture had
liver resection during the study period. Liver texture was reported
as normal in 1,887 patients, congested/fatty in 975 patients, and
cirrhotic in 668 patients. Demographic and clinical variables are
reported by liver texture in Table 1. Among patients included in the
study, those with cirrhosis were less likely to have major hepa-
tectomy than patients with congested/fatty or normal liver (28.9%
vs 37.9% vs 37.1, respectively, p < 0.001) and were more likely to
have higher ASA classes (p < 0.001) than patients with normal liver.
ACS NSQIP probabilities or morbidity and mortality varied signifi-
cantly between the three patient groups (Table 1).

ACS NSQIP defined 30-day or inpatient mortality occurred in
3.9% of patients with cirrhosis, 1.7% of patients with congested/fatty
liver and 1.1% of patients with normal liver parenchyma (p < 0.001).
In the multivariable model, both cirrhosis (OR ¼ 2.24; 95% CI:
1.16e4.34, p ¼ 0.016) and MELD (OR ¼ 1.10; 95% CI: 1.03e1.18;
p ¼ 0.007) were independently associated with postoperative
mortality (Table 2). ROC curves derived from the mortality models
demonstrate an overall high predictive value with calculated
AUC ¼ 0.844 for patients with normal liver (Fig. 1A), AUC ¼ 0.735
for patients with congested/fatty liver (Fig. 1B), and AUC¼ 0.792 for
patients with cirrhotic liver (Fig. 1C).

ACS NSQIP defined composite morbidity occurred in 23.5% of
patients with cirrhosis, 21.0% of patients with congested/fatty liver
and 15.8% of patients with normal liver parenchyma (p < 0.001). In
the multivariable model, MELD (OR ¼ 1.04; 95% CI: 1.002e1.08;
p ¼ 0.038) was independently associated with postoperative
morbidity (Table 3). Presence of cirrhosis or congested/fatty liver
did not have an independent effect of postoperative morbidity.
Bothmortality andmorbiditymultivariatemodels initially included
interaction terms between liver texture and MELD; these were not
significant in anymodel (all p > 0.50) and were removed in order to
fit models only containing main effects. PHLF occurred in 9.1% of
patients with cirrhosis, 6.5% of patients with congested/fatty liver
and 4.7% of patients with normal liver parenchyma (p < 0.001).

Discussion

This multi-institutional ACS NSQIP study includes data from
3,530 patients who had liver resection after implementation of
targeted hepatectomy data collection. Current analysis demon-
strates that both cirrhosis and MELD score have significant
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Table 1
Clinical characteristics of study population.

Normal (n ¼ 1887) Congested/Fatty (n ¼ 975) Cirrhotic (n ¼ 668) P ¼ value

Age 58 (47e68) 60 (50e68) 63 (57e70) <0.001
Male sex 793 (42.0) 499 (51.2) 486 (72.8) <0.001
ASA <0.001
Class 1 84 (4.5) 3 (0.3) 3 (0.4)
Class 2 517 (27.5) 203 (20.9) 126 (18.9)
Class 3 1179 (62.7) 688 (70.8) 464 (69.6)
Class 4/5 100 (5.3) 78 (8.0) 74 (11.1)

Hepatectomy <0.001
Major 700 (37.1) 370 (37.9) 193 (28.9)
Minor 1187 (62.9) 605 (62.1) 475 (71.1)

MELD 7 (6-8) 7 (6-8) 7 (6-9) <0.001
PHLF 88 (4.7) 63 (6.5) 61 (9.1) <0.001
Any morbidity 298 (15.8) 205 (21.0) 157 (23.5) <0.001
Mortality 21 (1.1) 17 (1.7) 26 (3.9) <0.001
ACS NSQIP Prob of Morbidity 14.6 (11.1e20.3) 17.5 (13.2e23.9) 18.2 (13.6e24.2) <0.001
ACS NSQIP Prob of Mortality 0.8 (0.3e1.8) 1.1 (0.5e2.5) 1.1 (0.5e2.1) <0.001

ACS NSQIP: American College of Surgeons National Surgical Quality Improvement Program; ASA: American Society of Anesthesiologists; MELD: Model for End-Stage Liver
Disease; PHLF: posthepatectomy liver failure.
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independent negative impact on postoperative mortality. In addi-
tion, MELD score has significant independent impact on post-
operative morbidity. Historically, characterization of liver texture
was not included in ACS NSQIP and has also not been a part of any
other national registry database. As such, previous studies evalu-
ating potential associations between cirrhosis, MELD, and post-
operative outcomes have relied on institutional data collection. A
linked ACS NSQIP e institutional study published prior to intro-
duction of targeted hepatectomy variable collection did not
demonstrate statistically significant association between cirrhosis
and mortality.4 This previously published study was limited by
either 1) lack of statistical power to establish association, or 2) was
limited to a single institution selection bias whereas only a small
proportion of patients with cirrhosis were selected for resection.

With improvements in patient selection, operative technique,
and perioperative care, the overall rate of postoperative mortality
among patients selected for liver resection in the current era is low.
A number of single institution studies have reported no cases of
postoperative deaths after liver resection in patients with and
without cirrhosis.14,15 Multi-institutional and registry studies with
broad inclusion criteria report a higher proportion of postoperative
mortality, ranging from 1 to 5%, dependent on patients age, diag-
nosis, and other patient-specific comorbid criteria.16e19 Post-
operative mortality is even greater for patients with perihilar
cholangiocarcinoma selected for combined liver and bile duct
resection and ranges between 8 and 10% at high-volume referral
centers.20e22 As such evaluation of clinical factors associated with
mortality after liver resection remains important.

Association between cirrhosis and postoperative outcomes has
been established extensively in both liver-specific and non-liver
operations. Mortality is higher in patients with cirrhosis selected
for bariatric surgery,23 cardiac surgery,24 and general non-hepatic
abdominal surgery.25 Similarly associations between MELD score
in patients with cirrhosis and mortality among non-liver surgery
Table 2
Multivariable mortality model.

OR 95% CI p-value

Liver Parenchyma
Normal Ref
Congested/Fatty 1.20 0.59e2.46 0.615
Cirrhotic 2.24 1.16e4.34 0.016

MELD (increase ¼ 1) 1.10 1.03e1.18 0.007
ACS NSQIP probability of mortality (incr ¼ 0.1) 2.37 1.84e3.07 <0.001
patients have also been established.26 One of the most interesting
findings of this study describes associations between MELD and
mortality even among patients selected for liver resection who did
not have cirrhosis. While interquartile range for MELD was higher
among patients with cirrhosis, 75% of patients with normal liver
parenchyma had MELD scores between 6 and 8. Associations be-
tween greater MELD and outcome measures (including mortality
and morbidity) are likely a factor of associated preoperative end
organ insufficiency such as chronic kidney disease, coagulopathy, or
liver dysfunction (possibly from inadequate biliary drainage).
Despite robust ACS NSQIP data collection, with only 1.1% post-
operative mortality among patients with normal liver parenchyma,
the specifics of possible effects of individual underlying preopera-
tive comorbid conditions on MELD among patients with normal
liver would be difficult to establish and would not alter model
outcomes.

The ACS NSQIP probabilities of mortality and morbidity are
particularly useful in establishment of baseline preoperative risk
and statistical adjustment within multivariable models. These
probabilities are calculated by ACS NSQIP for each individual pa-
tient using hierarchical regression models that account for multiple
patient-level factors12 and allow for robust and clinically mean-
ingful adjustment for preoperative covariates such as age, ASA
class, functional status, extent of resection, and others. As can be
seen from the magnitude of effect (represented by odds ratios),
these probabilities have significant statistical weight in both mor-
tality and morbidity models. However, even after adjustment for
ACS NSQIP probability of mortality, both cirrhosis and MELD score
were independently associated with mortality in patients selected
for liver resection and MELD score was independently associated
with morbidity. Importantly, neither of these two variables are
included among the patient-level factors used in calculating ACS
NSQIP probabilities of mortality and morbidity.

Although this study describes robust analyses demonstrating
statistically significant and clinically meaningful effects or MELD
score and cirrhosis on patient outcomes, two potential limitations
are notable. First, only patients selected for liver resection are
included in the study. As surgical outcomes after liver resection
continue to improve, robust series testing associations between
patient-specific covariates andmortality andmorbidity will require
greater number of patients. Second, only patients with reported
liver texture were included in this study. Statistical imputation of
liver texture using other existing patient factors would not mean-
ingful discern between patient populations, would predispose to



Fig. 1. ROC curves derived from the mortality models for patients with normal liver (1A), congested/fatty liver (1B), and cirrhotic liver (1C).
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information bias and was not used in this study. Despite these
limitations, present data demonstrate significant independent as-
sociations between cirrhosis and mortality and increasing MELD
and mortality in patients selected for liver resection.

In conclusion, both cirrhosis andMELD score are associatedwith
postoperative mortality after liver resection. MELD score is also
associated with postoperative morbidity. MELD score could be used
Table 3
Multivariable morbidity model.

OR 95% CI p-value

Liver Parenchyma
Normal Ref
Congested/Fatty 1.20 0.96e1.50 0.108
Cirrhotic 1.19 0.94e1.52 0.150

MELD (increase ¼ 1) 1.04 1.002e1.08 0.038
ACS NSQIP probability of morbidity (incr ¼ 1) 3.08 2.56e3.71 <0.001
to estimate postoperative risk in patients with and without
cirrhosis.
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