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Background

To improve decision making in the treatment of extreme obesity, the risks of bar-
iatric surgical procedures require further characterization.

Methods

We performed a prospective, multicenter, observational study of 30-day outcomes 
in consecutive patients undergoing bariatric surgical procedures at 10 clinical sites 
in the United States from 2005 through 2007. A composite end point of 30-day 
major adverse outcomes (including death; venous thromboembolism; percutane-
ous, endoscopic, or operative reintervention; and failure to be discharged from the 
hospital) was evaluated among patients undergoing first-time bariatric surgery.

Results

There were 4776 patients who had a first-time bariatric procedure (mean age, 44.5 
years; 21.1% men; 10.9% nonwhite; median body-mass index [the weight in kilo-
grams divided by the square of the height in meters], 46.5). More than half had at 
least two coexisting conditions. A Roux-en-Y gastric bypass was performed in 3412 
patients (with 87.2% of the procedures performed laparoscopically), and laparo-
scopic adjustable gastric banding was performed in 1198 patients; 166 patients 
underwent other procedures and were not included in the analysis. The 30-day rate 
of death among patients who underwent a Roux-en-Y gastric bypass or laparo-
scopic adjustable gastric banding was 0.3%; a total of 4.3% of patients had at least 
one major adverse outcome. A history of deep-vein thrombosis or pulmonary em-
bolus, a diagnosis of obstructive sleep apnea, and impaired functional status were 
each independently associated with an increased risk of the composite end point. 
Extreme values of body-mass index were significantly associated with an increased 
risk of the composite end point, whereas age, sex, race, ethnic group, and other 
coexisting conditions were not.

Conclusions

The overall risk of death and other adverse outcomes after bariatric surgery was low 
and varied considerably according to patient characteristics. In helping patients 
make appropriate choices, short-term safety should be considered in conjunction 
with both the long-term effects of bariatric surgery and the risks associated with 
being extremely obese. (ClinicalTrials.gov number, NCT00433810.)
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The benefits of bariatric surgery 
are increasingly reported. A recent, small, 
randomized trial1 showed that there was a 

remission of diabetes in a majority of patients 
who underwent bariatric surgery, and the favor-
able effect of bariatric surgery on cardiovascular 
disease was shown in a large, matched cohort of 
patients who either underwent surgery or received 
usual care.2 Recent studies3,4 showed that the risk 
of death over time was approximately 35% lower 
among extremely obese patients who underwent 
bariatric surgery than among those who did not. 
Nevertheless, concern about the safety of bariat-
ric surgery has grown with its increasing popu-
larity and has been heightened by periodic high-
profile reports in the lay press of deaths after 
bariatric surgery and of the closure or threatened 
suspension of bariatric programs because of safe-
ty issues. Malpractice insurers have expressed con-
cern about the increased risk they incur when 
they provide liability-insurance coverage to bar-
iatric surgeons. Furthermore, some reports sug-
gest that there are higher-than-expected rates of 
death in high-risk populations undergoing bar-
iatric surgery.5,6

Determining the incidence of infrequent ad-
verse outcomes and the factors associated with 
them requires large prospective cohorts with stan-
dardized presurgical evaluation and complete as-
sessment of outcomes. The Longitudinal Assess-
ment of Bariatric Surgery (LABS) consortium 
conducted a prospective, multicenter, observational 
cohort study (LABS-1)7 that used a standardized 
assessment in consecutive patients undergoing 
bariatric surgery. This report presents the inci-
dence of, and factors associated with, 30-day 
safety outcomes in patients from this cohort who 
underwent an initial bariatric surgical procedure.

Me thods

Patients

The study included consecutive patients 18 years 
of age or older who underwent bariatric surgical 
procedures from March 11, 2005, through Decem-
ber 31, 2007, performed by 33 LABS-certified sur-
geons (see the Appendix for a list of centers and 
the data coordinating center). The study protocol 
and consent form were approved by the institu-
tional review board at each institution.7 Surgeons 
were certified to participate in the LABS-1 study, 
but bariatric surgical accreditation did not exist 
when the LABS-1 study began.

By December 31, 2007, a total of 5648 patients 
had been invited to participate in the study, and 
4776 had undergone primary operations. Roux-
en-Y gastric bypass was performed either laparo-
scopically or through an “open” approach; laparo-
scopic adjustable gastric banding was considered 
separately. Procedures that started laparoscopically 
and were converted to open surgery were consid-
ered to be open. Procedures that comprised less 
than 3% of all procedures (biliopancreatic diver-
sion with or without a duodenal switch, sleeve 
gastrectomy, vertical banded gastroplasty, and open 
adjustable gastric banding) were excluded from the 
outcome analyses.

Collection of Data 

Details of the preoperative, operative, and post-
operative data-collection forms and definitions 
have been reported previously.7 The preoperative 
evaluation was completed by means of an in-per-
son interview, physical examination, and chart re-
view, all of which were conducted by LABS-certi-
fied data collectors. Standardized protocols and 
instruments were used to measure weight, height, 
and blood pressure within 30 days before surgery. 
Coexisting conditions were self-reported, and se-
verity was based on the associated use of health 
care resources (e.g., patients were asked if they 
had sleep apnea and, if so, whether they used a 
continuous positive airway pressure machine). The 
primary outcome was a composite end point of 
any of the following occurring within 30 days af-
ter surgery: death; deep-vein thrombosis or venous 
thromboembolism; reintervention with the use 
of percutaneous, endoscopic, or operative tech-
niques; or failure to be discharged from the hos-
pital within 30 days after surgery. We did not 
consider readmission per se as an adverse event, 
owing to the variable severity of problems that led 
to readmission. We did not collect information on 
insurance status, and research funds were not used 
to pay for procedures.

Statistical Analysis

Enrollment of patients was dictated by the num-
ber of procedures performed by participating sur-
geons. Before enrollment began, we calculated the 
number of patients that would be needed for the 
study to have a power of 90% to detect a doubling 
in the risk that selected outcome events would 
occur with various incidences, given the preva-
lence of several putative risk factors.

Characteristics of the patients who underwent 
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the two bariatric procedures were compared with 
the use of Pearson’s chi-square test for categori-
cal variables and the Kruskal–Wallis test for con-
tinuous variables. The incidence of 30-day adverse 
outcomes was compared among the procedures 
with the use of Pearson’s chi-square test. Gener-
alized linear mixed-effect models were used to 
evaluate predictors of the composite end point, 
with the log odds of events modeled as a linear 
function of baseline covariates. Correlation among 
patients of the same surgeon was accounted for 
by the inclusion of different random intercepts for 
sites and for surgeons within site. Linear and 
quadratic effects of body-mass index on the com-
posite end point were considered, since the unad-
justed analysis showed a quadratic relationship.

For multivariable models, a stepwise variable 
selection was performed, starting with all the vari-
ables from univariate models that had a P value 
of less than 0.25 as potential predictors. Variables 
were eliminated from the multivariable model if 
the P value was greater than 0.10, and the process 
was continued. After the inclusion of main effects 
that had a P value of less than 0.10, variables that 
had been considered previously were again includ-
ed in models to determine whether further adjust-
ment changed the P value of those effects. The fi-
nal model included only main effects that had a 
P value of less than 0.10, at which point two-way 
interactions among all the main effects were evalu-
ated. Predicted probabilities of the composite end 
point were calculated on the basis of the multivari-
able model. All P values reported are two-sided.

R esult s

Patients

Of 4776 patients undergoing first-time or “pri-
mary” bariatric procedures, the mean (±SD) age 
was 44.5±11.5 years (Table 1). The median body-
mass index (the weight in kilograms divided by the 
square of the height in meters) was 46.5; 21.1% of 
the patients were men. The most common proce-
dure was Roux-en-Y gastric bypass, which was per-
formed in 3412 of the patients (71.4%); 87.2% of 
these procedures were performed laparoscopically 
and 12.8% with an open surgical technique. A to-
tal of 1198 patients (25.1%) underwent laparoscopic 
adjustable gastric banding; 166 patients (3.5%) un-
derwent other bariatric procedures (Fig. 1). 

Coexisting conditions were common (see Ta-
ble 1 in the Supplementary Appendix, available 
with the full text of this article at NEJM.org): 82.1% 

of the patients had at least one condition, 53.9% 
had two or more, and 26.5% had three or more. 
The most common coexisting conditions were hy-
pertension (55.1%), obstructive sleep apnea (48.9%), 
diabetes (33.2%), and asthma (23.1%). Other rela-
tively less frequent coexisting conditions included 
ischemic heart disease (4.4%), venous edema with 
ulcerations (4.0%), a history of deep-vein throm-
bosis or venous thromboembolism (3.5%), depen-
dence on supplemental oxygen (3.5%), congestive 
heart failure (2.2%), an inability to walk 61 m 
(approximately 200 ft) (1.8%), and pulmonary 
hypertension (1.2%). Preoperative medications 
that were used by patients included antidepres-
sants (39.9%), statins (26.6%), beta-blockers 
(17.9%), and narcotics (16.1%).

Patients undergoing open Roux-en-Y gastric 
bypass, as compared with those undergoing lap-
aroscopic Roux-en-Y gastric bypass or laparoscopic 
adjustable gastric banding, had a higher median 
body-mass index (50.9 for open Roux-en-Y gastric 
bypass, 46.9 for laparoscopic Roux-en-Y gastric 
bypass, and 44.1 for laparoscopic adjustable gas-
tric banding) and more coexisting conditions 
(P<0.001 for all comparisons). Patients undergo-
ing open Roux-en-Y gastric bypass generally had 
the most severe coexisting issues (e.g., insulin-
dependent diabetes and an inability to walk at 
least 61 m, necessitating assistive devices); patients 
undergoing either laparoscopic Roux-en-Y gastric 
bypass or open Roux-en-Y gastric bypass had more 
coexisting conditions than those undergoing lap-
aroscopic adjustable gastric banding (Table 1 in 
the Supplementary Appendix).

Primary Outcome

For the analyses of outcomes, we excluded the 166 
patients who underwent operations that are per-
formed relatively rarely, since the putative risks are 
quite disparate and the frequencies are too small 
for meaningful analyses (Table 2). Within 30 days 
after surgery, 0.3% of the patients had died: none 
of the 1198 patients who had undergone laparo-
scopic adjustable gastric banding, 0.2% of the 
2975 patients who had undergone laparoscopic 
Roux-en-Y gastric bypass, and 2.1% of the 437 pa-
tients who had undergone open Roux-en-Y gas-
tric bypass.

The composite end point of death, deep-vein 
thrombosis or venous thromboembolism, reinter-
vention, or failure to be discharged by 30 days 
after surgery occurred in 4.1% of patients: 1.0% 
of patients who had undergone laparoscopic ad-
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justable gastric banding, 4.8% of those who had 
undergone laparoscopic Roux-en-Y gastric bypass, 
and 7.8% of those who had undergone open 
Roux-en-Y gastric bypass (Table 2). Patients in the 
open Roux-en-Y-group whose surgery was started 
as laparoscopic and was converted to open had a 
lower incidence of the composite end point than 
patients whose surgery began as open (3.9% vs. 
8.3%). The most commonly occurring components 
of the end point were abdominal reoperation 
(2.6%) and endoscopic intervention (1.1%). Al-
though the protocol for reporting adverse out-
comes included only those events that necessitated 
reintervention, we collected information on intra-
operative events. There was one unplanned sple-
nectomy during a gastric bypass, and three pa-
tients underwent a concurrent blood-vessel repair 
or ligation to control bleeding. Data about the 
management of postoperative bleeding without 
reintervention were not collected.

Several characteristics of the patients and the 
procedure types were associated with the com-
posite end point in unadjusted analyses (Table 2 
in the Supplementary Appendix). Owing to inter-
relationships among several of those variables, 
after adjustment, only the type of procedure (open 
and laparoscopic Roux-en-Y gastric bypass, as com-
pared with laparoscopic adjustable gastric band-
ing), extremes of body-mass index, an inability to 
walk 200 ft, a history of deep-vein thrombosis or 
venous thromboembolism, and a history of ob-
structive sleep apnea were significantly associated 
with the composite end point. After adjustment 
for specific patient characteristics, the risk of the 
composite end point with laparoscopic Roux-en-Y 
gastric bypass, as compared with laparoscopic ad-
justable gastric banding, was increased by a fac-
tor of 4.8; the risk of the composite end point 
with open Roux-en-Y gastric bypass, as compared 
with laparoscopic adjustable gastric banding, was 
increased by a factor of 5.8. After adjustment, there 
was no significant difference in the odds of the 
composite end point with open Roux-en-Y gastric 
bypass, as compared with laparoscopic Roux-en-Y 
gastric bypass, regardless of whether surgeries 
in which the laparoscopic approach was converted 
to the open approach were included (odds ratio 
for the inclusion of converted approaches, 1.21; 
95% confidence interval [CI], 0.71 to 2.04; odds 
ratio for the exclusion of converted approaches, 
1.38; 95% CI, 0.77 to 2.49).

Regardless of the type of procedure, the pre-

dicted probability of the composite end point was 
lowest among patients who did not have a his-
tory of deep-vein thrombosis or venous thrombo
embolism or of obstructive sleep apnea and who 
were in the middle range of the spectrum of body-
mass index for the cohort. The estimated per-
centage of patients with the composite end point 
ranged from approximately 3% among patients 
who did not have a history of obstructive sleep 
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apnea or venous thromboembolism and had a 
body-mass index in the 50s to more than 10% 
among patients who had a history of deep-vein 
thrombosis or venous thromboembolism and of 
obstructive sleep apnea and a body-mass index 
of 70 (Fig. 2). Despite higher point estimates for 
the predicted probability of the composite end 
point among patients with a body-mass index of 
less than 53 (the value at which the predicted 
probability of the composite end point was low-
est), the confidence intervals for those estimates 
are wide; only 13.5% of procedures and 12.2% of 
events occurred in patients who had a body-mass 
index of less than 40.

Discussion

In this study, we report major perisurgical adverse 
outcomes in a recent cohort of patients undergo-
ing the most common bariatric surgical procedures 
performed by experienced surgeons in established 
U.S. centers. Despite multiple coexisting conditions 
in this severely obese population, the overall 30-day 
mortality (0.3%) and the rate of major adverse out-
comes were low. Specific presurgical health con-
ditions and extreme obesity were associated with 
an increased number of adverse outcomes within 
30 days after surgery. These higher-risk charac-

teristics were generally more common among 
patients undergoing gastric bypass than among 
those undergoing adjustable banding, but the pa-
tients who underwent gastric bypass had a higher 
risk of adverse events, even after we accounted for 
these characteristics, and the patients who under-
went more invasive procedures also had a higher 
risk of events.

Characteristics of the patients (e.g., male sex, 
coexisting medical conditions, and a higher body-
mass index), of the operation (i.e., degree of in-
vasiveness), of the surgeon, and of the site have 
been thought to increase the risk of adverse out-
comes. Our study provides standardized, prospec-
tive data on a cohort from multiple centers that is 
large enough to evaluate potential factors asso-
ciated with safety outcomes. Understanding the 
factors that underlie risk is imperative for devel-
oping risk-stratification models that can be used 
for comparing the outcomes among hospitals and 
surgeons and for providing the best advice to pa-
tients. The complex interplay of factors associated 
with adverse outcomes represents a challenge in 
determining a predictive model for risk in bariat-
ric surgery. At least one scoring system of risk 
that was created from a single-site retrospective 
cohort has been proposed8 and has been validated 
in an alternative cohort9; the variables used in 

Table 2. Adverse Outcomes within 30 Days after Surgery, According to Surgical Procedure.

Outcome
Total 

(N = 4610)*

Laparoscopic Adjustable 
Gastric Banding 

(N = 1198)

Laparoscopic Roux-en-Y 
Gastric Bypass 

(N = 2975)

Open Roux-en-Y 
Gastric Bypass 

(N = 437) P Value†

number (percent)

Death 15 (0.3) 0 6 (0.2) 9 (2.1) <0.001

Deep-vein thrombosis or venous 
thromboembolism 

20 (0.4) 3 (0.3) 12 (0.4) 5 (1.1) 0.05

Tracheal reintubation 20 (0.4) 2 (0.2) 12 (0.4) 6 (1.4) 0.004

Endoscopy 51 (1.1) 1 (0.1) 45 (1.5) 5 (1.1) <0.001

Operation

Tracheostomy 11 (0.2) 0 6 (0.2) 5 (1.1) 0.001

Placement of percutaneous drain 16 (0.3) 0 13 (0.4) 3 (0.7) 0.48

Abdominal operation 118 (2.6) 9 (0.8) 94 (3.2) 15 (3.4) <0.001

Failure to be discharged by day 30 17 (0.4) 0 13 (0.4) 4 (0.9) 0.02

Composite end point‡ 189 (4.1) 12 (1.0) 143 (4.8) 34 (7.8) <0.0001

*	The total excludes 166 procedures, including 117 sleeve gastrectomies, 47 biliopancreatic diversions with or without a duodenal switch,  
1 vertical banded gastroplasty, and 1 open adjustable gastric banding.

†	P values are for the comparison between treatment groups. Values were calculated with the use of the chi-square test.
‡	This end point is a composite of death; deep-vein thrombosis or venous thromboembolism; reintervention with the use of a percutaneous, 

endoscopic, or operative technique; or failure to be discharged from the hospital within 30 days after surgery.
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the scoring included age, body-mass index, sex, 
presence or absence of hypertension, and risk or 
no risk of venous thromboembolism. Of these fac-
tors, only body-mass index and a history of venous 
thromboembolism were independently associated 
with the composite end point in our study.

Although a higher body-mass index has been 
shown to increase the risk of an adverse out-
come after bypass procedures,5 our study showed 
that the body-mass index had a quadratic rela-
tionship to the predicted probability of the com-
posite end point. The lowest predicted risk was 
found at a body-mass index of 53. The risk of the 
composite end point among patients with a body-
mass index of 75 was 61% higher than the risk 
among those with a body-mass index of 53 (odds 
ratio, 1.61; 95% CI, 1.04 to 2.48). The predicted 
risk of the composite end point among patients 
with a body-mass index of less than 53 was also 
higher than the risk among those with a body-
mass index of 53, but the odds ratio did not differ 
significantly for any body-mass index below 53.

Although blacks have been reported to lose 
less weight than whites after bariatric surgery,10-12 

disparity in the safety outcome has not been rig-
orously evaluated. Safety outcomes may turn out 
to be independent of weight-loss outcomes. The 
experience at the centers in our study may be 
unique, and perhaps previous studies that showed 
differences in outcomes according to race did not 
adequately control for the relationship between 
race and other factors. Furthermore, the statisti-
cal power to disentangle race from other con-
founding factors may be inadequate in our study, 
since only 10.9% of the patients were nonwhite. 
Although older age has been associated in many 
studies6,13,14 with an increased likelihood of ad-
verse outcomes, age was not significantly associ-
ated with outcome in our study. This finding may 
be explained in part either by the relatively small 
number of older patients (more than half the pa-
tients were in their 30s or 40s) or by a preferen-
tial selection of relatively healthy patients. In our 
study, older patients had, on average, a lower body-
mass index than younger patients.15 A recent sin-
gle-surgeon report of 1000 Roux-en-Y gastric by-
pass procedures showed that obstructive sleep 
apnea conferred a risk of perioperative death that 
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Figure 2. Predicted Probabilities of Adverse Outcomes, According to a History of Deep-Vein Thrombosis or Venous 
Thromboembolism (DVT) or Obstructive Sleep Apnea (OSA).

Probabilities of outcomes are shown as a function of the body-mass index (the weight in kilograms divided by the 
square of the height in meters) and have been adjusted according to functional status (ability or lack of ability to 
walk 61 m [approximately 200 ft]) and surgical procedures on the basis of the multivariable model (for details, see 
Table 2 in the Supplementary Appendix).
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was increased by a factor of three.16 Whether an 
established diagnosis of obstructive sleep apnea 
is a marker of other factors that are predictive of 
an adverse outcome (perhaps because there is an 
increased use of screening for obstructive sleep 
apnea among patients at high risk) or whether 
obstructive sleep apnea itself truly confers an in-
creased risk of the composite end point has not 
been determined. A history of deep-vein thrombo-
sis or venous thromboembolism is a well-known 
risk factor for subsequent episodes of deep-vein 
thrombosis or venous thromboembolism.

The type of procedure was associated with a 
difference in the risk of the composite end point. 
Patients who underwent either an open Roux-en-Y 
gastric bypass or a laparoscopic Roux-en-Y gastric 
bypass had a much higher risk of the composite 
end point than those who underwent laparoscopic 
adjustable gastric banding. There were no signifi-
cant differences in the composite end point be-
tween those who underwent an open Roux-en-Y 
gastric bypass and those who underwent a lap-
aroscopic Roux-en-Y gastric bypass after adjust-
ment for patient and center characteristics. Pa-
tients who underwent an open Roux-en-Y gastric 
bypass after an attempted laparoscopic bypass 
had a similar rate of the composite end point as 
those who underwent a completed laparoscopic 
Roux-en-Y gastric bypass. 

When a choice must be made among different 
bariatric procedures, short-term safety may not 
be the only relevant factor. Laparoscopic adjust-
able gastric banding and laparoscopic Roux-en-Y 
gastric bypass have different effects on weight 
and obesity-related conditions. In most patients, 
Roux-en-Y gastric bypass affects glycemic control 
even before weight loss occurs,17 whereas the ef-
fects of laparoscopic adjustable gastric banding are 
dependent on weight loss.1,18 Data concerning the 
effectiveness of the procedures and the durability 
of their effects are critical.19,20 Although our study 
was designed to evaluate short-term safety events, 
LABS-2 (ClinicalTrials.gov number 00465829), a 
long-term, prospective cohort evaluation that has 
just finished recruitment, is designed to assess 
the effect of these operations on health conditions, 
quality of life, health economic issues, diet and 
exercise behavior, and other psychosocial issues.

Our study had several limitations, which have 
been noted previously17 and are summarized here. 
Whether our findings would be replicated in the 
general community is unknown. Recent data from 

administrative databases have shown that in-hos-
pital outcomes after bypass surgery have improved 
since the 1990s.21,22 Owing to Center of Excellence 
programs and formal training programs, we an-
ticipate that the low rates of perioperative death 
and adverse outcomes seen in LABS centers will 
be achievable elsewhere. Since our study was large, 
multicenter, and prospective, some of the sub-
groups of patients were large; however, the lim-
ited size of other patient subgroups may have 
resulted in a type II error that did not identify a 
difference in safety among groups. Although we 
found expected differences in the rates of safety 
events among procedures on the basis of the de-
gree of invasiveness, between-procedure compari-
sons on the basis of a common safety metric may 
not be appropriate. Some adverse outcomes are 
expected to occur only in the case of certain pro-
cedures (e.g., leaks of gastrointestinal anastomo-
ses are a risk in Roux-en-Y gastric bypass but not 
in laparoscopic adjustable gastric banding), so a 
common metric that includes reoperation is bi-
ased against procedures with anastomoses. An 
additional limitation was that the preoperative 
existence and severity of conditions was deter-
mined by patients’ self-report. Finally, although 
the case volume of a particular center or surgeon 
is worthwhile to document in evaluating outcomes, 
we could not determine the case volume at the 
centers, because at some centers not all surgeons 
participated in the LABS consortium, and sur-
geons in the LABS consortium were certified by 
the consortium to participate at various times 
during the year. Thus, the actual surgical volume 
for that year may not have been captured. The 
multivariable analysis was adjusted for center but 
not explicitly for center volume.

Obesity remains a major cause of illness and 
death, and bariatric surgery appears to be the only 
intervention that consistently results in substan-
tial, sustained weight loss. The safety of such sur-
gery is an important consideration, and our study 
shows that the incidence of death and adverse 
events within 30 days after bariatric surgery is 
low but is varied among different risk groups. 
These short-term risks should be considered in 
the context of the long-term health effects of surgi-
cally induced weight loss on coexisting health 
conditions, the long-term risks of the bariatric 
surgery itself, the competing risk of death from 
extreme obesity, and the relative benefits of the 
rate and durability of weight loss.
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