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ABSTRACT

Background: The Albumin-Bilirubin score (ALBI) has recently beshown to have increased
accuracy in predicting post-hepatectomy liver f@land mortality compared to the Model for
End Stage Liver Disease (MELD). However, the wiiian of ALBI as a predictor of
postoperative mortality for other surgical proceduinas not been analyzed. The aim of this
study is to measure the predictive power of ALBinpared to MELD-sodium (MELD-Na)
across a wide range of surgical procedures.

Study Design: Patients undergoing cardiac, pulmonary, esophagasiic, gallbladder,
pancreatic, splenic, appendix, colorectal, adreeakl, hernia, and aortic surgery were identified
in the 2015-2018 ACS-NSQIP database. Patientsmissing laboratory data were excluded.
Univariable analysis and receiver operator charistie (ROC) curves were performed for 30-
day mortality and morbidity. Areas Under the Cur(®8C) were calculated to validate and
compare the predictive abilities of ALBI and MELDaN

Results: Of 258,658 patients, the distribution of ALBI Geatl, 2, 3 were 51%, 42%, and 7%,
respectively. The median MELD-Na was 7.50 (IQR36%443). The overall 30-day mortality
rate was 2.7%, while overall morbidity was 28.6%ecréasing ALBI Grade was significantly
associated with mortality (ALBI Grade 2 OR 5.240m01; ALBI Grade 3 OR 25.6, p<0.001)
and morbidity (ALBI Grade 2: OR 2.15, p<0.001; ALBlade 3: OR 6.12, p<0.001). On ROC
analysis, ALBI outperformed MELD-Na with increasacturacy in several operations.
Conclusion: ALBI score predicts mortality and morbidity acr@swide spectrum of surgical
procedures. When compared to MELD-Na, ALBI moreusately predicts outcomes in patients

undergoing pulmonary, elective colorectal, and adreperations.



ABBREVIATIONS/ACRONYMS:

AAA, Abdominal aortic aneurysm

ACS, American College of Surgeons

ALBI, Albumin-Bilirubin Score

AUC, Area Under the Curve

CABG, Coronary artery bypass grafting

INR, International Normalized Ratio

MELD-Na, Model for End-stage Liver Disease-sodiuwore
NSQIP, National Surgical Quality Improvement Pragra
OR, Odds ratio

ROC, Receiver Operating Characteristic



INTRODUCTION

Surgical patients with liver disease have higlages of morbidity and mortality than
those without liver disease> Multiple studies examining wide ranges of non-tiepgeneral
surgical procedures have demonstrated that outcareesorse for patients with clinical signs of
liver disease, such as ascites or encephalof&tigeveral clinical and laboratory-based scoring
systems have been developed to identify patieniskator poor outcomes due to their
underlying liver disease. The first widely accepsedring system was the Child-Pugh-Turcotte-
(CPT) score, whose combination of subjective ciihflmdings and objective laboratory data
identifies cirrhotic patients at high risk for pemtural complications® Given the subjective
drawbacks of the CPT score, the Model for End-stager Disease (MELD) was developed to
objectively define the severity of liver disead&&! Since 2002, MELD has been used for organ
allocation in liver transplantation due to its aftjeity and reproducibility"*** The MELD score
has recently been updated to include serum sodiveid (MELD-Na), leading to more accurate
mortality prediction:***MELD-Na has been regarded as the most usefulmyist@redicting
outcomes in patients wittand without liver diseasg:'?

In the last decade, the Albumin-Bilirubin score @) was developed to assess liver
function and patient survival in patients with hiegallular carcinoma utilizing only serum
albumin and bilirubint® Recent investigations in the outcomes of livengpantation have
shown ALBI to be a better predictor of postopemfiver failure and survival than MELE:?*
Furthermore, ALBI has been found to be a bettedipter of post-hepatectomy bile le&jver
failure, and mortality when compared to MEEDAs the recent focus of the ALBI score has
been its validation in liver surgery, this studyigbt to directly compare the predictive ability of

ALBI and MELD-Na in morbidity and mortality for p@ints undergoing non-hepatic surgery.



METHODS
Sudy Population

The American College of Surgeons National Surd@adlity Improvement Program
(NSQIP) Participant Use Files from 2015-2018 wemmbined into one dataset. Current
Procedural Terminology (CPT) codes were used toydiids dataset for patients undergoing
major thoracic or abdominal surgeries. The follayyomocedures were included: coronary artery
bypass grafting (CABG), lung resection, esophagegi@astrectomy, cholecystectomy,
pancreatectomy, splenectomy, appendectomy, colgcimmctectomy, adrenalectomy,
nephrectomy, umbilical hernia repair, ventral ham@pair, open abdominal aortic aneurysm
(AAA) repair, and endovascular aortic aneurysm iref@/AR). The predictive ability of ALBI
in hepatectomy was reported previously; thus, lresections were not included in this stétly.
A full list of CPT codes for each procedure carfdaend in eTable 1.

Patients were included if they had laboratory meswithin 30 days preoperatively, and if
both ALBI and MELD-Na scores could be calculatedelo differences in emergent
presentations, the procedures of CABG, colectomg,apen AAA repair were divided into
emergent and elective cases. Furthermore, patstitstrangulated umbilical or ventral hernias
were examined in subset analyses. Due to the déHidd nature of the NSQIP data,
Institutional Review Board approval was not regdire
ALBI and MELD-Na Scores

ALBI scores were calculated using the formula: {§dglirubin x 0.66) + (albumin x -
0.085), where total bilirubin was measuregunol/L and albumin in g/!* As has been
previously described, ALBI was stratified into targrades: Grade % ¢2.6), Grade 2 (-2.6 to -

1.39), and Grade 3 (> -1.3%)ALBI Grades 2 and 3 were classified as high-riatignts®*



MELD-Na scores were calculated using the formwe8%7 x In (creatinine mg/dL) + 0.378 x In
(total bilirubin) + 1.120 x In (INR) + 0.643) x 1®&here total bilirubin is measured in mg/dL; In
is natural logarithm; and INR is International Nadined Ratio"®* To calculate MELD-Na,
modifications instituted by UNOS/OPTN in 204%and successfully employed in a NSQIP
study by Abbas et al., were used to avoid high MBEN®scores in patients with hyponatremia
but otherwise normal liver functidd. MELD-Na > 10 patients were categorized as higk-4is
Surgical Outcomes

Overall morbidity and mortality were the primarytcemes of this study. Morbidity was
defined as development of any NSQIP-tracked comfiin, which include superficial surgical
site infection, deep surgical site infection, org@ace surgical site infection, wound dehiscence,
pneumonia, unplanned reintubation, pulmonary ersbylfailure to wean off the ventilator after
48 hours, progressive renal insufficiency, acutakéailure, urinary tract infection,
cerebrovascular accident or stroke, cardiac aregstiring cardiopulmonary resuscitation,
myocardial infarction, bleeding requiring bloodrtséusion, deep vein thrombosis, sepsis, septic
shock, and unplanned return to the operating rddamtality was defined as death within 30
days of the operation.
Satistical Analyses

Descriptive statistics were first used to deterntiveepreoperative characteristics of the
cohort. Continuous variables were examined as meatd interquartile range (IQR).
Categorical variables were examined as total coyrand percentage of the overall cohort.
Univariable logistic regression analyses were cotetlito determine the likelihood of overall
morbidity and 30-day mortality with increasing ALBfade for the entire cohort. Receiver

operating characteristic (ROC) curves were genéifaie30-day mortality and overall



morbidity. For the cohort as a whole as well asgfach procedure, ALBI and MELD-Na scores
were analyzed as continuous variables. To exarhmeredictive ability of ALBI and MELD-
Na in morbidity and mortality, the area under theve (AUC) was calculated from these ROC
curves for both scoring systems, overall and fehgaocedure. The scoring systems were
considered acceptable predictors of morbidity ortadivy if the AUC was > 0.6, and excellent if
the AUC was > 0.7° Paired-sample design analysis was performed éztiircompare the AUC
of the ALBI curve to that of the MELD-Na curve, oa# and for each procedure. Statistical
analyses were carried out using SPSS (versioreR&gge 26.0.0.0, IBM Corporation, Armonk,
NY, USA). A p-value ok 0.05 was used to determine statistical signifieancach analysis.
RESULTS
Patient Demographics

The overall cohort included 258,568 patients. fiteglian age was 60 years old (IQR 47
to 71). Females comprised 50% (n=129,957) of thieps, and 70% (n=182,083) were white
(eTable 2). Median body mass index (BMI) was 283R(23.2 to 33.05), and over half of the
patients had an American Society of Anesthesioted&SA) class of 3 or higher (60%,
n=154,200). The median ALBI score was -2.61 (IQR620 -2.11). In terms of grading, 51.8%
(n=131,464) of the cohort were classified as ALBaG 1, 42% (n=109,689) Grade 2, and 6.8%
(n=17,505) Grade 3. The median MELD-Na score waglQR 6.43 to 9.43), and 78%
(n=202,236) of the patients had a MELD-Na score. It@ median preoperative serum albumin
was 3.8g/dL (IQR 3.3 to 4.2), while the median pezative serum total bilirubin was 0.6 (IQR
0.4 to 0.9). The most common procedure performedisgnstudy was colectomy, which

comprised 30% (n=77,343) of the cohort, followedchglecystectomy (22%, n=55,886), and



appendectomy (13%, n=24,152) (Table 1). The prae=dwith the fewest patients included
splenectomy (0.6%, n=1,617) and adrenalectomy (Or4%@43).
MELD-Na and ALBI Scores

The highest median MELD-Na scores per procedure Wse of splenectomy and open
AAA repair, both at 8.5 (Table 1). The lowest medMELD-Na score by procedure was 6.7, for
adrenalectomy. The highest median ALBI score by@dare was -2.3, for both
cholecystectomy and splenectomy. The lowest medlidl score was -2.9, for adrenalectomy.
CABG, colectomy, and open AAA repair were subdidideto emergent and elective operations.
Although the emergent procedures were performedfteguently than the elective procedures,
the median MELD-Na and ALBI scores were higherasleemergent group. Emergent CABG
median MELD-Na and ALBI scores were 7.6 and -2e6pectively; emergent colectomy median
scores were 9.8 and -2.0, respectively; and emeogem AAA repair median scores were 10.22
and -2.2, respectively. Emergent colectomy hacdtpleest proportion of ALBI Grade 3 patients
(24%, n=4,498). Furthermore, the subsets of patierih strangulated hernias had higher
median MELD-Na and ALBI scores than the patient® whderwent elective herniorrhaphy, for
both umbilical hernia repair (8.0 and -2.7 versisahd -2.8, respectively), and ventral hernias
(7.5 and -2.7 versus 7.3 and -2.8, respectively).
Outcomes

The distribution of 30-day morbidity and mortalfty all patients, and for each
procedure, is presented in Table 2. Overall motpidite for the entire cohort was 29%
(n=74,077). The morbidity rate varied widely by gedure, ranging from 12% for umbilical
hernia repair to 82% for open AAA repair. In theezgent cases, higher morbidity rates were

observed when compared to the same procedure pedoglectively: colectomy (68% vs. 35%)



and AAA repair (93% vs 73%). However, this diffecerwas not observed for CABG (64.5% vs
67.1%). The 30-day mortality rate for all patiews 2.7% (n=6,952). Similar to morbidity,
mortality varied widely by procedure, from 0.3% &ppendectomies to 17% in open AAA
repair. Higher mortality rates were observed in gy@et cases than in elective cases for CABG
(4.0% vs 2.2%), colectomy (17% vs. 2.5%), and ob&A repair (31% vs. 6.0%).

ALBI versus MELD-Na as Predictors of Mortality

By univariable regression analysis, increasing At®re was associated with a greater
likelihood of mortality in the overall cohort (ALBBrade 2: OR 5.24, 95% CI 4.86 — 5.65,
p<0.001; ALBI Grade 3: OR 25.50, 95 % CI 23.54 =627 p<0.001; Figure 1A). On ROC
analysis, both scoring systems were excellent ptedi of mortality: the ALBI AUC was 0.80
for the overall cohort, whereas that of MELD-Na Wag9 (Table 3). This difference was
statistically significantAAUC = 0.01, p<0.001; Figure 2A), indicating that BlLhas better
predictive ability than MELD-Na for mortality in ¢hentire population of 258,658 patients.

For each procedure, ALBI was statistically simarsuperior to the MELD-Na in
predicting mortality for all but one procedure. 8ifieally, ALBI was a significantly better
predictor of mortality than MELD-Na for lung resects AAUC = 0.07, p=0.009; Figure 2B
and Table 3), elective colectomyAUC = 0.05, p<0.001; Figure 2C and Table 3), and
adrenalectomyAAUC = 0.25, p=0.008; Figure 2D and Table 3). Oneegtion was emergent
colectomy, in which both scoring systems were d&nebredictors of mortality, but ALBI was
statistically inferior to MELD-Na4AUC = -0.02, p<0.001).

ALBI versus MELD-Na as Predictors of Morbidity
Univariable regression analysis demonstrated tiweasing ALBI score was associated

with an increasing likelihood of experiencing maliby in the cohort (ALBI Grade 2: OR 2.15,
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95% CI 2.12 — 2.19, p<0.001; ALBI Grade 3: OR 692 % CI 5.92 — 6.33, P<0.001; Figure
1B). ROC analysis demonstrated that both ALBI artielLld-Na had good predictive ability for
overall morbidity: the ALBI AUC was 0.66 and MELDaNvas 0.63 for the overall cohort,
which was a statistically significant differenceUC = 0.03, p<0.001; Table 4)

The AUCs calculated from the ALBI and MELD-Na ROGes for morbidity as well
as the paired-sample comparisons, for each proeeha overall, are presented in Table 4.
Similar to mortality, ALBI was statistically similar superior to the MELD-Na in predicting
morbidity for each procedure. Specifically, ALBltperformed the MELD-Na in lung resections
(AAUC = 0.05, p<0.001), gastrectonwAUC = 0.03, p=0.004), splenectomyAUC = 0.04,
p=0.002), colectomy overalNAUC = 0.03, p<0.001), elective colectomyAUC = 0.05,
p<0.001), proctectomywAUC = 0.03, p=0.019), adrenalectomyUC = 0.09, p=0.001), and
ventral hernia repainAUC = 0.01, p=0.040).
DISCUSSION

In this analysis of the 2015-2018 NSQIP databdseAtbumin-Bilirubin score (ALBI)
predicted both 30-day mortality (AUC = 0.80) andrimdity (AUC = 0.66) among a wide range
of surgical procedures. Increasing ALBI grade wesoaiated with a greater likelihood of
mortality (Grade 2: OR 5.24, 95% CI 4.86 — 5.650/881; Grade 3: OR 25.50, 95 % CI 23.54 —
27.62, p<0.001) as well as overall morbidity (Gr&d©R 2.15, 95% CI 2.12 — 2.19, p<0.001;
Grade 3: OR 6.12, 95 % CI1 5.92 — 6.33, P<0.001addhtion, paired-sample analyses of the
areas under the ROC curves demonstrated that AlaBlmore accurate than the updated Model
for End-stage Liver Disease (MELD-Na) in predictimgth mortality AAUC = 0.01, p<0.001)
and morbidity AAUC = 0.03, p<0.001). ALBI also was a better préatiof mortality than

MELD-Na for lung resections, elective colectomydaurenalectomy. Furthermore, ALBI was a
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better predictor of morbidity for lung resectiogastrectomy, splenectomy, colectomy,
proctectomy, adrenalectomy, and ventral herniairepa

Surgery in patients with liver disease carriesramdased risk of morbidity and mortality,
especially in patients with more advanced disédsEhus, a reliable and objective scoring
system is needed for effective risk stratificatibhe CPT, MELD, and MELD-Na scores all
have been shown to be effective in predicting saighorbidity and mortality®**However,
studies comparing scoring systems have shown #itat @odel has its advantages and
deficiencies, resulting in attempts to modify tlygiations or switch to new modé&l&2°?*The
ALBI score is the latest model to continue thisitteALBI improves on prior iterations of liver
disease scores by utilizing only two objective firg$: serum albumin and bilirubin levéfs.
Recently, ALBI has been shown to be better than Bl predicting mortality and procedure-
specific complications in hepatectorffy?> However, a direct comparison between ALBI and
MELD-Na has not been performed in the vast majaritgon-hepatic operations.

Cardiothoracic procedures in the current studyuidetl coronary artery bypass grafting
(CABG) and lung resections. Liver disease has lassociated with an increased risk of
complications among cardiac surgery patients, aidlMhas been described as a predictor of
morbidity and short-term mortalit?’?®In the current study, ALBI was an adequate prediof
mortality (AUC = 0.68), and slightly outperformed8ID-Na (AUC=0.65). In emergent CABG,
ALBI was a better predictor of mortality when comgito MELD-Na (AUC = 0.70 vs. 0.60),
but these differences were not statistically sigaiit. For pulmonary resections, liver disease
confers an increased, but acceptable, risk for dicatpns in Child’s A patients, but neither
MELD nor ALBI have been studied:*° In this study, ALBI was a better predictor than ME

Na of 30-day mortality (AUC = 0.77 vs 0.70, p=0.p@8d overall morbidity (AUC = 0.63 vs
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0.58, p<0.001) for lung resections. For both cardiad lung surgery, ALBI should be compared
to the current Society of Thoracic Surgeons risklete.

Foregut procedures including esophagectomy andegésimy were examined in this
study. For esophagectomy, ALBI was an acceptal@digtor of mortality (AUC = 0.66), but not
of morbidity (AUC = 0.57) and was statistically éeplent to MELD-Na for both mortality
(AAUC = 0.05, p=0.420) and morbidits AUC = 0.02, p=0.172). A MELD greater than 9 in
patients undergoing esophagectomy has been agsbwiah anastomotic leak (p=0.016) and
worse 5-year survival (p=0.007)Gastrectomy is considered safe with an acceptatierofile
in Child's A patient¥” and can even be performed safely laparoscopia(Bhild’s B patients>
Interestingly, ALBI grade has recently been asgediavith gastric cancer recurrence following
gastrectomy as well as tolerance to adjuvant chemotherapiowever, surgical morbidity and
mortality have not been directly assessed with AllBkhis study, ALBI was an excellent
predictor of mortality (AUC = 0.79), an acceptaptedictor of morbidity (AUC = 0.67), and
outperformed MELD-Na in morbidityMdAUC = 0.03, p=0.004). With the rising incidence of
non-alcoholic fatty liver disease, targeted evatuaof bariatric surgery using MBSAQIP data is
warranted to evaluate the predictive ability of AliB weight-loss procedurés.

With respect to pancreatic surgery, MELD-Na > 1§ rexently been shown to be
associated with higher risk of mortality (OR = 2.6%0.001) but not morbidity (p=0.503)The
current analysis confirmed these observations andd no significant differences between
ALBI and MELD-Na. Interestingly, ALBI has recentheen shown to be a good prognostic
score for advanced pancreatic cancer suriivRegarding cholecystectomy, a recent NSQIP
study demonstrated that the inclusion of ascitéls MELD in multivariable regressions yielded

higher odds ratios for both composite complicatiand mortality than MELD alon&.The
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current study found ALBI and MELD-Na to be simifaredictors of mortality (AUC = 0.80 vs
0.80) and morbidity (AUC = 0.65 vs 0.66). Splenetychas generally been regarded as safe and
feasible in cirrhotic patients, especially when edaparoscopically, albeit with an increased rate
of complications compared to those without cirre63For splenectomy, the current study found
that ALBI and MELD-Na were similar predictors of nality (AUC = 0.78 vs 0.78), but ALBI
was superior to MELD-Na in predicting morbidity (8= 0.73 vs 0.69, p=0.002). These
findings may warrant the use of ALBI prior to spdetomy in patients with liver disease.

Laparoscopic appendectomy has been shown to hgherhiates of mortality when
performed in patients with cirrhosi$8However, a paucity of data exists regarding risk
stratification equations. In the present studyhb&itBl and MELD-Na were excellent predictors
of mortality (AUC = 0.85 vs 0.83), and acceptahiedictors of morbidity (AUC = 0.66 vs 0.66).
For colectomy, MELD-Na > 9 has been associated antincreased likelihood of any
complications (OR = 1.3, p<0.01) and mortality (6R.7, p<0.01}/ In the current study, ALBI
and MELD-Na predicted mortality accurately (AUC 80 vs 0.80, p=0.486). However, ALBI
was superior to MELD-Na in predicting morbidity (A= 0.70 vs 0.67, p<0.001). On subset
analysis, ALBI outperformed MELD-Na for electivelectomy in both mortalityAAUC = 0.05,
p<0.001) and morbidityYAUC = 0.05, p<0.001). In addition, a prior studyngsthe colectomy-
targeted NSQIP dataset showed that increasing MERI2dso was predictive of anastomotic
leak*! Therefore, ALBI should be further investigatedtwiespect to colectomy-specific
outcomes.

To date, only a few case reports describe adretoatgcin the setting of liver
dysfunction***3In the current analysis, ALBI was excellent ingioting mortality (AUC =

0.86) and was superior to MELD-NAAUC = 0.25, p=0.008). ALBI also was superior to
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MELD-Na in predicting morbidity (AUC = 0.68 vs. @bp = 0.001). Accurate prediction of
outcomes in patients with portal hypertension atrbperitoneal varices is important, and ALBI
may be a simple way to make this assessment. pbreetomy, ALBI and MELD-Na were
equivalent in predicting morbiditA@QUC = 0.01, p=0.279) and mortalitsAUC = 0.03,
p=0.377) with AUCs somewhat better for mortality7/@and 0.73) than for morbidity (0.67 and
0.66). Of note, albumin-to-alkaline phosphatas® r@so may predict outcomes in patients
undergoing nephrectonty.

With respect to ventral hernias, Schlosser eta@ntty utilized NSQIP to demonstrate
that increasing MELD-Na was associated with an eodd risk in ventral hernia repair in non-
cirrhotic patientg? In the current study, both ALBI and MELD-Na wereellent, but
statistically similar in predicting mortality in ése cases\QAUC < -0.01, p=0.998). For
morbidity in ventral hernia, ALBI was acceptablelautperformed MELD-NaAAUC = 0.01,
p=0.040). In umbilical herniorrhaphy, both ALBI aMELD-Na were excellent and statistically
similar in predicting both mortalityA(AUC = -0.02, p=0.208) and morbiditpAUC < 0.01,
p=0.197). Of note, both ALBI and MELD-Na also weuivalent when predicting outcomes in
patients with strangulated ventral or umbilicalras.

Liver disease has been shown to increase the frisémaplications in elective AAA
repair® The current analysis found similarly high ratesnafrtality and morbidity in these
patients. However, ALBI and MELD-Na were only aciadge in predicting outcomes for open
AAA repair, whether performed emergently or eleelyv As open AAA is associated with
increased morbidity and mortality, cardiovascuigk may be more important that the risk

associated with underlying liver disease. For EVARere morbidity and mortality are much
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lower, both ALBI and MELD-Na were better at predigt mortality than in predicting
morbidity, but again were not statistically diffate

This study has several limitations. The patiena@atalyzed herein comes from a
heterogeneous set of participating hospitals (A2201.8), which may limit the generalizability
of these results. Additionally, NSQIP only captuB@sday morbidity and mortality, so longer-
term complications with these procedures are moesented in this study. While NSQIP does
track several of these procedures in targeted efatasth more detailed variables such as
procedure-specific pre-, intra-, and postoperatae, these data and outcomes were not
evaluated in the current study. Also, this studyuged on mortality and overall morbidity and
did not report individual outcomes. Another drawbaxthis study is the lack of a timeframe
placed on the variable “currently on dialysis.” Bhpatients may be listed as on dialysis, but the
acuity of their dialysis dependence is unknownsThactor may have negatively impacted the
calculation of the MELD-Na scores. Finally, the |lpercentage of patients with ascites in this
study (1.3%) may indicate a selection bias agauasents with severe liver disease, thus limiting
the population of patients with overt liver dysftioo.
CONCLUSIONS

In this large cohort analysis, ALBI was an excdllpredictor of morbidity and mortality
in a wide variety of non-hepatic operations. Fumttere, ALBI outperformed MELD-Na in
predicting 30-day mortality for lung resectiongaive colectomy, and adrenalectomy. ALBI
also was a better predictor of morbidity for luegections, gastrectomy, splenectomy,
colectomy, proctectomy, adrenalectomy, and vehigahia repair. Future investigation into
procedure-specific complications using procedurgetied data is warranted to further clarify the

predictive ability of ALBI.
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Table 1. Distribution of Model for End-stage Liver DiseaSedium Score and Albumin-Bilirubin Score for All
Procedures

Procedure Patients, MELD-Na, ALBI, median ALBI ALBI ALBI
n (%) median (IQR) gradel, grade?2, grade 3,
(IQR) n (% row) n n
(% row) (% row)
Overall 258,658 7.5 -26 131,464 109,689 | 17,505 (6.8)
(100) (6.4-9.4) (-3.0t0 -2.1) (50.8) (42.4)
CABG 5,929 75 -2.6 2,820 3,049 60
(2.3) (6.4-9.1) (-2.8 t0-2.3) (47.6; (51.4 (1.0)
Emergent 550 7.6 24 170 370 10
(0.2) (6.4-9.3 (-2.7 t0-2.1) (30.9; (67.3 (1.8)
Elective 5,379 7.5 -2.6 2,650 2,679 50
(2.1) (6.4-9.0) (-2.9t0 -2.3) (49.3) (49.8) (0.9)
Lung resection 9,737 6.8 -2.8 6,992 (71.8) 2,599 146
(3.8) (6.4-8.2) (-3.1t0-2.6) (26.7 (1.5)
Esophagectomy 1,595 7.0 -2.8 1,013 560 22
(0.6) (6.4-7.7) (-2.9to0 -2.5) (63.5) (35.1) (1.4)
Gastrectomy 3,086 7.5 -2.5 1,404 1,429 253
1.2) (6.4-8.7) (-2.9t0 -2.0) (45.5) (46.3) (8.2)
Cholecystectomy 55,886 7.5 -2.3 20,019 30,549 5,318
(21.6) (6.4—-10.0) (-2.810-1.8) (35.8) (54.7) (9.5)
Pancreatectomy 20,470 7.5 -2.7 10,984 7,931 1,555
(7.9) (6.4-9.4) (-3.0t0 -2.2) (54.7) (38.7) (7.6)
Splenectomy 1,617 8.5 -2.3 553 881 183
(0.6) (7.3-11.2 (-2.8 t0-1.8) (34.2 (54.5 (11.3
Appendectomy 34,152 75 -2.8 23,900 9,983 359
(13.2) (6.5-9.0) (-3.1t0 -2.5) (70.0) (29.0) (1.1)
Colectomy 77,343 7.6 2.4 31,958 37,261 8,124
(29.9) (6.4-9.8) (-2.9t0-1.9) (41.3) (48.2) (10.5)
Emergent 18,991 9.8 -2.0 3,806 10,687 4,498
(7.3) (7.5-16.1 (-2.5t0-1.4) (20.0 (56.3 (23.7
Elective 58,352 7.5 -2.6 28,152 26,574 3,626
(22.6) (6.4-8.9) (-2.9t0-2.1) (48.2) (45.5) (6.2)
Proctectomy 3,913 7.1 -2.8 2,470 1,328 115
(1.5) (6.4-8.2) (-3.0t0 -2.4) (63.1) (33.1) (2.9)
Adrenalectomy 943 6.7 -2.9 690 (73.2) 238 (25.2) 15
(0.4) (6.4-8.4 (-3.1t0-2.6) (1.6)
Nephrectomy 11,192 75 -2.8 7,890 3,035 267
(4.3) (6.4-9.6) (-3.1t0-2.5) (70.5 (27.1 (2.4)
Umbilical hernia 7,361 7.5 -2.8 4,519 2,321 521
(2.8) (6.4—10.6) (-3.1t0-2.3) (61.4) (31.5) (7.1)
Strangulated 3,360 8.0 2.7 1,827 1,251 282
(1.3) (6.4-12.7 (-3.0t0-2.2) (54.4 (37.2 (8.4)
Ventral hernia 22,416 7.3 -2.8 14,950 7,022 444
(8.7) (6.4-8.9) (-3.1t0-2.5) (66.7 (31.3 (2.0)
Strangulated 9,767 75 -2.7 5,852 3,657 258
(5.1) (6.4-9.4) (-3.0to -2.6) (59.9) (37.4) (2.6)
AAA repair (open) 1,914 8.5 -2.5 782 1,043 89
(0.7) (7.0-11.7) (-2.81t0-2.1) (40.9) (54.5) (4.6)
Emergent 792 10.22 -2.2 173 557 62
(0.3) (8.1-15.0 (-2.510-1.8) (21.8 (70.3 (7.8)
Elective 1,122 7.7 -2.6 609 486 27
(0.4) (6.4-9.8) (-2.9t0-2.3) (54.3) (43.3) (2.4)
EVAR (2018 only) 1,104 8.2 -2.6 520 550 34
(0.4) (7.0-10.7) (-2.810-2.2) (47.1) (49.8) (3.1)

AAA, abdominal aortic aneurysm; ALBI, Albumin-Bilibin Score; CABG, coronary artery bypass graftBgAR,
endovascular aortic aneurysm repair; MELD-Na, MddeEnd-stage Liver Disease-sodium score



Table 2. Distribution of Morbidity and Mortality, Overallral for All Procedures

ALBI grade Patients M or bidity Mortality
Overall 258,658 74,077 6,952
(100) (28.6) (2.7)
CABG 5,929 3,693 138
(2.3) (66.8) (2.3)
Emergent 550 355 22
(0.2) (64.5) (4.0)
Elective 5,379 3,608 116
(2.1) (67.1) (2.2)
Lung resection 9,737 1,953 136
(3.8) (20.1) (1.4)
Esophagectomy 1,595 747 42
(0.6) (46.8) (2.7)
Gastrectomy 3,086 1,367 169
(1.2) (44.3) (5.5)
Cholecystectomy 55,886 6,975 432
(21.6) (12.5) (0.8)
Pancreatectomy 20,470 9,687 321
(7.9) (47.3) (1.6)
Splenectomy 1,617 871 89
(0.6) (53.9) (5.5)
Appendectomy 34,152 4,730 102
(13.2) (13.8) (0.3)
Colectomy 77,343 33,112 4,641
(29.9) (42.8) (6.0)
Emergent 18,991 12,984 3,185
(7.3) (68.4) (16.8)
Elective 58,352 20,128 1,456
(22.6) (34.5) (2.5)
Proctectomy 3,913 1,724 49
(1.5) (44.1) (1.3)
Adrenalectomy 943 181 13
(0.4) (19.2) (1.4)
Nephrectomy 11,192 2,516 115
(4.3) (22.5) (1.0)
Umbilical hernia 7,361 856 95
(2.8) (11.6) (1.3)
Strangulated 3,360 506 73
(1.3) (15.1) (2.2)
Ventral hernia 22,416 3,540 236
(8.7) (15.8) (1.1)
Strangulated 9,767 1,816 166
(3.8) (18.6) (1.7)
AAA repair 1,914 1,562 315
(open) (0.7) (81.6) (16.5)
Emergent 792 740 248
(0.3) (93.4) (31.3)
Elective 1,122 822 67
(0.4) (73.3) (6.0)
EVAR (2018 1,104 293 58
only) (0.4) (26.5) (5.3)

AAA, abdominal aortic aneurysm; ALBI, Albumin-Bilibin Score; CABG, coronary artery bypass graftBgAR,
endovascular aortic aneurysm repair
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Table 3. Areas Under the Receiver Operating Characteri€tioyes for Mortality, Using Aloumin-Bilirubin and
Model for End-Stage Liver Disease-Sodium Scoregr@izand for All Procedures.

Patients,

MELD-Na

Procedure ALBI score AAUC p Value
n (%) score
Overall 258,658
(100! 0.80 0.79 0.01 <0.001
CABG 5('295)9 0.68 0.65 0.03 0.360
Emergent (%5% 0.70 0.60 0.10 0.157
Elective ?23;9 0.67 0.66 0.01 0.821
Lung resection ?373)7 0.77 0.70 0.07 0.009
Esophagectomy 1(052)5 0.66 0.61 0.05 0.420
Gastrectomy 3('10%6 0.79 0.75 0.04 0.096
Cholecystectomy ?2’183)6 0.80 0.80 <0.01 0.905
Pancreatectomy 2(07";'9;0 0.68 0.68 <0.01 0.843
Splenectomy 1(062)7 0.78 0.78 <0.01 0.777
Appendectomy ?11,3132 0.85 0.83 0.02 0.455
Colectomy Zésgf 0.80 0.80 <-0.01 0.486
Emergent 1(87’93?1 0.71 0.73 -0.02 <0.001
. 58,352
Elective (22.6 0.79 0.74 0.05 <0.001
Proctectomy 32'19;)3 0.79 0.76 0.03 0.556
Adrenalectomy (%443) 0.86 0.61 0.25 0.008
Nephrectomy 1(14’13?2 0.76 0.73 0.03 0.377
Umbilical hernia 7('232)1 0.86 0.88 0.02 0.208
Strangulated 3(’13%0 0.81 0.85 -0.04 0.158
Ventral hernia 2(28"%6 0.80 0.80 <001 0.998
Strangulated 92'57%7 0.78 0.79 -0.01 0.640
AAA repair (open) 1(09%)4 0.69 0.72 -0.03 0.184
Emergent (293?) 0.60 0.65 -0.05 0.062
Elective 1(012}2 0.64 0.65 <-0.01 0.923
EVAR (2018 only) 1(012)4 0.75 0.75 <0.01 0.917

AAA, abdominal aortic aneurysm; ALBI, Albumin-Bilibin Score; AUC, area under curve; CABG, coronatgry
bypass grafting; EVAR, endovascular aortic aneuryspair



26

Table 4. Areas Under the Receiver Operating Characteri§tigses for Morbidity, Using Albumin-Bilirubin and
Model for End-Stage Liver Disease-Sodium Scores

Patients,

Procedure n (%) ALBI MELD-Na AAUC p Value
Overall 258,658
o0 0.66 0.63 0.03 <0.001
CABG 5,929
2.3) 0.54 0.55 -0.01 0.132
Emergent (05'52510 0.58 0.60 -0.02 0.429
Elective (52'i§9 0.54 0.55 -0.01 0.250
Lung resection (3,;)37 0.63 0.58 0.05 <0.001
Esophagectomy (01.65)95 057 0.55 0.02 0.172
Gastrectomy (iw%% 0.67 0.64 0.03 0.004
Cholecystectomy 55,886 0.65 0.66 <-0.01 0.156
(21.6)
Pancreatectomy (72%,)470 059 0.55 0.04 <0.001
Splenectomy (312117 0.73 0.69 0.04 0.002
Appendectomy (fg,;sz 0.66 0.66 <0.01 0.458
Colectomy 77,343
(299) 0.70 0.67 0.03 <0.001
Emergent (17‘_3:391 0.68 0.67 0.01 0.094
Elective 58,352
(226 0.67 0.62 0.05 <0.001
Proctectomy (ig)w 0.61 0.58 0.03 0.019
Adrenalectomy (092)3 0.68 0.59 0.09 0.001
Nephrectomy (141592 0.67 0.66 0.01 0.279
Umbilical hernia 7,361
o o%) 0.73 0.72 0.01 0.197
Strangulated (13’;’)60 0.72 0.72 <0.01 0.769
Ventral hernia (all) (282’7[;16 0.63 0.62 0.01 0.040
Strangulated (59’17]67 0.64 0.64 <0.01 0.705
AAA repair (open) (%),%4 0.65 0.65 <0.01 0.587
Emergent 792 R
(0.3) 0.61 0.63 0.03 0.577
Elective (%%2 0.58 0.58 <0.01 0.851
EVAR (2018 only) (%,1?4 0.68 0.66 0.02 0.335

AAA, abdominal aortic aneurysm; ALBI, Albumin-Bilibin Score; AUC, area under curve; CABG, coronargrg
bypass grafting; EVAR, endovascular aortic aneuryspair
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FIGURE LEGEND

Figure 1. Univariate analyses of (A) mortality gBJ morbidity stratified by albumin-bilirubin
(ALBI) grades. Bars represent odds ratios, whitergoars represent 95% confidence intervals.
In both figures, ALBI Grade 1 is the reference s¢cam which the odds ratio is set to 1 by
definition.

Figure 2. Select receiver operating charactergtiges comparing the predictive ability of
albumin-bilirubin (ALBI) and Model for End-stageuer Disease-sodium (MELD-Na) score in
30-day mortality. (A) Mortality for all combined ses; (B) mortality for lung resection; (C)
mortality for adrenalectomy; (D) mortality for ete@ colectomy
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Precis:

The albumin-bilirubin score (ALBI) was equivalentdr more accurate than the Model for End
Stage Liver Disease (MELD-Na) in predicting motiaind morbidity in this broad analysis of
the 2015-2018 NSQIP datasets. ALBI was a signitigavetter predictor than MELD-Na in lung

resection, elective colectomy, and adrenalectomy.



eTable 1. Current Procedural Terminology Codes Used in thislys

Procedure

Queried code

Coronary artery bypass grafti
(CABG)

3351(, 33511, 33517, 33515, 3351¢ 3351%, 3351¢, 3353¢, 33534,
33535, 33536

Lung resection

3244(, 3244:, 3244¢%, 3248(, 3248, 3248, 3248¢, 3248¢, 3249,
32501, 32503, 32504, 32505, 32506, 32507, 3266H&282667,
32668, 32669, 32670, 32671, 32672

Esophagecton 43115, 4311¢, 43127, 4312z, 4336(

Gastrectom 43611, 4362(, 43627, 4362z, 43631, 43637, 4363¢, 4363+

P 4810%, 4812(, 4814(, 4814¢, 4814¢, 4814¢, 4815(, 4815z, 4815,
ancreatectomy

48154, 48155, 48160

Cholecystectorr

4756¢, 47565, 4756¢4 4757(, 4760( 4760¢, 4761(, 4761z, 4762(

Splenectom 3810¢( 38107, 3810z, 3812(

Appendectom 4490(, 4495(, 4496(, 4497(, 4497¢
4413¢, 4414(, 44141, 44147, 44144, 4414F, 4414¢, 4414, 4415(,

Colectomy 44151, 44155, 44156, 44157, 44158, 44160, 442@0N5144206,
44207, 44208, 44210, 44211, 44212, 44213

Proctectomy 4511(, 45111, 4511z, 45117, 45114, 4511¢, 4511¢, 4512(, 4512,
45126, 45395, 45397

Adrenalectom 6054(, 6054¢, 6065(

Nephrectomy 5022(, 5022¢, 5023(, 5023, 5023¢, 5024¢(, 5032(, 5054%, 5054¢,
50546, 50547, 50548, 50549

Umbilical hernia repa 4958¢

Strangulate 49587

Ventral hernia repe

4956(, 4957(, 4959(, 4956%, 49657, 4965¢, 4965¢

Strangulate

49561, 4957, 4956¢, 49657, 4965%, 4965

Abdominal aortic aneurysm repi
(open)

34830, 34831, 34832, 35081, 35082, 35091, 350903535103

Endovascular aortic aneurysm ref
(EVAR)

34701, 34702, 34703, 34704, 34705, 34706




eTable 2. Patient Demographics and Preoperative Charaabsrist

Variable Data, N = 258,568
Age, y, median (mean, IQR) 60 (57.91, 47-71)
Sex, f, n (%) 129,957 (50.2)
Race, n (%)
White 182,083 (70.4)
Black 28,367 (11.0)
Asian 9,923 (3.8)
Other 38,385 (14.8)
BMI, kg/m2, median (mean, IQR) 28.20 (28.81, 23-288.05)
ASA class 3-5, n (%) 154,200 (59.6)
Ascites, n (%) 3,258 (1.3)
Diabetes, n (%) 46,542 (18.0)
Hypertension, n (%) 123,974 (47.9)
History of severe COPD, n (%) 15,939 (6.2)
Current smoker within the last year, n (%) 47,5634)
On dialysis preoperatively, n (%) 4,269 (1.7)
Disseminated cancer 13,052 (5.0)
Steroid use preoperative, n (%) 15,960 (6.2)
Bleeding disorder 18,230 (7.0)
ALBI score, median (mean, IQR) - 2.6 (-2.5, -3.02d)
Grade 1, n (%) 131,464 (50.8)
Grade 2, n (%) 109,689 (42.4)
Grade 3, n (%) 17,505 (6.8)
MELD-Na Score, median (IQR) 7.5(9.02,6.43 - 9.43
<10, n (%) 202,236 (78.2)
>10, n (%) 56,422 (21.8)
Preoperative laboratory data
Platelet Count, K/uL, median (mean, IQR) 2363(28, 189 — 293)
Albumin, g/dL, median (mean, IQR) 3.8 (3.73,3.3.2)
Total Bilirubin, mg/dL, median (mean, IQR {83, 0.4 —-0.9)
Creatinine, mg/dL, median (mean, IQR) 0.82{00)
INR, median, (mean, IQR) 1.04(1.11,1.00 2).1
SGOT, IU/L, median (mean, IQR) 22 (34.79,171% 3
Hematocrit, %, median (mean, IQR) 38.7 (38363 — 42.2)

ALBI, albumin-bilirubin; ASA, American Society of Westhesiologists; INR, international normalizedorat
IQR, Interquartile range; MELD, model for end-stdiger disease; SGOT, serum glutamic oxaloacetic
transaminase.
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