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Abstract
Purpose—Mortality following bariatric surgery is a rare event in contemporary series, making it
difficult for any single center to draw meaningful conclusions as to cause of death. Nevertheless,
much of the published mortality data come from single center case series and reviews of
administrative databases. These sources tend to produce lower mortality estimates than those
obtained from controlled clinical trials. Furthermore, information about the causes of death and
how they were determined is not always available. The aim of the present report is to describe in
detail all deaths occurring within 30-days of surgery in the Longitudinal Assessment of Bariatric
Surgery (LABS).

Methods—LABS is a 10-center observational cohort study of bariatric surgical outcomes. Data
were collected prospectively for bariatric surgeries performed between March 2005 and April
2009. All deaths occurring within 30-days of surgery were identified, and cause of death assigned
by an independent Adjudication Subcommittee, blinded to operating surgeon and site.

Results—6118 patients underwent primary bariatric surgery. 18 deaths (0.3%) occurred within
30-days of surgery. The most common cause of death was sepsis (33% of deaths), followed by
cardiac causes (28%) and pulmonary embolism (17%). For one patient cause of death could not be
determined despite examination of all available information.

Conclusions—This study confirms the low 30-day mortality rate following bariatric surgery.
The recognized complications of anastomotic leak, cardiac events, and pulmonary emboli
accounted for the majority of 30-day deaths.

Keywords
Mortality; Cause of Death; Bariatric Surgery; Gastric Bypass

INTRODUCTION
The prevalence of obesity has increased to epidemic proportions in the United States over
the past four decades [1, 2] with similar trends now being observed worldwide [3, 4, 5]. In
2008 more than 14% of the U.S. population had a body mass index (BMI) greater than 35
kg/m2, with 5.7% having a BMI greater than 40 kg/m2 [6]. This epidemic has major
implications for society with increasing BMI and other measures of excess adiposity
strongly associated with increased risk of mortality and disease [7, 8].

In response to this epidemic, bariatric surgery has been reported to be the most reliable way
to achieve sustained weight loss in severe obesity [9, 10] and to have a major impact on
many co-morbidities, especially type 2 diabetes [11, 12]. Bariatric surgery has also been
shown to result in increased survival for morbidly obese patients when compared to non-
surgical control groups [13, 14].

These factors have led to a dramatic increase in the number of bariatric surgical procedures
performed, from 10,000 per year in the US in 1997-98 [15] up to 220,000 in North America
in 2008 [16]. Over 90% of bariatric operations are now being performed laparoscopically,
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with Roux-en-Y gastric bypass (RYGB) and laparoscopic adjustable gastric banding
(LAGB) the most commonly performed operations [16].

While the benefits of successful bariatric surgery are widely accepted, bariatric surgical
patients are virtually by definition high risk surgical candidates. Nevertheless, although the
rates of complications, including mortality, from bariatric surgery in early reports were
appreciable and a cause for concern, reported mortality rates in contemporary series are low.
In one study, overall surgery-associated inpatient mortality declined by 79% (from 0.89% to
0.19%) between 1998 and 2004 [17] and a systematic review in 2005 found mortality rates
to vary between 0.2% to 1.9% for RYGB and 0.0% to 2.1% for LAGB [18]. In 2009 the
Longitudinal Assessment of Bariatric Surgery (LABS) reported that overall thirty day
mortality among 4172 patient undergoing either laparoscopic Roux-en-y gastric bypass
(RYGB) or laparoscopic adjustable gastric banding (LAGB) in the LABS-1 study was 0.3%
[19]. In 2010 the Bariatric Outcomes Longitudinal Database (BOLD) was used to report on
the outcomes of nearly 58,000 bariatric surgical operations with a 30-day mortality rate of
0.09% [20]. In addition to operation type, mortality rates have been reported to vary by
surgical approach [21, 22], setting [23], and patient characteristics [19, 24-26].

Mortality following bariatric surgery is now such a rare event that it is difficult for any
single center to accrue enough cases to draw statistically meaningful conclusions as to
factors associated with particular causes of death. Nevertheless, much of the published
mortality data come from single center case series and reviews of administrative databases.
These sources tend to produce lower mortality estimates than those obtained from controlled
clinical trials [18]. Furthermore, information about the causes of death and how they were
determined is not always available [22, 27, 28].

The Longitudinal Assessment of Bariatric Surgery (LABS) is a 10-center consortium funded
by the National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK) in the
National Institute of Health (NIH) that conducts observational cohort studies of bariatric
surgical outcomes. These involve largely prospective, standardized and comprehensive
collection of clinical data. LABS-1 collected 30-day outcome data in consecutive patients,
aged 18-years or older, undergoing primary bariatric surgery. LABS-2 comprises more
detailed and ongoing data collection in a selected cohort of patients, restricted to those who
had not had prior bariatric surgery. The present report describes in detail all deaths occurring
within 30-days of surgery in LABS.

METHODS
Patients

Patients were recruited by LABS into either of two studies, designated LABS-1 and
LABS-2, at one of the ten participating centers: University of Pittsburgh Medical Center
(Pennsylvania), New York-Presbyterian Hospital [Columbia-Presbyterian or Valley
Hospitals, or Weill-Cornell Medical College] (New York and New Jersey), East Carolina
Medical Center (North Carolina), the MeritCare Health Systems through the
Neuropsychiatric Research Institute (North Dakota), Sacramento Bariatric (California),
University of Washington Medical Center or Virginia Mason Medical Center (Washington),
and Oregon Health and Sciences University or Legacy Good Samaritan Hospital (Oregon).
The LABS protocols and consent forms were approved by the Institutional Review Board at
each institution.

Protocols
LABS-1, a study of 30 day outcomes, included all consecutive patients at least 18 years of
age who consented to participate. LABS-2 involves long term follow-up and data collection.
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Accordingly, in contrast to LABS-1, non-consecutive patients who would be able to
undertake the required follow-up were selected for recruitment, excluding anyone who had
undergone bariatric surgery prior to enrolling in LABS-2. LABS inclusion criteria and data
collection have previously been described in detail [29]. Data were collected for bariatric
surgeries performed between March 2005 and April 2009 and sent to the Data Coordinating
Center (DCC) at the University of Pittsburgh, Graduate School of Public Health.

Determination of Causes of Death
The causes of all deaths occurring in LABS participants were determined by an
Adjudication Subcommittee. All available data including principal investigators’ reports,
hospital and procedural reports, death certificates and coroners’ reports were masked with
respect to patient and medical staff and sent to the DCC. The DCC forwarded the
information to two independent reviewers from the LABS Adjudication Subcommittee,
neither of whom was from the site that recruited the participant. Each reviewer was asked
independently to assign a cause of death from one of 14 common causes, (bleeding, sepsis
from anastomotic leak, sepsis from other abdominal source, pulmonary embolus, cardiac
failure, myocardial infarction, cerebrovascular accident, bowel obstruction, evisceration,
pneumonia, respiratory failure, accident, suicide, other) and a level of certainty (definite,
probable, less than probable). When the two reviewers could not agree on cause of death, or
the level of certainty was less than probable, the reviewers attempted to resolve the
discrepancy by means of discussion. If the discrepancy could not be resolved by discussion,
the case was reviewed by three other members of the Adjudication Subcommittee, again
without participation from the recruiting site, until consensus was achieved.

Statistical analysis
The number of events, with percentages and proportions, are used to describe deaths
following surgery. Despite the large number of surgeries involved, the numbers of deaths are
insufficient for meaningful statistical comparisons. Nevertheless, the information available
is of interest. Accordingly, characteristics of each participant who died, including cause of
death, are listed. Medians and ranges are used to describe the age and BMI distribution of
these cases, while time to death is depicted using a histogram.

RESULTS
Of the 6383 patients (5051 enrolled in LABS-1, 1332 enrolled in LABS-2 after LABS-1
ended), 6118 had primary bariatric surgery in LABS. Thirty-day follow-up was available for
6114 of these patients, with the remaining four patients having a last known vital status
recorded less than 30-days after surgery. There were 18 deaths within 30-days of these 6118
primary surgeries (0.3%).

The clinical data from the patients who died are presented in Table 1. Of the 18 patients who
died, nine were male and 10 had undergone open surgery. Their median age was 47 years
(range 30-61) and median BMI was 58.8 kg/m2 (range 42.7-89.7). Sixteen of the patients
died following RYGB; no deaths occurred after LAGB. Two patients, with BMIs of 51.7
and 62.9 kg/m2, died following sleeve gastrectomy. In both cases the sleeve gastrectomy had
been planned as the first stage of a two-stage surgical approach.

A specific cause of death was identified for 17 patients, although autopsy reports were
available in only 5 cases. Sepsis was the most common cause of death (n=6, 33% of deaths)
and was associated with anastomotic leak in 4 of the 6 cases. Cardiac causes were the next
most common cause of death (n=5, 28%), followed by pulmonary embolism (n=3, 17%). All
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three patients who died of pulmonary embolism received unfractionated heparin and
sequential calf compression devices at the time of their surgery.

The cause of death could not be determined to the standard required by the Adjudication
Subcommittee in one case. This death occurred following discharge from hospital with
probable arteriosclerotic cardiovascular disease listed on the death certificate; no reports of
associated symptoms were available and no autopsy was performed.

The distribution of the time between surgery and death is presented in Figure 1. Ten of the
deaths occurred after the patient had been discharged from hospital.

DISCUSSION
Although there is a considerable and quite variable literature on the mortality rate after
bariatric surgery, few reports provide detailed information on the actual causes of death.
Studies that do report specifically on cause of death include a multi-center review of
prospective databases, conducted to validate the obesity surgery mortality risk score [30].
This study reported on 33 deaths from 4431 operations (0.7% mortality) and reported that
30% of the deaths were due to pulmonary embolism, 27% due to cardiac causes, and 21%
due to anastomotic leak. The cause of death could not be determined in 15% of cases. The
authors did not report how cause of death was determined. Another multi-center study was
conducted using the Italian Society of Obesity Surgery National Registry [31]. These
authors reported on 34 deaths occurring after 13,871 operations (0.2% mortality). Cause of
death was determined by reviewing the complete clinical record. Pulmonary embolism was
the most common cause of death (38%), followed by cardiac failure (18%), anastomotic leak
(18%) and respiratory failure (12%).

A different approach was taken by Goldfeder et al. [32] who reported on all deaths
attributable to complications of bariatric surgery investigated by the New York City Office
of the Chief Medical Examiner. They identified 97 deaths attributable to bariatric surgery
between 1997 and 2005. Sixty three percent of these deaths occurred within 30-days of the
initial bariatric surgery, 40% occurred after hospital discharge. Anastomotic leak was the
most common underlying cause of death (36% of deaths), followed by pulmonary embolism
(12%) and cardiac causes (9%). As the number of bariatric surgeries conducted in New York
City over this same period was not known, the authors were unable to estimate an overall
mortality rate.

In keeping with these and other contemporary series, 30-day mortality was rare in the
Longitudinal Assessment of Bariatric Surgery cohort. The 0.3% of patients dying within 30
days of surgery is more consistent with rates reported by prospective clinical trials and
higher than reported in many case series [18]. This is likely to reflect the rigorous pursuit of
information regarding vital status used by LABS, resulting in 99.93% 30-day followup, and
the inclusion of consecutive, unselected patients in LABS-1. Deaths in this cohort were most
commonly due to sepsis, cardiac causes and pulmonary embolism. A specific cause of death
could not always be determined despite the detailed adjudication process. These findings are
similar to those of other large, multi-institutional series’ [30, 31].

The strengths of this study include the high quality, essentially complete, data collection,
and the adjudication of causes of death by adjudicators who were masked with respect to the
site and surgeon. In particular, independent formal adjudication was not reported by any of
the other major studies examining mortality following bariatric surgery. The adjudication
process improves the assessment of the cause of death, and decreases the possibility of
speculation as inadequate information results in an “indeterminate” cause of death by the
adjudicators. Unfortunately, while the adjudication process minimizes error, it was limited
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by the available information in some cases. However, this is no different from the
information available in other studies of mortality following bariatric surgery. In most cases
adjudication was performed according to the clinical record, without access to autopsy
reports. In the one case for which cause of death could not be determined, there was
insufficient information available to determine cause of death.

A potential criticism of this study is the lack of comparative analysis to determine risk
factors for mortality. While the low number of deaths overall reflects well on the safety of
modern bariatric surgery, it also limits the power to perform meaningful statistical analysis.
When LABS-1 was originally designed, it was determined that 11,588 cases would be
required to have at least 90% power to detect a doubling in the relative risk of 30-day
mortality (hypothesized to be 1% in the lower risk group) between men and women. Even
80% power would have required 8,484 participants. For this reason, and because the final
cohort included fewer than 7,000 participants, we have avoided comparative statistical
analysis, although clinical factors associated with risk of a composite adverse endpoint in
LABS-1 have been identified and published previously [19, 33].

This study confirms the low mortality risk associated with contemporary bariatric surgery.
In particular, the low rate of death due to pulmonary embolism, in contrast to previous
studies [30, 31], suggests that this risk is manageable even in the bariatric population. The
most common cause of death in this study was sepsis, highlighting that even in experienced
hands, diagnosis and management of intra-abdominal infection is challenging in morbidly
obese patients [34, 35].

Though small in number, cardiac causes are among the most frequent causes of death
suggesting that thorough cardiac risk assessment should be performed in patients presenting
for bariatric surgery. In addition to arteriosclerotic cardiovascular disease, obesity
cardiomyopathy, which pre-disposes to congestive heart failure and arrhythmias, should be
considered in evaluating candidates for bariatric surgery [36]. Guidelines from the American
Heart Association advocate clinical risk assessment and chest X-rays for all obese patients,
with additional cardiac imaging for patients with decreased function capacity [37]. It is
important to remember non-surgical management options for morbid obesity when surgical
risks are judged to be prohibitively high.

This study also highlights the difficulties with statistical power that occur when examining
rare endpoints regardless of their clinical significance. One solution is to increase the
numbers of study participants, but this comes with added cost, and for some endpoints may
be impractical even for multi-center studies. Another approach is to combine several
infrequent endpoints in to a composite endpoint, such as has previously been reported for
LABS-1 [19, 33]. While this increases the ability to draw statistically valid conclusions, this
advantage may be accompanied by a loss of specificity.

In conclusion, mortality within 30-days of surgery was rare in LABS. The recognized
complications of anastomotic leak, cardiac events, and pulmonary emboli accounted for the
majority of 30-day deaths. Importantly, although most deaths occurred within the first two
weeks, most also occurred after hospital discharge, indicating that information regarding
post-surgical mortality requires active followup of patients for at least 30-days after their
discharge from the hospital.
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Figure 1.
Post-operative distribution of Deaths
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