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Purpose

To determine preoperative risk factors predictive of adverse
outcomes after gastric bypass surgery.

Summary Background Data

Gastric bypass results in sustained weight loss for seriously
obese patients, but perioperative complications can be formi-
dable. Preoperative risk assessment is important to establish
the risk-benefit ratio for patients undergoing these operations.

Methods

Data for 10 risk factors predictive of adverse outcomes were
collected on 1,067 consecutive patients undergoing gastric
bypass surgery at the UCLA Medical Center from December
1993 until June 2000. Univariate analyses were performed for
individual risk factors to determine their potential significance
as predictors for complications. All 10 risk factors were en-
tered into a logistic regression model to determine their signifi-
cance as predictors for complications. Sensitivity analysis was
performed.

Results

Univariate analysis revealed that male gender and weight
were predictive of severe life-threatening adverse outcomes.
Multistep logistic regression yielded only male gender as a risk
factor. Male patients were heavier than female patients on entry
to the study, accounting for weight as a potential risk factor. Pa-
tients older than 55 years had a threefold higher mortality from
surgery than younger patients, although the complication rate,
5.8%, was the same in both groups. Sensitivity analysis demon-
strated that the risk for severe life-threatening adverse outcomes
in women increased from 4% for a 200-Ib female patient to
7.5% for a 600-Ib patient. The risk increased from 7% for a
200-Ib male patient to 13% for a 600-Ib patient.

Conclusions

Large male patients are at greater risk for severe life-threaten-
ing complications than smaller and/or female patients. Risk
factors thought to be predictive of adverse outcomes, such
as a history of smoking or diabetes, proved not to be signifi-
cant in this analysis. Older patients had the same complica-
tion rate but a threefold higher mortality, suggesting that they
lack the reserve to recover from complications when they
occur.

The incidence of obesity is increasing in epidemic pro-
portions in the United States. Overweight patients are at
increased risk for the development of diabetes, hyperten-
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sion, hyperlipidemia, sleep apnea, and osteoarthritis and
other degenerative diseases. These secondary diseases cul-
minate in increased mortality that exceeds twofold in wom-
en™? and 12-fold in men.® Diet and exercise can be effective
for inducing weight loss, and small amounts of weight loss
can result in substantial reductions in obesity-induced early
mortality.** Unfortunately, for very obese patients, sus-
tained weight loss following medical treatment is short-
lived. More than 90% of seriously obese individuals will
regain their weight after it is lost with dieting.® It is these
patients who have the highest risk for obesity-induced early
mortality. Mortality increases logarithmically for body mass
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indices that exceed 30.%~ The largest patients have the most
compelling need for weight loss, yet medical treatments are
rarely successful for them.

Only surgery resultsin sustained weight loss for seriously
obese patients. The Roux-en-Y gastric bypass results in the
greatest, most sustained weight loss of the restrictive gastric
bariatric procedures. Surgically induced weight loss ame-
liorates obesity-related risk factors, such as diabetes and
hypertension, that cause early mortality in obese patients.
Although surgery in obese patients has acceptable levels of
morbidity and mortality, severe life-threatening complica
tions such as pulmonary embolism and anastomotic leakage
do occur. Management of these complications can be diffi-
cult, and they can result in substantial morbidity and mor-
tality. ldentification of preoperative risk factors predictive
of adverse events is necessary to minimize the risk of
adverse events. Preoperative conditions predictive of surgi-
cal complications can be treated before surgery to minimize
risk. For cases where the risk cannot be minimized, the
informed consent process can be improved by presenting
patients with the full spectrum of potential complications,
along with a redlistic estimate for the rate at which they
occur.

The purpose of this study was to prospectively collect
risk factor and complication data on a large cohort of
patients undergoing gastric bypass procedures at a single
institution. The relationship between preoperative risk fac-
tors and severe life-threatening complications was assessed
by univariate analysis and multistep logistic regression to
determine which of the risk factors was predictive of ad-
verse outcomes. Complication data were compiled to deter-
mine the rate at which individual complications occur. Pre-
operative conditions that individually predicted adverse
events were identified and amodel predicting outcomes was
developed. Sensitivity analysis was then performed on the
model to quantitate the effect individual risk factors had on
the probability of postoperative severe life-threatening ad-
verse events.

METHODS

Patients and Risk Factors

We studied all patients undergoing Roux-en-Y gastric
bypass for obesity at the UCLA Medical Center from De-
cember 1993 until December 2000. We identified 10 pre-
operative clinical features that potentially increased the risk
of adverse outcomes. weight, height, body mass index
(BM1), gender, history of smoking, the presence of hyper-
tension, diabetes, osteoarthritis, sleep apnea, and the need
for continuous positive airway pressure (CPAP) during the
perioperative period. Patients who had prior obesity surgery
and were undergoing conversions to gastric bypass were
included in this study.
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Outcomes

All gastric bypass operations at the UCLA Medical Cen-
ter were considered index procedures during the study pe-
riod. All cases were reviewed for adverse outcomes. The
attending physicians or house staff reported complications
to the QA manager, who entered them into a database.
Major complications or deaths following hospital discharge
that were reported to the obesity surgery team members
were also catalogued in the database. Major complications
were defined as those that were life-threatening or required
ICU admission within 30 days of the gastric bypass opera-
tion. Complications requiring unanticipated surgeries at any
time following the gastric bypass, such as those for bowel
obstruction, were also counted as complications. Mortality
was defined as death from any cause within 30 days of the
gastric bypass procedure, or if it occurred as a direct result
of a perioperative complication irrespective of the time
interval between surgery and death.

Statistical Analysis

All severe life-threatening complications were analyzed
separately. Each death was preceded by at least one com-
plication. Some patients had multiple complications. The
dependent variable for statistical analysis was the number of
patients with complications and/or deaths. Thus, patients
with multiple complications or complications preceding
death were counted only once.

Each risk factor was assessed in a univariate analysis to
assess whether it significantly predicted severe life-threat-
ening postoperative complications and/or death. Statistical
significance relating risk factors with continuous variables
to the outcome of complication and/or death was deter-
mined by t tests. Risk factors with dichotomous variables
were tested by chi-square analysis. Each risk factor was
tested independently to determine if it significantly contrib-
uted to the outcome of complications or death. Multistep
logistic regression was performed to confirm the signifi-
cance of preoperative risk factorsidentified in the univariate
analysis. Sensitivity analysis was performed by entering a
range of values into the regression equation variables and
determining their effect on the probability of developing
postoperative complications. This facilitated assessment of
the relative contribution of individua risk factors to the
overall severe life-threatening complication rate.

RESULTS
Patient Demographics

During the study period, 1,067 patients underwent Roux-
en-Y gastric bypass operations. Table 1 summarizes the
patient demographic information. Seventy-eight percent of
the patients were female. Male patients were taller and
larger than female patients. Comorbid conditions were more
frequent in men. The incidences of hypertension, diabetes,
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Table 1. PATIENT DEMOGRAPHICS

Total Population Women Men
Number 1,067 837 230
Age 42.3 = 0.3 422 0.3 424 0.7
Weight (Ib) 334 £ 2 31832 408 =+ 6*
Height (inches) 66.1 = 0.1 649 01 706 +0.2"
BMI 53.6 + 0.3 524 +03 579 +0.8"
Diabetes 240 (23) 177 (21) 63 (27)t
Hypertension 511 (48) 384 (46) 127 (65t
Smoking history 171 (16) 130 (16) 41 (18)
Osteoarthritis 751 (70) 599 (72) 152 (66)
Sleep apnea 420 (39) 287 (34) 133 (68)
CPAP dependency 159 (15) 102 (12) 57 (25)
Revision surgery 71(7) 61 (7) 10 (4)

* P < .05, women vs. men, t test.

1 P < .05, women vs. men, chi-square.

Data are presented as the mean * standard error of the mean. Percentages are
relative to the number of patients referred to in a column. In our population there
were 22% men and 78% women.

and sleep apnea and the need for CPAP were significantly
higher in men compared to women. There were no differ-
ences in age, smoking history, osteoarthritis, or the perfor-
mance of revision operations between men and women.

Complications

Table 2 lists the numbers of deaths and severe life-
threatening complications and the types of complications
occurring in this series of gastric bypass patients. There
were 14 deaths. Deaths occurred more frequently in men,
and patients who died were heavier than those who lived.
Six deaths were secondary to pulmonary emboli; thus, 67%
of pulmonary emboli in this series were fatal. Three patients
died from sepsis of unknown etiology; a fourth died from
sepsis secondary to an anastomotic leak. One of the patients
who died of sepsis developed this several months after a
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liver transplant necessitated by an iatrogenic portal vein
injury at the time of the gastric bypass. Two died from
respiratory and/or renal failure of uncertain etiology. One of
these had pulmonary hypertension that was refractory to
medical therapy, but the cause of the pulmonary hyperten-
sion could not be determined at autopsy. Two patients died
following massive UGI hemorrhage.

Anastomoatic leaks were the most frequent complication
(n = 15). These were more common in men than in women;
in contrast to deaths, however, there were no significant
differences in weight between those with or without leaks.
Only 2 of the 10 anastomotic leaks occurred with patients
undergoing revision operations. Ten patients developed
small bowel obstructions, and one patient developed an
anastomotic stricture requiring reoperation. There were nine
pulmonary emboli that were not related to gender or weight.
Nine patients devel oped various combinations of respiratory
and rena fallure for which the underlying etiology was
never identified. Two patients developed respiratory failure,
three renal failure, and four combined respiratory and rena
failure. Respiratory failure was secondary to either rena
failure or congestive heart failure, or was from primary lung
failure. This syndrome occurred more frequently in men,
and there was a trend of being heavier than those without
the complication, but the difference in weight did not reach
statistical significance. All these patients underwent exten-
sivetesting including UGI studies, abdominal CT scans, and
exploratory laparotomy. Despite aggressive attempts at
identifying the septic focus, none was found. There were no
cases of pneumonia in this series. There were seven upper
Gl bleeds. Three marginal ulcers occurred, and one of these
patients had a UGI bleed from the ulcer. Three patients were
returned to the operating room due to evisceration. Of these,
one died of a pulmonary embolus following the second
operation. Patients with eviscerations were heavier than
those without them. One patient developed cholecystitis
requiring urgent cholecystectomy, and one patient had an

Table 2. OUTCOMES OF GASTRIC BYPASS SURGERY

Number With Number of Number of Weight of Patients Weight of Patients

Complication Men Women With Complications Without Complications
Death 14 (1.3) 7 (8.0 7(0.8) 409 * 2871 3332
Anastomotic leak 15(1.4) 8 (3.5)* 7(0.8) 334 =2 339 + 16
Sepsis 5(0.5) 2 (0.9 3(0.4) 411 = 371 334 £ 2
Pulmonary embolus 9(0.8) 3(1.3) 6 (0.7) 376 = 29 334 £ 2
Evisceration 3(0.3) 1(0.1) 2 (0.9 424 + 50t 334 =2
UGI bleed 7(0.8) 2 (0.9 5(0.6) 354 + 36 334 £ 2
Marginal ulcer 3(0.3) 1(0.4) 2(0.2) 328 =28 334 =2
Anastomotic stricture 1(0.1) 1(0.4) 0(0.0) 334 =2
Respiratory/renal failure 9(0.8) 5(2.2)* 4 (0.5) 406 * 44 334 =2
Bowel obstruction 10 (0.9 1(0.4) 9(1.1) 333 = 22 334 =2

* P < .05, men more likely than women, chi-square.
1 P < .05, patients with complication heavier than those without, t test.
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iatrogenic portal vein injury. One patient had an eviscera
tion and died at home a week later.

Thus, there were 64 major complications in 62 patients.
Fourteen complications preceded mortality. Although seri-
ous, 48 patients suffered complications that they survived.
Since all deaths were preceded by a complication, the ag-
gregate number of deaths and complications used for sta-
tistical analysis in this series was 62.

There was no statistically significant difference in the
anastomotic leak rate between patients receiving and not
receiving postoperative CPAP. There were two anastomotic
leaks that occurred in the 159 patients receiving postoper-
ative CPAP (1.3%). Among the 908 patients not receiving
postoperative CPAP there were 10 anastomotic leaks
(1.1%).

There were 71 revision operations in this series. Only six
of these patients experienced significant complications.
Three of these were anastomotic leaks, one patient devel-
oped sepsis without an identifiable source, and two devel-
oped bowel obstructions. Of the 62 patients with complica-
tions, 56 had primary and 6 had revision operations. The
total number of primary operations was 996, giving a com-
plication rate of 5.6%. Six of 71 revision cases had com-
plications, yielding a complication rate of 8.5%. There was
no statistically significant increase in complication rates in
the revision cases.

One hundred thirteen patients in this series were 55 years
of age or older. In this group there were six complications
(5.3%). Nine hundred fifty-four patients were less than 55
years old and had 56 complications (5.8%). Four of the 14
(29%) deaths occurred with patients aged greater than 55;
thus, the mortality for patients 55 years of age and greater
was 3.5%, and that for patientsless than 55 years of age was
1.1% (P < .05, chi-square). One of these four deaths oc-
curred in a478-1b 61-year-old patient who devel oped sepsis,
the source of which could never be identified. The second
patient was a 356-Ib 57-year-old with known cardiac dis-
ease and poor functional status who developed arrhythmias
postoperatively, then developed a Gl bleed and ultimately
hypotension with necrosis of her Roux limb, which culmi-
nated in her death from sepsis. The third was a 295-1b
58-year-old patient who died of sepsis following an anas-
tomotic leak. Thefinal patient was a 361-Ib 61-year-old man
who eviscerated, then devel oped a perforated colon and died
of sepsis and Gl bleeds.

Risk Factors Predicting Complications

Analysis of the preoperative risk factors revealed that
only weight and male gender were predictive for the devel-
opment of severe life-threatening complications (Tables 3
and 4). Neither age nor BMI was associated with a greater
number of severe life-threatening complications. Smoking
history, hypertension, osteoarthritis, diabetes, sleep apnea,
use of CPAP, and revision cases also did not correlate with
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Table 3. RISK FACTORS PREDICTING
COMPLICATIONS —CONTINUOUS

VARIABLES
No Complications Complications
(n = 1,005) (n = 62)
Age 422 0.3 43.8 =141
Weight 332 =2 356 = 11*
BMI 53.6 + 0.3 55.0 + 1.5
*P < .05, ttest.

the development of complications. Logistic regression re-
vealed an equation predictive of complications:

1

P= 1+ @ [(572" gender) +(0.00178" weigh) - 3.558]

where P = the probability of a complication developing,
0 = female gender, 1 = male gender, and the weight is in
pounds. Results of sensitivity analysis utilizing this equa-
tion are presented in Figure 1. Men have a higher probabil-
ity of developing complications for all weight ranges and
for both women and men there is a nonlinear increase in the
probability of having complications with increasing
weights, with the rate of increase rising more rapidly for
men than women.

Table 4. RISK FACTORS PREDICTING
COMPLICATIONS —DICHOTOMOUS

VARIABLES
No Complication Complication

(n = 1,005) (n =62)
Female gender 797 (79%) 0 (66%)
Male gender 208 (21%) (36%)*
No smoking history 845 (84%) 51 (82%)
Yes smoking history 160 (16%) 1(18%)
No hypertension 528 (53%) 8 (45%)
Yes hypertension 477 (48%) 34 (55%)
No osteoarthritis 296 (30%) 0 (32%)
Yes osteoarthritis 709 (71%) 42 (68%)
No diabetes 784 (78%) 43 (70%)
Yes diabetes 221 (22%) 9 (31%)
No sleep apnea 615 (61%) 32 (52%)
Yes sleep apnea 390 (39%) (48%)
No CPAP 856 (85%) 2 (84%)
Yes CPAP 149 (15%) (1 6%)
Not revision surgery 940 (94%) 56 (90%)
Yes revision surgery 65 (7%) 6 (10%)

* P < .05, chi-square.

All patients who died had a major complication preceding death. The percentages
in each cell represent the fraction of events relative to the total number of events
for that column.
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Probability of Developing Complications Following Gastric Bypass Surgery
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Figure 1. Sensitivity analysis of the effect of gender and weight on the
risk of adverse events for patients undergoing Roux-en-Y gastric by-
pass surgery. The probability of adverse events is represented on the
ordinate and weight on the axis of the graph. For a 200-Ib women, the
risk of developing complications is slightly less than 4% and rises to
12% at 900 Ib. The complication risk is higher for men at each weight
and rises more steeply for men compared to women as weight in-
creases. A 200-Ib man has a 6.5% risk of complications that increases
to 20% at 900 Ib.

DISCUSSION

This report is the largest reported single-institution gas-
tric bypass series prospectively examining risk factors
predictive for severe life-threatening postoperative com-
plications. Male gender and superobesity were the most
significant predictors of severe life-threatening compli-
cations following these operations. Although the morbid-
ity rate was the same in older and younger patients, those
over 55 years of age had a threefold-higher mortality rate
relative to younger patients, suggesting that younger pa
tients tolerate complications better than older ones. In con-
trast to most other series, the complication rate for revision
procedures was no greater than for primary operations.

Despite the high risk for pulmonary complications in
obese patients, there were no cases of postoperative pneu-
monia. The use of CPAP in our patients following surgery
apparently prevented respiratory complications without in-
ducing anastomotic complications. Use of positive pressure
ventilation for patients immediately following gastric anas-
tomosis has the potential complication of air insufflation of
the stomach, with consequent anastomotic disruption. Sleep
apnea was present in one third of female and nearly two
thirds of male patients in our series. Many patients were
CPAP-dependent, requiring it immediately postoperatively
to avoid hypoventilation. The anastomotic leak rate was the
same for patients who received or did not receive postop-
erative CPAP (1.3% vs. 1.1%). These anastomotic leak rates
are consistent with those reported in most other gastric
bypass series; however, in contrast to previous reports, we
did not have any cases of pneumonia.” This finding suggests
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that CPAP use protected patients from respiratory compli-
cations without resulting in anastomotic leakage.

Major complications following revision operations have
been more frequent than in primary gastric bypass proce-
dures in most reported series.®* Anastomotic leaks fol-
lowing revision procedures were reported in 8.3% of cases,
compared to 2.0% for primary operations, in an early series
of gastric bypass procedures.*® In 58 patients undergoing
conversion of vertical banded gastroplasty to gastric bypass,
Sugerman et a. reported several leaks, but 20 patients
developed anastomotic stricture or marginal ulceration.™®
Most of our revision surgeries were conversions of banded
gastroplasties to Roux-en-Y gastric bypass, similar to the
series reported by Sugerman et a. When performing revi-
sion gastric bypass for strictured banded or ring gastroplas-
ties with intact staple lines, we mobilize only the lesser
curve immediately adjacent to the strictured pouch outlet
and wedge the band with GIA staplers, performing a partial
gastric resection. We then anastomose the Roux-en-Y limb
to the anterior surface of the pouch, completely eliminating
dissection of the posterior pouch and greater curvature.

Conversion of patients with small bowel bypasses to
gastric bypass can have very high complication rates.**
When revising jejunoileal bypasses, we stage the proce-
dures. Because the bypassed small bowel limb is usualy
atrophic, the risk of anastomotic strictureis highiif it is used
for an anastomosis. We reverse the jejunojejunostomy at the
first operation, then perform the gastric bypass 6 to 12
months later when the bowel atrophy has resolved. The
major complication rate of 5.8% for revision operation is
identical to that reported in a series where most conversion
operations were to a gastric bypass.’®

Morbid obesity is commonly associated with a high risk
for the development of deep venous thrombosis and pulmo-
nary embolism. Venous stasis is frequent in obese individ-
uals. Additionally, obesity is associated with elevated
plasma lipids, which in turn can accelerate clotting mecha
nisms.’® Retrospective surgical series and autopsy studies
have suggested that obesity is an independent risk factor for
the development of pulmonary emboli.’” Results of |-
labeled fibrinogen experiments evaluating thrombus depo-
sition following surgery have shown conflicting results.
Some have demonstrated increases in obese patients,®
whereas others have not.® Joint replacements are associated
with a very high rate of deep venous thrombosis and pul-
monary embolus, but no increase in these complications
attributable to obesity has been found.?® Review of several
gastric bypass series revealed that the incidence of pulmo-
nary embolus is approximately 0.6% to 0.7%, frequencies
comparable to the 0.8% observed in our series.* Although
the incidence of pulmonary emboli is low, when they occur
they are often fatal: we found that two thirds of patients with
pulmonary emboli died. All our patients received venous
thrombosis prophylaxis consisting of both lower extremity
pulsatile stockings and subcutaneous heparin. We use both
methodol ogies because the stockings fit poorly on patients
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with very large legs. Since all patients received this pro-
phylactic regimen, we cannot determine its effect on pul-
monary embolism. However, because the outcomes for pul-
monary emboli are poor and the risks of prophylaxis
negligible, we advocate aggressive venous embol us prophy-
laxis for obese patients undergoing gastric bypass surgery.

Obesity has been identified as an independent risk factor
for the development of fascia dehiscence.® Despite the
massive tension placed on abdominal wounds in obese
patients, fascial dehiscence is uncommon: only 0.3% of
cases in our series experienced a dehiscence. The three
patients with this complication weighed 521, 398, and 352
Ib. Although these three patients were heavier on a statisti-
cal basis than those without the complication, this was due
to the 521-Ib patient skewing the data. No specific risk
factor could account for this complication. Fascial dehis-
cence with evisceration is uncommon in obesity surgery. A
randomized controlled trial of running versus interrupted
closure techniques confirmed that this complication is un-
common and that running closures are safe in this high-risk
group of patients.

There have been conflicting reports regarding the safety
of bariatric procedures in elderly patients.*%> For our se-
ries, univariate analysis failed to demonstrate age as an
independent risk factor predictive of adverse events. How-
ever, when mortality was categorized by groups of patients
aged above or below 55 years old, a significant pattern
emerged. The mortality rate for patients more than 55 years
old was 3.5% versus 1.1% (P < .05, chi-square analysis) for
those less than 55. Printen and Mason found a higher
mortality for older patients undergoing gastric bypass pro-
cedures.®* In their series of 503 patients, 36 were more than
50 years old. There was an 8% mortality in the older
patients compared to 2.8% for younger patients. Both
groups had a mortality double that of our series, most likely
reflecting overall better surgical results in the modern era
compared to 30 years ago, when that study was performed.
However, the threefold increase in mortality for older pa-
tients remains the same. Most likely, older patients are less
able to tolerate operative complications, resulting in higher
mortality rates superimposed on a similar incidence of
complications. Macgregor and Rand reported no increase
in mortality for aseries of 77 patients undergoing various
obesity operations including gastric bypass and gastro-
plasty.?®> The mean weight for these patients was 227 |b
for women and 268 Ib for men. They found no increase in
age-specific morbidity and mortality. The difference be-
tween these results and ours and Printen and Mason's
probably reflects a cohort of smaller patients, most of
whom underwent the less technically complex gastro-
plasty operation.

The major purpose of our study was to identify major,
life-threatening complications of gastric bypass. Our ulti-
mate goal was to identify controllable risk factors to facil-
itate identification of high-risk patients. We did not analyze
less than life-threatening complications. Minor complica
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tions are frequent in bariatric surgery: wound infections
occur in 15%,%° venous thrombosis in 2%, and incisional
herniasin 15% to 20%2’ of cases. Taken together, the major
and minor bariatric surgery complication rate is high for
elective surgery, mandating appropriate counseling for pro-
spective patients.

The National Bariatric Surgery Registry maintains a
database of voluntarily reported outcomes from numer-
ous centers performing obesity operations. Analysis of
5,178 bariatric operations revealed that larger men were
more likely to experience complications.?® This series
included a variety of operations; only 29% of them were
gastric bypasses, and none of the procedures analyzed
were revision cases. On average, men undergoing anti-
obesity operations were larger than women in the current
series and in the cases reported to the Registry. In con-
trast to Printen and Mason’s registry report, we did not
find an association between the patient’s age or BMI and
the development of postoperative complications. Al-
though the mortality was higher in our older patients, the
rate at which complications developed was unaffected by
age. Taken together, our data suggest that very large men
be counseled to lose weight before gastric bypass surgery
to minimize the risk of adverse outcomes. Alternative
procedures such as jejunoileal bypass may be considered
in these otherwise high-risk patients. Older patients have
a higher mortality than younger ones. Mortality for older
patients is within acceptable limits, but they should be
counseled regarding the higher risk relative to younger
patients.
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