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Abstract

Background—~Patients who take chronic corticosteroids are increasingly referred for bariatric
surgery. Little is known about their clinical outcomes.

Objective—Determine whether chronic steroid use is associated with increased morbidity and
mortality after stapled bariatric procedures.

Setting—American College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP) database.

Methods—We reviewed all patients who underwent laparoscopic sleeve gastrectomy (LSG) or
laparoscopic Roux-en-Y gastric bypass (RYGB) and were reported to the ACS-NSQIP from 2011
to 2013. Patients were grouped based on type of surgery and history of chronic steroid use.
Primary outcome measures were mortality and serious morbidity in the first 30 days. Regression
analyses were used to determine predictors of outcome.

Results—Of 23,798 patients who underwent LSG and 38,184 who underwent RYGB, 385
(1.6%) and 430 (1.1%), respectively, were on chronic steroids. Patients on chronic steroids had a
3.4 times increased likelihood of dying within 30 days (95% CI 1.4-8.1, p=0.007), and two-fold
increased odds of serious complications (95% CI 1.2-2.3, p=0.008), regardless of surgery type. In
multivariate regression, steroid usage remained an independent predictor of mortality and serious
complications.

Conclusions—In a large, nationally-representative patient database, steroid use independently
predicted mortality and serious postoperative complications after stapled bariatric procedures.
Surgeons should be cautious about offering stapled bariatric procedures to patients on chronic
steroids.

Corresponding Author: Jennifer Kaplan, MD, University of California — San Francisco, 513 Parnassus Ave, S-321, San Francisco, CA
94143, Tel: (650) 302 — 3387, Fax: (415) 502 - 1259, Jenny.Kaplan@ucsf.edu.

Author disclosures

Jennifer Kaplan, Samuel Schecter, Matthew Lin, Stan Rogers, Voraboot Taweerutchana, Andrew Posselt, and Jonathan Carter declare
no conflict of interest. Jennifer Kaplan is funded a National Institute of Health, National Institute of Diabetes and Digestive and
Kidney Diseases T32 training grant (project# 5T32DK007573-25).

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaplan et al.

Keywords

Page 2

Bariatric surgery; steroids; outcomes; morbidity; mortality; predictors

Introduction

Methods

Over the past decade, laparoscopic bariatric surgery has provided obese patients substantial
weight loss, control of metabolic disease, and survival benefit - all at a very low risk of
complication or death(2-3). Because of this favorable benefit-to-risk profile, many bariatric
centers have seen increasing referrals of patients with more severe chronic disease for
consideration of bariatric surgery. Examples include patients with a history of solid organ
transplant and patients with autoimmune, pulmonary, or rheumatologic disease.
Management of these patients sometimes involves the chronic use of steroids(®). Chronic
steroids are known to confer a higher risk of surgical complications in general surgical
patients, and new data links steroid use to post-discharge complications in the bariatric
population ),

We hypothesized that chronic steroid use would be associated with increased mortality and
serious complications within the first 30 days after stapled bariatric procedures. To
investigate, we used the American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) dataset to investigate the impact of chronic steroid use
on 30-day outcomes after laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-
Y gastric bypass (RYGB).

Data collection

We retrospectively reviewed all LSGs and RYGBs reported in the ACS-NSQIP dataset from
2011 to 2013. The ACS-NSQIP is a validated, risk adjusted, prospective, outcomes-based
program of hospitals in the United States. The database includes preoperative risk factors
and 30-day morbidity and mortality, and has been described elsewhere (). This study was
approved by the University of California San Francisco Institutional Review Board.

Study Population

We reviewed the clinical data of all adult patients (18 years of age or greater) who
underwent either LSG or RYGB between January 2011 and December 2013. Only patients
with a primary Current Procedure Terminology (CPT) code 43644, 43645 (RYGB), or
43775 (LSG) were included. Study groups were created based upon the type of procedure
performed, and further stratified by a history of chronic steroid use. ACS-NSQIP defines
chronic steroid use as a corticosteroid taken orally or intravenously for a chronic condition
within 30 days of surgery and for a duration longer than 10 days (7).

Patient-level demographics included age, gender, height and weight, functional status, and
American Society of Anesthesiologists (ASA) class, and comorbidities. Body mass index
(BMI) was calculated from height and weight when available. The following comorbidities
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and characteristics were included: diabetes, hypertension, history of chronic obstructive
pulmonary disease (COPD), dyspnea, congestive heart failure (CHF), and steroid use.
Functional status was categorized into independent and dependent. Laboratory values
included white blood cell count, hematocrit, serum albumin and creatinine. For the purposes
of analysis, laboratory values were dichotomized at the following cutoff points: white blood
cell count at 10 x 10%/L, serum albumin at 3.5 g/dL, hematocrit at 35%, and serum
creatinine at 1.1 mg/dL.

Primary Outcome Measures

The primary outcome measures were serious complications and 30-day mortality. Serious
morbid complications were defined as return to the operating room, cardiovascular event
(postoperative myocardial infarction, need for cardiopulmonary resuscitation, or cardiac
arrest), septic shock, stroke, re-intubation, or prolonged ventilation over 48 hours. Secondary
outcome measures included length of stay, readmission, and other complications. Other
complications included infection (superficial or deep surgical site infection), pneumonia,
urinary tract infection, venous thromboembolism, bleeding requiring transfusion, or renal
complication (postoperative progressive renal insufficiency or acute renal failure).

Statistical Analysis

Results

Demographics, clinical characteristics, and postoperative outcomes were compared within
surgery subgroups between patients who had a history of chronic steroid use and those who
did not using the chi-squared test or Fischer’s exact for proportions and the Wilcoxon rank-
sum test for non-normally distributed continuous variables. Predictors of serious morbidity
and 30-day mortality were identified in univariate logistic regression. A test of collinearity
was performed to ensure each variable in the model was unique. Multivariate predictors
were identified using backwards-stepwise logistic regression with a cutoff of p<0.05.
Statistical significance was set at p<0.05. All statistical analysis and data management were
conducted using STATA version 13.1 (StataCorp LP, College Station, TX).

Patient characteristics

Patient demographics and clinical characteristics are listed in Table 1. From 2011 to 2013,
61,982 patients underwent minimally invasive bariatric surgery and were reported to ACS-
NSQIP, with 23,798 undergoing LSG and 38,184 undergoing RYGB. Chronic steroid use
was identified in 385 (1.6%) of LSG patients and 430 (1.1%) of RYGB. In both surgical
groups, patients taking steroids were 4-5 years older and were more likely to have medical
comorbidities such as hypertension, dyspnea, or COPD (p<0.001). Overall, patients taking
steroids were four times more likely to be functionally dependent (OR 4, 95% CI 2.4-7.1,
p<0.001). Additionally, patients taking steroids were more likely to have hypoalbuminemia
(LSG p=0.01, RYGB p=0.02) and leukocytosis (p<0.001). Finally, the ASA class
distribution of patients taking steroids was more heavily weighted towards severe systemic
disease (p<0.001).
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Unadjusted Outcomes

Unadjusted outcomes are listed in Table 2. For both LSG and RYGB groups, patients who
took steroids had a five-fold higher 30-day mortality rate (LSG p=0.004, RYGB p<0.001).
The rate of serious complications was double in patients taking steroids, regardless of type
of surgery performed (LSG p=0.01, RYGB p=0.001). The median length of stay in patients
taking steroids was one day longer in the LSG group (p<0.001). For both bariatric
procedures, patients who took steroids had a 30-day readmission rate almost double that of
those who did not (p<0.001).

Predictors of serious complications and morbidity

To ascertain whether steroid usage was an independent predictor of mortality within 30 days,
we constructed a multivariate logistic regression model (Table 3). This model had an area
under the receiver-operating curve of 0.83. After adjustment, steroid use was associated with
3.4 times increased risk of mortality (95% CI 1.4-8.1, p=0.007). Other independent
predictors of mortality were COPD, low serum albumin, RYGB (as opposed to LSG), and
ASA class. Protective factors included female gender and leukocytosis.

We repeated the multivariate logistic regression, this time to determine independent
predictors of serious complications (Table 4). For this model, the area under the ROC was
0.62. After adjustment, steroid use was associated with 1.7 increased odds of serious
morbidity (95% CI 1.2-2.3, p=0.008). Other independent predictors of serious complications
were dependent functional status, RYGB procedure (as opposed to LSG), low serum
albumin, and ASA class. Again, female gender was protective, with 20% lower odds of
serious complications.

Discussion

Although chronic steroid use in the severely-obese population undergoing bariatric surgery
has been associated with increased readmission rates(®), the effect on major morbidity and
mortality in the early postoperative period is incompletely understood. In one small cohort
study of 31 patients with systemic lupus erythematous who underwent LSG or RYGB, three-
fourths of whom were immunosuppressed at the time of surgery, early complications
occurred in 13%, but by three years, almost half saw a reduction in their immunosuppression
needs or were off of immunosuppressive medications altogether ). In an ACS-NSQIP
analysis of all bariatric procedures, steroid use was associated with 1.4 times the odds of
post-discharge complications ). Given that many centers are being referred increasing
numbers of patients on chronic steroids referred for bariatric surgery, we sought to
characterize the perioperative risks in this group.

Our analysis of over 60,000 patients who underwent LSG or RYGB in a recent 3-year period
confirmed our hypothesis that chronic steroids were associated with more serious
complications and mortality. In fact, steroid use was one of the strongest predictors of
morbidity and mortality when compared to all the other variables contained in ACS-NSQIP
and included in the analysis. The risk associated with steroid use was independent of patient
comorbidities, functional status, and ASA class, procedure type, BMI, age, and gender.
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Our study is limited by the 30-day data collection model of ACS-NSQIP, which may have
missed serious complications that occurred later (for example, a leak after LSG from steroid-
induced failure-to-heal that manifested 6 weeks after surgery). Second, there may be other
important predictors that either co-varied with steroid use, or predicted outcome, that were
not captured in the ACS-NSQIP database. Potential examples would include surgeon
experience, hospital volume, accreditation status, actual duration of steroid use, duration of
diabetes and other comorbidities, and dose of steroid medications(19). Third, there is a strong
selection bias in the data set. ACS-NSQIP only reports outcomes of patients on steroids who
actually received bariatric surgery. These patients were likely to be more surgically fit than a
generalized obese population on chronic steroids. As a result, we may be underestimating
steroid-attributable morbidity and mortality. Fourth, our study does not address long-term
weight and metabolic outcomes — it is impossible to know whether the anorexic effect of
bariatric surgery counters the orexigenic effect of systemic steroids, and so the degree of
long term weight loss in this population remains unknown. Finally, our study is based on
hospital participation in ACS-NSQIP. Patients who had bariatric surgery in non-NSQIP
hospitals may have a different risk profile and outcomes.

Conclusions

In conclusion, chronic steroid usage is an independent and strong predictor of morbidity and
mortality after stapled bariatric procedures. Patients taking these medications should be
appropriately counseled regarding the risks and benefits so that they may make an informed
decision regarding bariatric surgery.
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Predictors of mortality

Univariate

Table 3

Multivariate

OR(95% Cl) P Value

OR(95% Cl) P Value

Steroid use
Age, 10 years
BMI, 5 kg/m?
Female
Diabetes
Hypertension
Dyspnea
COPD
Smoking
Surgery type

6.0(2.6-13.7)  <0.001
15 (1.2-1.8) <0.001
1.1 (1.0-1.2) 0.07
0.2 (0.1-0.3) <0.001
2.0 (1.3-3.1) 0.002
3.3(2.0-5.6) <0.001
1.4 (0.8-2.5) 0.20
82(4.2-159)  <0.001
0.8 (04-1.8) 0.60

34(14-81)  0.007

03(02-05)  <0.001

1.8(1.0-31)  0.04

37(1.8-75)  <0.001

LSG

RYGB
Dependent functional status
WBC > 10x10%/L
Creatinine > 1.1 mg/dL
Hematocrit < 35
Albumin < 3.5 g/dL
ASA Class

1.0 (Reference)

1.8 (1.1-3.0) 0.02
5.7 (1.4-23.3) 0.02
0.5 (0.3-0.9) 0.02
2.2 (1.4-3.4) 0.001
1.4 (0.6-3.3) 0.38
3.6 (1.8-7.2) <0.001

1.0 (Reference)
1.7 (1.0-2.8) 0.03

04(0.2-08)  0.005
16(1.0-26)  0.05

31(15-63)  0.002

No/mild disturbance
Severe disturbance

Life threatening

1.0 (Reference)
3.9(1.8-8.4) 0.001
31.5(13.2-75.6)  <0.001

1.0 (Reference)
2.6 (1.2-5.8) 0.02
12.2 (4.8-30.7) <0.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; LSG,
laparoscopic sleeve gastrectomy; RYGB, laparoscopic Roux-en-Y gastric bypass; WBC, white blood cell count.
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Table 4
Predictors of serious complications
Univariate Multivariate
OR(95% CI) PValue OR(95% CI) P Value
Steroid use 1.9 (1.3-2.6) <0.001 1.7 (1.2-2.3) 0.008
Age, 10 years 1.2(1.1-1.2) <0.001 1.1(1.0-1.1) 0.003
BMI, 5 kg/m? 1.0(1.0-1.1) 0.008
Female 0.7 (0.7-0.8) <0.001  0.8(0.7-0.9) <0.001
Diabetes 1.3(1.2-1.4) <0.001
Hypertension 1.6 (1.4-1.7) <0.001 1.3(1.2-1.5) <0.001
Dyspnea 1.3 (1.2-15) <0.001  1.1(1.0-1.3) 0.05
COPD 2.2 (1.7-2.8) <0.001  15(1.1-2.0) 0.005
Smoking 1.3 (1.1-1.5) 0.001 1.3 (1.1-1.5) <0.001
Surgery type

LSG 1.0 (Reference) 1.0 (Reference)

RYGB 1.8 (1.6-2.0) <0.001 1.7 (1.6-2.0) <0.001
Dependent functional status 5.7 (4.0-8.1) <0.001  4.3(3.0-6.2) <0.001
WBC > 10x10%/L 1.0 (0.9-1.1) 0.57
Creatinine > 1.1 mg/dL 1.2(1.1-1.3) 0.002
Hematocrit < 35 1.3 (1.1-1.6) 0.01 1.2 (1.0-1.5) 0.046
Albumin < 3.5 g/dL 1.8 (1.5-2.3) <0.001 1.7 (L4-2.1) <0.001
ASA Class

No/mild disturbance 1.0 (Reference) 1.0 (Reference)

Severe disturbance 1.5(1.3-1.7) <0.001 1.3(1.1-14) <0.001

Life threatening 2.7 (2.1-3.9) <0.001 1.8 (1.4-2.3) <0.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; LSG,
laparoscopic sleeve gastrectomy; RYGB, laparoscopic Roux-en-Y gastric bypass; WBC, white blood cell count.
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