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Abstract Background: There is now sufficient demand for bariatric surgery to compare bariatric surgeons and
bariatric centers according to their postsurgical outcomes, but few validated risk stratification measures
are available to enable valid comparisons. The purpose of this study was to develop and validate a risk
stratification model of composite adverse events related to Roux-en-Y gastric bypass (RYGB) surgery.
Methods: The study population included 36,254 patients from the Bariatric Outcomes Longitudi-
nal Database (BOLD) registry who were 18–70 years old and had RYGB between June 11, 2007,
and December 2, 2009. This population was randomly divided into a 50% testing sample and a 50%
validation sample. The testing sample was used to identify significant predictors of 90-day com-
posite adverse events and estimate odds ratios, while the validation sample was used to assess model
calibration. After validating the fit of the risk stratification model, the testing and validation samples
were combined to estimate the final odds ratios.
Results: The 90-day composite adverse event rate was 1.48%. The risk stratification model of
90-day composite adverse events included age (40 – 64, �65), indicators for male gender, body
mass index (50 –59.9, �60), obesity hypoventilation syndrome, back pain, diabetes, pulmonary
hypertension, ischemic heart disease, functional status, and American Society of Anesthesiol-
ogy classes 4 or 5. Our final gastric bypass model was predictive (c-statistic � .68) of serious
adverse events 90 days after surgery.
Conclusions: With additional validation, this risk model can inform both the patient and
surgeon about the risks of bariatric surgery and its different procedures, as well as enable valid
outcomes comparisons between surgeons and surgical programs. (Surg Obes Relat Dis 2012;8:
671– 678.) Published by Elsevier Inc. on behalf of American Society for Metabolic and Bariatric
Surgery.
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Bariatric surgery is the most effective weight loss inter-
vention for obese patients and enables many patients to
discontinue diabetes, hypertensive, and lipid-lowering med-
ications without significant risk of mortality [1]. Unsurpris-
ingly, there has been great demand in the United States for
bariatric surgery, which increased from 8,597 procedures in

1993 [2] to �200,000 surgeries in 2007 [3]. Medicare

ican Society for Metabolic and Bariatric Surgery.
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coverage of bariatric surgery began in 2005, which was
followed by improvements in complication rates and shorter
lengths of stay [4].

With this growth in surgical volume, there is now suffi-
cient information to compare postsurgical complications
and mortality, as has been done by the National Surgical
Quality Improvement Program (NSQIP) [5–7], the Michi-
gan Bariatric Surgery Collaborative [8], and the Bariatric
Outcomes Longitudinal Database (BOLD) registries of bari-
atric patients. As noted in a recent article [9], outcomes need
o be risk stratified to support meaningful comparisons and
void implicating centers as providing poor quality when
hey may simply be performing surgery on higher-risk pa-
ients. There are few validated risk stratification systems for
haracterizing bariatric surgery patients, with the Obesity
urgery Mortality Risk Score (OS-MRS) being the most
idely used risk stratification measure to date [10–12].
The purpose of this study was to develop and validate a

isk stratification model to predict composite adverse events
ccurring within 90 days after surgery for patients aged
8–70 undergoing a primary (i.e., not revisional) Roux-
n-Y gastric bypass (RYGB) performed by a surgeon par-
icipating in the American Society for Metabolic and Bari-
tric Surgery (ASMBS) Bariatric Surgery Center of
xcellence (BSCOE) and tracked in BOLD. This risk model
onsidered a broader array of preoperative patient risk fac-
ors and a larger population than have been considered in
revious risk stratification models. Identification of predic-
ors of composite adverse events can be used to inform
atients and surgeons about the potential for serious com-
lications after RYGB and enables valid outcomes compar-
sons between surgeons and surgical programs.

ethods

atients

Details of the preoperative, operative, and postoperative
OLD data have been previously reported [13]. In brief,
SCOE participants enter detailed information on all bari-
tric surgery patients prospectively for each preoperative,
ntraoperative, and postoperative patient encounter. BOLD
ata are used to ensure compliance with the requirements of
he BSCOE program and for research purposes to develop
eneral knowledge about optimal bariatric surgery prac-
ices; Online Appendix 1 provides a detailed description of
ariables used in this study.

This study included 101,030 research-consented patients
ged 18–70 years who had an initial RYGB performed by a
urgeon participating in the BSCOE program between June
1, 2007, and December 2, 2009. After excluding patients
ho underwent a procedure other than RYGB, had a pre-
ious bariatric surgery, or met other exclusion criteria, there
ere 36,254 patients who had undergone a primary RYGB,

ho were at least 90 days past the date of surgery when the i
atabase was created, and who had complete covariate and
utcomes data to enable risk stratification model building
Online Appendix 2). Patients with both open and laparo-
copic RYGB were included in the final sample to enable
he broadest possible generalizability.

This sample of 36,254 was randomly divided into a 50%
esting sample (n � 18,127) and a 50% validation sample
n � 18,127). The testing sample was used to identify
ignificant predictors of 90-day composite adverse events
nd estimate odds ratios, while the validation sample was
sed to assess model fit, calibration, and discrimination
onsistent with methods employed for risk adjustment of
ardiac surgery by the Society of Thoracic Surgeons [14–
6]. After the specification of the risk stratification model
as finalized, the testing and validation samples were com-
ined to estimate final odds ratios from the pooled sample.

utcome definition

The outcome of interest in the RYGB model was a
omposite endpoint of 90-day major adverse events, based
n part on an algorithm from the LABS team [17]. This
omposite adverse event outcome included 17 endpoints
easured during the index hospitalization and in the 90

ays after discharge. These endpoints included intraopera-
ive, predischarge, or postdischarge death, anastomotic
eakage, cardiac arrest, venous thromboembolism, eviscer-
tion, heart failure, liver failure, multisystem organ failure,
yocardial infarction, pneumothorax, pulmonary embo-

ism, renal failure, respiratory failure, sepsis, stroke, sys-
emic inflammatory response syndrome, and intraoperative
leeding requiring blood transfusion. Deaths due to suicide or
ccidents were excluded, because bariatric surgery is unlikely
o be the cause of these deaths. A patient was assigned an
utcome value of 1 if any of these 17 endpoints were recorded
ithin 90 days postsurgery, and zero otherwise. Composite

dverse events at 90 days were used as the first outcome for
isk adjustment using BOLD data, because risk stratification
esults were consistent between 30-day and 90-day event rates.

ortality, occurring much less frequently than composite ad-
erse events, was difficult to model independently, and this
ample was not powered for mortality.

xplanatory variable identification and selection

Before estimating the risk stratification model, a PubMed
earch of articles published in the English language before
une 2010 was conducted to determine which patient risk
actors were significant predictors of postsurgical mortality
nd complications. The search combined terms for bariatric
urgery, gastric bypass, Roux-en-Y, and obesity surgery
ith terms for mortality, morbidity, complications, death,

nd survival, and generated 47 full-text eligible articles that
ere extracted from 406 titles and abstracts identified in the

earch. Predictor variables from 19 articles were systemat-

cally assessed, and the primary predictors of mortality or
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postsurgical complications included BMI, male gender, age,
hypertension, diabetes, previously developed risk scores
(e.g., Charlson Co-morbidity Index), and surgical center.

We then examined the prevalence of each risk factor in
the overall sample to determine which risk factors might be
too rare to model. For example, pulmonary hypertension
was rarely (.4%) coded preoperatively but was retained for
consideration as a known mortality risk factor [18]. Then,
pair-wise correlations were examined to ensure that redun-
dant or highly correlated variables were not included in the
final model. By necessity, co-morbidities are largely based
on self-report, as patients present for surgery with co-mor-
bid conditions that are under active treatment. To confirm
the presence of each co-morbid condition (e.g., pulmonary
hypertension), records dating back to the initial diagnosis
and initiation of treatment would be required and are gen-
erally not available at the time of clinical assessment.

Finally, race and open versus laparoscopic procedure
were explicitly excluded from consideration. Race is highly
correlated with socioeconomic, insurance, and contextual
factors and may not relate well to meaningful clinical phys-
iologic factors that might predict outcomes, which makes
outcomes differences by race difficult to interpret [19–21].
In addition, patient outcomes should be similar across race
and ethnicity when other preoperative characteristics are ac-
counted for. Therefore, the inclusion of race in the risk strati-
fication model might bias surgeons to operate on patients on
the basis of race instead of appropriate risk factors or benefit
considerations. The procedure access (open versus laparo-
scopic RYGB) was also excluded from consideration in the
risk stratification model because the surgical procedure is a
function of feasibility, patient preference, surgeon experience,
surgeon preference, and clinical decision making made intra-
operatively in the face of emergent issues at the time of sur-
gery. Procedure access type was excluded to ensure that the
risk model included only preoperative factors related to the
patient that could not be controlled by the surgeon.

Final model building and testing

Given the large RYGB sample, we were not constrained
to select the most parsimonious model that retained the
greatest predictive power. However, it was important to
ensure that the risk stratification model would be clinically
useful to bariatric surgeons, and most of the predictive
power was driven by a limited number of risk factors.
Model building with the testing sample was conducted in 3
steps. First, bivariate regressions were conducted using lo-
gistic regression to generate unadjusted odds ratios and
initial P values to identify covariates that were likely to
remain highly significant after more complete adjustment.
Second, subsets of related patient demographics (e.g., age
categories) and preoperative co-morbidities were estimated
in restricted logistic regressions to evaluate the sensitivity of

ORs from bivariate regressions when clinically related vari- n
ables were also adjusted. For example, a regression that
included several age categories (�40 years, 40–49, 50–59,
60–64, and �65) generated similar odds ratios for the
40–49, 50–59, and 60–64 subgroups, and so a single age
grouping (40–64 years) was carried forward. Covariates
with P values � .10 were carried forward into the final
multivariate model, and this generous P value threshold was
chosen to account for the fact that the final model was based
on the pooling of the testing and validation samples.

The final risk stratification model from the testing sample
included a subset of risk factors that satisfied one of two
criteria: (1) the risk factor was a statistically significant (no
greater than P � .05) predictor of the composite adverse
vent outcome in multivariate regression or (2) the OR of
he risk factor was 1.25 or �.8, if not statistically signifi-
ant. The second criterion was included with the expectation
hat statistically insignificant risk factors with sizable ORs in
he current analysis may become statistically significant as the
OLD population grows over time. In addition, risk factors

hat were not statistically significant on a population level may
e important predictors of patient-level outcomes [22]. Good-
ess of fit was assessed via the c-index (a measure of model
iscrimination) and the Hosmer-Lemeshow test, which as-
esses whether the observed event rates match the expected
vent rates in 5 equally sized subsets of the RYGB cohort.

The initial subset of risk factors was reviewed by a
ariatric surgeon (E.J.D.) to ensure face validity, content
alidity, and construct validity. Odds ratios and 95%
onfidence intervals for all covariates except one were
imilar in the testing and validation samples. The ob-
tructive sleep apnea co-morbidity indicator was statisti-
ally significant in the testing sample but insignificant in
he validation sample, so was excluded from the final risk
tratification model. After estimating and validating the
isk stratification model using logistic regression, the
nal model coefficients on the pooled sample of testing
nd validation patients were estimated using generalized
stimating equations (GEE) with a binomial distribution,
ogit link, independence working correlation matrix, and
obust standard errors. A GEE model was estimated to
ccount for correlation among patients treated in the
ame hospital. All analyses were conducted using Stata
P version 11.0 (College Station, TX), and approval to

onduct human subjects research was obtained from the
opernicus Group Institutional Review Board.

esults

isk profile and event rate of patients having Roux-en-Y
astric bypass

The 36,254 patients in the RYGB cohort had an average age of
3.8 (Table 1). The average body mass index (BMI) was 47.6, and
1.6% were super-obese (BMI � 50). The cohort was predomi-

antly female (79%) and Caucasian (79%). Three percent of
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patients had an American Society of Anesthesiology (ASA) score
of 1, 23% had an ASA score of 2, 69% had an ASA score of 3,
and 5% had an ASA score of 4 or 5. Several preoperative co-
morbidities were highly prevalent, including hypertension (56%),
diabetes (31%), hyperlipidemia (43%), gastroesophageal re-
flux disease (49%), and back pain (29%). Less prevalent
preoperative patient factors included ischemic heart dis-
ease (3%), obesity hypoventilation syndrome (2%), self-
reported alcohol use (1%), self-reported tobacco use
(7%), functional impairment requiring an assistive device
for ambulation (4%), and pulmonary hypertension (.4%).
Finally, 91.5% of the sample had their RYGB performed
by laparoscopic access while 8.5% had open RYGB.

The rate of composite adverse events at 30 days was
1.38%, and the event rate at 90 days was 1.48% (Table 2).
The most common serious adverse events at 90 days were
anastomotic leak (.42%), renal failure (.31%), respiratory
failure (.27%), and death (.12%).

Model performance and coefficients

The final risk stratification model for 90-day composite ad-
verse events included 12 covariates (Table 3). These included age
40–64, age � 65, male gender, BMI 50–59.9, BMI � 60, obesity
hypoventilation syndrome, back pain, diabetes, pulmonary hyper-

Table 1
Descriptive statistics of patient characteristics and composite 90-day
outcome rates for the RYGB cohort

Variable Mean (SD)

Age at surgery, mean, (SD) 45.8 (11.3)
Female 78.6%

hite race 79.3%
lack race 9.1%
ispanic 7.2%
ther race 4.3%
ody mass index, mean (SD) 47.6 (8.1)
MI 50–59.9 24%
MI �60 7.6%
SA class 1 3.3%
SA class 2 22.7%
SA class 3 68.7%
SA class 4/5 5.2%
ypertension 56.1%
iabetes 31.2%
yperlipidemia 43.4%
ack pain 28.9%
astroesophageal reflux disease 49.2%
ulmonary hypertension .4%
besity hypoventilation syndrome 2.2%

schemic heart disease 3.1%
lcohol use 1.1%
obacco use 6.9%
unctional impairment for ambulation 3.6%
aparoscopic procedure 91.5%
ample size 36,254

RYGB � Roux-en-Y gastric bypass; BMI � body mass index; ASA �
merican Society of Anesthesiologists.
tension, ischemic heart disease, functional impairment to ambu-
lation, and ASA class 4 or 5. Model discrimination based on the
c-index was .695 in the testing sample, .662 in the validation
sample, and .677 in the pooled final sample. The Hosmer-Leme-
show test was insignificant, indicating that the model was well
calibrated.

The most significant predictors in the final risk stratification
model were age � 65 (OR � 2.44; P � .001), obesity hypoven-
tilation syndrome (OR � 2.12; P � .001), functional impairment
(OR � 2.01; P � .001), pulmonary hypertension (OR � 1.94; P
� .051), BMI � 60 (OR � 1.91; P � .001). The remaining risk
factors had ORs between 1.42 and 1.72 (all, P � .05 or lower),
with BMI 50–59.9 having the lowest OR (1.25; P � .05).

Discussion

This study reports the first risk stratification model of patients
who had RYGB generated from the BOLD registry, which is the
largest cohort of bariatric surgery patients in the world. The model
was specifically built to risk stratify patients for composite serious
adverse events 90 days after surgery and was conducted using
rigorous statistical modeling procedures pioneered in risk adjust-
ment efforts by the Society for Thoracic Surgery [15,16], as called
for in a recent article [9]. The BOLD registry is based on stan-
dardized prospectively collected outcomes and risk factors from
�600 hospitals, which enables development and validation of risk
stratification models to support outcomes comparisons that are of
interest to patients, surgical programs, and payors.

The rate of 90-day adverse events in this sample of
36,254 patients was low (1.48%), and the 12-factor risk
stratification model performed reasonably well (c-index �
.677). Many of these risk factors have been shown to be
significant predictors of postsurgical mortality or complica-

Table 2
Seventeen 90-day adverse event rates included in composite adverse
event outcome

Variable Combined n (%)

Death, intraoperative, predischarge, or postdischarge 43 (.12%)
Anastomotic leakage 154 (.42%)
Intraoperative bleeding requiring blood transfusion 8 (.02%)
Cardiac arrest 4 (.01%)
Venous thromboembolism 15 (.04%)
Evisceration 3 (.01%
Heart failure 17 (.05%)
Liver failure 2 (.01%)
Multisystem organ failure 5 (.01%)
Myocardial infarction 19 (.05%)
Pneumothorax 6 (.02%)
Pulmonary embolism 29 (.08%)
Renal failure 112 (.31%)
Respiratory failure 99 (.27%)
Sepsis 26 (.07%)
Stroke 6 (.02%)
Systemic inflammatory response syndrome 7 (.02%)
Composite adverse event rate at 90 days 537 (1.48%)

Individual adverse events sum is greater than composite events because

patients could have �2 distinct events.



O
F
P
O
B
A
D
A
M
I
O
S
C

675Risk Stratification of Adverse Events in BOLD / Surgery for Obesity and Related Diseases 8 (2012) 671–678
tions in a wide range of patients and settings. Older age,
male gender, and super-obesity have been associated with
adverse events in prior studies [10,23–26]. Functional im-
pairment has also been shown to be predictive of 30-day
mortality [27] and composite adverse events [17]. Similarly,
high ASA class (3 to 5) has been shown to predict 30-day
mortality in prior studies [26].

Five co-morbid conditions were also significant predictors
of 90-day composite adverse events, including diabetes, back
pain, obesity hypoventilation syndrome, ischemic heart dis-
ease, and pulmonary hypertension. Diabetes was a strong pre-
dictor of mortality in the Swedish Obesity Study [24]. Obesity
hypoventilation syndrome was not shown to be a significant
predictor of mortality in a previous study [10], so its signifi-
cance in this cohort is a unique finding. OHS has been theo-
rized to increase patient risk for mortality, but results from
prior studies are mixed [28]. Pulmonary hypertension is a
particularly noteworthy predictor because it had a sizable odds
ratio (1.94, P � .051) despite being quite rare in this sample
(.4% prevalence). Given the established evidence on the im-
provement in diabetes, ischemic heart disease, and pulmonary
hypertension in the months and years after bariatric surgery
[1,29], it is reasonable that these co-morbidities would be
significant risk factors for composite adverse events.

Since the publication of the OS-MRS risk stratification
model in 2007, there has been great demand for a validated risk
stratification measure specific to bariatric surgery. Five predic-
tive risk models for bariatric complications and mortality have
been published in 2011–2012 that included several of the same
factors as this model (e.g., age, obesity, functional status)
[12,30–33]. Several of these models included factors that were
not predictive in this BOLD model, including history of hy-
pertension, stroke, myocardial infarction, coronary artery dis-
ease, smoking, chronic obstructive pulmonary disease, or ve-

Table 3
Comparison of testing, validation, and pooled samples for final model

Variable Pooled sample coefficient (95% CI)

Age �65 2.44 (1.70, 3.50)§
besity hypoventilation syndrome 2.12 (1.50, 3.00)§
unctional status 2.01 (1.51, 2.68)§
ulmonary hypertension 1.94 (1.00, 3.77)
bese �60 1.91 (1.47, 2.50)§
ack pain 1.72 (1.37, 2.16)§
ge 40–64 yr 1.58 (1.26, 1.98)§
iabetes 1.57 (1.26, 1.94)§
SA class 4/5 1.53 (1.16, 2.02)†
ale 1.43 (1.19, 1.73)§

schemic heart disease 1.42 (1.01, 2.01)*
bese 50–59.9 1.25 (1.02, 1.53)*
ample size 36,254
-statistic .6773

P � .001.
ASA � American Society of Anesthesiologists.
* P � .05, † P � .01, § P � .0001.
nous thrombosis. A validated measure can inform clinical
decision making to identify which patients may be more ap-
propriate candidates for bariatric surgery and which patients
may require closer postsurgical follow-up. Such a measure
could also enable valid comparisons of performance between
surgeons and surgical programs. In particular, appropriate risk
adjustment will ensure that surgical programs willing to oper-
ate on high-risk patients who are likely to benefit the most from
surgery are not characterized as poor performers due to high
unadjusted event rates. In addition, risk-adjusted outcomes are
needed to compare surgical programs for quality improvement
purposes [34] and are being demanded increasingly by health
insurers that provide coverage for bariatric surgery. We caution
that this is the first iteration of a risk stratification model from
BOLD data for composite adverse events specifically for
RYGB patients, and it is likely that this model will require
refinement as the BOLD population grows, the risk profile of
patients change over time, and adverse event rates change.

Limitations

Several limitations must be acknowledged. First, the valid-
ity of these results is a function of the data quality, which is
subject to continuous quality improvement within BOLD. Pre-
operative patient factors are likely of high quality, and prelim-
inary auditing of BOLD data supports this conclusion. How-
ever, several factors (e.g., back pain) are based on patient
self-report and may be surrogate measures of unmeasured
factors that are more directly related to postsurgical complica-
tions. Significant predictors, such as obstructive sleep apnea
and pulmonary hypertension, could not be validated with data
from original sleep studies or other clinical tests, which may
introduce measurement error.

Collection and auditing of all patient outcomes data in
the months after surgery to ensure sufficient data capture

g sample coefficient (95% CI) Validation sample coefficient (95% CI)

1.18, 3.81) 2.70 (1.71, 4.25)
1.38, 3.78) 1.96 (1.21, 3.17)
1.29, 3.04) 2.04 (1.37, 3.01)
.96, 6.15) 1.56 (.59, 4.10)
1.30, 2.88) 1.90 (1.33, 2.72)
1.38, 2.68) 1.56 (1.15, 2.14)
1.21, 2.48) 1.49 (1.11, 2.00)
1.22, 2.32) 1.46 (1.09, 1.96)
1.00, 2.29) 1.56 (1.07, 2.27)
1.11, 1.96) 1.41 (1.09, 1.81)
1.07, 2.79) 1.19 (.72, 1.96)
1.00, 1.84) 1.16 (.88, 1.52)
7 18,127
.6951 .6624
Testin

2.13 (
2.29 (
1.98 (
2.43 (
1.94 (
1.92 (
1.73 (
1.68 (
1.51 (
1.48 (
1.73 (
1.36 (
18,12
remains an ongoing challenge. BOLD data are verified
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during site inspection, which each BSCOE must undergo
initially and every 3 years thereafter to maintain designa-
tion. All surgeries reported in BOLD are compared with a
hospital-generated surgery list, and an unbiased sampling of
10% of medical records are reviewed for accuracy. In ad-
dition, all complications and readmissions occurring within
30 days of surgery are verified. Any unreported reopera-
tions, readmissions, deaths, transfers, or revisions found
during chart review trigger a 100% chart review. Inconsis-
tencies noted during site inspections are reported to the
Bariatric Surgery Review Committee, which recommends
whether the applicant qualifies for or maintains BSCOE
designation status. The 90-day rate of composite adverse
events reported here (1.48%) is 4 times lower than the
composite adverse event rate reported at 30 days postsur-
gery in a report from LABS [17], although the LABS
composite included reinterventions that are not always as-
sociated with a “serious complication.” Under-reporting of
perioperative complications by surgeons or their designee
could partially explain the lower 30-day and 90-day adverse
event rates in BOLD, which could affect the specification of
the risk stratification model in two ways if the patients
whose events are not reported are systematically different
than the patients who had events. First, the risk factors
included in the model may have somewhat different odds
ratios. Second, there may be risk factors not included in this
model that would have been added to the model. Future
work is needed with more current data to replicate these
initial results.

Second, the risk factors that were significant in this
RYGB cohort may not generalize to patients who have not
undergone RYGB. As the Society of Thoracic Surgeons has
reported [16], risk factors that are significant predictors of a
given outcome in a given population may not be the same
predictors that are significant in another outcome or another
population. Thus, future work will need to be conducted to
extend this risk stratification to non-RYGB procedures (e.g.,
LAGB, sleeve gastrectomy) that have sufficient volume to
enable similar rigorous modeling.

Third, the risk stratification variable included two highly
predictive risk factors that were based on self-report by the
patient (functional impairment for ambulation) or the phy-
sician (ASA class), so this model cannot easily be imple-
mented from administrative claims data. This risk stratifi-
cation model represents a comprehensive set of preoperative
risk factors and suggests that other registries should con-
sider collecting functional status and ASA information.

Conclusion

This risk stratification analysis was based on the largest
registry of bariatric surgery patients available today and
detailed preoperative patient characteristics and risk factors,
intraoperative clinical detail, and postoperative outcome data.

With additional validation, this risk model can be used by
patients, surgical programs, and payors to evaluate postsurgical
outcomes and improve the quality of surgical care, which will
demonstrate the value of extensive data collection associated
with the bariatric COE program that has been the subject of
considerable debate in recent years [35,36].
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Editorial comment

Comment on: Risk stratification of serious adverse events after gastric

es longitudinal database
Ref.: SOARD 12-84R2
Dr. Maciejewski et al. are to be commended for their

thoughtful and well-written analysis of risk factors for se-
The study benefits from its access to the clinical registry of
the Bariatric Outcomes Longitudinal Database (BOLD).
This clinically rich data set represents patient data from

�600 hospitals nationwide and is the world’s largest regis-
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