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Impact of major co-morbidities on mortality and complications after
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bstract Background: We hypothesized that major co-morbidities affect survival and complications after
gastric bypass.
Methods: A total of 1465 patients undergoing laparoscopic and open gastric bypass between 1995
and 2002 were studied. Patients with a body mass index � 35 kg/m2 and major co-morbidities
(group 1, n � 1045) were compared with patients with a body mass index � 40 kg/m2 with minor/no
co-morbidities (group 2, n � 420).
Results: Group 1 patients were older (43 versus 36 years, P � 0.001) and had a greater BMI (53
versus 50 kg/m2, P � 0.001). Early postoperative complications were greater in group 1 than in
group 2 and included leaks (4.1% versus 1.2%, P � 0.0032) and wound infections (3.9% versus
1.4%, P � 0.0133). Procedure-related mortality in the series was 1.7%. Mortality was 10-fold
greater in group 1 (2.3% versus 0.2%, P � 0.0032). The incidence of small bowel obstruction,
incisional hernia, and pulmonary embolism was similar in the two groups. Excess weight loss was
significantly greater in group 2 (68% versus 62%, P � 0.001) at 1 year. Resolution of group 1
co-morbidities was great, including hypertension in 62%, diabetes in 75%, venous stasis disease in
96%, and pseudotumor cerebri in 98%.
Conclusion: Outcomes analysis of obesity surgery requires risk stratification. The very low
mortality rates in published studies are likely explained by surgical treatment of low-risk patients
with minor co-morbidities, such as those seen in group 2. However, despite the increased periop-
erative risk, the group 1 patients (with major co-morbidities) demonstrated dramatic resolution of
their co-morbid conditions, justifying the decision to go forward with surgery. The data support a
radical change in treatment philosophy in which morbidly obese individuals should be offered
bariatric surgery before major co-morbid conditions develop as a strategy to decrease the operative
risk. © 2005 American Society for Bariatric Surgery. All rights reserved.
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Obesity is a growing health problem in the United States,
ith an estimated 40 million Americans overweight and

nother 11.5 million morbidly obese [1]. Several serious
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nd debilitating health conditions accompany obesity, in-
luding adult-onset diabetes mellitus, hypertension, hyper-
holesterolemia, obesity hypoventilation and sleep apnea
yndrome, pseudotumor cerebri, cholelithiasis, cardiovascu-
ar disease, renal disease, and osteoarthritis, to name a few.
verall, obesity-related illnesses consume nearly 5% of the

otal healthcare costs in the United States, a staggering 100
illion dollars [2].

According to the 1991 National Institutes of Health Con-

ensus Panel on Gastric Surgery for Severe Obesity, morbid

y. All rights reserved.



o
w
w
a
o
i
f
f
e
l
d
t
b
t
f
p
e
m

s
c
s
b
b
o
[
u
a
g
w
l
o
s
s
p
t

a
p
r
t
t
h
F
g
a
s
c
t
e
m
d
e
B
A

o
o
t

p
t
b
l
t

M

O
f
c
p
v
c
a
f
r
r
c

(
(
l
c
e
g
a
c
r
a
i
o

p
m
1
r
p
m
m
H
S
s
a
t
o
�
p

512 M.K. Jamal et al. / Surgery for Obesity and Related Diseases 1 (2005) 511–516
besity is defined as a body mass index (BMI) of � 35 kg/m2

ith severe obesity-related co-morbidity or � 40 kg/m2

ithout co-morbidities [3]. Super-obese patients are defined
s having a BMI of � 50 kg/m2. Other definitions of morbid
besity include patients who weigh at least 200% of their
deal body weight. Surgery remains the most effective tool
or maintaining long-term weight loss and providing a cure
or morbid obesity [4]. Currently, several surgical options
xist for the treatment of morbid obesity. With the advent of
aparoscopic techniques, the number of these operations has
ramatically increased from about 16,000 in the early 1990s
o � 100,000 in 2003, with laparoscopic Roux-en-Y gastric
ypass (GBP) the most commonly performed procedure in
he United States [5]. This increase is the result of several
actors, including an increase in the overall number of
eople who are extremely obese and the failure of diets,
xercise, and medical therapy, as well as the advent of
inimally invasive surgery procedures.
To be effective, a bariatric procedure should provide a

ustained excess weight loss of � 50% and/or resolution of
o-morbid conditions. At the same time, such a procedure
hould be performed with an acceptably low risk of mor-
idity and mortality. For GBP, perioperative mortality has
een reported at between 0% and 2% in large series of both
pen (OGBP) and laparoscopic (LGBP) access techniques
6 –12]. Only a few studies, however, have defined individ-
al risk factors as predictors of postoperative complications
fter GBP. Our group previously reported that patients with
reater preoperative body weight and hypertension, along
ith postoperative complications, including gastrointestinal

eak and pulmonary embolism, demonstrated a greater risk
f mortality after GBP [13]. Similarly, in two other large
eries of patients, male patients with a greater BMI were
hown to have a greater risk of severe life-threatening com-
lications and advanced age was predictive of greater mor-
ality after GBP surgery [14,15].

Despite the maturation of bariatric surgery as a specialty
s demonstrated by the tremendous growth in surgeons
racticing it and procedures being performed, preoperative
isk stratification remains surprisingly poorly defined. Al-
hough it seems quite reasonable to assume that some pa-
ient groups will have greater risk profile than others, this
as not been well reported in the bariatric surgery literature.
ew studies exist to support the concept that certain patient
roups are at prohibitive risk of surgical treatment or require
greater level of experience for the surgeon and support

taff, including critical care, and/or facilities with superior
apabilities for patient care. It is also likely that the ex-
remely low mortalities reported in some series can be
xplained by surgical treatment of low-risk patients with
inor co-morbidities. Furthermore, as certification proce-

ures for bariatric surgery come into existence, including
fforts by commercial payers, the American Society for
ariatric Surgery’s Surgical Review Corporation, and the

merican College of Surgeons’ initiative, fair comparisons g
f outcome data between centers requires an understanding
f the patient selection methods and how those characteris-
ics may affect a center’s overall morbidity and mortality.

In the current study, we sought to determine whether
atients with major co-morbid conditions, including hyper-
ension, diabetes, venous stasis disease, pseudotumor cere-
ri, and sleep apnea, have a greater perioperative risk and/or
ower degree of weight loss and/or co-morbidity resolution
han patients with only minor co-morbidities.

ethods

The database of 1465 patients who underwent either
GBP or LGBP at the Virginia Commonwealth University

rom January 1995 to December 2002 was analyzed for
linical outcomes. This prospective analysis included only
atients who underwent primary GBP; all revisions or con-
ersions of another bariatric procedure to GBP were ex-
luded. This information has been prospectively maintained
nd updated from patients’ clinic and hospital charts. A
ollow-up period of � 1 year was considered essential in
eporting clinical outcomes for the study. The institutional
eview board approved the study for secure collection, out-
ome analysis, and reporting of the database.

The data contained information on various demographics
age, gender, and race), preoperative physiologic profile
including preoperative weight data and BMI), extensive
istings of patient co-morbidities, weight loss outcomes,
omplications (including intestinal complications, thrombo-
mbolic events, wound infection, bowel obstruction, mar-
inal ulceration, stomal stenosis, and incisional hernias),
nd type of surgery (OGBP or LGBP). Complications, in-
luding mortality, were rigorously identified in the medical
ecord and as a part of the Department of Surgery’s quality
ssurance program. All known complications are reported
n this series regardless of whether the 1-year weight loss
utcomes were known.

The diagnosis of co-morbid conditions in the patient
opulation followed standard recommendations. Diabetes
ellitus required an elevated fasting blood sugar of �

26 mg/dL on two or more tests on different days and the
ecommendation of a “diabetic diet” by the primary care
hysician, oral hypoglycemic medications, or insulin treat-
ent. Hypertension required sitting repeated blood pressure
easurements of � 150 mm Hg systolic and/or � 90 mm
g diastolic or the use of antihypertensive medication.
leep apnea required polysomnographic findings demon-
trating a respiratory disturbance index � 10 hypopneic
nd/or apneic episodes/hour of sleep. The obesity hypoven-
ilation syndrome was defined as an arterial oxygen pressure
f � 55 mm Hg and/or arterial carbon dioxide pressure of

65 mm Hg. Finally, venous stasis ulcers required the
resence or history of pretibial venous stasis ulcers.

A leak was defined as an anastomotic disruption at the

astrojejunostomy or jejunojejunostomy, intestinal perfora-
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ion, or staple line disruptions. It was identified by an upper
astrointestinal series using water-soluble contrast (Gastro-
rafin) in most cases. Marginal ulcers were identified using
sophagogastroduodenoscopy or were determined from the
atient’s clinical symptoms and response to proton pump
nhibitor therapy. Pulmonary embolism was diagnosed from
atients’ clinical symptoms and confirmed using high-
esolution computed tomography. The diagnosis of major
ound infection was made clinically in most cases (the
resence of pus in the incision). Small bowel obstructions
ere confirmed using either an upper gastrointestinal series
r computed tomography with oral and intravenous con-
rast. The diagnosis of stomal stenosis was similarly made
sing radiologic studies and confirmed/treated using
sophagogastroduodenoscopy. Mortality was defined as any
eath during the postoperative hospitalization or after hos-
ital re-admission, any death within 90 days of surgery, or
ny death related to the surgery or resulting from its com-
lications, no matter when it occurred.

Patients included in the analysis fulfilled the National
nstitutes of Health criteria for morbid obesity and were
ivided into two subgroups on the basis of the presence of
major” (group 1) or “minor” (group 2) health concerns
ccording to the following list. The first group (group 1)
ncluded patients with a BMI of � 35 kg/m2 with one of six

ajor co-morbid conditions, including hypertension, diabe-
es mellitus, venous stasis disease, pseudotumor cerebri,
bstructive sleep apnea, or obesity hypoventilation syn-
rome. The second group (group 2) consisted of patients
ith a BMI of � 40 kg/m2 with no or minor co-morbidities.
hese included, but were not limited to, degenerative joint

able 2
eight loss 1 year after surgery

ariable Group 2 (Minor)

eight (lb) 191.8 � 41.2 (112–424)
MI (kg/m2) 31.6 � 6.41 (20.2–69.7)
otal weight loss (lb) 115.2 � 31.4 (45–213)
WL (%) 68.7 � 14.4 (31.3–106.2

EWL � excess weight loss; other abbreviations as in Table 1.
Data presented as mean � SD (range).

able 1
reoperative demographic data

ariable Group 2 (Minor)

rocedures (n) 420
ge (yr) 36.9 � 9.2 (15–17)
en (%) 6.9
eight (lb) 306.8 � 53.7 (220–556)

MI (kg/m2) 50.7 � 8.4 (40–95)

NS � not significant; BMI � body mass index.
Data presented as mean � standard deviation (range), unless otherwise
� Analysis of variance or Fisher’s exact test.
� Analysis of variance or Fisher’s exact test.
isease, stress urinary incontinence, gastroesophageal reflux
isease, hypercholesterolemia, psychosocial problems, and
eadaches.

Patients underwent either OGBP or LGBP, with varying
engths of the Roux limb in the open group. Morbidly obese
ndividuals with a BMI � 50 kg/m2 who underwent open
roximal GBP had a Roux limb length of 45 cm; super-
bese patients had a 150-cm-long construction of their Roux
imb (open long limb GBP). The laparoscopic group had a
arying length of the Roux limb, but it was generally � 100
m and depended on the attending physician’s preference.
he clinical outcomes in both groups were compared at the
nd of a 1-year follow-up period. These included weight
oss parameters (including BMI, excess weight loss [EWL],
nd total body weight), resolution of co-morbidities, com-
lications, and mortality. Statistical analysis was performed
sing either the analysis of variance or Fisher’s exact test.
� 0.05 was considered statistically significant.

esults

The demographic characteristics of the study population
re given in Table 1. The group 1 patients were older, had
greater BMI, and greater overall total body weight com-

ared with the group 2 patients. Although group 1 had a
uch greater number of male patients (25.2% versus 6.9%),

his difference between groups was not statistically signif-
cant. Of the 1465 patients, 519 underwent LGBP and 946
nderwent OGBP. Of the study population, 25 patients died
fter GBP, for an overall mortality rate of 1.7%. Three
atients died after LGBP and 22 died after OGBP. Complete

Group 1 (Major) P Value�

215.4 � 55.5 (109–518) �.0001
35 � 7.9 (19.9–17.7) �.0001

114.8 � 36.8 (25–305) NS
62.3 � 16.3 (11.5–114.6) �.0001

Group 1 (Major) P Value�

1045
43.5 � 10.6 (15.3–74.5) �.0001

25.2 NS
332.4 � 72.1 (194–667) �.0001
53.72 � 9.6 (40–90.7) �.0001
)

noted.
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ata were available at 1 year for 78% of group 2 and 76%
f group 1, or a total of 1118 patients at the 1-year mark
fter surgery.

Weight loss at 1 year was significantly greater in group
 than in group 1 (Table 2). Group 2 patients at 1 year
emonstrated a lower BMI, greater percentage of EWL, and
ower body weight. Despite a lower overall weight loss, the
esolution of major co-morbidities occurred in most group 1
atients (Table 3).

Patients in group 1 had a significantly greater complica-
ion rate than those in group 2 (Table 4). This included
early 10-fold greater mortality (2.3% versus 0.24%, P �
.0032). In part, the greater mortality is explained by the
reater incidence of postoperative gastrointestinal leak
4.1% versus 1.2%, p� 0.0032); pulmonary embolism and
ther complications did not occur more often in group 1.

Groups 1 and 2 were also analyzed according to whether
he access technique for surgery was laparoscopic or open
Table 5). In the LGBP group, those with group 1 co-
orbidities had greater mortality (0.9% versus 0%), a

reater incidence of postoperative leak (5% versus 2.2%),
ore bowel obstructions (2.9% versus 1.1%), and more

ncisional hernias (4.7% versus 1.7%). Although group 2
atients undergoing LGBP appeared to have greater rates of
ulmonary embolism, major wound infection, marginal ul-
eration, and stomal stenosis, none of these differences were
tatistically significant.

In those undergoing OGBP (Table 5), group 1 had
reater mortality (2.9% versus 0.4%, P � 0.0232), a greater
ncidence of gastrointestinal leaks (3.7% versus 0.4%, P �
.0059), and a greater incidence of major wound infection
5.7% versus 2.1%, P � 0.0224). Similar to the LGBP
nalysis, patients in group 2 appeared have more pulmonary
mboli, marginal ulcers, stomal stenosis, bowel obstruc-
ions, and incisional hernias, but these differences between
roups did not reach statistical significance.

iscussion

Our study compared two groups of morbidly obese pa-
ients separated on the basis of their degree of preopera-

able 3
esolution of major co-morbidities in group 1

o-morbidity Preoperative
(n)

Postoperative
(n)

Resolution
(%)

P Value�

ypertension 580 219 62.2 �.0001
iabetes
mellitus 275 69 74.9 �.0001

enous stasis
disease 52 2 96.2 �.0001

seudotumor
cerebri 42 1 97.6 �.0001

� Analysis of variance or Fisher’s exact test.
ively identified co-morbidity. All patients studied qualified t
or GBP using the National Institutes of Health Consensus
riteria. We sought to determine whether major health
oncerns identified in the preoperative evaluation would
rovide a means of risk stratification for patients undergoing
BP surgery. The data clearly demonstrated that such a
reoperative classification does separate patients into low-
nd high-mortality risk groups.

A recent study by Poulose et al. [16] suggested that the
dentification of risk factors for adverse events after bariat-
ic surgery could help to define high-risk groups and im-
rove patient safety. In their analysis of 69,490 bariatric
urgery patients, a cumulative incidence for accidental
uncture or laceration, pulmonary embolus or deep venous
hrombosis, and postoperative respiratory failure (RF) was
alculated. Factors predictive of these adverse events were
dentified using standard patient safety indicators. They
ound that male gender was predictive of both accidental
uncture or laceration and RF and advanced age was a
trong risk factor for accidental puncture or laceration, pul-
onary embolus or deep venous thrombosis, and RF. A

istory of chronic lung disease and Medicare insurance
ere also predictive of RF in this patient group.
The Bariatric Analysis and Reporting Outcome System

BAROS), first introduced by Oria and Moorehead [17] in
998, is a system for outcome assessment for bariatric
urgery used by some clinicians. It provides a simple mech-
nism for self-reporting of data by patients and providers.
he analysis of bariatric treatment is scored in three areas:

he percentage of excess weight loss, changes in medical
ondition, and assessment of quality of life. Using these
cores, patients are divided into five arbitrary outcome
roups: failure, fair, good, very good, and excellent out-
omes. In a study by Victorzon et al. [18], the BAROS was
pplied to a series of 60 patients undergoing laparoscopic
djustable gastric banding. In their series, 87% of the pa-
ients returned the questionnaire and reported good out-
omes overall. Other large series have also recommended
he BAROS as an effective tool for assessing outcomes after

able 4
omplication profile

rofile Group 2
(Minor)

Group 1
(Major)

P Value�

ortality† 0.24 (1) 2.3 (24) �.0032
nastomotic leak 1.2 (5) 4.1 (43) �.0032
ulmonary embolism 1.4 (6) 0.67 (7) NS
ajor wound infection 1.4 (6) 3.9 (41) �.0133
arginal ulceration 9.8 (41) 8.2 (86) NS

tomal stenosis 11.9 (50) 9.5 (99) NS
mall bowel obstruction 2.9 (12) 3.1 (32) NS
ncisional hernia 21 (88) 24.9 (260) NS

Data presented as percentage of incidence (absolute number), unless
therwise noted.

� Analysis of variance or Fisher’s exact test.
† Total number of procedure-related deaths in first 90 days postopera-
ively.
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ther bariatric procedures [19]. However, the focus of
AROS is not on mortality risk stratification, as was the

ocus of the current project.
Livingston et al. [20] analyzed risk factors and their

elationship to surgical outcome after GBP. The records of
067 consecutive patients undergoing Roux-en-Y GBP
ere reviewed, and major complications were used as the
ependent variable in a multivariate logistic regression anal-
sis. Ten risk factors were identified as independent predic-
ors of complications. Variations in the preoperative risk
actors were then analyzed individually and in various com-
inations, and their impact on the predicted probability for
omplications was assessed. The overall major complica-
ion rate in their series was 5.8%. For an average patient, the
redicted complication rate using probability analysis was
.9%. The greatest increase in the anticipated complication
ate was attributable to revisional procedures, which in-
reased the rate to 6.5%. The four most influential factors
or predicting a complication after GBP surgery were iden-
ified as male gender, revisional surgery, increasing age, and
ncreasing weight. These factors increased the predicted
omplication rate by 56%, 67%, 28%, and 28%, respec-
ively.

Very little data exist that identify outcomes in patient
roups at the low-risk end of the spectrum of surgical candi-
ates on the basis of the absence of major co-morbidities
nd/or lower BMI. Fobi et al. [21] reported surgical out-
omes in patients with a low BMI in the range of 32–40
g/m2 and lacking major co-morbidities. However, that
roup was not consistent with the National Institutes of
ealth Consensus criteria for bariatric surgery and was
ifferent from the group 2 co-morbidity grouping in our
tudy for that reason. Their patients included those with
sychological, economic, or social impairments affecting
uality of life. They reported on 50 patients treated by
ilastic ring vertical GBP with a temporary gastrostomy.
ew complications occurred and no deaths. The surgical

able 5
ubanalysis of complications in LGBP and OGBP patients

omplication LGBP Group

Group 2 Group 1

ortality† 0 (0) 0.9 (3)
nastomotic leak 2.2 (4) 5 (17)
ulmonary embolism 1.7 (3) 0.3 (1)
ajor wound infection 0.56 (1) 0.29 (1)
arginal ulceration 6.1 (11) 4.7 (16)

tomal stenosis 6.7 (12) 3.5 (12)
mall bowel obstruction 1.1 (2) 2.9 (10)
ncisional hernia 1.7 (3) 4.7 (16)

LGBP � laparoscopic gastric bypass; OGBP � open GBP; NS � not
Data presented as percentage of incidence (absolute number), unless ot
� Analysis of variance or Fisher’s exact test.
† Total number of procedure-related deaths in first 90 days postoperativ
utcomes in terms of the percentage excess weight loss o
ere excellent in their series. Although the authors con-
luded that surgical intervention to treat obesity in this
roup of patients in the absence of life-threatening co-
orbidities is safe and effective, the number of patients

reated was too small to make such a sweeping conclusion
egarding the safety of surgical treatment in this cohort.

A possible conclusion of the current data would be that
ecause group 1 co-morbidity patients experienced a much
reater mortality risk after GBP, these patients should not be
reated surgically. We strongly believe, however, that the
urrent data, as well as numerous past studies, support the
remendous overall health benefit of GBP, even in this
igher risk population of patients. For example, Sugerman
t al. [22] reported on the outcomes of patients with hyper-
ension and/or diabetes after GBP, a group that clearly
irrors our group 1 co-morbidity group. In their series of

025 patients, 15% had type 2 diabetes mellitus, 51% had
ypertension, and 75% of those with diabetes also had
ypertension. At 1 year after surgery, their patients had lost
6% excess weight with resolution of hypertension in 69%
nd diabetes in 83%. Patients with their hypertension or
iabetes resolved had a greater percentage of EWL and
ercentage of weight loss than those who did not. At long-
erm follow-up between 5 and 7 years after GBP, the out-
omes of GBP were durable in their group 1 co-morbidity
opulation, including a percentage of EWL of 59% and
ersistent resolution of hypertension and diabetes in 66%
nd 86% of patients, respectively. The data further sup-
orted that type 2 diabetes and hypertension are likely to be
ndirectly related to one another through the effects of
besity and that the longer a person remains severely obese,
he more likely the person is to develop diabetes or hyper-
ension, or both, and that GBP surgery for severe obesity
hould be provided earlier to patients to prevent the devel-
pment of diabetes and hypertension and their complica-
ions. Similar data exist from our group regarding the high
isk of patients with identifiable venous stasis disease pre-

OGBP Group

Value Group 2 Group 1 P Value�

S 0.4 (1) 2.9 (21) �.0232
S 0.4 (1) 3.7 (26) �.0059
S 1.3 (3) 0.9 (6) NS
S 2.1 (5) 5.7 (40) �.0224
S 12.5 (30) 9.9 (70) NS
S 15.8 (38) 12.3 (87) NS
S 4.2 (10) 3.1 (22) NS
S 35.4 (85) 34.6 (244) NS

ant.
noted.
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hromboembolic events as a complication of surgery. How-
ver, despite the greater risk in this group, surgical weight
eduction resolved the co-morbidity and restored improved
ealth in a high proportion of surgical survivors [23]. To
ummarize the many studies beyond the few we have cited,
t is clear that the higher risk patient for surgery also has the
ost to gain from surgically induced weight loss.
A previously cited prospective multivariate analysis of

early 2000 patients who underwent surgery in our program
upported the concept that surgery should not be reserved as
desperate last measure for weight loss because that ap-

roach clearly increases the perioperative risk [13]. The
urrent analysis of our patient population clearly indicates
hat patients with group 2 or no co-morbidities have lower
urgical risk and better weight loss outcomes. One can look
t morbid obesity as a progressive disease, and this is
onsistent with our observation that patients in group 2 in
he current study were younger than patients in group 1. The
atients in group 2 demonstrated superior weight loss and a
ower complication profile and overall mortality compared
ith their counterparts in group 1.
Our study results provide the basis for a risk stratification

odel in which co-morbid conditions play a significant role
n predicting higher risk patients after GBP surgery. Future
fforts will be directed at determining a clinically useful
coring system to predict risk to assist individual patients
nd their physicians in evaluating surgical treatment op-
ions. It is conceivable that some groups of patients will
resent with prohibitive risk for complex procedures, result-
ng in treatment algorithms that include intensive nonopera-
ive weight loss methods or that less invasive/less durable
urgical methods, such as sleeve gastrectomy, might be used
s a method for risk reduction. The current data strongly
upport the need for identifying younger and healthier mor-
idly obese patients as surgical candidates as an overall
trategy to reduce the perioperative risks. Overall, it should
urprise no one that the sickest patients with the most
otential to gain improved health from surgical weight loss
lso have the greatest overall risk of complications and
ortality. Surgery should not be the last desperate measure

o increase the life expectancy of these groups of patients
ho would otherwise significantly benefit from earlier sur-
ical intervention.
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