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Abstract

Background Utilization of bariatric surgery has changed
dramatically over the past two decades. The aim of this
study was to update the trends in volume and procedural
type of bariatric surgery in the USA. Data were derived
from the National Inpatient Sample from 2009 through
2012.

Methods We used ICD-9 diagnosis and procedural codes
to identify all hospitalizations during which a bariatric
procedure was performed for the treatment of severe obe-
sity. The data were reviewed for patient demographics and
characteristics, annual number of bariatric operations, and
specific procedural types and proportion of laparoscopic
cases. The US Census data were used to calculate the
population-based annual rate of bariatric surgery per
100,000 adults.

Results  Between 2009 and 2012, the number of inpatient
bariatric operations ranged between 81,005 and 114,780
cases annually. During this time period, the annual rate of
bariatric procedures was highest for 2012 at 47.3 proce-
dures per 100,000 adults. The bariatric surgery approach
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most commonly performed continues to be laparoscopic,
ranging between 93.1 and 97.1 %. In 2012, there was a
precipitous reduction in the number of gastric bypass and
gastric banding operations and replaced by an increase in
the number of sleeve gastrectomy operation. The in-hos-
pital mortality rate remains low, ranging from 0.07 to
0.10 %.

Conclusions In the USA, the annual volume of inpatient
bariatric surgery continues to be stable. Utilization of the
laparoscopic approach to bariatric surgery remains high,
while the in-hospital mortality continues to be low at
<0.10 % throughout the 4-year period.
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Surgery continues to be the only long-term effective weight
loss option for patients suffering from severe obesity. Over
the past two decades, the field of bariatric surgery has
changed dramatically. Prior to the development of the
laparoscopic approach to bariatric surgery, the number of
bariatric operations performed in the USA was reported as
9189 procedures in 1993, increasing modestly to 12,541
procedures in 1997 [1]. With the advent of the laparoscopic
gastric bypass operation, the number of bariatric operations
increased substantially to 70,256 procedures in 2002 [2].
The volume of bariatric surgery in the USA then peaked at
135,985 procedures in 2004 and stabilized at 124,838
procedures in 2008 [3]. While the number of bariatric
operations increased, there was a precipitous reduction in
the mortality rate associated with bariatric surgery. In
1998, the in-hospital mortality associated with bariatric
surgery was high at 0.8 % [3]. A decade later in 2008, the
in-hospital mortality associated with bariatric surgery was
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substantially reduced at 0.1 % [3, 4]. By 2005, the number
of laparoscopic gastric bypass operations exceeded that of
the open gastric bypass operations [3]. We previously
reported in detail on trends in the use of bariatric surgery
between 2003 and 2008 [3]. Using administrative data from
the National Inpatient Sample (NIS), the aim of the current
study was to examine and update the trends in utilization of
volume and procedural type of bariatric surgery for the
treatment of severe obesity during the ensuing four-year
period, 2009-2012.

Methods

Discharge data from the NIS between 2009 and 2012 were
obtained from the Healthcare Cost and Utilization Project
(HCUP), sponsored by the Agency for Healthcare Research
and Quality. The NIS is the largest all-payer inpatient care
database in the USA, containing data on almost 8 million
hospital stays from about 1000 hospitals. This sample
represents approximately 20 % of US community hospi-
tals. To produce national estimates, we used weight dis-
charges in the NIS core files to the discharges from all US
community as instructed by the NIS methodology. The NIS
includes public hospitals and academic medical centers.
We obtained information from the NIS database concern-
ing the annual total number of bariatric operations; the
proportion of Roux-en-Y gastric bypass, gastric banding,
sleeve gastrectomy, and gastroplasty; the proportion of
laparoscopic cases; patient characteristics (age, gender, and
race) and comorbidities; and postoperative outcomes
including median length of stay and in-hospital mortality.
Approval for the use of the HCUP patient data was
obtained from the HCUP.

Using the HCUP database, we analyzed all discharge
abstract data for patients who underwent bariatric surgery
during the time period from January 1, 2009 through
December 31, 2012. All hospitalizations during which a
bariatric procedure was performed for the treatment of
severe obesity were identified using appropriate diagnosis
and procedure codes as specified by the International
Classification of Diseases, 9th Revision, Clinical Modifi-
cation (ICD-9-CM). The principal ICD-9 diagnosis codes
for obesity and morbid obesity were 278.0, 278.01, 278.00,
278.8, and 278.1, which included a subcategory of obesity
and a subclassification of morbid obesity. The principal
ICD-9 procedure codes for open Roux-en-Y gastric bypass
were 44.31 and 44.39, which included a subcategory of
gastroenterostomy without gastrectomy and a subclassifi-
cation of high gastric bypass. The principal ICD-9 proce-
dure code for laparoscopic Roux-en-Y gastric bypass was
44.38, which included a subcategory of gastroenterostomy
without gastrectomy and a subclassification of laparoscopic
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gastroenterostomy. The principal ICD-9 procedure code for
laparoscopic adjustable gastric banding was 44.95. The
principal ICD-9 procedure code for gastroplasty was 44.69
and for laparoscopic sleeve gastrectomy was 43.82. We
calculated the population-based rates of bariatric surgery
per 100,000 adults for each year using the number of
bariatric surgical procedures obtained from the NIS data-
base and the US Census estimates of the adult population
(age > 17 years) as the denominator.

Results
Volume and rates of bariatric surgery

From 2009 through 2012, a total of 397,585 patients
underwent bariatric surgery for the treatment of severe
obesity in the USA. The volume of bariatric surgery was
lowest for 2011 at 81,005 procedures and highest in 2012 at
114,780 procedures (Table 1). The type of bariatric proce-
dure between 2009 and 2011 consisted mainly of Roux-
en-Y gastric bypass (71-75 % of all bariatric procedures).
However, the proportion of Roux-en-Y gastric bypass pre-
cipitously decreased to 53 % in 2012, while the proportion
of laparoscopic sleeve gastrectomy increased to 42 %.
Figure 1 depicts the continued growth in adoption of the
laparoscopic approach to bariatric surgery in the USA. The
proportion of laparoscopic bariatric operations was at an all-
time high of 97.1 % in 2012. The annual rate of bariatric
surgery was lowest at 32.1 procedures per 100,000 adults in
2011 and highest at 47.3 procedures in 2012 (Fig. 2).

Patient characteristics and outcomes

Between 2009 and 2012, the median age of patients who
underwent bariatric surgery ranged from 44 to 45 years,
with 78-79 % being female. The proportion of Caucasians
ranged from 60 to 65 %. The prevalence of preoperative
comorbidities is listed in Table 1. The prevalence of dia-
betes ranged between 33 and 35 %; hypertension ranged
between 57 and 59 %; dyslipidemia ranged between 24 and
28 %; chronic liver disease ranged between 9 and 12 %;
and sleep apnea ranged between 11 and 15 %. The median
length of stay was 2 days. The in-hospital mortality was
low, ranging from 0.10 % in 2010 to 0.07 % in 2012
(Table 1).

Discussion
Using the NIS administrative database, we found stabi-

lization in the volume of bariatric surgery being performed
in the USA since 2004. In this study, the population-based
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Fig. 1 Proportion of
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rate of bariatric surgery was lowest in 2011 at 32.1 pro-
cedures and highest in 2012 at 47.3 procedures. The pro-
portion of laparoscopic bariatric operations continued to be
very high, ranging between 93 and 97 % of cases. How-
ever, the type of bariatric operation has changed dramati-
cally, starting in 2012. Gastric bypass operations decreased
to only 53 % of cases accompanied by a precipitous
reduction in gastric banding volume to 5 % of cases, while
the sleeve gastrectomy procedure increased substantially to
43 % of cases.

The growth of bariatric surgery peaked in 2004 but has
since plateaued. Recently, a dramatic change is being
observed in the procedure type of bariatric operation in that
sleeve gastrectomy is gaining popularity as a stand-alone
bariatric procedure. Using a database from academic cen-
ters, we previously reported a change in the makeup of
bariatric surgery with an increase in the use of laparoscopic
sleeve gastrectomy, which has had an impact primarily on
reducing the use of laparoscopic adjustable gastric banding
[5]. In that study of academic centers, 36 % of all bariatric
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cases were laparoscopic sleeve gastrectomy cases in 2012,
which is only a slightly lower rate than our data of 43 % of
sleeve gastrectomy obtained from community hospitals
within the NIS. [5] In the state of Michigan, Reams et al.
[6] similarly reported an increase in the use of sleeve
gastrectomy, which became the most common bariatric
procedure, surpassing gastric bypass in 2012. It is likely
that this trend will continue with sleeve gastrectomy
becoming the most common bariatric operation in the
USA. Despite this change in the makeup of bariatric sur-
gery, the quality and safety of bariatric surgery nationwide
continues to be excellent. The in-hospital mortality for
bariatric surgery in the current study ranged from 0.07 to
0.10 % between 2009 and 2012.

There are several limitations to this study. The specific
type of gastroplasty procedure is unclear based on the
ICD-9 code for gastroplasty. The gastroplasty procedures
performed between 1998 and 2002 are presumed to be
mostly vertical banded gastroplasty, while the gastroplasty
procedures performed between 2003 and 2011 are
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presumed to be laparoscopic sleeve gastrectomy. The
specific ICD-9 procedural code for laparoscopic sleeve
gastrectomy only first became available in October 2011.
Although laparoscopic gastric banding was first approved
by the Food and Drug Administration in 2001, the ICD-9
procedural code for laparoscopic adjustable gastric banding
only became available in October of 2004; therefore, the
proportion of laparoscopic gastric banding is likely
underestimated prior to 2004. Similarly, the specific ICD-9
procedural code for laparoscopic gastric bypass also first
became available in October 2004; therefore, the propor-
tion of laparoscopic bariatric operations is likely underes-
timated prior to 2004. The NIS only contains data for
inpatient admissions and therefore does not report outpa-
tient procedures. Gastric banding procedures are com-
monly performed in an outpatient setting and are not
captured within the NIS. Therefore, the decline in the
number of gastric banding procedures may represent a true
national decline or a transition from inpatient to outpatient
gastric banding procedures or both. The NIS database is
also compiled from discharge abstract data and is limited to
in-hospital mortality without follow-up data. Therefore,
deaths arising after discharge would not be captured in the
NIS database. Our reported in-hospital mortality rate
probably underestimates the “true” 30-day mortality.
Despite these limitations, this study provides an update on
the national trends in utilization of bariatric surgery, and
characterizes the contemporary growth of sleeve gastrec-
tomy, which has impacted the volume of gastric bypass and
gastric banding.

In conclusion, the annual rates of bariatric surgery in the
USA remain plateaued at 32.1-47.3 procedures per

100,000 adults between the years 2009 and 2012. The
percentage of the laparoscopic approach to bariatric sur-
gery remains high at 93-97 % of cases. The major findings
from this study were the precipitous drop in the volume of
gastric banding, and a modest reduction in the volume of
gastric bypass cases that was countered by a substantial
increase in the volume of sleeve gastrectomy cases.
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