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Abstract
Background Laparoscopic sleeve gastrectomy and laparoscopic adjustable gastric banding have been popular alternatives to
laparoscopic Roux-en-Y gastric bypass due to their technical ease and lower complication rates. Comprehensive longitudinal
data are necessary to guide selection of the appropriate bariatric procedures for individual patients.
Methods We used the Truven Heath Analytics MarketScan® database between 2000 and 2015 to identify patients undergoing
bariatric surgery. Kaplan-Meier and Cox proportional hazard regression analyses were performed to compare complication rates
between laparoscopic gastric bypass and laparoscopic sleeve gastrectomy, as well as between laparoscopic gastric bypass and
laparoscopic adjustable gastric banding.
Results 256,830 individuals met search criteria. By 2015, laparoscopic sleeve gastrectomy was the most commonly performed
bariatric procedure followed by laparoscopic gastric bypass and then laparoscopic adjustable gastric banding. Overall, laparo-
scopic sleeve gastrectomy and laparoscopic adjustable gastric banding had fewer complications relative to laparoscopic gastric
bypass with the exceptions of heartburn, gastritis, and portal vein thrombosis following sleeve gastrectomy and heartburn and
dysphagia following adjustable gastric banding.
Conclusion Laparoscopic sleeve gastrectomy is now the most commonly performed bariatric procedure in the USA. It is
reassuring that its overall postoperative complication rates are lower relative to laparoscopic gastric bypass.
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Introduction

Obesity continues to be a significant problem in the USA.
Approximately 36% of adults and 17% of younger
Americans are estimated to be obese.1 Bariatric surgery has
been proven to be a safe and effective treatment for obesity
and its associated medical conditions. Laparoscopic sleeve
gastrectomy is now the most commonly performed bariatric
procedure worldwide, followed by laparoscopic Roux-en-Y
gastric bypass, laparoscopic adjustable gastric banding, and

laparoscopic biliopancreatic diversion with duodenal switch.2

Roux-en-Y gastric bypass remains the gold standard bariatric
procedure due to its proven record of durable weight loss and
resolution of obesity-related comorbidities, as well as its low
morbidity. Recently, sleeve gastrectomy has gained popularity
due to its relative technical ease and long-term data demon-
strating its durability. Outcomes have shown similar efficacy
to gastric bypass in maintaining weight loss and improving
comorbidities.3–5 Adjustable gastric banding, which became
very popular after the turn of the millennium due to its tech-
nical simplicity, has seen dramatically reduced utilization in
recent years as longer-term outcomes were not acceptable in
most studies.6–8 Other bariatric procedures, such as
biliopancreatic diversion with duodenal switch, as well as oth-
er variations of this procedure, are also performed, but at low
frequency. As the trends in bariatric procedures change, new
procedures should be compared in relation to gastric bypass.

Overall, mortality and morbidity rates for bariatric proce-
dures are low. Studies report 0 to 0.64% 30-day mortality rate
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and 0 to 2.5% 30-day serious morbidity.7, 9–11 With the recent
increase in the rate of laparoscopic sleeve gastrectomy relative
to all other bariatric procedures, it is important not only to
assess and compare weight loss outcomes between proce-
dures, but also to assess differences in rates of complications.
Thus, the purpose of this analysis was (1) to assess temporal
trends in bariatric surgery and (2) to measure and compare the
cumulative incidence of complications after laparoscopic
Roux-en-Y gastric bypass (LRYGB), laparoscopic sleeve gas-
trectomy (LSG), and laparoscopic adjustable gastric banding
(LAGB) in the USA.

Materials and Methods

Study Population

This study was conducted using the Truven Health Analytics
MarketScan Commercial Claims and Encounters® database.
This administrative database contains individual-level data on
clinical utilization, expenditures, and enrollment across inpa-
tient and outpatient services of privately insured individuals.
To date, this database includes private sector health data from
350 payors and contains over 20 billion claims for over 148
million unique individuals. It captures all inpatient and outpa-
tient billing claims for individuals and dependents covered by
the participating payors. Diagnoses and procedures were cap-
tured using International Classification of Diseases, 9th edi-
tion, Clinical Modification (ICD-9-CM) codes and Current
Procedural Terminology (CPT) codes, respectively.

All patients who underwent gastric bypass (CPT 43644,
43645, 43846, and 43847), laparoscopic vertical sleeve gastrec-
tomy (43775), laparoscopic adjustable gastric banding (43770),
vertical banded gastroplasty (VBG, 43842), or biliopancreatic
diversion with duodenal switch (BPD/DS, 43845) between
June 1, 2000, and December 31, 2014, were eligible for inclu-
sion. Gastric bypass surgeries were also stratified into open
(43846 and 43847) and laparoscopic (43644 and 43645) pro-
cedures. Patients were required to have at least 180 days of
continuous coverage (with 8-day grace periods) prior to their
procedure; this window was used to capture patient comorbid-
ities. Patients who had procedure codes for more than one bar-
iatric procedure were excluded (n = 1164). Patients were cen-
sored 12 months after their surgery, when they unenrolled from
their healthcare plan, or on September 31, 2015 (when ICD-10-
CM codes were implemented), whichever came first. Patient
complications were identified using ICD-9-CM diagnosis
codes and CPT procedure codes, where appropriate. The full
list of complications and codes is shown in Table 1. Outpatient
visit dates and inpatient admission dates were used to estimate
the date of each complication. Due to their acute nature, only

the 1-month incidences of acute myocardial infarction (MI)/
angina, stroke/transient ischemic attack (TIA), pneumonia,
acute kidney failure, and sepsis were estimated and compared.
Additionally, the incidence of revision or removal was only
estimated in patients undergoing adjustable gastric banding.

Statistical Analyses

Patient characteristics, stratified by procedure type, were de-
scribed using univariate analyses. The Charlson score was
calculated using the methodology described by Deyo et al.12

Trends in the type of bariatric procedures used over time were
assessed using Poisson regression.

Inverse probability of treatment (IPT)-weighted Kaplan-
Meier curves were used to estimate the stratified 1-month, 6-
month, and 12-month cumulative incidences of complications
for laparoscopic adjustable gastric banding, laparoscopic
sleeve gastrectomy, and laparoscopic gastric bypass surgery,
among patients treated between 2005 and 2015.13 Briefly, the
propensity or probability of undergoing adjustable gastric
banding, sleeve gastrectomy, and gastric bypass was estimated
using generalized logistic regression, using year of surgery,
patient age (modeled as a restricted cubic spline), sex, each
of the Charlson score components (excluding human immu-
nodeficiency virus [HIV]), and whether they had an inpatient
or outpatient procedure. IPTweights were stabilized using the
marginal (i.e., overall) probability of undergoing each proce-
dure in the cohort and truncated at the 1st and 99th percentiles.

The effect of laparoscopic adjustable gastric banding, com-
pared to laparoscopic gastric bypass, among patients undergo-
ing surgery between 2006 and 2015, was estimated using IPT-
weighted Cox proportional hazards regression. Additionally,
the effect of laparoscopic sleeve gastrectomy, compared to
laparoscopic gastric bypass, among patients undergoing sur-
gery between 2010 and 2015, was estimated using similar
methods. In order to account for the weighting, robust sand-
wich estimators were used to calculate the 95% confidence
intervals. Separate IPT weights were calculated for each of
the subset analyses using the relevant sub-cohort. All analyses
were performed using SAS 9.3 (SAS Inc., Cary, NC).

Results

256,830 individuals met search criteria and were included
(Table 2). 162,528 (63%) had complete 12-month follow-up
(median follow-up time 365 days, interquartile range [IQR]
222–365). The median age was 44 years (IQR 36–52) and the
majority of patients were female (n = 202,183, 79%). Patients
with diabetes were more likely to undergo gastric bypass or
biliopancreatic diversion with duodenal switch (36% vs. 28%,
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Table 1 Codes used to identify complications

Complication ICD-9-CM code(s)a CPT procedure code(s)

Healthcare utilization

Readmission (all-cause) NA NA

Emergency room visit 99281, 99282, 99283, 99284, 99285

Esophageal procedures 43020, 43030, 43040, 43045, 43100–43499

Band revision or removal 43771, 43772, 43773, 43774, 43887, 43888

Bariatric surgery complications 539.X

Wound dehiscence 998.32, 998.5X

Leak 998.31

Digestive complications

Dehydration 276.X

Nutrition symptoms 783.X

Malabsorption 579.X

Anemia 280.X, 281.X, 282.X, 283.X, 284.X, 285.X,
286.X, 287.X, 288.X, 289.X

Vitamin deficiency 260, 261, 262, 263.X, 264.X, 265.X, 266.X,
267, 268.X, 269.X

Nausea/vomiting 564.3, 787.0X

Heartburn 787.1

Dysphagia 787.2X

Other digestive symptoms 787.4, 787.5, 787.6X, 787.7, 787.9X, 997.4X

Cardiovascular complications

Acute MI/anginab 410.X, 411.X, 413.X

Stroke/TIAb 434.X, 435.X, 436

Pulmonary embolism 415.1X

Deep vein thrombosis 451.X, 453.X

Portal vein thrombosis 452

Infection

Pneumoniab 480.X, 481.X, 481.X, 483.X, 484.X, 485.X,
486.X, 997.31, 997.32

Gastritis 535.X

Sepsisb 995.9X

Urinary complications 788.X, 997.5

Gastrointestinal complications

Gastrointestinal ulcer 531.X, 532.X, 533.X, 534.X

Intestinal obstruction 560.X

Gastrointestinal hemorrhage 578.X

Other complications

Liver necrosis 570

Gallbladder disorders 574.X, 575.X

Pancreatic disorders 577.X

Acute kidney failureb 584.X

Neuromuscular complications 781.X, 997.0X

Skin symptoms/complications 782.X

Hemorrhage/hematoma 998.11, 998.12

ICD-9-CM, International Classification of Diseases, 9th edition, Clinical Modification; CPT, Current Procedural Terminology; MI, myocardial infarc-
tion; TIA, transient ischemic attack
a X indicates any number; for example, 276.X includes 276.0, 276.1, and 276.2
bOnly 1-month incidence was assessed
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p < 0.0001). Patients undergoing sleeve gastrectomy and ad-
justable gastric banding were more likely to have outpatient
procedures (54% vs. 12%, p < 0.0001), and when they were
admitted as inpatients, their average length of stay (LOS) was
shorter (mean LOS 1.6 days vs. 2.5 days, p < 0.0001). All
other patient characteristics were relatively consistent across
bariatric procedures.

From 2000 to 2015, 92,100 (36%) individuals underwent
laparoscopic Roux-en-Y gastric bypass, 68,918 (27%) laparo-
scopic sleeve gastrectomy, and 69,440 (27%) laparoscopic
adjustable gastric banding (Table 2). The remainder
underwent open gastric bypass (9%), vertical banded
gastroplasty (0.4%), and biliopancreatic diversion with duo-
denal switch (0.5%). At the beginning of this period in 2000,
more than 90% underwent open gastric bypass while the re-
mainder underwent vertical banded gastroplasty (Fig. 1). By
2005, the proportion of open gastric bypass (40%) had sub-
stantially decreased in lieu of laparoscopic bypass (58%).
While this transition does reflect the growing trend of laparo-
scopic surgery during this time, the CPTcode for LRYGBwas
not introduced until 2005, which can partly account for the
drastic change in the numbers of open versus laparoscopic
gastric bypass procedures from 2000 to 2005. Around this
same time, laparoscopic adjustable gastric banding was

introduced and from 2008 to 2010 the number of procedures
exceeded that of laparoscopic gastric bypasses. Laparoscopic
sleeve gastrectomy emerged in 2010, and by 2012 had be-
come the most popular bariatric procedure. The proportion
of LSG has continued to increase annually, while those of
LRYGB and LAGB have decreased. During this time period,
vertical banded gastroplasty and biliopancreatic diversion
with duodenal switch made up a very small percentage of all
bariatric procedures.

The cumulative 1-month, 6-month, and 12-month inci-
dences of complications after laparoscopic gastric bypass, lap-
aroscopic adjustable gastric banding, and laparoscopic sleeve
gastrectomy, respectively, can be found in Table 3.
Additionally, we compared the incidences of complications of
laparoscopic gastric bypass to each of the two procedures that
have emerged during different periods of time, namely laparo-
scopic adjustable gastric banding and laparoscopic sleeve gas-
trectomy. We compared laparoscopic gastric bypass versus lap-
aroscopic adjustable gastric banding over the years 2006 to
2015, and laparoscopic gastric bypass versus laparoscopic
sleeve gastrectomy over the years 2010 to 2015 (Tables 4 and
5). After standardization, patients who underwent LSG and
LAGB were overall less likely to have postoperative complica-
tions compared to those who had LRYGB.

Table 2 Patient characteristics, stratified by bariatric surgery type

Gastric bypass Laparoscopic sleeve
gastrectomy

Laparoscopic adjustable
gastric banding

VBG BPD/DS

Open Laparoscopic

Total 23,888 92,110 68,918 69,440 1152 1322

Male, n (%) 4453 (19) 19,905 (22) 15,214 (22) 14,526 (21) 209 (18) 340 (26)

Age, med (IQR) 45 (36–52) 44 (36–52) 43 (36–52) 43 (35–52) 42 (34–51) 44 (36–52)

Charlson score, med (IQR) 0 (0–1) 1 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 1 (0–1)

Myocardial infarction 178 (1) 872 (1) 575 (1) 390 (1) < 11 11 (1)

Congestive heart failure 747 (3) 1947 (2) 1183 (2) 938 (1) 32 (3) 36 (3)

Peripheral vascular disease 143 (1) 1103 (1) 863 (1) 865 (1) < 11 12 (1)

Cerebrovascular disease 41 (0) 211 (0) 166 (0) 158 (0) 0 (0) < 11

Hemiplegia/paraplegia < 11 40 (0) 37 (0) 29 (0) 0 (0) < 11

Dementia 20 (0) 25 (0) 13 (0) < 11 0 (0) 0 (0)

COPD 4414 (18) 16,618 (18) 12,369 (18) 10,050 (14) 167 (15) 250 (19)

Rheumatoid arthritis 306 (1) 1432 (2) 1268 (2) 887 (1) 19 (2) 15 (1)

Peptic ulcer disease 47 (0) 213 (0) 149 (0) 76 (0) < 11 < 11

Diabetes 7292 (31) 34,345 (37) 20,323 (29) 19,073 (27) 281 (24) 501 (38)

Renal disease 234 (1) 1586 (2) 1254 (2) 769 (1) 14 (1) 30 (2)

Liver disease 392 (2) 1398 (2) 963 (1) 638 (1) 19 (2) 72 (5)

Cancer 434 (2) 1678 (2) 1.545 (2) 1273 (2) 27 (2) 37 (3)

Inpatient procedure, n (%) 21,073 (88) 80,847 (88) 50,502 (73) 12,624 (18) 803 (70) 1135 (86)

LOS, in daysa, med (IQR) 3 (2–4) 2 (1–2) 2 (1–2) 1 (1–1) 2 (1–3) 3 (2–4)

SD, standard deviation; VBG, vertical banded gastroplasty; BPD/DS, biliopancreatic diversion with duodenal switch gastric bypass; COPD, chronic
obstructive pulmonary disease; LOS, length of stay; med, median; IQR, interquartile range
a Among patients with an inpatient hospitalization only

J Gastrointest Surg (2019) 23:1362–1372 1365



Patients undergoing laparoscopic adjustable gastric
banding, compared to laparoscopic gastric bypass patients,
had significantly lower incidences of 1-year all-cause read-
mission (hazard ratio [HR] 0.47, 95% confidence interval
[CI] 0.45, 0.48, p < 0.0001), 30-day all-cause readmission
(HR 0.28, 95% CI 0.26, 0.29, p < 0.0001), emergency room
visits (HR 0.68, 95% CI 0.66, 0.69, p < 0.0001), leak (HR
0.54, 95% CI 0.41, 0.70, p < 0.0001), stroke/transient ische-
mic attack (TIA) (HR 0.74, 95% CI 0.56, 0.98, p < 0.04),
pulmonary embolism (PE) (HR 0.64, 95% CI 0.57, 0.73,
p < 0.0001), deep vein thrombosis (DVT) (HR 0.64, CI 95%
0.63, 0.73, p < 0.0001), 30-day pneumonia (HR 0.47, 95% CI
0.42, 0.53, p < 0.0001), dehydration (HR 0.36, 95% CI 0.35,
0.38, p < 0.0001), gastrointestinal hemorrhage (HR 0.31, 95%
CI 0.29, 0.34, p < 0.0001), nausea/vomiting (HR 0.66, 95%
CI 0.64, 0.68, p < 0.0001), gallbladder disorders (HR 0.34,
95% CI 0.32, 0.36, p < 0.0001), malabsorption (HR 0.15,
95% CI 0.15, 0.16, p < 0.0001), and vitamin deficiencies
(HR 0.32, 95% CI 0.32, 0.34, p < 0.0001) (Table 4).
However, adjustable gastric banding patients showed a signif-
icantly higher incidence of heartburn (HR 1.73, 95% CI 1.57,
1.91, p < 0.0001) and dysphagia (HR 1.42, 95% CI 1.35, 1.47,
p < 0.0001). No differences were seen in the incidences of
acute myocardial infarction (MI)/angina or portal vein throm-
bosis (PVT). By 1 year, 1% of adjustable gastric banding
patients had undergone a band removal or revision.

Patients who underwent laparoscopic sleeve gastrectomy,
compared to laparoscopic gastric bypass patients, had signif-
icantly lower incidences of 1-year all-cause readmission (HR

0.69, 95% CI 0.66, 0.71, p < 0.0001), 30-day all-cause read-
mission (HR 0.73, 95%CI 0.69, 0.77, p < 0.0001), emergency
room visits (HR 0.74, 95% CI 0.72, 0.75, p < 0.0001), acute
MI/angina (HR 0.81, 95% CI 0.67, 0.87, p < 0.02), PE (HR
0.86, 95% CI 0.76, 0.97, p < 0.02), DVT (HR 0.92, 95% CI
0.85, 0.99, p < 0.02), 30-day pneumonia (HR 0.70, 95% CI
0.62, 0.79, p < 0.0001), dehydration (HR 0.78, 95% CI 0.76,
0.81, p < 0.0001), gallbladder disorders (HR 0.75, 95% CI
0.72, 0.78, p < 0.0001), gastrointestinal hemorrhage (HR
0.45, 95% CI 0.41, 0.48, p < 0.0001), nausea/vomiting (HR
0.75, 95% CI 0.75, 0.79, p < 0.0001), dysphagia (HR 0.64,
95% CI 0.61, 0.67, p < 0.0001), malabsorption (HR 0.51,
95% CI 0.49, 0.52, p < 0.0001), and vitamin deficiencies
(HR 0.82, 95% CI 0.81, 0.84, p < 0.0001) (Table 5). LSG
was associated with a higher incidence of portal vein throm-
bosis (HR 4.07, 95% CI 2.62, 6.33, p < 0.0001), heartburn
(HR 1.61, 95% CI 1.47, 1.78, p < 0.0001), gastritis (HR
4.67, 95% CI 4.49, 4.87, p < 0.0001), and esophageal proce-
dures (HR 1.22, 95% CI 1.19, 1.24, p < 0.0001). No differ-
ences were seen in leak or stroke/TIA.

Discussion

In this study, we evaluated the complication rates of laparo-
scopic Roux-en-Y gastric bypass and compared them with
those of laparoscopic sleeve gastrectomy and laparoscopic
adjustable gastric banding, two procedures which arose as
alternatives to bypass. Overall, we found that laparoscopic

Fig. 1 Temporal trends in
bariatric surgery
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sleeve gastrectomy and laparoscopic adjustable gastric
banding have lower postoperative complication rates than

laparoscopic gastric bypass, although there were specific com-
plications that were higher in the LSG and LAGB groups.

Table 3 Standardized 1-month, 6-month, and 12-month incidences of complications after bariatric surgery

Laparoscopic adjustable gastric banding
cumulative incidencea (%)

Laparoscopic sleeve gastrectomy
cumulative incidencea (%)

Laparoscopic gastric bypass
cumulative incidencea (%)

1-mo 6-mo 12-mo 1-mo 6-mo 12-mo 1-mo 6-mo 12-mo

Healthcare utilization

Readmission (all-cause) 2.1 5.2 9.4 4.5 8.0 11.7 6.9 12.6 17.5

Emergency room visit 5.5 14.8 24.6 8.5 18.7 27.3 10.6 23.4 33.5

Esophageal procedures 20.6 21.6 23.4 29.7 31.7 33.0 20.4 27.4 29.9

Band revision or removal 0.1 0.6 1.0 – – – – – –

Bariatric surgery complications 0.9 1.5 2.4 2.7 3.2 3.4 2.4 3.6 3.8

Leak 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.2

Wound dehiscence 0.7 1.2 1.5 0.9 1.3 1.7 1.8 2.3 2.7

Digestive complications

Dehydration 2.0 3.6 5.5 6.7 10.3 12.2 6.6 12.1 14.4

Nutrition symptoms 2.8 12.5 16.8 1.8 7.2 10.6 1.5 7.5 11.9

Malabsorption 1.6 4.8 7.1 2.8 17.3 23.2 5.7 29.7 40.3

Anemia 4.1 10.0 14.7 8.0 17.5 24.0 10.2 21.1 28.8

Vitamin deficiency 2.5 9.0 14.3 7.2 26.0 35.5 6.9 26.9 37.2

Nausea/vomiting 2.6 7.2 13.8 7.6 12.5 15.4 7.0 15.2 18.8

Heartburn 0.5 1.1 1.8 0.9 1.6 2.2 0.5 0.8 1.0

Dysphagia 2.3 6.5 11.0 2.5 4.6 5.4 2.2 6.5 7.5

Gastritis 0.8 1.8 3.5 17.8 19.3 20.6 2.0 4.3 6.1

Other digestive symptoms 2.3 4.7 7.3 3.8 5.9 7.6 5.1 9.2 11.5

Cardiovascular complications

Acute MI/angina 0.4 – – 0.3 – – 0.5 – –

Stroke/TIA 0.1 – – 0.2 – – 0.2 – –

Pulmonary embolism 0.3 0.5 0.6 0.5 0.7 0.9 0.6 0.9 1.0

Deep vein thrombosis 0.8 1.4 1.9 1.2 1.9 2.4 1.3 2.2 2.7

Portal vein thrombosis 0.0 0.0 0.0 0.1 0.2 0.2 0.0 0.0 0.0

Infections

Pneumonia 0.5 – – 0.8 – – 1.1 – –

Sepsis 0.1 – – 0.3 – – 0.4 – –

Urinary complications 1.6 4.0 7.2 2.2 5.6 9.0 2.6 6.9 10.5

Gastrointestinal complications

Gastrointestinal ulcer 0.2 0.5 0.9 0.4 0.8 1.0 1.1 4.5 6.1

Intestinal obstruction/adhesion 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gastrointestinal hemorrhage 0.3 0.7 1.4 0.8 1.3 1.9 1.9 2.9 4.0

Other complications

Liver necrosis 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.2

Gallbladder disorders 1.1 2.2 3.6 3.2 5.4 7.8 4.3 6.9 10.1

Pancreatic disorders 0.1 0.3 0.5 0.5 0.8 1.1 0.4 0.7 1.1

Acute kidney failure 0.3 – – 0.8 – – 0.9 – –

Neuromuscular complications 0.2 0.8 1.5 0.3 1.2 2.2 0.3 1.2 2.2

Skin symptoms/complications 2.0 5.5 9.5 3.4 7.8 12.3 3.7 8.3 12.7

mo, months; MI, myocardial infarction; TIA, transient ischemic attack
a Standardized using stabilized inverse probability of treatment weights, adjusting for patient sex, age, comorbidities, inpatient procedure, and year of
surgery
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Table 4 Crude and adjusted
effects of laparoscopic adjustable
gastric banding, compared to
laparoscopic gastric bypass, on
complications, among patients
treated between 2006 and 2015

Crude Standardizeda

HR (95% CI) p value HR (95% CI) p value

Healthcare utilization 0.49 (0.47, 0.50) < 0.0001 0.47 (0.45, 0.48) < 0.0001

1-year readmission (all-cause) 0.49 (0.47, 0.50) < 0.0001 0.47 (0.45, 0.48) < 0.0001

30-day readmission (all-cause) 0.35 (0.33, 0.38) < 0.0001 0.28 (0.26, 0.29) < 0.0001

Emergency room visit 0.61 (0.60, 0.63) < 0.0001 0.68 (0.66, 0.69) < 0.0001

Esophageal procedures 0.78 (0.77, 0.80) < 0.0001 0.75 (0.73, 0.76) < 0.0001

Bariatric surgery complications 0.44 (0.40, 0.47) < 0.0001 0.67 (0.62, 0.72) < 0.0001

Leak 0.33 (0.24, 0.45) < 0.0001 0.54 (0.41, 0.70) < 0.0001

Wound dehiscence 0.44 (0.41, 0.48) < 0.0001 0.53 (0.49, 0.58) < 0.0001

Digestive complications

Dehydration 0.29 (0.28, 0.31) < 0.0001 0.36 (0.35, 0.38) < 0.0001

Nutrition symptoms 1.40 (1.36, 1.44) < 0.0001 1.46 (1.41, 1.50) < 0.0001

Malabsorption 0.13 (0.12, 0.13) < 0.0001 0.15 (0.15, 0.16) < 0.0001

Anemia 0.37 (0.36, 0.38) < 0.0001 0.45 (0.44, 0.46) < 0.0001

Vitamin deficiency 0.27 (0.27, 0.28) < 0.0001 0.32 (0.32, 0.34) < 0.0001

Nausea/vomiting 0.62 (0.60, 0.63) < 0.0001 0.66 (0.64, 0.68) < 0.0001

Heartburn 1.54 (0.40, 0.19) < 0.0001 1.73 (1.57, 1.91) < 0.0001

Dysphagia 1.29 (1.25, 1.34) < 0.0001 1.42 (1.36, 1.47) < 0.0001

Gastritis 0.48 (0.45, 0.50) < 0.0001 0.53 (0.50, 0.56) < 0.0001

Other digestive symptoms 0.50 (0.48, 0.52) < 0.0001 0.61 (0.58, 0.63) < 0.0001

Cardiovascular complications

Acute MI/anginab 0.56 (0.47, 0.66) < 0.0001 0.91 (0.78, 1.06) 0.22

Stroke/TIAb 0.59 (0.45, 0.78) 0.0002 0.74 (0.56, 0.98) 0.04

Pulmonary embolism 0.48 (0.43, 0.55) < 0.0001 0.65 (0.57, 0.73) < 0.0001

Deep vein thrombosis 0.51 (0.47, 0.55) < 0.0001 0.68 (0.63, 0.73) < 0.0001

Portal vein thrombosis 0.28 (0.12, 0.65) 0.003 0.46 (0.21, 1.02) 0.06

Infection

Pneumoniab 0.33 (0.29, 0.38) < 0.0001 0.47 (0.42, 0.53) < 0.0001

Sepsisb 0.23 (0.17, 0.30) < 0.0001 0.41 (0.32, 0.52) < 0.0001

Urinary complications 0.58 (0.55, 0.60) < 0.0001 0.69 (0.66, 0.71) < 0.0001

Gastrointestinal complications

Gastrointestinal ulcer 0.10 (0.09, 0.11) < 0.0001 0.13 (0.12, 0.15) < 0.0001

Intestinal obstruction NA – NA –

Gastrointestinal hemorrhage 0.26 (0.24, 0.28) < 0.0001 0.31 (0.29, 0.34) < 0.0001

Other complications

Liver necrosis 0.29 (0.19, 0.44) < 0.0001 0.24 (0.15, 0.38) < 0.0001

Gallbladder disorders 0.31 (0.30, 0.32) < 0.0001 0.34 (0.32, 0.36) < 0.0001

Pancreatic disorders 0.40 (0.35, 0.46) < 0.0001 0.45 (0.39, 0.51) < 0.0001

Acute kidney failureb 0.20 (0.17, 0.24) < 0.0001 0.35 (0.30, 0.41) < 0.0001

Neuromuscular complications 0.59 (0.54, 0.64) < 0.0001 0.73 (0.67, 0.79) < 0.0001

Skin symptoms/complications 0.64 (0.61, 0.66) < 0.0001 0.74 (0.72, 0.77) < 0.0001

Hemorrhage/hematoma 0.21 (0.18, 0.23) < 0.0001 0.26 (0.23, 0.29) < 0.0001

HR, hazard ratio; CI, confidence interval; NA, not analyzable;MI, myocardial infarction; TIA, transient ischemic
attack
a Standardized using stabilized inverse probability of treatment weights, adjusting for patient sex, age, comorbid-
ities, inpatient procedure, and year of surgery
bOnly 1-month incidence was assessed
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Table 5 Crude and adjusted
effects of laparoscopic sleeve
gastrectomy, compared to
laparoscopic gastric bypass, on
complications, among patients
treated between 2010 and 2015

Crude Standardized a

HR (95% CI) p value HR (95% CI) p value

Healthcare utilization

Readmission (all-cause) 0.66 (0.63, 0.68) < 0.0001 0.69 (0.66, 0.71) < 0.0001

30-day readmission (all-cause) 0.74 (0.70, 0.78) < 0.0001 0.73 (0.69, 0.77) < 0.0001

Emergency room visit 0.75 (0.73, 0.76) < 0.0001 0.74 (0.72, 0.75) < 0.0001

Esophageal procedures 1.26 (1.24, 1.29) < 0.0001 1.22 (1.19, 1.24) < 0.0001

Bariatric surgery complications 0.82 (0.78, 0.86) < 0.0001 0.58 (0.55, 0.61) < 0.0001

Leak 0.98 (0.75, 1.29) 0.89 1.09 (0.84, 1.42) 0.51

Wound dehiscence 0.56 (0.52, 0.61) < 0.0001 0.63 (0.58, 0.68) < 0.0001

Digestive complications

Dehydration 0.77 (0.74, 0.79) < 0.0001 0.78 (0.76, 0.81) < 0.0001

Nutrition symptoms 0.80 (0.77, 0.83) < 0.0001 0.77 (0.74, 0.80) < 0.0001

Malabsorption 0.50 (0.49, 0.51) < 0.0001 0.51 (0.49, 0.52) < 0.0001

Anemia 0.78 (0.76, 0.80) < 0.0001 0.80 (0.78, 0.82) < 0.0001

Vitamin deficiency 0.86 (0.85, 0.88) < 0.0001 0.82 (0.81, 0.84) < 0.0001

Nausea/vomiting 0.78 (0.76, 0.80) < 0.0001 0.77 (0.75, 0.79) < 0.0001

Heartburn 1.99 (1.81, 2.20) < 0.0001 1.61 (1.47, 1.78) < 0.0001

Dysphagia 0.66 (0.63, 0.69) < 0.0001 0.64 (0.61, 0.67) < 0.0001

Gastritis 4.72 (4.54, 4.92) < 0.0001 4.67 (4.49, 4.87) < 0.0001

Other digestive symptoms 0.58 (0.56, 0.60) < 0.0001 0.65 (0.62, 0.67) < 0.0001

Cardiovascular complications

Acute MI/anginab 0.69 (0.58, 0.83) < 0.0001 0.81 (0.67, 0.87) 0.02

Stroke/TIAb 0.83 (0.63, 1.08) 0.16 0.93 (0.71, 1.22) 0.60

Pulmonary embolism 0.79 (0.70, 0.89) < 0.0001 0.86 (0.76, 0.97) 0.02

Deep vein thrombosis 0.87 (0.81, 0.94) 0.0004 0.92 (0.85, 0.99) 0.02

Portal vein thrombosis 4.11 (2.66, 6.37) < 0.0001 4.07 (2.62, 6.33) < 0.0001

Infection

Pneumoniab 0.65 (0.58, 0.73) < 0.0001 0.70 (0.62, 0.79) < 0.0001

Sepsisb 0.76 (0.63, 0.91) 0.003 0.77 (0.64 0.92) 0.004

Urinary complications 0.80 (0.77, 0.83) < 0.0001 0.78 (0.76, 0.82) < 0.0001

Gastrointestinal complications

Gastrointestinal ulcer 0.16 (0.14, 0.17) < 0.0001 0.16 (0.15, 0.18) < 0.0001

Intestinal obstruction NA – NA –

Gastrointestinal hemorrhage 0.42 (0.39, 0.45) < 0.0001 0.45 (0.41, 0.48) < 0.0001

Other complications

Liver necrosis 0.66 (0.48, 0.90) 0.009 0.69 (0.51, 0.95) 0.02

Gallbladder disorders 0.75 (0.72, 0.78) < 0.0001 0.75 (0.72, 0.78) < 0.0001

Pancreatic disorders 0.96 (0.85, 1.08) 0.47 0.95 (0.84, 1.06) 0.34

Acute kidney failureb 0.68 (0.61, 0.77) < 0.0001 0.80 (0.71, 0.90) 0.0002

Neuromuscular complications 0.91 (0.94, 0.99) 0.02 0.90 (0.83, 0.97) 0.01

Skin symptoms/complications 0.88 (0.85, 0.91) < 0.0001 0.87 (0.84, 0.90) < 0.0001

Hemorrhage/hematoma 0.52 (0.47, 0.57) < 0.0001 0.59 (0.54, 0.65) < 0.0001

HR, hazard ratio; CI, confidence interval; NA, not analyzable;MI, myocardial infarction; TIA, transient ischemic
attack
a Standardized using stabilized inverse probability of treatment weights, adjusting for patient sex, age, comorbid-
ities, inpatient procedure, and year of surgery
bOnly 1-month incidence was assessed
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We also found that between 2000 and 2015, laparoscopic
sleeve gastrectomy has become the most commonly per-
formed bariatric procedure. As the number of LSG has con-
tinued to increase annually, the proportions of both LRYGB
and LAGB have correspondingly decreased. The most recent
report from the American Society for Metabolic and Bariatric
Surgery (ASMBS) published in June 2018 demonstrated sim-
ilar findings with the percentage of LSG increasing yearly
from 2011 to 2017 while the percentages of LRYGB and
LAGB have decreased.14 Laparoscopic sleeve gastrectomy,
which initially emerged as the first step in biliopancreatic di-
version with duodenal switch,15, 16 has established itself as an
effective and durable stand-alone bariatric operation. It has
been proven to be a viable alternative to Roux-en-Y gastric
bypass, the longtime gold standard in bariatric surgery. With
the changing trends in bariatric surgery, it is important to con-
tinuously assess the comparative outcomes and complications
of the available procedures.

Prior research has shown that laparoscopic adjustable gas-
tric banding has lower rates of complications compared to
laparoscopic gastric bypass.7, 17 Our analysis demonstrated
similar findings, with most of the complications evaluated
having significantly lower incidences following LAGB. In
addition, we found significantly higher 12-month incidences
of heartburn and dysphagia after LAGB compared to
LRYGB. These results have also been described in the
literature.18, 19 The overall incidences of these complications
vary from study to study. This is likely due to different lengths
of follow-up and different definitions of complications.

Many studies evaluating LAGB have concluded that the
procedure has lower incidences of early (≤ 30 day) complica-
tions, but a higher incidence of late (> 30 day) complications.8,
19 Many of the long-term complications associated with ad-
justable gastric banding are related to mechanical issues with
the band such as slippage, erosion, and port problems.18

Although our study did not assess for these complications,
we did find that at 12 months, 1% of patients had undergone
band removal or revision.

Laparoscopic sleeve gastrectomy’s initial attractiveness de-
rived from data demonstrating its lower morbidity profile rel-
ative to laparoscopic gastric bypass. While our data confirmed
an overall lower 1-year incidence of complications after LSG,
we found significantly higher occurrences of heartburn and
portal vein thrombosis within 1 year of this procedure.
These are two notable associations that need further study
given the rapid increase in utilization of sleeve gastrectomy.

The incidence of heartburn following LSG is somewhat
controversial. Rebecchi et al. performed a prospective study
evaluating gastroesophageal reflux disease (GERD) in 65 pa-
tients after sleeve gastrectomy.20 The authors used 24-hour pH
data and concluded that pre-existing reflux improves in most
patients following sleeve gastrectomy. Stenard et al. published
a review comparing 13 studies that demonstrated an adverse

impact of sleeve gastrectomy on GERD and 12 studies show-
ing a favorable effect of sleeve gastrectomy on GERD,
reflecting the disagreement of the topic.21 A recent multicenter
randomized controlled trial of 240 patients assessed the inci-
dence of GERD following sleeve gastrectomy and gastric
bypass.3 The authors found 5.8% of patients in the sleeve
gastrectomy group had GERD after 30 days and seven pa-
tients ultimately underwent conversion to Roux-en-Y gastric
bypass due to GERD. In our analysis, we also found laparo-
scopic sleeve gastrectomy was associated with a significantly
higher 1-year incidence of heartburn compared to laparoscop-
ic gastric bypass, with 2% of patients having a diagnosis of
heartburn within 1 year of surgery.

Portal vein thrombosis (PVT) appears to be a unique com-
plication of laparoscopic sleeve gastrectomy, as it has not been
demonstrated after gastric bypass. While the 1-year cumulative
incidence of PVT after sleeve gastrectomy was low (1%), this
was significantly higher than the incidence after gastric bypass,
and it is a potentially devastating complication. There are few
studies in the literature regarding PVT after bariatric surgery.
Goitein et al. published a retrospective, multicenter study to
evaluate the incidence of portomesenteric vein thrombosis in
patients undergoing laparoscopic bariatric surgery.22 This
group found 17 of 5706 patients (0.3%) suffered
portomesenteric vein thrombosis after surgery: 16 after sleeve
gastrectomy and 1 after adjustable gastric banding. Our larger
analysis showed similar results, with a 0.2% 1-year cumulative
incidence after sleeve gastrectomy, and < 0.1% 1-year inci-
dence after both gastric bypass and adjustable gastric banding.

Interestingly, we also found that following LSG, patients
had a significantly higher incidence of undergoing esophageal
procedures. For the purposes of this study, we did not assess
the specific reasons for needing a procedure or the details
regarding the type of intervention performed. Studies looking
at endoscopic management of complications following sleeve
gastrectomy describe various interventions for staple line dis-
ruption or leak,23–27 stenosis of the sleeve,28, 29 and
intraluminal bleeding.30 These are similar to reasons for
LRYGB patients requiring endoscopic therapies;31, 32 thus, it
is notable that sleeve gastrectomy patients showed a higher 1-
year incidence of esophageal procedures relative to gastric
bypass patients, although the significance is still unclear.

Both laparoscopic sleeve gastrectomy and laparoscopic ad-
justable gastric banding have been popular alternatives to lap-
aroscopic gastric bypass due to their technical ease and lower
morbidity. However, LAGB did not demonstrate sufficient
weight loss efficacy and concomitant resolution of obesity-
related comorbidities to maintain its position as a viable sub-
stitute to LRYGB and is now rarely performed. However, to
date, LSG has shown comparable outcomes relative to
LRYGB, and therefore has seen dramatically increased utili-
zation because of its relative technical ease and lower compli-
cation rates.
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This study is one of the largest and most comprehensive
analyses of complications after bariatric surgery, to date.
Much of the current literature regarding bariatric surgery com-
plication rates is limited to analysis of specific complications
or relatively short follow-up periods (e.g., 30 days), or only
captures occurrences at the primary treatment hospital.
Because of the nature of the MarketScan® claims database,
we were able to assess a wide range of complications using
diagnosis and procedure codes, follow patients for a full year,
and have both inpatient and outpatient records available. Our
results confirm many of the findings present in the literature
regarding the incidences of complications when comparing
LRYGB to LSG and LAGB, as well as highlighting the spe-
cific types of complications associated with each individual
bariatric procedure. Additionally, due to the large sample size,
we were able to evaluate the incidences of minor complica-
tions or side effects (e.g., dehydration, nausea/vomiting, diffi-
culty swallowing), as well as rare complications (e.g., portal
vein thrombosis). LSG and LAGB had overall lower inci-
dences of major and minor complications compared to
LRYGB; however, heartburn and portal vein thrombosis dem-
onstrated higher incidences following LSG, and heartburn and
dysphagia were higher following LAGB. This information is
critical when it comes to helping educate patients and better
prepare them for bariatric surgery.

That being said, this study does have significant limita-
tions. It was performed using an employee-sponsored, private
insurance database; thus, results may not generalize to those
with Medicare or Medicaid or the uninsured. Additionally, we
would miss any complications in which the patient did not
seek treatment or the diagnosis was not adequately recorded
in the inpatient or outpatient record. While treatment was not
randomized, we did attempt to remove confounding by stan-
dardizing treatment across year of surgery, patient demo-
graphics, comorbidities, and inpatient/outpatient procedure
status. However, body mass index (BMI) was not captured
using the Truven® database and it may influence a surgeon’s
decision-making. Also, higher BMI is associated with in-
creased rates of postoperative mortality.33 Finally, we were
unable to obtain complete 1-year follow-up for all patients
although the median follow-up time was 1 year.

Conclusions

The field of bariatric surgery continues to change. Although
Roux-en-Y gastric bypass remains the Bgold standard^ for
bariatric surgery, newer procedures are continuously being
developed to reduce technical complexity and complication
rates. While laparoscopic adjustable gastric banding has lost
popularity, the use of laparoscopic sleeve gastrectomy has
increased dramatically. Given the rise of sleeve gastrectomy
relative to gastric bypass in recent years, it is reassuring to

confirm that the overall complications of sleeve gastrectomy
are lower, with the notable exceptions of heartburn and portal
vein thrombosis. Although laparoscopic sleeve gastrectomy
has established itself as a safe and effective alternative to lap-
aroscopic gastric bypass, the understanding of higher inci-
dences of certain postoperative complications may help in-
form patients and surgeons when choosing the optimal bariat-
ric procedure.
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