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Abstract

Background There are limited data quantifying national
trends, post-operative readmissions, and revisional surgeries
for bariatric procedures. We hypothesized that there is a trend
away from Roux en Y gastric bypass (RYGB) and laparoscop-
ic adjustable gastric bands (LAGB) in favor of vertical sleeve
gastrectomies (VSG). We hypothesized that VSG was associ-
ated with fewer revisions and readmissions, and that demo-
graphics and comorbidities were associated with surgery
received.

Methods We used the US-based Premier database, 2008—
2013 and 2014 first and second quarters to

1. Examine trends in incidence of RYGB, LAGB and VSG.
2. Quantify occurrence of revisional surgeries and
readmissions.
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3. Identify predictors of receipt of procedure and of
readmissions.

Results The proportion of VSG increased from 3.0 to 54 %
from 2008 to 2014. RYGB decreased from 52 % in 2008 to
32 % by 2014. Earlier year, female sex, white race, western
(versus southern) region, and Medicaid predicted receipt of
RYGB. Later year, male sex, nonwhite race, northeast or west-
e (versus southern) regions, and insurance type predicted
VSG. Readmission was less likely for VSG (OR 0.72, 95 %
CI 0.65-0.81), male sex (OR 0.83, 95 % CI 0.72-0.95), and
more likely for black race (OR Black vs White 1.2, 95 % CI
1.1-1.4).

Conclusions Discharge year strongly predicted surgery type.
Females, whites, and Medicaid recipients received RYGB
more than referents. Conversely, males, non-whites, and in-
sured patients were more likely to receive VSG. Underin-
sured, regardless of surgery type, were more likely to be
readmitted. These findings have important implications for
health policy and cost-containment strategies.

Keywords Bariatric surgery - Vertical sleeve gastrectomy -
Roux en Y gastric bypass, laparoscopic adjustable gastric
band - Obesity

Introduction

The growing obesity epidemic and its costly health sequelae
demand a definitive approach to treatment. In the early 2000s,
laparoscopic Roux-en-Y gastric bypass (RYGB) had become
the most commonly performed bariatric procedure [1-3]
closely followed by the laparoscopic adjustable gastric band
(LAGB) [4]. Post-operative complications requiring
reoperations and readmissions [5—15] and weight regain [16]
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have deterred insurance companies from offering standard
coverage for weight loss surgery [17]. The early experience
with sleeve gastrectomy (VSG) suggests a more favorable
outcome profile [18]. It has become an increasingly offered
intervention [19, 20], recently recognized by the American
Society for Metabolic and Bariatric Surgery as a safe and
effective primary bariatric procedure. However, the demo-
graphic profile, readmission rates, and revision rates after
VSG have not been fully quantified.

Regardless of procedure, reducing readmissions and
revisional surgeries [21] are critical to reducing health
care costs. There are limited data, however, quantifying
national surgical trends, post-operative readmissions, and
revisional surgeries for bariatric procedures. In addition,
factors associated with choosing RYGB, LAGB, or VSG
are largely unreported, as are the factors predictive of
readmission.

We hypothesized that there is a growing trend away
from RYGB and LAGB in favor of VSG for weight
loss. We further suspected that VSG would be associat-
ed with fewer revisions and readmissions than RYGB or
LAGB. We also hypothesized that certain demographics
and comorbidities would be associated with receipt of
RYGB, LAGB, and VSG.

In order to test these aims, we sought to

1. Identify time trends in the incidence of RYGB, LAGB,
and VSG

2. Quantify the occurrence of revisional surgeries and
readmissions after each of these procedures

3. Identify predictors of receipt of each of the procedures and
predictors of readmissions

Methods
Data Source

We used the Premier database from years 2008-2013
and 2014, first and second quarter. Readmissions data
were available for 2012-2013 cases. Premier collects
data from a variety of institutions including non-profits,
non-government systems, community facilities, teaching
hospitals, and large health systems. The information col-
lected is hospital-based, service-level data, and includes
data on utilization of resources, costs, diagnoses linked
to those costs, and procedures linked to the encounter.
The data is extracted from discharge forms of a repre-
sentative 20 % subset of the US hospital discharges in a
de-identified format. It is the largest inpatient drug uti-
lization database in the USA. It captures complete bill-
ing and coding data based on the International
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Classification of Disease (ICD) and Current Procedural
Terminology (CPT) codes, for more than 45 million
hospital inpatient discharges and more than 210 million
hospital outpatient visits. It also captures discharge in-
formation on inpatient length of stay, 30-day
readmissions, morbidity, and mortality. These data and
analysis are exempt from Institutional Review Board
approval requirements.

Case Acquisition

CPT and ICD-9 codes corresponding to VSG, RYGB, and
LAGB were used to acquire cases. Outpatient, in this dataset,
was defined as hospital outpatient designations (i.e., same day
surgical procedures) and did not include ambulatory center
procedures.

From the set above, cases with ICD-9 codes corresponding
to a primary diagnosis of obesity and morbid obesity were
selected by including codes 278.00 or 278.01. Additionally,
patients with a primary diagnosis indicating complication of a
prior bariatric procedure (539.01, 539.09, 539.89) were
included.

We excluded cases with missing variables, cases of gastrec-
tomy, or bypass performed for purposes other than weight loss
(stricture, malignancy, ulcer disease) and cases coded as non-
elective. Open procedures were also excluded as the number
of open procedures represented less than 4 % of cases
acquired.

Independent Variables

Age was examined both continuously and as <65 versus
>65. Race was examined as Black, White, and Other.
Patients were classified as either independent or
partially/totally dependent functional status. Insurance
status included Medicare, Medicaid Managed Care, Un-
insured, and Other. Medicaid is a state and federally
funded, medical insurance coverage offered based on
low-income and/or certain disabilities in the USA. We
studied hospitals as teaching or community facilities.
Comorbidities examined included myocardial infarction,
congestive heart failure, peripheral vascular disease, cor-
onary disease, chronic obstructive pulmonary disease,
rheumatoid arthritis, peptic ulcers, mild and moderate
to severe hepatic disease, diabetes with or without se-
quelae, renal dysfunction, malignancy with and without
metastasis, paralysis, AIDS, and HTN. These were col-
lapsed into the Charlson Comorbidity Index.

Dependent Variables

Independent variables in our predictive models were (1) re-
ceipt of RYGB, (2) receipt of VSG, (3) predictors of
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readmissions for the entire cohort, (4) predictors of readmis-
sion for RYGB, and (5) predictors of readmission for VSG.

Statistical Analyses

For the entire cohort, we compared the unadjusted associa-
tions of demographic and comorbid conditions with receipt
of specific surgeries using Chi-square tests. Multivariate lo-
gistic regression analysis was used to predict surgery type,
revisions, and readmissions after adjusting for demographics
and comorbidities. Statistical significance was considered at
the alpha=.05 level. All tests were two-sided, when applica-
ble. The data analysis for this paper was generated using SAS
software, version 9.2. copyright, SAS Institute Inc. SAS and
all other SAS Institute Inc. product or service names are reg-
istered trademarks or trademarks of SAS Institute Inc., Cary,
NC, USA.

Results
Cohort Characteristics and Bivariate Results

Table 1 summarizes our total cohort’s demographics and co-
morbidities. Between 2008 and the first half of 2014, Premier
captured 53,365 patients who underwent RYGB, 30,601 who
had VSG, and 27,960 who had LAGB. During this time peri-
od, there were a minimal number of duodenal switch opera-
tions captured, and these were not included in our analyses.
Mean age at operation was 45. Mean age among those under-
going RYGB was 45 years, VSG, 44 years, and, LAGB,
45 years. The cohort was 78 % female and 67 % white.
Thirty-two percent of captured cases were diabetic. Over the
time period examined, persons over the age of 65 represented
an increasing proportion of the cohort, growing from 4 to 6 %
in the 5.5 year period. Table 2 summarizes readmission
characteristics.

Table 1 Patient demographics

and comorbidities* Total cohort LAGB RYGB VSG Revisional surgery
N 114,655 27,960 53,365 30,601 2729
Age
Mean 44 45 44 44 47
Greater than 65 years 4.8 % 6.6 % 43 % 39% 7.7 %
Sex
Male 22 % 22 % 21 % 22 % 14 %
Race
Black 13 % 13 % 13 % 15 % 14 %
Other (non-White) 20 % 20 % 20 % 18 % 13 %
Comorbidities
Charlson index 0.6 0.6 0.7 0.6 0.5
Diabetes, type I 32 % 28 % 38 % 27 % 20 %
Gastroesophageal reflux 35% 20 % 42 % 37 % 24 %
Insurance status
Medicare 13 % 14 % 15 % 9.5 % 16 %
Medicaid 8.4 % 51 % 9.9 % 9.0 % 58 %
Managed care 69 % 72 % 66 % 73 % 69 %
Uninsured 39 % 3.6 % 25 % 6.7 % 3.8 %
Other 5.0 % 57 % 6.3 % 22 % 49 %
Geographic region
South 38 % 35% 38 % 40 % 37 %
Northeast 26 % 29 % 24 % 29 % 22 %
Midwest 23 % 24 % 24 % 21 % 26 %
West 13 % 12 % 15% 11 % 14 %
Hospital characteristics
Urban (vs. rural) 92 % 91 % 93 % 92 % 89 %
Teaching (vs. community) 50 % 56 % 49 % 47 % 46 %

*p<0.0001 for all
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Table 2 Demographics and
comorbidities of readmitted

subset of the cohort

Total LAGB RYGB VSG Revisional surgery p value

cohort
N 1482 63 756 607 56
Age
Mean 45 % 47 % 45 % 44 % 50 % 0.003
Greater than 65 years 6.3 % 13 % 6.5 % 5.0 % 13 % 0.020
Sex
Male 18 % 25 % 19 % 17 % 20 % 0.480
Race
Black 17 % 14 % 15 % 19 % 16 %
Other (Non-White) 17 % 19 % 18 % 16 % 7 % 0.123
Comorbidities
Charlson index 0.8 0.7 0.9 0.7 0.5 <0.001
Diabetes, type 11 34 % 32 % 40 % 29 % 18 % <0.001
Gastroesophageal reflux 46 % 40 % 49 % 42 % 59 % 0.008
Insurance status
Medicare 20 % 29 % 24 % 13 % 32 % <0.001
Medicaid 16 % 11 % 18 % 15 % 8.9 %
Managed care 57 % 51 % 51 % 66 % 52 %
Uninsured 23 % 7.9 % 1.5% 2.8 % 1.8 %
Other 4.5 % 1.6 % 62 % 2.5 % 54 %
Geographic region
South 35 % 27 % 36 % 35 % 36 % <0.001
Northeast 31 % 30 % 27 % 37 % 25 %
Midwest 24 % 38 % 27 % 18 % 27 % 0.690
West 10 % 4.8 % 10 % 10 % 13 %
Hospital characteristics
Urban (vs. rural) 89 % 87 % 88 % 89 % 93 %
Teaching (vs. community) 53 % 68 % 54 % 52 % 54 % 0.093

The proportion of VSG captured over time increased from
3.0 % of all cases to 54 % of all cases performed by the first
half of 2014. Inversely, the proportion of inpatient bands per-
formed over time fell from 29 % in 2008 to 1 % in 2014. This
trend was similar in all captured outpatient LAGB. Whereas,
96 % of outpatient bariatric surgeries were LAGB in 2008,
LAGB represented only 32 % of outpatient bariatric proce-
dures by 2014. RYGB accounted for 52 % of inpatient bariat-
ric procedures in 2008 and fell to 32 % by 2014. Among
diabetic patients, the incidence of LAGB procedures also de-
creased with time from 28 % in 2008 to 1 % by 2014. VSG in
diabetics increased from 4 to 48 % in the same time frame.
Figure 1 shows the distribution of RYGB, LAGB, and VSG
over time.

Multivariate Analysis
Predictors of RYGB

After adjusting for age, sex, race, year of discharge, hospital
region and size, insurance status, and comorbidities, we found
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that earlier year of discharge, female sex, white race, western
(versus southern) region of the country, and Medicaid insur-
ance predicted receipt of RYGB. Cases captured in 2014 were
16 % less likely to have received RYGB than those in 2008.
Females were 7 % as likely to have received RYGB as males
and whites were 15 % as likely to have received RYGB as
blacks. Figure 2 demonstrates odds ratios and confidence in-
tervals for these variables.

Predictors of VSG

After adjusting for age, sex, race, year of discharge, hospi-
tal region and size, insurance status, and comorbidities, we
found that later year of discharge, male sex, nonwhite race,
northeast or western (versus southern) regions of the coun-
try, and insurance status predicted receipt of VSG. Patients
with managed care insurance plans were more than twice
as likely as Medicare patients to receive VSG. Figure 3
demonstrates odds ratios and confidence intervals for these
variables.
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Fig. 1 Contribution of VSG, RYGB, LAGB, and revisional surgeries to
yearly bariatric procedures

Predictors of Readmission

After adjusting for surgery type, age, sex, race, year of dis-
charge, hospital region and size, insurance status, surgeon
specialty and comorbidities, we found that readmission was
less likely for VSG (OR 0.72, 95 % CI 0.65-0.81), male sex
(OR 0.83, 95 % CI 0.72—0.95), and more likely for black race
(OR black vs white 1.2, 95 % CI 1.1-1.4).

Year of discharge

(OR 0.84;95% Cl 0.83-0.85)

For RYGB, more recent year of procedure (OR 0.79, 95 %
C10.67-0.90) and enrollment in managed care (OR 0.70, 95 %
CI 0.57-0.85) were associated with lower likelihood of read-
mission. For VSG, blacks (OR Black vs White 1.3, 95 % CI
1.1-1.6) were more likely to be readmitted, males (OR 0.78,
95 % CI1 0.63-0.96), those enrolled in managed care (OR 0.67,
95 % CI 0.51-0.88), and uninsured patients (OR 0.49, 95 %
C10.28-0.85) were less likely to be admitted.

Sensitivity Analysis

We conducted a number of additional analyses to test whether
our results were the consequences of our modeling choices.
First, since year of discharge was the independent variable of
interest, we examined the behavior of other variables in the
model when year was removed from the models entirely. In
order to study whether inpatient versus outpatient status af-
fected readmission rates, we added this variable to the models
and found no meaningful difference. We also ran additional
models excluding outpatient cases to evaluate for differences
in inpatient and outpatient populations. In each of these
models, estimates changed minimally.

|
Age
(OR 0.99;95% Cl 0.99-0.99)
N
Male

(OR 0.93;95% C1 0.91-0.96)

—

Black vs White

(OR 0.85;95% Cl 0.82-0.89)

——

Northeast vs South
(OR 0.90;95% CI 0.87-0.93)

——
Midwest vs South
(OR 1.04;95% Cl 1.0-1.1)

——

Teaching hospital
(OR 0.90;95% C1 0.88-0.93)

[

West vs South

(OR 1.3;95% Cl 1.2-1.3)

[ R

Managed Care vs Medicare (OR
0.70;95% Cl 0.68-0.73)

Fig. 2 Multivariate predictors of receipt of Roux en Y gastric bypass
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Fig. 3 Predictors of sleeve
gastrectomy
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We also examined whether the associations between
calendar year and surgery type varied by sex, race, insur-
ance status, hospitals, or surgeon type. Here, we found
that the effect of time is more profound for women than
men. That is, the likelihood of receiving VSG with in-
creasing year was much higher for women than men and
for non-whites.

We also examined the associations of any diagnosis of
diabetes mellitus (type 1 or type 2) and of preoperative
gastroesophageal reflux disease (GERD) with type of sur-
gery performed. In these models, we found that the pres-
ence of diabetes increased the odds of receiving RYGB
(OR 1.6, 95 % CI 1.58-1.67) and decreased the odds of
receiving VSG (OR 0.76, 95 % CI 0.73-0.79). The pres-
ence of pre-procedural GERD nearly doubled the odds of
receiving RYGB (OR 1.89, 95 % CI 1.89-1.94), but was
not a significant predictor of VSG (OR 1.02, 95 % CI
0.99-1.06).
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Discussion

In this risk-adjusted analysis, year of discharge was the
foremost predictor of surgery type. With increasing year
of discharge, the adjusted odds of RYGB decreased
while the adjusted odds of VSG increased. We
suspected that the readmission profile for the latter
was more favorable and our data support this. Females,
whites, diabetics, patients with GERD, and Medicaid
recipients received RYGB more frequently than their
referents. In contrast, males, non-whites, non-diabetics,
and insured patients were more likely than their refer-
ents to receive VSG. Patients with GERD were no less
likely to receive VSG than those without GERD. Our
data suggest that underinsured patients, regardless of
surgery type, were more likely to be readmitted. These
findings have important implications for health policy
and cost-containment strategies.
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While the Premier database affords an incomparable means
of examining inpatient procedures, it does not contain informa-
tion on patient BMI status. This variable is likely to be associ-
ated with choice of surgery type. Also, Premier does not allow
us to examine surgical history, patient preferences, preoperative
weight loss, or crossover events (LAGB converted to RYGB or
LAGB to VSG). Also, VSG became a Medicare-approved pro-
cedure for obesity only in 2012. Therefore, the lower preva-
lence of VSG prior to 2012 could in part be explained by this
coverage issue rather than a change in practice trends. Finally,
the database affords us a retrospective analysis of surgical
trends and, therefore, is open to confounding.

In spite of its limitations, these data offer several contributions
to the literature. There has been an unequivocal shift in practice
pattern from RYGB and LAGB to VSG. Though readmissions
play a major role in consumption of health care dollars, there is
limited literature describing readmissions after bariatric surgery.
Our data offers important insights into this problem. Our data
demonstrate a 30 % lower readmission rate for VSG than RYGB.
This important advantage may help hospitals in reducing costly
and unnecessary readmissions. Higher readmissions seen in fe-
males and non-whites are also important findings that should be
used to direct hospital-based efforts to reduce readmission rates.

In conclusion, our findings provide insight into national
procedural trends regarding bariatric surgeries, factors
informing which surgery is performed, and which patients are
readmitted. The implications of our study findings are multiple.
Regarding its surgical anatomy, the VSG offers no anastomo-
ses, no risk of internal herniation, and a reduced risk of vitamin
deficiency due to lack of malabsorptive component. Patients
undergoing VSG also have lower readmission rates than pa-
tients undergoing other bariatric procedures. This advantage
may inform the rising rates of VSG in the United States.
Long-term durability of weight loss and comorbid disease con-
trol are not completely understood. Also, long-term post-oper-
ative complication rates after VSG have not yet been quanti-
fied. Moving forward, longitudinal data should address these
questions.
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