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Predicting morbidity and mortality in laparoscopic cholecystectomy:
Preoperative serum albumin still matters
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Background: This study examined the association of preoperative serum albumin with outcomes for
laparoscopic cholecystectomy.
Methods: The American College of Surgeons National Surgical Quality Improvement Program was
retrospectively analyzed from 2005 to 2016 for adult patients undergoing laparoscopic cholecystectomy.
Patients were stratified into four groups: <3.0 g/dL (Severe Malnutrition), 3.0-<3.5 (Moderate Malnutri-
tion), 3.5-<4.0 (Mild Malnutrition), and �4.0 g/dL (Normal Nutrition). The primary outcome of 30-day
mortality was evaluated with multivariable regression.
Results: Of 131,855 patients, 14.0% had Severe, 22.8% Moderate, and 29.7% Mild Malnutrition, with 33.5%
classified as Normal Nutrition. Adjusted multivariable regressions demonstrated that relative to Normal
Nutrition, mortality risk was increased for Severe (OR ¼ 3.09 [95% Confidence Interval: 2.09e4.56]) and
Moderate (OR ¼ 1.83 [1.24e2.72]) Malnutrition. Severe (OR ¼ 2.45 [1.67e3.61]) and Moderate (OR ¼ 1.52
[1.04e2.24]) Malnutrition were also associated with increased risk of postoperative septic shock.
Conclusions: Even in less invasive laparoscopic cholecystectomy, reduced preoperative serum albumin is
strongly associated with increased morbidity and mortality.

© 2019 Published by Elsevier Inc.
Introduction

Laparoscopic cholecystectomy is a low-risk, minimally invasive
operation frequently performed for the treatment of biliary dis-
ease.1 Owing to its wide adoption, over 750,000 cholecystectomies
are performed in the United States annually with direct and indirect
costs exceeding $6.2 billion.1,2 Despite the volume and experience
with this procedure, laparoscopic cholecystectomy carries rela-
tively substantial risks for mortality (0.3%) and 30-day hospital
readmission (7.0%).3 While increasing age and emergent case status
have been previously associated with adverse postoperative out-
comes, efforts to further identify and mitigate factors associated
with mortality and complications are needed.1

Nearly two decades ago, the National Veterans Administration
Surgical Risk Study established serum albumin level as a powerful
predictor of postoperative outcomes for general, orthopedic, and
, UCLA David Geffen School of
les, CA, 90095, United States.
Benharash).
thoracic operations.4,5 Hypoalbuminemia, a marker for malnutri-
tion that is defined as preoperative serum albumin <3.5 g/dL, is
considered an excellent predictor of mortality and complications
for open surgical procedures.6,7 Specifically, low albumin levels
have been linked to increased risk of infectious complications,
length of stay, readmission, and mortality, independent of body
mass index (BMI) and other comorbidities.6e8 The predictive value
of preoperative serum albumin levels has been revisited more
recently in gastrointestinal surgery.9,10 Such studies have reaf-
firmed the independent predictive value of albumin levels in open
abdominal operations.

While low serum albumin has been associated with conversion
from laparoscopic to open cholecystectomy, the value of this
marker as a predictor of mortality following less invasive opera-
tions has not been explored thus far. Since laparoscopic cholecys-
tectomy is one of the most commonly performed operations
worldwide, identification of clinically predictive factors might lead
to better risk stratification, patient selection, and modification of
perioperative methods. Therefore, we utilized a national cohort of
laparoscopic cholecystectomy patients to evaluate whether low
preoperative serum albumin levels are independently predictive of
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mortality, postoperative infection, and 30-day readmissions.

Material and methods

This was a retrospective study using a prospectively maintained
database of the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP). Over 600 hospitals
contribute to the NSQIP database to assess perioperative outcomes
and report 30-day morbidity and mortality. All adult patients un-
dergoing laparoscopic cholecystectomy (Current Procedural Ter-
minology (CPT) 47562, 47563, and 47564) between 2005 and 2016
with a recorded preoperative serum albumin within two days of
operation were considered eligible for analysis in order to best
capture accurate nutritional status at the time of surgery (Fig. 1).

Patients were stratified by nutrition status based on their pre-
operative serum albumin level: <3.0 g/dL (Severe Malnutrition), 3.0
to <3.5 g/dL (Moderate Malnutrition), 3.5 to <4.0 g/dL (Mild
Malnutrition), and �4.0 g/dL (Normal Nutrition). The primary
outcome was 30-day postoperative mortality. Secondary outcomes
included postoperative septic shock, ventilator use >48 h, reoper-
ation, reintubation, any postoperative infection, pneumonia, hos-
pital length of stay (LOS), and rehospitalization within 30 days of
discharge. NSQIP definitions were used for all variables.11 The
Kruskal-Wallis test for continuous variables and chi-squared anal-
ysis for categorical variables were utilized to identify differences in
demographics, comorbidities, and outcomes by preoperative
nutritional class.

Multivariable logistic and linear regression models were
Fig. 1. Patient selection criteria. Of the 347,894 laparoscopic cholecys
constructed to assess the predictive value of preoperative serum
albumin on mortality, and secondary outcomes listed above. Re-
gressions accounted for baseline differences between groups and
included patient demographics (age, gender, and race), comorbid-
ities (congestive heart failure, hypertension, chronic obstructive
pulmonary disease (COPD), smoking, diabetes mellitus, dialysis,
bleeding disorders, ascites, and functional status), and periopera-
tive variables (diagnosis, preoperative lab values, American Society
of Anesthesiologists (ASA) score, surgical setting and urgency, and
operation year). In all comparisons, p < 0.05 was considered sta-
tistically significant. All statistical analyses were performed using
STATA 14.2 (StataCorp LP, College Station, TX). The study was
deemed exempt by the Institutional Review Board at the University
of California, Los Angeles.

Results

Of the 347,894 laparoscopic cholecystectomy patients identified,
131,855 (37.9%) met inclusion criteria (Fig. 1). A total of 18,407
(14.0%) patients were in the Severe Malnutrition cohort, with
another 30,109 (22.8%) classified as Moderate Malnutrition, 39,182
(29.7%) asMild Malnutrition, and 44,157 (33.5%) as Normal Nutrition
(Table 1).

The Severe Malnutrition cohort was noted to be older (59.6 vs.
45.0 years, p < 0.001) and more likely to suffer from comorbidities
such as diabetes (22.1 vs. 8.5%, p < 0.001), bleeding disorders (9.2
vs. 1.9%, p < 0.001), and hypertension (53.1 vs. 26.7%, p < 0.001)
relative to the Normal Nutrition cohort. Patients with Severe
tectomy patients identified, 131,855 (37.9%) met inclusion criteria.



Table 1
Baseline demographics and comorbidities by albumin class for laparoscopic cholecystectomy.

Albumin <3.0 (N ¼ 18,407) Albumin
3.0 to <3.5 (N ¼ 30,109)

Albumin
3.5 to <4.0 (N ¼ 39,182)

Albumin �4.0 (N ¼ 44,157) P

Age 59.6 ± 19.4 51.0 ± 19.0 47.5 ± 17.5 45.0 ± 16.2 <0.001
Female 61.3% 69.1% 70.4% 66.9% <0.001
Emergency 17.6% 18.5% 20.1% 22.9% <0.001
Outpatient 5.0% 13.4% 30.4% 45.0% <0.001
BMI (kg/m2) 30.7 ± 8.2 31.6 ± 8.1 31.9 ± 7.9 30.8 ± 7.1 <0.001
Race
White 74.8% 72.1% 72.1% 73.1% <0.001
Black 12.0% 12.6% 11.3% 8.0% <0.001
Asian/PI 3.1% 3.2% 3.0% 3.2% <0.001
Other/Unknown 10.1% 12.2% 13.6% 14.8% <0.001
Smoking History 16.8% 19.9% 20.8% 21.0% <0.001
Diabetes 22.1% 14.4% 11.4% 8.5% <0.001
COPD 6.0% 3.8% 2.4% 1.6% <0.001
Ascites 1.7% 0.5% 0.2% 0.1% <0.001
CHF 2.6% 1.1% 0.5% 0.2% <0.001
Bleeding Disorders 9.2% 5.5% 3.4% 1.9% <0.001
Hypertension 53.1% 38.1% 31.9% 26.7% <0.001
Dialysis 2.2% 1.0% 0.6% 0.3% <0.001
Functional Status
Independent 90.8% 96.6% 98.3% 99.2% <0.001
Partial 7.3% 2.7% 1.5% 0.8% <0.001
Total 1.8% 0.5% 0.2% 0.1% <0.001
Diagnosis <0.001
Acute Cholecystitis 26.7% 32.4% 38.4% 41.5%
Chronic Cholecystitis 1.7% 2.2% 3.4% 4.7%
Biliary Colic 5.0% 6.7% 8.8% 10.1%
Choledocholithiasis 1.0% 1.2% 0.8% 0.4%
Pancreatitis 7.1% 5.4% 2.6% 0.9%
Unspecified/Other 58.5% 52.2% 46.0% 42.4%
Preoperative serum albumin (g/dL) 2.6 ± 0.3 3.2 ± 0.1 3.7 ± 0.1 4.3 ± 0.3 <0.001
Preoperative HCT (%) 34.2 ± 4.7 36.6 ± 4.5 38.6 ± 4.3 40.7 ± 4.2 <0.001
Preoperative Creatinine (mg/dL) 1.0 ± 0.9 0.9 ± 0.7 0.9 ± 0.6 0.8 ± 0.5 <0.001
Preoperative BUN (mg/dL) 13.0 ± 11.0 11.0 ± 8.0 11.8 ± 6.9 13.0 ± 6.0 <0.001
Preoperative Bilirubin (mg/dL) 1.5 ± 1.7 1.2 ± 1.3 1.0 ± 1.0 0.7 ± 0.6 <0.001

BMI ¼ Body Mass Index; BUN ¼ Blood Urea Nitrogen; CHF ¼ Congestive Heart Failure; COPD ¼ Chronic Obstructive Pulmonary Disease; HCT ¼ Hematocrit; PI ¼ Pacific
Islander.
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Malnutrition were also less likely to undergo elective procedures
(8.4 vs. 26.7%, p < 0.001).

The univariate outcomes by serum albumin group following
laparoscopic cholecystectomy are presented in Table 2. Compared
to those with Normal Nutrition, the Severe Malnutrition cohort
experienced higher rates of mortality (1.9 vs. 0.1%, p < 0.001),
perioperative bleeding (2.5 vs. 0.3%, p < 0.001), wound infection
(2.2 vs.1.0%, p < 0.001), ventilator use >48 h (1.2 vs. 0.1%, p < 0.001),
and septic shock (1.2 vs. 0.1%, p < 0.001). The Severe Malnutrition
group was also at an increased risk of reintubation (1.5 vs. 0.2%,
p < 0.001), reoperation (2.3 vs. 1.0%, p < 0.001), and 30-day
Table 2
Outcomes by albumin class for laparoscopic cholecystectomy.

Outcome Albumin <3.0 (N ¼ 18,407) Albumin
3.0 to <3.5 (N ¼ 30,109

Mortality 1.9% 0.5%
Bleeding 2.5% 0.9%
Wound Infection 2.2% 0.8%
Superficial Infection 0.7% 0.6%
Organ Infection 1.4% 0.8%
Pneumonia 0.1% 0.1%
Septic Shock 1.2% 0.4%
Ventilator >48 Hours 1.2% 0.3%
DVT 0.7% 0.2%
Renal Failure 0.5% 0.1%
Reintubation 1.5% 0.5%
Return to OR 2.3% 1.4%
30-Day Readmission 8.3% 5.6%

DVT ¼ Deep Vein Thrombosis; OR ¼ Operating Room.
readmission (8.3 vs. 3.7%, p < 0.001) relative to the Normal Nutri-
tion group. As shown in Table 2, those with Moderate Malnutrition
were also at increased risk of mortality (0.5 vs. 0.1%, p < 0.001),
bleeding (0.9 vs. 0.3%, p < 0.001), and additional adverse events
relative to the Normal Nutrition group.

Results of multivariable logistic regressions evaluating the as-
sociation of preoperative serum albumin with mortality and septic
shock are presented in Table 3. After adjusting for differences in
demographics and comorbidities, Severe (OR ¼ 3.09 [95% Confi-
dence Interval (CI): 2.09e4.56], p < 0.001) andModerate (OR¼ 1.83
[95% CI: 1.24e2.72], p ¼ 0.003) Malnutrition were associated with
)
Albumin
3.5 to <4.0 (N ¼ 39,182)

Albumin �4.0 (N ¼ 44,157) P

0.2% 0.1% <0.001
0.5% 0.3% <0.001
0.5% 0.3% <0.001
0.7% 0.5% 0.081
0.5% 0.4% <0.001
0.1% 0.0% 0.002
0.2% 0.1% <0.001
0.2% 0.1% <0.001
0.2% 0.1% <0.001
0.1% 0.0% <0.001
0.3% 0.2% <0.001
1.1% 1.0% <0.001
4.5% 3.7% <0.001



Table 3
Logistic regression on death and septic shock for laparoscopic cholecystectomy.

Mortality Septic Shock

OR P [95% CI] OR P [95% CI]

Serum Albumin (g/dL) 0.46 <0.001 0.39 0.54 0.53 <0.001 0.45 0.63
Albumin Class (g/dL)
<3.0 3.09 0.000 2.09 4.56 2.45 0.000 1.67 3.61
3.0 to < 3.5 1.83 0.003 1.24 2.72 1.52 0.032 1.04 2.24
3.5 to < 4.0 1.34 0.168 0.89 2.02 1.47 0.051 1.00 2.15
�4.0 Ref Ref
Age 1.04 <0.001 1.03 1.05 1.02 <0.001 1.01 1.03
Female 1.11 0.248 0.93 1.33 0.88 0.204 0.72 1.07
Inpatient 2.29 <0.001 1.46 3.58 1.91 0.005 1.22 2.99
Urgency
Urgent Ref Ref
Elective 1.24 0.172 0.91 1.68 0.69 0.086 0.45 1.05
Emergency 1.39 0.001 1.14 1.70 1.83 <0.001 1.48 2.25
Diagnosis
Acute Cholecystitis Ref Ref
Chronic Cholecystitis 1.63 0.070 0.96 2.76 0.83 0.629 0.38 1.80
Biliary Colic 0.94 0.758 0.61 1.43 0.94 0.802 0.59 1.51
Choledocholithiasis 0.49 0.323 0.12 2.01 0.65 0.555 0.16 2.68
Pancreatitis 0.77 0.259 0.48 1.22 0.56 0.070 0.30 1.05
Unspecified/other 1.10 0.373 0.90 1.34 1.23 0.069 0.98 1.55
Race
White Ref Ref
Black 1.06 0.701 0.79 1.42 1.17 0.323 0.86 1.59
Asian/PI 1.00 0.984 0.63 1.58 1.23 0.393 0.76 1.98
Other/unknown 0.82 0.236 0.59 1.14 0.95 0.745 0.68 1.32
Smoking 1.15 0.328 0.87 1.50 1.52 0.001 1.18 1.97
Functional Status
Independent Ref Ref
Partial 2.30 <0.001 1.84 2.88 2.22 <0.001 1.69 2.91
Total 4.30 <0.001 3.11 5.97 2.91 <0.001 1.87 4.52
ASA 2.59 <0.001 2.23 3.02 2.30 <0.001 1.94 2.72
CHF 1.59 0.002 1.19 2.13 1.38 0.091 0.95 1.99
Bleeding Disorder 1.38 0.003 1.11 1.72 1.23 0.122 0.95 1.60
Hypertension 0.93 0.526 0.76 1.15 1.14 0.305 0.89 1.45
COPD 1.40 0.009 1.09 1.79 1.44 0.016 1.07 1.93
Diabetes 0.88 0.186 0.72 1.07 1.27 0.031 1.02 1.57
Ascites 3.89 <0.001 2.58 5.86 2.40 0.001 1.43 4.02
Dialysis 1.59 0.073 0.96 2.65 0.93 0.808 0.52 1.66
Preoperative Hematocrit (%) 0.96 0.000 0.94 0.98 0.99 0.391 0.97 1.01
Preoperative Creatinine (mg/dL) 0.92 0.128 0.82 1.02 1.09 0.104 0.98 1.21
Preoperative BUN (mg/dL) 1.03 <0.001 1.02 1.03 1.02 <0.001 1.01 1.02
Preoperative Bilirubin (mg/dL) 1.09 <0.001 1.04 1.14 1.20 <0.001 1.14 1.25
Operating Year 1.02 0.158 0.99 1.05 1.00 0.814 0.97 1.04

ASA¼ American Society of Anesthesiologists classification; BUN¼ Blood Urea Nitrogen; CI¼ Confidence Interval; COPD¼ Chronic Obstructive Pulmonary Disease; OR¼ Odds
Ratio; PI ¼ Pacific Islander.

Fig. 2. Adjusted Odds Ratios by Preoperative Serum Albumin Class on Septic Shock
and Mortality. The adjusted odds ratios relative to the serum albumin �4.0 cohort are
presented in Fig. 2. Multivariable logistic regressions accounted for baseline differences
between groups. Error bars represent standard errors. * indicates significance at
p < 0.05.
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increased odds of mortality following laparoscopic cholecystec-
tomy relative to Normal Nutrition. Severe (OR ¼ 2.45 [95% CI:
1.67e3.61], p < 0.001) andModerate (OR¼ 1.52 [95% CI: 1.04e2.24],
p ¼ 0.032) Malnutritionwere also associated with increased risk of
postoperative septic shock. Mild Malnutrition was not associated
with increased risk of mortality (OR ¼ 1.34 [95% CI: 0.89e2.02],
p ¼ 0.168), or septic shock (OR ¼ 1.47 [95% CI: 1.00e2.15],
p ¼ 0.051), relative to Normal Nutrition. Such stepwise increases for
mortality and septic shock are illustrated in Fig. 2. After adjustment,
a 1-g/dL increase in serum albumin reduced the odds of mortality
by 54% (OR ¼ 0.46 [95% CI: 0.39e0.54], p < 0.001) and septic shock
by 47% (OR ¼ 0.53 [95% CI: 0.45e0.63], p < 0.001).

Furthermore, there was a significant stepwise increase in the
risk of prolonged intubation with Severe (OR ¼ 3.04 [95% CI:
1.97e4.71], p < 0.001), Moderate (OR ¼ 1.76 [95% CI: 1.14e2.72],
p ¼ 0.011), and Mild (OR ¼ 1.59 [95% CI: 1.02e2.47], p ¼ 0.042)
Malnutrition relative to Normal Nutrition (Fig. 3). A similar trend
was noted for postoperative pneumonia and hospital length of stay
(Table 4). Severe Malnutrition was a further significant predictor of
readmission (OR ¼ 1.19 [95% CI: 1.07e1.34], p ¼ 0.002), reoperation
(OR ¼ 1.27 [95% CI: 1.07e1.51], p ¼ 0.005), reintubation (OR ¼ 1.65
[95% CI: 1.21e2.26], p ¼ 0.002), infection (OR ¼ 1.30 [95% CI:
1.10e1.54], p ¼ 0.002), and LOS (b ¼ 2.30 days [95% CI: 2.18e2.43



Fig. 3. Adjusted Odds Ratios for Ventilator Use > 48 Hours and Postoperative
Pneumonia by Serum Albumin Class. The adjusted odds ratios relative to the serum
albumin �4.0 cohort are presented in Fig. 3. Multivariable logistic regressions
accounted for baseline differences between groups. Error bars represent standard er-
rors. * indicates significance at p < 0.05.
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days], p < 0.001) relative to Normal Nutrition (Table 4).

Discussion

Given the nearly universal adoption of laparoscopic cholecys-
tectomy for the management of biliary disease, there is an
increased focus on identifying predictors of postoperative out-
comes to improve patient safety and optimize healthcare expen-
ditures.1,2 While serum albumin is a well-established predictor of
outcomes in open surgery, its utility with minimally invasive sur-
gery has not been investigated in large cohorts.4,5 The present
study, to our knowledge, is the first to use a large national database
to demonstrate the impact of hypoalbuminemia on mortality and
complications following laparoscopic surgery. We found an inverse
but significant relationship between preoperative serum albumin
levels and the risk of mortality, septic shock, prolonged intubation,
and pneumonia following laparoscopic cholecystectomy. Several of
our findings deserve further discussion.

Albumin is an established marker of malnutrition and frailty,
and therefore resilience to disease and surgical stress.12 Sepsis in-
duces oxidation of albumin, leading to proteolysis and further
depletion of albumin reserves in patients who are already high-risk
at baseline.12 This may explain our finding that patients with severe
malnutritionwere at an increased risk of postoperative infection, as
well as mortality.13 While the inverse relationship between serum
albumin and morbidity and mortality had been previously estab-
lished in open procedures,8,9,14 our study confirms that serum al-
bumin persists as a critical marker of surgical stress even in the less
invasive laparoscopic cholecystectomy. The hypothesis of an albu-
min reserve is supported by the significant, stepwise increase in
Table 4
Additional adjusted regressions for predictive effect of serum albumin in laparoscopic ch

Albumin Class*

Albumin <3.0 g/dL A

OR [95% CI] P O

Bleeding 1.03 [0.82e1.31] 0.776 0.
Readmission 1.19 [1.07e1.34] 0.002 1.
Reoperation 1.27 [1.07e1.51] 0.005 1.
Reintubation 1.65 [1.21e2.26] 0.002 1.
Prolonged Ventilator Use 3.04 [1.97e4.71] <0.001 1.
Any Infection 1.30 [1.10e1.54] 0.002 1.
Pneumonia 2.22 [1.74e2.83] <0.001 1.
Hospital LOS 2.30 [2.18e2.43] <0.001 0.

LOS ¼ Length of Stay; * ¼ Relative to serum album �4.0 g/dL.
morbidity and mortality observed by serum albumin class.
Moreover, our study has shown that the severity of malnutrition

is an important factor that must also be considered when risk
stratifying patients. Although serum albumin levels below 3.5 g/dL
characterize the present definition of hypoalbuminemia, a notable
finding of our study is the further sharp increase in mortality
associated with serum albumin levels below 3.0 g/dL.6,15e17 This
marked increase in risk for patients with serum albumin <3.0 g/dL
persists across additional measures of adverse outcomes, including
postoperative pneumonia, prolonged ventilator use, and increased
length of stay. The exponential, rather than linear, relationship of
serum albumin with morbidity and mortality has been previously
acknowledged in the National Veterans Administration Surgical
Risk Study5 and remains critical to help prognosticate post-
operative outcomes.

Surgery triggers a multitude of metabolic stress pathways that
may correlate with the degree of invasiveness, underlying disease,
nutritional status, and operative variables such as blood loss and
extent of resection.18 While the rise of laparoscopic surgery has
mitigated the impact of these factors, resulting in shorter hospital
stay with no increase in the risk of bile duct injuries,19 continuing
efforts to identify patient factors associated with postoperative
morbidity is essential. Our findings confirm the predictive value of
serum albumin in laparoscopic procedures. This laboratory value
can be used in a simple risk stratification scheme and allow for
mitigation of risk via preoperative optimization or choice of alter-
nate methods.

Exogenous perioperative albumin supplementation in patients
with hypoalbuminemia has shown mixed results.20e22 Huang et al.
(2013) found that preoperative correction of malnutrition in pa-
tients undergoing gastrectomy reduced the incidence of surgical
site infections,23 with promising results also noted in the colorectal
patient population.24,25 However, Hergouth and Kompan (2007)
did not identify mortality reductions with preoperative correction
and instead concluded that hypoalbuminemia remains a marker of
inflammatory response to surgery that replacement cannot alter,26

a conclusion supported by additional literature.27,28 Importantly,
we stratified patients by their serum albumin in the 48 h prior to
surgery in order to best capture a patient’s nutritional status at the
time of surgery and avoid confounding by those who may have
undergone preoperative correction. This methodology allows for a
simple risk stratification scheme to highlight the disparities in
morbidity and mortality by serum albumin at the time of surgery.
Additional investigation is warranted to assess the case of preop-
erative albumin correction and nutrition optimization in laparo-
scopic cholecystectomy.

There are several limitations to this study inherent to its retro-
spective nature. First, the majority of patients did not have a
measured preoperative serum albumin level within the time
olecystectomy.

lbumin 3.0 to <3.5 g/dL Albumin 3.5 to <4.0 g/dL

R [95% CI] P OR [95% CI] P

88 [0.69e1.11] 0.271 0.88 [0.69e1.12] 0.300
06 [0.96e1.16] 0.253 1.02 [0.93e1.11] 0.678
06 [0.91e1.23] 0.456 1.01 [0.88e1.16] 0.921
25 [0.92e1.70] 0.154 1.19 [0.87e1.61] 0.273
76 [1.14e2.72] 0.011 1.59 [1.02e2.47] 0.042
03 [0.88e1.20] 0.721 1.09 [0.95e1.25] 0.210
40 [1.11e1.77] 0.005 1.30 [1.03e1.64] 0.027
89 [0.79e0.99] <0.001 0.34 [0.25e0.43] <0.001
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window of the study and were excluded. This limited our sample
size and may have biased our results, as higher-risk patients may
have been more likely to undergo preoperative laboratory testing.
Nonetheless, we used the largest available clinical surgical database
to examine this relationship. The NSQIP only follows patients for 30
days following surgery, limiting our analysis to short-term out-
comes. In addition, NSQIP does not record cause of death, further
limiting this work. We have utilized statistical best practices to
mitigate the effect of such limitations.

Conclusions

In conclusion, preoperative hypoalbuminemia is associated with
increased morbidity and mortality following laparoscopic chole-
cystectomy. Lower preoperative serum albumin levels are inde-
pendently associatedwith increasedmortality, postoperative septic
shock, length of stay, and risk of 30-day readmission. While serum
albumin <3.5 g/dL is the currently utilized threshold for hypo-
albuminemia, patients with serum albumin <3.0 g/dL experience a
disproportionately higher risk of septic shock and mortality. Our
findings may be used to create a parsimonious risk stratification
scheme for laparoscopic operations to allow for more robust risk-
adjusted benchmarking of institutions and surgeons.
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