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Abstract

Background and Aims: Patients with cirrhosis have an increased risk of post-operative 

mortality for a range of surgeries, however they are also at risk of post-operative complications 

such as infection and cirrhosis decompensation. To date there are no prediction scores that 

specifically risk stratify patients for these morbidities.
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Methods: This was a retrospective study using data of patients with cirrhosis who underwent 

diverse surgeries in the Veterans Health Administration. Validated algorithms and/or manual 

adjudication were used to ascertain post-operative decompensation and post-operative infection 

through 90 days. Multivariable logistic regression was used to evaluated prediction models in 

derivation and validation sets using variables from the recently-published VOCAL-Penn cirrhosis 

surgical risk scores for post-operative mortality. Models were compared to the Mayo risk score, 

MELD-sodium, and Child-Turcotte-Pugh (CTP) scores.

Results: A total 4,712 surgeries were included; patients were predominantly male (97.2%), white 

(63.3%), and with alcohol-related liver disease (35.3%). Through 90 post-operative days, 8.7% of 

patients experienced interval decompensation, and 4.5% infection. Novel VOCAL-Penn prediction 

models for decompensation demonstrated good discrimination for interval decompensation (C-

statistic 0.762 vs. 0.663 Mayo vs. 0.603 MELD-sodium vs. 0.560 CTP, p<0.001), however 

discrimination was only fair for post-operative infection (C-statistic 0.666 vs. 0.592 Mayo 

[p=0.13] vs. 0.502 MELD-sodium [p<0.001] vs. 0.503 CTP [p<0.001)). The model for interval 

decompensation had excellent calibration in both derivation and validation sets.

Conclusion: We report the derivation and internal validation of a novel, parsimonious prediction 

model for post-operative decompensation in patients with cirrhosis. This score demonstrated 

superior discrimination and calibration as compared to existing clinical standards, and will be 

available at www.vocalpennscore.com.
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Introduction

The burden of cirrhosis in the United States is on the rise, owing to increases in non-

alcoholic fatty liver disease as well as alcohol use disorder.1, 2 In tandem with these 

epidemiologic shifts, a growing volume of patients with cirrhosis are undergoing major 

surgeries on an annual basis.3 Given that cirrhosis confers an increased risk of post-

operative mortality,4 it is critical to accurately risk stratify patients for such procedures 

to inform patient and surgical decision making. Numerous prior prediction models have 

been designed to estimate the risk of post-operative mortality. This includes the model for 

end-stage liver disease-sodium (MELD-Na) score, Child-Turcotte-Pugh (CTP) score, the 

Mayo risk score,5 and the recently developed VOCAL-Penn cirrhosis surgical risk score 

(www.vocalpennscore.com).6, 7 Although mortality is clearly an important patient outcome, 

the development of post-operative morbidity such as interval cirrhosis decompensation and 

post-operative infections are outcomes that also might impact the balance of risk and benefit 

of proceeding with an individual surgery. These events mediate an increased risk of post-

operative death,8, 9 but more immediately, they impact patient functioning, quality of life, 

and healthcare resource utilization.10 Thus, reliable prognostic models for these outcomes 

would be of immediate pragmatic clinical value to both patients and providers.
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In this study, our goal was to build from the recently-published VOCAL-Penn cirrhosis 

surgical risk score and extend prediction models to two post-operative morbidity outcomes 

through 90 days: interval cirrhosis decompensation and post-operative infection.

Methods

Study Design and Data Source

This was a retrospective cohort study using a merged dataset from the Veterans Outcomes 

and Costs Associated with Liver Disease (VOCAL) and Veterans Affairs Surgical Quality 

Improvement Program (VASQIP) cohorts. The derivation and merging of these sources 

has been described previously.6 In brief, VOCAL contains granular longitudinal data 

from over 129,000 patients with cirrhosis identified in the Veterans Health Administration 

(VHA) between January 1, 2008 and December 31, 2015.11, 12 VASQIP is a manually-

adjudicated surgical dataset in the VHA initially developed to support peri-operative quality 

improvement research.13 The merged VOCAL-VASQIP dataset, with data on 4,712 unique 

surgeries, was previously used to derive and internally validate the VOCAL-Penn cirrhosis 

surgical risk score.6 In this study, the same data were used for the purposes of evaluating 

VOCAL-Penn predictors for post-operative decompensation or infection. This included 

patients age >18 years with established cirrhosis who underwent a surgery of interest 

(defined below). Patients who underwent prior liver transplantation were excluded.

Surgery Categories

Consistent with prior methods in the derivation and external validation of the VOCAL-Penn 

cirrhosis surgical risk score,6, 7 we focused on six surgery categories: abdominal wall (e.g., 

umbilical or inguinal hernia repair), vascular (e.g., femoral-femoral bypass graft), major 

orthopedic (e.g., total hip arthroplasty), chest/cardiac (e.g., pulmonary lobectomy, coronary 

artery bypass graft), open abdominal, and laparoscopic abdominal (e.g., cholecystectomy, 

colectomy, appendectomy). These categories were established based on Current Procedure 

Terminology (CPT) codes as defined in Supplemental Table 1, wherespecific surgery 

examples are also provided.

Variable Collection

For each surgery, we collected patient demographics (age, sex, race), smoking history 

(never, former, current), body mass index (BMI), and comorbidities (hypertension, diabetes, 

obesity [BMI≥30], atrial fibrillation, coronary artery disease, congestive heart failure). 

Prior cirrhosis decompensations were determined using a previously validated algorithm 

in the VHA system,14 and pre-operative transjugular intrahepatic portosystemic shunt 

(TIPS) placement was determined using CPT codes (37182, 37183). Etiology of liver 

disease was classified as hepatitis C virus (HCV), hepatitis B virus, alcohol-related 

liver disease (ALD), HCV + ALD, non-alcoholic fatty liver disease (NAFLD), or 

other (including autoimmune hepatitis, primary biliary cholangitis, primary sclerosing 

cholangitis), consistent with a previously-validated approach.15The following pre-operative 

laboratory data within 30 days of surgery were obtained: aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), total bilirubin, albumin, platelet count, and international 

normalized ratio (INR). Finally, adjudicated VASQIP data were used to obtain American 
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Society of Anesthesiologists (ASA) physical status classification (2, 3, 4) as well as 

emergency status of the surgery. Importantly, the decision to categorize ASA as 2, 3, or 

4 as opposed to 3 for compensated and 4 for decompensated cirrhosis (as was done in the 

Mayo risk score) has been evaluated in detail in prior work from our group.6 The above data 

were used to compute prediction scores to be evaluated in this study (Supplemental Table 2), 

including the Mayo risk, MELD-Na, and CTP (A, B, C) scores. For subjective components 

of the CTP score, ascites and hepatic encephalopathy were determined using a previously 

validated VHA algorithm.11

Outcomes Ascertainment

The primary outcomes of interest were (1) interval cirrhosis decompensation within 

90 days of surgery and (2) infection within 30 days of surgery (as adjudicated post-

operative infection data are only available through 30 days in VASQIP). Regarding the 

first outcome, we used a previously-validated VHA algorithm to identify the combined 

endpoint of portal-hypertension related decompensation, clinically-significant ascites, 

hepatic encephalopathy, hepatorenal syndrome, or variceal bleeding.11, 14 These algorithms 

rely on combinations of CPT codes, International Classification of Diseases (ICD) codes, 

and pharmacy/medication administration data, and have been extensively utilized in the 

VHA cirrhosis literature.12, 16–19 Only patients with clinically-significant manifestations of 

portal hypertension were ascertained in this manner (i.e. mild ascites was not considered 

a decompensation, but moderate/severe ascites was).20 Regarding the second outcome, in 

the VASQIP database selected post-operative complications are manually adjudicated by 

trained nurse data managers through 30 days after surgery. We used these data to create 

a combined endpoint for post-operative infection, which included urinary tract infection, 

pneumonia, wound superinfection, skin/soft tissue infection, or sepsis. Of note, because 

the algorithm to determine clinically significant ascites includes administrative codes for 

spontaneous bacterial peritonitis (SBP), SBP events could be classified as both interval 

cirrhosis decompensation and infection in this study.

Statistical Analysis

Descriptive data for the cohort were computed as medians and interquartile ranges (IQRs, 

displayed as 25th and 75th percentiles in results) for continuous data and as percentages 

for categorical data. Univariable associations between surgery category and the primary 

outcomes and between the primary outcomes and 90-day mortality were tested using 

the chi square test. For the purposes of subsequent prediction modeling, the dataset was 

divided into 80% derivation and 20% validation subsets using a random number generator. 

Logistic regression was used to derive prediction models for each outcome. A priori 
variables considered in models included the predictors used in the VOCAL-Penn cirrhosis 

surgical risk score: age, albumin, total bilirubin, platelet count, obesity (body mass index 

≥30), non-alcoholic fatty liver disease, ASA score, and surgery category. The rationale 

for focusing on these variables was twofold. First, these are established predictors of post-

operative mortality in patients with cirrhosis,5, 6, 21, 22 and post-operative decompensation 

and infection are likely mediators of mortality.8, 9 Second, given the goal of extending 

the applications of the VOCAL-Penn tool, it was desirable to utilize a parsimonious set 

of variables to maximize clinical adoption. Prior to multivariable analyses, univariable 
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analyses in the derivation set were conducted. Continuous predictors were evaluated for 

non-linearity with each outcome using locally-weighted scatterplot smoothing curves. Based 

on this analysis, restricted cubic splines were used to transform platelet count, albumin, 

and total bilirubin. Knot specifications are given in Supplemental Table 3. In subsequent 

multivariable analysis, we began with a full model and tested multiple reduced models using 

a purposeful selection approach. Different candidate models were evaluated on the basis of 

minimized Bayesian Information Criterion (BIC), and maximized model discrimination. Full 

models for both outcomes were ultimately selected based on these considerations. Finally, 

we considered the possible impact of pre-operative TIPS on each outcome by adding this 

covariate to the final model and comparing models using the likelihood ratio test. An alpha 

threshold of 5% was used to determine statistical significance.

The predictive performance of models was evaluated in terms of discrimination and 

calibration, in both derivation and validation sets. Receiver operating characteristic 

(ROC) curves with computation of C-statistics and 95% confidence intervals (CIs) were 

used to evaluate discrimination. Smoothed plots of observed events versus predicted 

probabilities were used to evaluate calibration by visual inspection, consistent with guideline 

recommendations.23 Perfect calibration would be indicated by points lying along a 45-

degree line. The above final models (called “VOCAL-Penn Refit”) were compared to several 

established risk prediction scores in liver disease: the VOCAL-Penn cirrhosis surgical risk 

score for post-operative mortality (called “VOCAL-Penn Mortality” in tables/figures, 90-day 

mortality prediction for decompensation models, 30-day mortality prediction for infection 

models), the Mayo surgical risk score (90-day mortality prediction for decompensation 

models, 30-day mortality prediction for infection models), MELD-Na, and the CTP score. 

Model discrimination was compared globally using a 5% alpha threshold, and in pairwise 

comparisons using the Bonferroni adjustment (1.25% alpha threshold for significance).

Sensitivity Analysis

Given the possibility that prediction model performance for post-operative decompensation 

might vary on the basis of prior cirrhosis decompensation or risk category of a surgery, 

we performed two sensitivity analyses. First, we evaluated model discrimination among 

(1) patients with previously-compensated cirrhosis and (2) patients with a history of 

prior decompensation. Second, we dichotomized surgery type into the three highest 

mortality (open abdominal, chest/cardiac, abdominal wall) and three lowest mortality groups 

(laparoscopic abdominal, vascular, major orthopedic), and evaluated model discrimination 

separately for each group.

Results

Cohort Characteristics

The cohort of patients undergoing 4,712 unique surgeries had a median age 64 years, were 

97.2% male, and 63.3% white (Table 1). The most common surgery category was abdominal 

wall (27.8%), followed by major orthopedic (27.5%). The most common etiologies of liver 

disease were ALD (35.3%) and HCV + ALD (29.5%). The majority of patients were 

CTP A (88.3%) and ASA class 3 (67.8%). Through 90 post-operative days, 408 (8.7%) 
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patients experienced interval cirrhosis decompensation, and through 30 post-operative days 

244 (5.2%) developed an infection. Median time to post-operative decompensation was 11 

days (IQR 4, 29), and median time to post-operative infection was 10 days (IQR 5, 16; 

Supplemental Table 4). Each outcome was significantly associated with surgery category 

(each p<0.001, Table 2), with open abdominal surgery conferring the highest unadjusted risk 

overall (17.9% decompensation and 10.5% infection). By contrast, vascular surgeries had 

the lowest risk of decompensation (4.7%) and abdominal wall surgeries had the lowest risk 

of infection (2.8%). Of the 408 patients with decompensation events, 199 (48.8%) patients 

developed interval ascites, 121 (29.7%) hepatic encephalopathy, 84 (20.6%) hepatorenal 

syndrome, and 72 (17.6) variceal bleeding.

Prediction Models for Post-operative Decompensation

In multivariable analysis, increasing ASA class was associated with a higher odds of post-

operative decompensation (OR 1.36, 95% CI 1.05 – 1.76, p=0.02), and open abdominal 

surgeries had the highest odds relative to laparoscopic abdominal surgeries (OR 1.84, 95% 

CI 1.12 – 3.02; Table 3). Lower platelet count and albumin were associated with increased 

odds of post-operative decompensation, as was higher total bilirubin. The addition of pre-

operative TIPS as a covariate did not improve model fit (p=0.61). In terms of prediction 

model performance, the discrimination of the final model (VOCAL-Penn Refit) was very 

good in both derivation and validation sets (C-statistics 0.766 and 0.762, respectively), and 

significantly higher as compared to VOCAL-Penn Mortality, Mayo score, MELD-Na, and 

CTP score models (each p<0.0125; Figure 1A/B, Table 4). The calibration of the VOCAL-

Penn Refit model was excellent across the spectrum of risk in both derivation and validation 

sets (Figure 1C). By contrast, the Mayo risk score significantly overestimated post-operative 

decompensation across the risk spectrum.

In sensitivity analyses, we found that model discrimination for 90-day post-operative 

decompensation for VOCAL-Penn Refit remained good when stratified by prior 

compensation/decompensation status, though was higher among patients with previously 

compensated cirrhosis versus previously decompensated cirrhosis (C-statistic 0.798 vs. 

0.705; Supplemental Table 5). The VOCAL-Penn Refit model demonstrated numerically 

higher discrimination than all other scores. Similar findings were observed when analyses 

were limited to higher-mortality and lower-mortality surgery categories (Supplemental Table 

6).

Prediction Models for Post-operative Infection

In the final multivariable model for post-operative infection, surgery category and albumin 

were significantly associated with the outcome (each joint p<0.001; Table 3). The addition 

of the pre-operative TIPS covariate again did not improve model fit (p=0.83). The 

discrimination of the final model (VOCAL-Penn Refit) for 30-day post-operative infection 

was fair in both derivation and validation set (C-statistic 0.692 and 0.654, respectively; 

Figure 2A/B, Table 4). Although this was significantly higher than all competing models in 

the derivation set (each p<0.0125), the VOCAL-Penn Refit model was similar to VOCAL-

Penn Mortality, Mayo risk, and MELD-Na scores in the validation set (p=0.49, p=0.30, 

and p=0.046, respectively). The calibration of the VOCAL-Penn Refit model was good in 
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the derivation cohort by visual inspection, though there was some evidence of regional 

overestimation and underestimation of risk in the validation cohort (Figure 2C).

Discussion

In this national study of 4,712 diverse surgeries performed on patients with cirrhosis, 

we identified prediction models for post-operative morbidity outcomes through 90 

days. When refit, the covariates in the VOCAL-Penn cirrhosis surgical risk scores 

demonstrated good discrimination and excellent calibration in predicting post-operative 

hepatic decompensation. An analogous model demonstrated only fair prediction for post-

operative infection, however it is noteworthy that both models represent significant 

improvements in prognostication as compared to established risk scores in the field of 

chronic liver disease.

The most impactful finding in this study is improved prediction of post-operative cirrhosis 

decompensation events. Prior studies have identified variables associated with post-operative 

decompensation, however these studies are limited in terms of sample size and/or focus 

on individual surgery types. For example, Nyberg et al. studied 853 patients with cirrhosis 

who underwent orthopedic surgeries and identified lower serum albumin as being associated 

with 90-day decompensation.24 Suman et al. conducted a study of 44 patients with cirrhosis 

undergoing major cardiac surgery and found that low albumin and elevated bilirubin were 

associated with decompensation.9 Higher MELD and CTP scores were also associated 

with this outcome. Our findings are consistent with these studies, however they expand on 

existing literature in several important ways. First, prior studies were focused on etiology-

based models, whereas the refitted VOCAL-Penn model is designed for prediction. Second, 

the VHA cohort contains a much larger sample size and addresses multiple broad surgery 

categories. This will serve to expand the clinical utility of the prediction score. Third, the 

VOCAL-Penn model was compared to existing clinical standards such as the MELD-Na, 

CTP, and Mayo risk score, and it demonstrated substantially improved predictive value. 

Fourth, an additional benefit of using the VOCAL-Penn model is that discrete probabilities 

of post-operative decompensation are provided, in contrast to risk scores such as MELD-

Na and CTP. Fifth, because of the focus on modeling using VOCAL-Penn Mortality 

covariates, the refitted VOCAL-Penn score for post-operative decompensation remains 

parsimonious and can be computed with the same inputs (to be available in conjunction with 

post-operative mortality predictions at www.vocalpennscore.com). Finally, it is important 

to highlight the clinical impact of the refitted VOCAL-Penn score for post-operative 

decompensation. In addition to affording more prognostic depth in conversations between 

patients and providers, the score may improve post-operative triage decisions and allocation 

of healthcare resources. For example, patients predicted to have a high risk of post-operative 

decompensation may warrant closer post-operative monitoring, such as in an intensive care 

or stepdown ward, whereas low-risk patients may be observed in the general medical ward 

or even in the outpatient setting. Accurate risk stratification may also facilitate patient 

selection for research studies testing interventions to mitigate post-operative complications 

in high-risk individuals.
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Although the VOCAL-Penn prediction model for post-operative infection demonstrated 

superior discrimination as compared to other scores in the derivation set, there was no 

difference as compared to the Mayo or MELD-Na score in the validation set. Furthermore, 

the overall discrimination was only fair with a C-statistic of only 0.654. Based on 

these findings, we would not advocate for the use of any of the prediction models 

evaluated in this study for prediction of post-operative infection. It is interesting that we 

found a discordance in predictive performance between VOCAL-Penn models and the 

outcomes of decompensation and infection. Given the strength of association between 

model covariates and post-operative decompensation and mortality, this would suggest that 

cirrhosis decompensation events after surgery are a stronger mediator of mortality than 

post-operative infection. It is also likely that post-operative infection may be predicted 

by distinct variables that are not captured in the VOCAL-Penn models, such as hospital 

volume, surgeon expertise, rural versus urban setting, or individual markers of relative 

immunocompromise. Future studies are needed to better identify predictors of post-operative 

infection and reversible risk factors for this complication.

There are important limitations to this study that we acknowledge. First, there is 

possible misclassification of exposures and outcomes. To minimize this issue, we 

used widely-validated algorithms for exposure variables wherever possible. Regarding 

outcomes misclassification, we expect this to be minimal though we acknowledge that 

selected decompensations such as ascites and hepatic encephalopathy involve subjectivity. 

Additionally, the VASQIP dataset is not inclusive of all types of infection, and thus the 

estimates reported in this study may be conservative. Second, there are clear external 

validity limitations to this study given the nature of the VHA cohort. In particular, the 

patients are predominantly male and enriched in psychosocial comorbidities relative to the 

general population. External validation of the refitted VOCAL-Penn model would broaden 

its usability to healthcare settings outside the VHA. Third, as the cohort only contained 

patients who underwent surgery, we are not able to predict potential outcomes for patients 

who were deemed to be poor surgical candidates on prior clinical grounds. Indeed, patients 

in this study were generally low MELD, CTP A, and ASA 3, and ultimately patients were 

likely selected for surgery using heterogeneous clinical approaches. Thus, the VOCAL-Penn 

scores should only be applied as an adjunct to clinical judgment and not as a replacement. 

That is, if a patient is clearly not fit for surgery on clinical grounds, the VOCAL-Penn 

scores should not be applied. If risk aversion surrounding cirrhosis surgeries is relaxed, the 

models may need to be periodically recalibrated. Fourth, there are surgery categories that 

are not represented in this study, most notably hepatic resections such as those performed 

for hepatocellular carcinoma. Future studies evaluating prediction score performance in this 

specific context would be of interest, and is an area of ongoing research in our group. 

Finally, we did not find TIPS to be associated with the outcomes in adjusted models. 

However, given the small number of patients in this cohort who had pre-operative TIPS 

(only 1.3%) and we could not ascertain the indication for TIPS placement, this study 

was likely underpowered to meaningfully study this exposure in detail. Thus is remains 

unclear if pre-operative TIPS might decrease post-operative complications. Similarly, there 

are additional pre-operative variables which may be salient predictors of post-operative 

outcomes, including treatment status of viral hepatitis, adequate control of autoimmune 
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hepatitis, active alcohol use, prophylactic antibiotics, and use of medications such as non-

selective beta blockers and statins, which were unfortunately not readily available for study 

in this cohort. These exposures may be evaluated in detail in future studies.

In conclusion, post-operative decompensation and infection are common events in patients 

with cirrhosis. We report the derivation and internal validation of a prediction score for 90-

day post-operative decompensation that adds significant value beyond existing risk scores 

applied in the peri-operative setting. This risk score, which is an extension of the VOCAL-

Penn cirrhosis surgical risk tool, may be used to augment clinical judgment regarding the 

decision to proceed with surgery and to clarify prognosis and expected post-operative course 

in discussion with patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know:

Background:

Patients with cirrhosis have increased post-operative risk, however no prediction tools 

exist to estimate risk of interval decompensation.

Findings:

We have developed a novel prediction model (VOCAL-Penn) that accurately predicts 

90-day post-operative cirrhosis decompensation, and outperforms other liver disease risk 

scores.

Implications for Patient Care:

Improved prognostication around major surgeries in patients with cirrhosis may help 

inform risk stratification and counseling for patients and providers.
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Figure 1 –. 
Receiver Operating Characteristic Curves for 90-Day Post-Operative Decompensation in (A) 

Derivation and (B) Validation Cohorts, with (C) Associated Calibration Curves
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Figure 2 –. 
Receiver Operating Characteristic Curves for 90-Day Post-Operative Infection in (A) 

Derivation and (B) Validation Cohorts, with (C) Associated Calibration Curves
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Table 1:

Pre-Operative Cohort Characteristics

Variable Overall
(N = 4,712)

Derivation
(N = 3,770)

Validation
(N = 942)

Age, median (IQR) 64 (60, 69) 64 (60, 69) 64 (60, 69)

Male Sex 4582 (97.2%) 3670 (97.3%) 912 (96.8%)

Race

 White 2981 (63.3%) 2386 (63.3%) 595 (63.2%)

 Black 741 (15.7%) 586 (15.5%) 155 (16.5%)

 Hispanic 323 (6.9%) 262 (6.9%) 61 (6.5%)

 Asian 51 (1.1%) 47 (1.2%) 4 (0.4%)

 Other 616 (13.1%) 489 (13.0%) 127 (13.5%)

Smoking History

 Never smoker 846 (18.8%) 682 (18.1%) 164 (17.4%)

 Former smoker 979 (21.8%) 779 (20.7%) 200 (21.2%)

 Current smoker 2676 (59.5%) 2147 (56.9%) 529 (56.2%)

Surgery Category

 Abdominal – Laparoscopic 476 (10.1%) 402 (10.7%) 74 (7.9%)

 Abdominal – Open 665 (14.1%) 526 (14.0%) 139 (14.8%)

 Abdominal Wall 1308 (27.8%) 1033 (27.4%) 275 (29.2%)

 Vascular 550 (11.7%) 436 (11.6%) 114 (12.1%)

 Major Orthopedic 1298 (27.5%) 1043 (27.7%) 255 (27.1%)

 Chest/Cardiac 415 (8.8%) 330 (8.8%) 85 (9.0%)

Emergency Surgery 476 (10.1%) 383 (10.2%) 93 (9.9%)

ASA Classification

 2 200 (4.2%) 161 (4.3%) 39 (4.1%)

 3 3196 (67.8%) 2556 (67.8%) 640 (67.9%)

 4 1316 (27.9%) 1053 (27.9%) 263 (27.9%)

Sodium, median (IQR) 138 (136, 140) 138 (136, 140) 138 (135, 140)

Creatinine, median (IQR) 1.0 (0.8, 1.2) .98 (.8, 1.2) .95 (.8, 1.2)

AST, median (IQR) 32 (22.5, 50) 32 (22.5, 50) 32 (23, 50)

ALT, median (IQR) 27 (18, 43) 27 (18, 42) 27 (18, 45)

Total Bilirubin, median (IQR) 0.8 (0.5, 1.1) 0.8 (0.5, 1.2) 0.7 (0.5, 1.1)

Albumin, median (IQR) 3.7 (3.2, 4.1) 3.7 (3.2, 4.1) 3.7 (3.2, 4.05)

Platelet Count, median (IQR) 152 (107, 207) 153 (107, 207) 150 (109, 207.5)

INR, median (IQR) 1.1 (1.0, 1.2) 1.1 (1.03, 1.25) 1.1 (1.01, 1.22)

MELD, median (IQR) 8 (7, 11) 9 (7, 11) 8 (7, 11)

MELD-Na, median (IQR) 10 (8, 14) 10 (8, 14) 10 (8, 14)

Child-Turcotte-Pugh Class

 A 4159 (88.3%) 3332 (88.4%) 827 (87.8%)
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Variable Overall
(N = 4,712)

Derivation
(N = 3,770)

Validation
(N = 942)

 B 530 (11.2%) 420 (11.1%) 110 (11.7%)

 C 23 (0.5%) 18 (0.5%) 5 (0.5%)

Ascites Category

 None 4092 (86.8%) 3262 (86.5%) 830 (88.1%)

 Slight 469 (10.0%) 389 (10.3%) 80 (8.5%)

 Moderate 151 (3.2%) 119 (3.2%) 32 (3.4%)

Hepatic Encephalopathy

 No encephalopathy 4577 (97.1%) 3658 (97.0%) 919 (97.6%)

 Grade 1–2 122 (2.6%) 102 (2.7%) 20 (2.1%)

 Grade 3–4 13 (0.3%) 10 (0.3%) 3 (0.3%)

Etiology of Liver Disease

 Hepatitis C 612 (13.0%) 503 (13.3%) 109 (11.6%)

 Hepatitis B 73 (1.5%) 53 (1.4%) 20 (2.1%)

 Alcohol-related liver disease 1662 (35.3%) 1322 (35.1%) 340 (36.1%)

 Hepatitis C + Alcohol 1388 (29.5%) 1101 (29.2%) 287 (30.5%)

 Fatty Liver Disease 585 (12.4%) 482 (12.8%) 103 (10.9%)

 Other 392 (8.3%) 309 (8.2%) 83 (8.8%)

History of Prior Decompensation 2066 (43.8%) 1654 (43.9%) 412 (43.7%)

Prior TIPS 63 (1.3%) 49 (1.3%) 14 (1.5%)

Hypertension 3904 (85.4%) 3146 (85.8%) 758 (83.9%)

Diabetes 2355 (51.7%) 1907 (52.2%) 448 (49.7%)

Obesity (body mass index ≥30) 3359 (73.8%) 2675 (73.3%) 684 (75.9%)

Atrial Fibrillation 803 (17.0%) 625 (16.6%) 178 (18.9%)

Coronary Artery Disease 1622 (34.4%) 1298 (34.4%) 324 (34.4%)

Congestive Heart Failure 1239 (26.3%) 986 (26.2%) 253 (26.9%)

Abbreviations: IQR = interquartile range; ASA = American Society of Anesthesiologists; TIPS = transjugular intrahepatic portosystemic shunt
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Table 2 –

Decompensation and Infection through 90 and 30 Post-operative Days, Respectively, Stratified by Surgery 

Category

Surgery Category 90-day Decompensation 30-day Infection

Abdominal – Laparoscopic (N = 476) 35 (7.4%) 22 (4.6%)

Abdominal – Open (N = 665) 119 (17.9%) 70 (10.5%)

Abdominal Wall (N = 1308) 105 (8.0%) 37 (2.8%)

Vascular (N = 550) 26 (4.7%) 33 (6.0%)

Major Orthopedic (N = 1298) 86 (6.6%) 62 (4.8%)

Chest/Cardiac (N = 415) 37 (8.9%) 20 (4.8%)

P-value <0.001 <0.001
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Table 3 –

Multivariable Logistic Regression Models for Decompensation and Infection through 90 and 30 Post-operative 

Days, Respectively

Variable Odds Ratio 95% Confidence Interval P-value

90-day Post-Operative Decompensation Model 

ASA Class (Ordinal; 2, 3, or 4) 1.36 (1.05 – 1.76) 0.02

Emergency Procedure 1.66 (1.19 – 2.32) 0.003

Age (per year) 1.01 (0.99 – 1.02) 0.44

Surgery Category

 Abdominal – Laparoscopic 1.0 (Ref)

 Abdominal – Open 1.84 (1.12 – 3.02) 0.02

 Abdominal Wall 0.86 (0.53 – 1.38) 0.53

 Vascular 0.62 (0.34 – 1.16) 0.13

 Major Orthopedic 0.71 (0.43 – 1.16) 0.17

 Chest/Cardiac 0.84 (0.46 – 1.55) 0.58

Platelet Count (per 1,000/μL)

 Spline 1 0.99 (0.99 – 1.00) 0.007

 Spline 2 1.00 (1.00 – 1.01) 0.41

Albumin (per 1 g/dL)

 Spline 1 0.64 (0.46 – 0.88) 0.006

 Spline 2 0.63 (0.38 – 1.05) 0.08

Total Bilirubin (per 1 mg/dL)

 Spline 1 4.21 (2.11 – 8.41) <0.001

 Spline 2 0.15 (0.06 – 0.38) <0.001

Obesity (body mass index ≥30) 0.84 (0.63 – 1.11) 0.21

Etiology of Cirrhosis

 Non-NAFLD 1.0 (Ref)

 NAFLD 1.28 (0.90 – 1.83) 0.17

30-day Post-Operative Infection Model 

ASA Class (Ordinal; 2, 3, or 4) 0.94 (0.68 – 1.29) 0.69

Emergency Procedure 1.35 (0.87 – 2.11) 0.18

Age (per year) 1.01 (0.99 – 1.03) 0.26

Surgery Category

 Abdominal – Laparoscopic 1.0 (Ref)

 Abdominal – Open 2.16 (1.18 – 3.95) 0.01*

 Abdominal Wall 0.60 (0.31 – 1.13) 0.11

 Vascular 1.49 (0.77 – 2.87) 0.24

 Major Orthopedic 0.98 (0.54 – 1.77) 0.93

 Chest/Cardiac 1.01 (0.47 – 2.15) 0.99

Platelet Count (per 1,000/μL)
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Variable Odds Ratio 95% Confidence Interval P-value

 Spline 1 1.00 (1.00 – 1.01) 0.21

 Spline 2 1.00 (0.99 – 1.00) 0.23

Albumin (per 1 g/dL)

 Spline 1 0.71 (0.47 – 1.06) 0.09

 Spline 2 0.71 (0.40 – 1.26) 0.24

Total Bilirubin (per 1 mg/dL)

 Spline 1 1.19 (0.56 – 2.54) 0.65

 Spline 2 0.85 (0.30 – 2.38) 0.76

Obesity (body mass index ≥30) 0.84 (0.60 – 1.19) 0.33

Etiology of Cirrhosis

 Non-NAFLD 1.0 (Ref)

 NAFLD 1.12 (0.72 – 1.73) 0.62

Abbreviations: ASA = American Society of Anesthesiologists; NAFLD = non-alcoholic fatty liver disease
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Table 4 –

Prediction Model Discrimination (C-statistics) for 90-Day Post-Operative Decompensation and 30-Day Post-

Operative Infection

90-Day Decompensation 30-Day Infection

Risk Score C-statistic (95% CI) P value* C-statistic (95% CI) P value*

Derivation

VOCAL-Penn Refit 0.766 (0.738 – 0.793) - 0.692 (0.653 – 0.730) -

VOCAL-Penn Mortality 0.705 (0.676 – 0.735) <0.001 0.623 (0.583 – 0.664) <0.001

Mayo Score 0.655 (0.626 – 0.684) <0.001 0.563 (0.520 – 0.606) <0.001

MELD-Sodium 0.632 (0.601 – 0.663) <0.001 0.546 (0.504 – 0.588) <0.001

CTP 0.572 (0.547 – 0.596) <0.001 0.529 (0.500 – 0.557) <0.001

Validation

VOCAL-Penn Refit 0.762 (0.704 – 0.821) - 0.654 (0.577 – 0.730) -

VOCAL-Penn Mortality 0.682 (0.619 – 0.745) <0.001 0.634 (0.549 – 0.718) 0.49

Mayo Score 0.663 (0.600 – 0.727) 0.005 0.603 (0.530 – 0.676) 0.30

MELD-Sodium 0.603 (0.536 – 0.670) <0.001 0.561 (0.484 – 0.638) 0.046

CTP 0.560 (0.509 – 0.611) <0.001 0.529 (0.476 – 0.583) 0.002

Abbreviations: CI = confidence interval; MELD = model for end-stage liver disease; CTP = Child-Turcotte-Pugh

*
P values correspond to pairwise comparisons between VOCAL-Penn Refit and other scores. A Bonferroni adjusted threshold of alpha = 1.25% 

was used to determine statistical significance.
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