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Abstract

Background: Hepatectomy presents unique challenges potentially heightening acute kidney 

injury risk, but the full spectrum of risk factors have not been identified.

Methods: Data for hepatectomy patients in the 2016 American College of Surgeons National 

Surgical Quality Improvement Program (N=3814) was randomly split into derivation (70%) and 

validation (30%) cohorts. AKI was defined as an increase in serum creatinine ≥0.3 mg/dl or ≥1.5-

fold above the preoperative value within 30 days of surgery. Multivariable logistic regression 

assessed preoperative and intraoperative risk factors for AKI.

Results: Of 2,692 patients (derivation cohort), 432 (16%) developed AKI. Risk factors were: age 

(years; adjusted odds ratio [aOR] 1.016 [95% confidence interval 1.006–1.026], female sex (aOR 

0.65 [0.51–0.82]), body mass index (kg/m2; aOR 1.043 [1.024–1.062]), diabetes (aOR 1.71 [1.31–

2.24]), hypertension (aOR 1.66 [1.30–2.13]), hematocrit (%; aOR 0.944 [0.924–0.966]), operative 

time (min; aOR 1.004 [1.003–1.004]), planned open procedure (aOR 2.00 [1.47–2.73]), and 

Pringle maneuver (aOR 1.36 [1.07–1.72]). The areas under the curve of the receiver operator 

characteristic curves were 0.74 (95% CI 0.71–0.76) and 0.71 (95% CI 0.67–0.75) in the derivation 

and validation cohorts, respectively.

Conclusions: Postoperative AKI affects one in six hepatectomy patients; preoperative and 

intraoperative factors can predict the risk of postoperative AKI.
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Introduction

Postoperative acute kidney injury (AKI) is well-recognized as a significant contributor to 

morbidity and mortality in patients undergoing intraabdominal general surgery and other 

major non-cardiac surgery procedures.1,2 While prediction models derived from broad 

surgical populations are useful in defining general risk factors, specific surgical procedures 

may have unique aspects affecting AKI risk that are not applicable to other procedures but 

should nonetheless be accounted for in the development of these models. Hepatectomy is a 

major intraabdominal general surgery procedure with a high risk of postoperative AKI that 

has unique features due to the underlying diseases of the patients as well as surgical and 

anesthetic management considerations.3 To date, studies evaluating AKI in hepatectomy 

patients have been smaller, single-institution studies4–6 but a large, multicenter analysis of 

patients developing AKI after hepatectomy would allow for a more generalized application 

of these findings.

Using data from the 2016 American College of Surgeons National Surgical Quality 

Improvement Program (ACS-NSQIP), risk factors for postoperative AKI in patients 

undergoing hepatectomy were identified, including preoperative variables as well as 

variables related to the surgery. In addition, a risk score for AKI was derived based on the 

model, allowing for a simple and easily interpretable application of AKI risk-prediction. 

This tool should help clinicians identify patients at high-risk for AKI after hepatectomy and 

provide a basis for future studies evaluating interventions that might reduce this risk.

Methods

Overview

This study was designated as Not Human Subjects Research Under 45 CFR 46 by the 

Columbia University Medical Center Institutional Review Board (IRB-AAAI9650) as it did 

not require access to protected health information. The ACS-NSQIPa is a validated, 

prospectively collected national dataset designed to improve surgical quality and outcomes. 

This is a retrospective, observational cohort study of patients undergoing hepatectomy in the 

2016 Procedure Targeted Participant Use File (PTPUF) for hepatectomy.b In addition to the 

standard ACS-NSQIP variables, the PTPUF provides additional data on variables specific to 

hepatectomy patients. Patients are followed for 30 days after surgery, including post-

discharge, by the surgical clinical reviewer at each participating site to monitor postoperative 

outcomes.

aThe American College of Surgeons National Surgical Quality Improvement Program and the hospitals participating in the ACS 
NSQIP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data 
analysis or the conclusions derived by the authors.
bhttps://www.facs.org/~/media/files/quality%20programs/nsqip/pt_nsqip_puf_userguide_2016.ashx; Accessed January 31, 2018.
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Patient selection

The 2016 hepatectomy PTPUF contained 4,325 cases from 116 sites (Supplemental Figure 

1). The primary CPT codes for these patients were: 47120 (Hepatectomy, resection of liver; 
partial lobectomy), 47122 (Hepatectomy, resection of liver; trisegmentectomy), 47125 

(Hepatectomy, resection of liver; total left lobectomy), or 47130 (Hepatectomy, resection of 
liver; total right lobectomy). After removing patients with preoperative dialysis (N=9) or 

missing a pre- or postoperative creatinine (mg/dL) measurement, the final hepatectomy 

cohort contained 3,814 observations. After a random 70/30 split, the derivation and 

validation cohorts contained 2,692 and 1,122 observations, respectively.

Pre- and intraoperative risk factor variables

Pre- and intraoperative risk factor variables were collected from both the main ACS-NSQIP 

participant use file as well as the hepatectomy PTPUF. Body mass index (BMI; kg/m2) was 

calculated from height and weight data; the estimated glomerular filtration rate (ml/min/

1.73m2) was calculated using the Chronic Kidney Disease Epidemiology Collaboration 

formula incorporating creatinine, sex, age, and race7 and categorized into groups 

corresponding to the stages of chronic kidney disease:8 <30, ≥30 and <60, ≥60 and <90, or 

≥90. We visualized the relationships between continuous variables and the primary outcome 

by plotting the deciles of each variable by the log(odds ratio) of the primary outcome. Based 

on these analyses, age (years), BMI, hematocrit (%), albumin (g/dL), alkaline phosphatase 

(U/L), international normalized ratio (INR), operative time (min), platelet count (103/μL), 

sodium (mEq/L), and white blood cell count (103/μL) were modeled as continuous variables. 

Aspartate transaminase (AST; U/L) was categorized as <29 or ≥29 and total bilirubin 

(mg/dL) was categorized as ≤0.8 or >0.8.

Definition of primary outcome: acute kidney injury

The dataset provides the most recent creatinine measurement prior to surgery as well as the 

peak postoperative creatinine measurement. Therefore, our primary outcome was the 

difference between the peak postoperative creatinine and the preoperative creatinine. AKI 

was defined as a creatinine change ≥0.3 mg/dL or ≥1.5-fold, according to the KDIGO 

guidelines.9 It was not possible to determine from the dataset the postoperative day on which 

the peak creatinine measurement occurred.

Statistical analysis

Differences in the proportions or means of preoperative characteristics, comorbidities, and 

intraoperative variables between patients with and without AKI were compared with the χ2-

test or the t-test as appropriate. Logistic regression was used to model the risk of 

postoperative AKI. Each pre- and intraoperative variable was separately analyzed in a 

univariable logistic regression model. All preoperative variables with P<0.1 in univariable 

analyses were entered into a multivariable logistic regression model, and variables with 

P<0.1 in this multivariable model were retained. Then, all intraoperative variables with 

P<0.1 in univariable analyses were added to the retained preoperative variables, and 

subsequently, intraoperative variables with P<0.1 in this combined multivariable model were 
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retained. The final model consisted of variables with P<0.05 in the multivariable model with 

the retained preoperative and intraoperative variables.

AKI Risk Score

An AKI risk score model was developed from the final multivariable logistic regression 

model based on previously published methodology.10 In brief, point values for each risk 

factor were proportional to the β coefficients in the multivariable logistic regression model. 

Continuous variables were grouped into quartiles, except for age, which was grouped by 

decade.

Model performance and validation

Model calibration was assessed using calibration plots by decile of predicted AKI risk. 

Model discrimination was assessed by the area under the curve (AUC) of the receiver 

operator characteristic (ROC) curve. Internal validation was assessed by comparing the 

performance of the model on the validation dataset.

Statistical analyses were performed using SAS Software version 9.4 (SAS Institute, Cary, 

NC) and GraphPad Prism 7.04 (GraphPad Software, Inc, La Jolla, CA).

Results

Characteristics of patients undergoing hepatectomy, with and without AKI

Of the 2,692 patients in the derivation cohort, 432 (16%) developed AKI after hepatectomy 

(Table 1). Compared to those without AKI, patients who developed AKI were more likely to 

be older, male, and have comorbidities such as diabetes, hypertension, and reduced renal 

function. In addition, those with AKI had longer procedures and were more likely to have 

had intra/postoperative transfusions, a planned open procedure, Pringle maneuver, biliary 

stenting, biliary reconstruction, and abnormal liver texture.

Logistic regression model for the development of AKI following hepatectomy

The logistic regression model for AKI was developed in stages using the derivation cohort. 

Of the initial preoperative variables (Table 1) that were significant at a P<0.1 level in 

univariable logistic regression analyses, the following remained significant at a P<0.1 level 

in multivariable analysis: sex, BMI, diabetes, hypertension, preoperative weight loss, 

hematocrit, and alkaline phosphatase. In addition, age was retained even though it did not 

meet this criteria (P=0.2). The adjusted ORs (aORs) and 95% CIs for the multivariable 

logistic regression model with preoperative variables are shown in Table 2 (first column) and 

the AUC of the ROC curve was 0.68 [0.66–0.71].

Next, the following intraoperative variables were significant at a P<0.1 level in multivariable 

analysis when combined with the previously retained preoperative variables: operative time, 

planned open procedure, and Pringle maneuver. Of note, intra/postoperative transfusion was 

not a candidate variable in this model. After the addition of these intraoperative variables to 

the retained preoperative variables, alkaline phosphatase (P=0.5) and preoperative weight 

loss (P=0.09) were removed as they were no longer statistically significant. The final logistic 
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regression model included the following preoperative and intraoperative variables: age, sex, 

BMI, diabetes, hypertension, hematocrit, operative time, planned open procedure, and 

Pringle maneuver. The aORs and 95% CIs are shown in Table 2 (second column) and the 

AUC of the ROC curve was 0.74 [0.71–0.76].

Logistic regression model calibration and validation

The Hosmer-Lemeshow test had a P-value of 0.8, indicating good model fit, and the 

calibration plot also indicated good model fit (Figure 1A). To validate the model, we applied 

parameters from the multivariable logistic regression on the validation dataset (N=1,122) to 

estimate the predicted probability of AKI. Calibration in the validation dataset was 

reasonable (Figure 1B) and the AUC of the ROC curve was 0.71 [0.67–0.75] and not 

significantly different from the AUC of the ROC curve from the derivation cohort (P=0.25) 

(Figure 1C).

Missing data

Generally, the rate of missing data was low except for certain preoperative laboratory values 

(INR 11%, albumin 10%, AST 7.3%, alkaline phosphatase 5.6%, total bilirubin 5.5%). 

Missing data only affected 41 observations (1.5%) in the final logistic regression model and 

due to the low rate of missing data, imputation analyses to account for the missing data were 

not performed.

Development of AKI Risk Score from logistic regression model

We developed an AKI risk score to estimate the risk of AKI based on the multivariable 

logistic regression model (Table 3). The continuous variable age was categorized as <40, 

40–49, 50–59, 60–69, and ≥70 years, and the remaining continuous variables (BMI, 

hematocrit, and operative time) were categorized by quartiles. Possible values of the AKI 

risk score ranged from −8 to 30, and the corresponding predicted AKI risk ranged from 

0.9% to 78.7% (Supplemental Table 1). In the derivation cohort, observed AKI risk scores 

ranged from −7 to 28 and the median [interquartile range (IQR)] was 9 [IQR 5–13]. In the 

validation cohort, the AKI risk scores ranged from −6 to 27 and the median was 9 [IQR 5–

13].

The calibration plot for the AKI risk score model displays values for each level of the score; 

however, scores < 0 were combined into one group and scores > 19 were combined into one 

group due to small sample sizes within each individual level. Calibration plots demonstrate 

good calibration for the derivation cohort (Supplemental Figure 2A) and validation cohort 

(Supplemental Figure 2B). The AUC of the ROC curve in the derivation and validation 

cohorts were 0.72 [95% CI 0.70–0.75] and 0.70 [95% CI 0.66–0.75], respectively, and not 

significantly different (P=0.4) (Supplemental Figure 2C).

Acute kidney injury and other postoperative complications

Compared to patients without AKI, patients with postoperative AKI had higher rates of other 

complications following hepatectomy, including 30-day mortality (6.3% vs 0.3%, 

P<0.0001), postoperative liver failure (17% vs 3.5%, P<0.0001), bile leak (15% vs 7.5%, 

P<0.0001), and additional invasive interventions (21% vs 8.0%, P<0.0001) (Table 4).
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Discussion

In a large, multi-center dataset with 116 participating institutions, we identified risk factors

—including both preoperative and intraoperative variables—that were significantly 

associated with an increased risk of postoperative AKI in patients undergoing hepatectomy. 

The risk factors were: age, sex, BMI, diabetes, hypertension, hematocrit, operative time, 

planned open procedure, and Pringle maneuver. In addition, we developed a risk score 

model that assigned point values for each risk factor, allowing for an easy comparison of the 

relative contributions of each factor to the increase in AKI risk, and the risk score can be 

calculated immediately at the conclusion of the procedure. The range of predicted risk for 

AKI was between 0.9% and 79%, and the model was well-calibrated.

AKI is a serious postoperative complication that is associated with both short-term and long-

term sequelae. Early AKI research focused on patients undergoing cardiac and major 

vascular surgeries, but AKI is also a major consideration in non-cardiac surgery.1 

Postoperative AKI leads to greater mortality and other undesired effects such as longer 

hospital stays and higher costs11 as well as an increased risk of developing chronic kidney 

disease.12 Even with a full recovery of renal function at discharge, patients with AKI face an 

increased risk of long-term mortality.13 Unfortunately, there are no perioperative therapeutic 

interventions that have clearly been shown to reduce the risk of postoperative AKI,14 

although hemodynamic optimization appears to decrease the risk of AKI15 and there are 

continued efforts to identify the most optimal perioperative management strategies.16 Due to 

this lack of effective therapies, it is imperative that clinicians identify patients with the 

highest risk of postoperative AKI.

Hepatectomy procedures are complex abdominal surgeries in patients with significant 

comorbidities and risk factors predisposing them to the development of AKI. The reported 

incidence of AKI after hepatectomy ranges from 0.9% to 15.1%,3 and the analyses vary with 

respect to the factors that are identified as contributing to AKI risk. Our AKI rate was 16%, 

though this may be higher compared to other studies as the period of time when AKI could 

be diagnosed in our study was up to 30 days after surgery.

A patient’s risk of postoperative AKI is affected by their baseline comorbidities, and patient 

factors found in our study (age, sex, BMI, diabetes, hypertension, and hematocrit) are 

largely consistent with studies in general surgery patients2 and hepatectomy patients.17 

Interestingly, no preoperative comorbidities or laboratory values typically associated with 

liver disease was retained in the final AKI risk score. In particular, the Model for End-Stage 

Liver Disease (MELD) score4,6,18 was identified as risk factors for AKI in prior studies, but 

in our analysis, the individual components of MELD—INR, bilirubin, and creatinine (via 

eGFR)—while significantly associated with AKI in univariable analyses, did not meet 

criteria for inclusion in the risk score. In a sensitivity analysis, the MELD score was also not 

a significant predictor of AKI. This lack of association between MELD variables and AKI 

may reflect differences in underlying disease and comorbidity severity in our sample 

compared to prior studies, and these differences will need further investigation.
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Many AKI risk models incorporate only variables known preoperatively,17 but intraoperative 

factors also contribute to the risk of AKI and other major complications.3 Anesthetic 

management for hepatectomy may include the use of hypovolemia and vasodilation to 

maintain a low central venous pressure (CVP) to reduce operative blood loss, but this may 

come at the expense of kidney hypoperfusion and resultant AKI.19 While an early study 

reported an AKI rate below 1% with low CVP management,20 in a more recent study, AKI 

occurred in 16% of patients, though the decrease in eGFR was reported to be transient and 

clinically insignificant in most instances.21 Detailed anesthetic management data is not 

available in our dataset so we cannot determine if any patients were managed in this fashion.

Prior studies identified major hepatic resection as a risk factor for postoperative AKI18 and 

other morbidities22 but the type of surgery was not a significant predictor in the 

multivariable model. Our procedure categories are based on CPT codes, while major 

hepatectomy is defined by the number of liver segments resected,22 and the CPT codes may 

not fully capture the magnitude of liver mass that is resected. Liver texture at resection (e.g., 

cirrhotic, congested, fatty) also was not a significant predictor in the multivariable model. 

Compared to a study with ~80% of patients with cirrhosis,23 the rate of abnormal liver 

texture was low in our sample (~24%) and it is possible that this accounts for the lack of 

association between liver texture and AKI. It should be noted that liver texture was not 

documented in almost half of patients (~47%), but the rate of AKI was similar to that in 

normal patients, indicating that they likely had normal texture.

Blood loss and transfusions are associated with morbidity in hepatectomy patients,24,25 but 

we were limited by the fact that the dataset only indicates if blood was administered within 

the first 72 hours of surgery. Our goal was to create a risk score that could be applied 

immediately after surgery so this variable was not included in the multivariable analysis, but 

a sensitivity analysis demonstrated that intra/postoperative transfusions would have been an 

additional significant risk factor for postoperative AKI in our model (data not shown).

There is limited data in the literature regarding the relationship between vascular clamping, a 

maneuver undertaken to reduce intraoperative blood loss, and AKI risk in hepatectomy 

patients. Xu et al.26 did not find increased risks of postoperative complications, including 

renal failure, with the Pringle maneuver. However, in our study, the Pringle maneuver was 

associated with a moderately increased risk of AKI and remained a significant predictor in 

the risk score. We are unable to determine the mechanisms underlying this finding, but 

vascular clamping can be accompanied by hypotension and ischemia-reperfusion injury27 

which may potentially contribute to increased AKI risk. It may also reflect confounding with 

variables not measured in our study, such as blood loss and transfusions, the extent of liver 

resection (i.e., major vs. minor), and severity of cirrhosis. If there are significant risks 

associated with the Pringle maneuver, they will have to be weighed against the benefits of 

using the technique, but further research is necessary to clarify these effects.

Laparosopic hepatectomy is associated with improved outcomes vs. open hepatectomy, 

possibly via reduced inflammation28 and reduced blood loss and transfusion requirement.29 

Our results confirm that a planned open procedure doubled the adjusted odds of 
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postoperative AKI. The length of surgery has clearly been demonstrated to be associated 

with surgical complications,30 and operative time is a major component of our risk score.

AKI was associated with higher mortality, postoperative liver failure, bile leak, and the need 

for additional invasive interventions. Hepatorenal syndrome is a known complication of liver 

failure31 but AKI may also develop independently of liver failure. Due to the retrospective 

nature of our analysis, we cannot determine the causal pathways for these associations, and 

the mechanisms leading to these associations will need to be clarified. Additionally, as a 

retrospective analysis, we cannot determine if the components of the risk score directly 

increase the AKI risk, but at the very least, they are significant markers for patients with a 

higher risk.

Prior studies evaluating the risk of AKI after hepatectomy procedures are mainly studies 

conducted at a single institution.4,17,18,28,32 A major strength of our study is the use of a 

well-established, national surgical dataset with data from over 100 institutions, allowing for 

greater generalizability, though the ACS-NSQIP tends to reflect mainly larger, academic 

medical centers. Although the main ACS-NSQIP data file underestimates the incidence of 

postoperative AKI,33 the hepatectomy PTPUF allows for the direct calculation of the 

maximal change between pre- and postoperative creatinine. However, we do not know when 

in the 30-day postoperative period that this maximal change occurred, so our definition of 

AKI does not completely align with the standard KDIGO guidelines9 and this remains the 

major limitation of the study. Another limitation of the dataset is missing data. 

Approximately 12% of the PTPUF sample had either a missing preoperative or postoperative 

creatinine measurement and had to be excluded from the analysis. As these variables are 

involved in determining the primary outcome, it would not be prudent to impute their values.

With a large, multicenter dataset, it is difficult to capture many important clinical variables 

that may be relevant to the development of postoperative AKI, including hemodynamics,4 

fluid management, and the use of low CVP management.19 In addition, other important 

perioperative factors for increased AKI risk include impaired glycemic control34 and poor 

nutritional status.35 Our dataset does not provide data on these variables, but their effects on 

postoperative AKI should be evaluated in future studies. A recent study demonstrated that 

the use of additional data beyond that contained in the ACS-NSQIP dataset improved the 

prediction of postoperative complications after hepatectomy,36 so additional data may 

improve our model. We cannot assess differences among hospitals, though this may 

significantly contribute to postoperative complications.37

In conclusion, we have identified significant preoperative and intraoperative predictors of 

AKI following hepatectomy using a large, multi-institution cohort of patients. A risk score 

that can be calculated at the conclusion of the procedure was developed to stratify the risk of 

postoperative AKI. This score may assist the operative team on the optimal postoperative 

destination (i.e., intensive care unit vs. post-anesthesia care unit) and identify patients who 

may require early consultation from a nephrologist. The Pringle maneuver was a significant 

risk score in our model, and it will need to be determined if there is a direct causal effect 

with AKI or if the Pringle maneuver is simply a marker for a high-risk patient. In addition, 

there appear to be associations between postoperative AKI and liver failure and these 
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relationships will need to be explored further. While there are no known therapeutic 

measures to prevent AKI, perioperative management must be optimized in the highest risk 

patients and this tool can facilitate the early identification of these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Calibration plots (by decile of predicted mortality risk) (A-B) and receiver operator 

characteristic curves (C) of the logistic regression model for acute kidney injury (AKI) in 

patients undergoing hepatectomy in the derivation cohort (A, C) and the validation cohort 

(B, C), American College of Surgeons National Surgical Quality Improvement Program, 

2016. In the calibration plots, the solid line represents perfect calibration the error bars 

represent the 95% confidence interval for predicted AKI risk. AUC, area under the curve.
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Table 1.

Characteristics of hepatectomy patients, American College of Surgeons National Surgical Quality 

Improvement Program, 2016.

No AKI AKI P-value

2,260 (84) 432 (16)

Preoperative Variables

Age (years) 58 (14) 62 (13) *

Female 1,166 (52) 168 (39) *

White 1,409 (62) 257 (59) 0.3

Body Mass Index (kg/m2) 28.1 (6.5) 30.2 (7.1) *

Emergency 13 (0.6) 2 (0.5) 1.0

Diabetes 318 (14) 126 (29) *

Mechanical Ventilation 1 (0.0) 2 (0.5) 0.07

Dyspnea 103 (4.6) 26 (6.0) 0.2

Chronic Obstructive Pulmonary Disease 79 (3.5) 22 (5.1) 0.11

Current Smoker 389 (17) 60 (14) 0.09

Congestive Heart Failure 6 (0.3) 1 (0.2) 0.9

Hypertension 929 (41) 264 (61) *

Sepsis/Septic Shock 30 (1.3) 3 (0.7) 0.3

Wound Infection 12 (0.5) 7 (1.6) 0.02

Functionally Dependent 20 (0.9) 1 (0.2) 0.2

Ascites 13 (0.6) 4 (0.9) 0.4

Steroid Use 59 (2.6) 18 (4.2) 0.08

Disseminated Cancer 942 (42) 179 (41) 0.9

Preoperative Weight Loss 87 (3.9) 29 (6.7) 0.01

Bleeding Disorder 74 (3.3) 18 (4.2) 0.3

Preoperative Transfusion 11 (0.5) 6 (1.4) 0.04

Estimated glomerular filtration rate (mL/min/1.73 m2) *

 eGFR <30 12 (0.5) 5 (1.2)

 eGFR ≥30 and <60 213 (9.4) 82 (19)

 eGFR ≥60 and <90 929 (41) 181 (42)

 eGFR ≥90 1,103 (49) 162 (38)

Sodium (mEq/L) 139 (3) 139 (3) 0.2

Albumin (g/dL) 4.0 (0.5) 3.8 (0.5) *

Bilirubin (mg/dL) 0.6 (0.7) 0.7 (0.9) 0.03

Total Bilirubin (mg/dL) >0.8 362 (17) 97 (24) 0.001

AST (U/L) ≥29 835 (40) 188 (47) 0.01

Alkaline Phosphatase (U/L) 115 (90) 128 (104) 0.02

Hematocrit (%) 40 (4.9) 38 (5.0) *

White Blood Cells (103/μL) 6.9 (2.7) 6.9 (3.0) 0.9

Platelets (103/μL) 234 (91) 225 (84) 0.05

International Normalized Ratio 1.04 (0.16) 1.07 (0.19) 0.01
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No AKI AKI P-value

2,260 (84) 432 (16)

Preoperative Variables

Intraoperative Variables

Operative Time (minutes) 235 (113) 299 (141) *

Intra/Postoperative Transfusion 357 (16) 129 (30) *

Planned Open Procedure 1,677 (74) 372 (87) *

Pringle Maneuver 544 (24) 142 (33) 0.0001

Biliary Stent 110 (4.9) 47 (11) *

Biliary Reconstruction 137 (6.1) 51 (12) *

Liver Texture 0.002

 Cirrhotic 200 (8.9) 57 (13)

 Congested 55 (2.4) 16 (3.7)

 Fatty 260 (12) 65 (15)

 Normal 664 (29) 110 (25)

 Not Documented 1,081 (48) 184 (43)

Procedure (CPT Code) 0.005

 Hepatectomy, resection of liver; partial lobectomy (47120) 1,517 (67) 257 (59)

 Hepatectomy, resection of liver; total left lobectomy (47125) 219 (9.7) 40 (9.3)

 Hepatectomy, resection of liver; total right lobectomy (47130) 340 (15) 89 (21)

 Hepatectomy, resection of liver; trisegmentectomy (47122) 184 (8.1) 46 (11)

AKI, acute kidney injury.

Continuous variables expressed as mean (SD). Categorical variables expressed as counts (%).

*
P<0.0001

J Hepatobiliary Pancreat Sci. Author manuscript; available in PMC 2020 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kim et al. Page 15

Table 2.

Logistic regression models for acute kidney injury after hepatectomy, derivation cohort, American College of 

Surgeons National Surgical Quality Improvement Program, 2016.

Preoperative Variables All Variables

Variable OR 95% CI OR 95% CI

Age (years) 1.014 [1.005, 1.024] 1.016** [1.006, 1.026]

Female 0.59*** [0.47, 0.74] 0.65** [0.51, 0.82]

Body Mass Index (kg/m2) 1.050*** [1.032, 1.069] 1.043*** [1.024, 1.062]

Diabetes 1.50** [1.15, 1.97] 1.71*** [1.31, 2.24]

Hypertension 1.56** [1.21, 2.00] 1.66*** [1.30, 2.13]

Preoperative Weight Loss 1.606* [1.002, 2.575]

Hematocrit (%) 0.945*** [0.924, 0.967] 0.944*** [0.924, 0.966]

Alkaline Phosphatase (U/L) 1.002** [1.000, 1.003]

Operative Time (min) 1.004*** [1.003, 1.004]

Planned Open Procedure 2.00*** [1.47, 2.73]

Pringle Maneuver 1.36* [1.07, 1.72]

AUC 95% CI AUC 95% CI

0.68 [0.66, 0.71] 0.74 [0.71, 0.76]

OR, odds ratio; CI, confidence interval; AUC, area under the curve of the receiver operator characteristic curve.

***
P<0.0001

**
P<0.01

*
P<0.05
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Table 3.

Acute kidney injury risk score in patients undergoing hepatectomy, American College of Surgeons National 

Surgical Quality Improvement Program, 2016.

Risk Factor Category Points

Age (years) <40 0

40–49 1

50–59 2

60–69 3

≥70 5

Sex Female −3

Male 0

Body Mass Index (m/kg2) <24 0

≥24 to <28 1

≥28 to <32 2

≥32 5

Diabetic Yes 3

No 0

Hypertension Yes 3

No 0

Hematocrit (%) <37 0

≥37 to <40 −3

≥40 to <43 −4

≥43 −5

Operative Time (min) <154 0

155–218 2

219–298 4

≥299 8

Planned Open Procedure Yes 4

No 0

Pringle Maneuver Yes 2

No 0

Risk score ranges from −8 to 30.
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Table 4.

Postoperative complications in hepatectomy patients with and without acute kidney injury, American College 

of Surgeons National Surgical Quality Improvement Program, 2016.

No AKI AKI P-value

2,260 (84) 432 (16)

30-Day Mortality 7 (0.3) 27 (6.3) *

Postoperative Liver Failure 78 (3.5) 75 (17) *

Bile Leak 169 (7.5) 64 (15) *

Additional Invasive Intervention 180 (8.0) 89 (21) *

AKI, acute kidney injury.

*
P<0.0001
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