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Predictors of Complication and Suboptimal Weight
Loss After Laparoscopic Roux-en-Y Gastric Bypass

A Series of 188 Patients

Richard A. Perugini, MD; Robin Mason, MS, NP; Donald R. Czerniach, MD; Yuri W. Novitsky, MD;
Stephen Baker, MScPH; Demetrius E. M. Litwin, MD; John . Kelly, MD

Hypothesis: An analysis of patients undergoing laparo-
scopic Roux-en-Y gastric bypass (RYGB) may identify fac-
tors predictive of complication and of suboptimal weight
loss.

Design: Inception cohort.
Setting: Metropolitan university hospital.

Patients: One hundred eighty-eight consecutive pa-
tients with severe obesity who met National Institutes of
Health consensus guidelines for bariatric surgery.

Interventions: Laparoscopic RYGB.

Main Oullcome Measvres: Complications requiring
therapeutic intervention and percentage of excess hody
weight lost at 1 year after surgery.

Results: Of the 188 patients who underwent laparo-
scopic RYGB, 50 (26.6%) developed complications that
required an invasive therapeutic intervention, includ-
ing 2 deaths. The average follow-up was 351 days (range,

89-1019 days). Multivariate analysis by stepwise logis-
tic regression identified surgeon experience, sleep ap-
nea (P=.003; odds ratio, 3.0; 95% confidence interval,
1.3-7.1), and hypertensicn (P=.07; odds ratio, 2.0; 95%
confidence interval, 1.0-4.0) as predictors of complica-
tions. The most common complication requiring thera-
peutic intervention was stricture at the gastrojejunal anas-
tomosis, occurring in 27 patients (14.4%). Of the 115
patients who underwent surgery mere than 1 year pre-
viously, 1-year follow-up data were available for 93 (81%).
The body mass index (weight in kilograms divided by
the square of height in meters) decreased from 5328 pre-
operatively to 35«6 at 1 year. The mean=SD percentage
of excess body weight lost at 1 year was 61%= 14%. Dia-
betes mellitus was negatively correlated with percent-
age of excess body weight lost at 1 year (P=.06).

Conclusions: Surgeon experience, sleep apnea, and hy-
pertension are associated with complications after lap-
aroscopic RYGB. Diabetes mellitus may be associated with
poorer postoperative weight loss.
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BESITY 1S a major health

problem in the United

States, estimated to ac-

count for approximately

280000 deaths per year.!

Obesity, which is associated with mul-

tiple life-threatening comorbidities, is de-

fined as a body mass index (BMI; calcu-

lated as weight in kilograms divided by the

square of height in meters) greater than 40.

Surgical intervention has been proven to be

the most effective therapeutic option for the

morbidly obese patient. Of the most com-

monly offered surgical procedures, Roux-

en-Y gastric bypass (RYGB) appears to of-
fer the best long-term results. >

In an effort to decrease both postop-

erative length of stay and the complica-

tion rate associated with RYGB, the pro-

cedure has been adapted for a minimally

invasive approach.*® Since the introduc-
tion of laparoscopic RYGB, there has been

+ a rapid increase in the volume of bariat-

ric surgery. Several large series have been
reported, with weight loss as well as im-
provements in comorbidities similar to
those seen with earlier reports of open gas-
tric bypass.”'? We present data on our ini-
tial series of patients who underwent lap-
aroscopic RYGB, with nmultivariate analyses
to identily factors predictive of complica-
tion and of inadequate weight loss.

— T ——

This is a case series from a tertary care aca-
demic hospital in a metropolitan setting. In-
formation on all patients who underwent bari-
atric surgery from July 21, 1999, to January 30,
2002, were entered into a database. Data in-
cluded sex, age, weight, BMI, comorbidities,
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length of operation, postoperative length of stay, complica-
tions, readmissions, and weight recorded in follow-up visits.
All patients qualified for surgery under published National In-
stitutes of Health consensus guidelines for treatment of the mor-
bidly obese patient,” including evaluation and approval by a
multidisciplinary team. Patients’ charts were reviewed with their
permission. This was in accordance with the institutional re-
view board at the University of Massachusetts Medical School,
Worcester-

All complications were categorized according to the Cla-
vien et al scale.'? Ideal hody weight, as determined by the Met-
ropotitan Life Insurance tables, was used to calculate excess body
weight (EBW). Follow-up data regarding weight loss were re-
corded as percentage of EBW lost at various points postopera-
tively, Multivariate statistical analyses were performed to iden-
tify factors associated with complications that required invasive
therapeutic intervention (Clavien et al category 2b and 2hove)
or with percentage of EBW lost at 1 year postoperatively.

Associations between each independent variable and
each dichotomous outcome were evaluated by simple logistic
regression and likelihood ratio tests. When multiple factors
were found to be significantly associated with a dichotomons
outcome, stepwise multiple logistic regression was used to de-
velop a multivariate model using the likelihood ratio testas a
stepping metric and the significance of the impravement in
the model as a stopping rule. For the continucus outconie
{percentage of EBW lost), the univariate associations with
continuous independent variables were evalnated by the

Spearman rank correlation coefficient, and for the dichoto-
mous independent variables by the t test. Multivariate models
were developed for the continuous outcomes by means of
multiple linear regressions.

The technique for constructing an RYGB is a modifica-

tion of that described by Lonroth et al.® Whereas they de--

scribed an antecolic loop gastrojejunostomy with an omega loop
enteroanastomosis, we transect the loop to fashion an ante-
colic Roux-en-Y gastrojejunostomy, Enoxaparin sodium and
cefazolin sodium are routinely administered for prophylaxis.

The phrenicogastric peritoneal reflection is divided and
the gastric fundus is mobilized. Ata point approximately 3 cm
from the esophagogastric junction on the lesser curvature, 2
retrogastric plane is developed by means of blunt dissection and
hoek eautery until the lesser sac is entered. With the ultra-
sonic dissector, a very small anterior gastrotomy is made on
what is to become the stomach pouch. A larger anterior gas-
trotomny is made on what is to become the remnant stomach,
and a 25-mm end-to-end anastomosis (EEA) anvil is inserted
into the abdomen via the left upper quadrant port; this re-
quires dilation of the port site. The port is replaced with a bal-
loon-tip trocar to prevent air leakage, The anvil is then passed
through the remnant stomach gastrotomy so that the spike ex-
its the stomach pouch through the gastrotomy. The gastro-
tomy on the remnant stomach is closed with a gastrointestinal
anastomosis stapler {(EndoGIA; US Surgical, Norwalk, Conn).
The stomach is transected sequentially from the lesser curve to
the angle of His with multiple fires of the gastrointestinal anas-
tomosis stapler reinforced with bovine pericardinm strips (Car-
dio-Medical, Rockaway, NJ), completing the pouch. The distal
edge of omentum is divided with the ultrasonic dissector up
over transverse colon to the greater curve of the stomach. A
loop of jejunum 20 ta 30 cin distal to the ligament of Treitz is
identified and a 50% circumference transverse enterotomy is
made with the ultrasonic dissector. 4 25 EEA stapler (US Sur-
gical) is brought in through the left upper quadrant port site
and into the small bowel enterotomy, entering proximal bowel
and advancing distally away from the ligament of Treitz. The
loop is swung up to the gastric pouch, the anvil and the stapler
are docked together, and the stapler is fired. The stapler is re-
moved through the left upper quadrant port. The small-bowel
enterotomy used for stapler entry is resected after the Roux 1imb
and the biliary limb ends are stapled off, truncating the loop
gastrojejunostomy. The Roux limb is marched distally approxi-
mately 120 cm. A side-to-side jejunojejunostomy is created at
this point with a gastrointestinal anastomosis stapler. The en-
terotomy is closed transversely with a gastrointestinal anasto-
mosis stapler. Silk stitches proximal and distal to the anasto-
mosis are placed to prevent torsion at the anastomosis. The
mesenteric defect is closed with 2-0 silk suture, A drain is left
alongside the gastrojejunostomy.

— T

Tabkle 1 and Table 2 include demographics and pe-
rioperative data, respectively, on the 188 patients who
underwent laparoscopic RYGB. The mean age of the pa-
tients was 44 years, and most of the patients were {e-
male (83.5%). The average BMI in this series was 52; the
average patient would be considered superobese. The av-
erage time in the operating reom was 163 minutes and
was not corrected for any additional procedures per-
formed. In addition, this series documented our learn-
ing curve, and operative times decreased as experience
was gained (Figure 1). The average operating time for
the last 50 cases was 140+ 28 minutes.
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Figure 1. Operative times required to perferm laparoscopic Roux-en-Y
gastric bypass. A trend toward Jower aperative times is apparent. Times are
not adjusted for procedures perfermed n addition to laparoscopic
Roux-en-Y gastric bypass.

In 3 patients, open laparotomy was performed. In
2 cases the procedure was converted to open laparo-
tomy, and 1 case was planned open. One of the conver-

sions was due o splenic hemorrhage. The second pa-

tient had had a previous attempt at RYGB that was aborted.
When she underwent reexploration for laparoscopic
RYGB, a gastrotomy was made inadvertently hecause this
plane had been obliterated by previous dissection. Fi-
nally, 1 case was planned open because of a large inci-
sional hernta, which was repaired at the time of surgery.
The mean postoperative length of stay was 3.8 days.

The most common postoperative complication re-
quiring invasive therapeutic intervention was stenosis at
the gastrojejunal anastomosis, occurring in 14.4% of all
patients (Table 3). This accounts for more than half of
all of the complications listed. The complications with
the next highest frequency, staple line hemorrhage and
bowel cbhstruction due to adhesions, each occurred in only
3.2% of all patients. Of particular note, leak from the gas-
trojejunal anastomosis was relatively rare (1.6%).

The univariate analysis identified experience, hy-
pertension, and sleep apnea as being predictive of com-
plication (Table 4). The most important factor after mul-
tivariate analysis was experience. A significant decrease
in the complication rate was recognized only after 120
procedures had been performed (Table 5). Sleep ap-
nea and hypertension also appeared to be independent
predictors of complications, with odds ratios of 3.0 and
2.0, respectively.

Weight loss at the time of most recent follow-up is
included in Figure 2. We analyzed the outcomes with
respect to weight loss at 1 year after surgery. Twenty-
two (19%) of the 115 patients who had surgery more than
1 year ago were lost to follow-up. In the remaining 93
patients, weight decreased from a mean£SD of 148+30 kg
to 100221 kg. The BMI in these patients decreased from
5318 to 35+6. The mean+SD percentage of EBW lost
was 61%+ 14%. The only variable inversely correlated with
percentage of EBW lost at 1 year was a preoperative di-
agnosis of diabetes mellitus (P=.06; Table 6). When pa-
tients were stratified according to whether or not diabe-
tes was present, no other factor was significantly correlated
with weight loss.

BEEE  COVMENT __ p

This series carroborates several others in demonstrat-
ing that a laparoscopic approach to RYGB is feasible, even

. Table 3. Complications Requiring
. Invasive Therapeutic Intervention
. Rate in
Previous Studies, %
Preseni Siudy rH wa Sch D M. -
———— Higa Schaver DeMaria
Gomalication No. Rale,% étal® etal &tal?
- Gienosis at gastrofejunal 27 144 525 47 6.6
anastomosis
Staple line hemarrhage 6 3.2
Bowel obsiruction due 6 3.2
. toadhesions ’
- Upper Gl hemorrhags, 4 21
. postoperative '
- Roux fimb obstructlon at 3 16
jejuncjejunostomy
G teak ' 3 1.6 0 0.72 43
- Nausea 2 14
" Infested hematoma 2 11
“|ricarcerated harnia 1 05
: OR bigeding 1 0.5
- . splengciomy
- Bile leak :
- Gastrogastric fistula
.. G00/bezoar ‘
- Wound jnfection - o
;. Gastiic-perforation ™. .71 0 L
- “Left upper quadarit pajn,. - 108 R
. unspecified - ) L
Mortality LA

Abbreviations: Gl, gastrointestinal; GJ, gastrojejunostomy; GO0, gastric
outlet obstruction; OR, operating room.

*Gomplications oceurred in 25.5% of patients. Some patients had more
than 1 complication.

_ Diabetes mellitus
‘Hypertensior - "
Ostéoarthritis

. Expétience -

Abbreviations: BMI, body mass index {calculated as weight in kilograms
dividad by the square of height in meters); GERD, pastreesophageal reflex
disease.

in superobese patients. Furthermore, results with re-
gard to weight loss appear to be similar to those re-
ported in the open literature. Laparoscopic gastric by-
pass should be accepted as at least the equivalent of open
gastric bypass as a bariatric procedure. The percentage
of patients who require open RYGB, whether planned or
as a result of intraoperative complication, is quite low
(1.1%-3.0%).
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Figure 2. Percentage of excess body weight (EBW) lost at most recent
follow-up visit for all patients in this series.

Ahbreviations: BMI, body mass index (calculaied as weight in kilograms
divided by the square of height in meters); EBW, excess body weight; GERD,
gastroesophiageal reflux disease.

Patients who undergo laparoscopic or open RYGB
can have adverse outcomes in 2 different respects. First,
the surgery may be associated with several complica-
tions, some of which may be life threatening. Indeed,
Pories et al'® reported an early complication rate of
25.5% and a mortality rate of 1.5% in a series of open
gastric bypasses. Second, some patients experience sub-
optimal weight loss after gastric bypass. Wittgrove and
Clark® noted that 15% to 22% of patients will have lost

less than 50% of excess body weight by 36 to 54 months
postoperatively.®

An analysis of the complications in this series has
1o be tempered by the increased incidence of gastroje-
junostomy stricture. This occurred in 14.4% of cases.
This rate should be contrasted to the 4.7% to 6.6% re-
ported by Schauer et al,” Higa et al.’ and DeMaria et al.”®
It is possible that the factors we identified as predictive
of complication {experience, sleep apnea, and hyper-
tension) may be specific for the complication of gas-
trojejunal stenosis.

A possible explanation for the high rate of gastroje-
junal stricture, as compared with the other series men-
tiened, is that whereas we bring the Roux jejunal limb
anterior to the transverse colomn, the other groups noted
tunnel the Roux limb in a retrocolic fashion. Another pos-
sible explanation involves the use of a circular stapler to
create the anastomosis. Although our stricture rate was
17% for the first 100 cases, it decreased to less than 4%
for the next 100 cases, with no change in our operative
technique. Therefore, any theory about the cause of gas-
trojejunal strictures that we can formulate by compar-
ing this series with others would be flawed, as it would

not explain the drop in our stricture rate. Gastrojejunal

strictures may be one of the indicators for learning curve.
Experience may cause subtle improvements that sur-
geons are not able to identify except for objective de-
creases in morbidity.

The most significant factor associated with compli-
cations requiring invasive intervention was surgeon ex-
perience. In this series, all the operations were per-
formed by one surgeon (J.J.K.), irained in advanced
laparoscopic surgery. The complication rate did not de-
crease until after 120 cases. This {inding is similar to re-
ports by Schauer et al'* and Oliak et al”® suggesting that
the complication rate does not decrease until after 100
cases. Laparoscopic RYGB is a challenging procedure,
demanding a long learning curve. In addition to sur-
geon experience, hypertension and sleep apnea also
were independent predictors of complication. Te our
knowledge, this is the first series that has implicated ei-
ther as factors associated with complications after lap-
aroscopic RYGB,

With follow-up data available for 81% of all pa-
tients more than 1 year after surgery, the mean+5D per-
centage of EBW lost was 61%214%. Values of 69%,
69% 22%, and 70%=+5% were reported by Higa et al
Schauer et al,” and DeMaria et al,'® respectively. The only
factor inversely correlated with percentage of EBW lost
1 year postoperatively in this series was a preoperative
diagnosis of diabetes mellitus or impaired glucose toler-
ance (P=.06, 1 test). This should not discourage sur-
geons from performing bariatric procedures on diabetic
patients. Indeed, Pories’ group'*'® demonstrated that one
of the greatest health benefits of gastric bypass in se-
verely obese patients is the ability to cure diabetes. More
than 80% of obese diabetic patients hecome euglycemic
after gastric bypass. More importantly, this translates into
a significantly reduced mortality for obese diabetic pa-
tients who undergo gastric bypass compared with con-
trol obese diabetic patients {1.0% per year vs 4.5% per
year). Weight loss in and of itself is too simplistic 2 mea-
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sure of success for bartatric surgery programs; other out-
comes to be considered are improvement in quality of
life, reselution of comorbidities, and, ultimately, im-
provement in life expectancy. A valid criticism of this
analysis is that we did not quantify degree of insulin re-
sistance. We simply characterized as “diabetic” all pa-
tients who were previously diagnosed as diabetic, whether
they required medication or their condition was con-
trolled by diet.

Thirty-six patients (19.1%} had a preoperative BMI
greater than 60. We found no objective reason to con-
sider excessive BMI or weight a contraindication to lap-
aroscopic approach to RYGB. The most difficult cases
involved patients with central obesity and a large left lat-
eral hepatic lobe; these cases occurred across all BMI
categories.

Previous upper abdominal surgery also adds to the
degree of difficulty in performing a laparoscopic RYGB.
This should not be considered a contraindication to the
laparoscopic approach. Four of the patients included in
this series had undergone previous open vertical banded
gastroplasties. In all cases, we were able to convert to
RYGB laparoscopically. Three of these patients had un-
eventful postoperative courses. One patient had a gas-
trogastric fistula requiring reoperation.

In summary, this series confirms that a program in
laparoscopic RYGB can be sticcessful in an academic
medical center. The procedures were performed in an ac-
ceptable length of time (163 minutes). Patients with rou-
tine courses were discharged in 3 days. Complications
that required invasive therapeutic intervention occurred
in 25.5% of patients. The most significant predictor of
complication was surgeon experience, with the rate of
complication decreasing after treatment of 120 patients.
A preoperative diagnosis of hypertension or of sleep ap-
nea was also associated with postoperative complica-
tions. Postoperative weight loss was comparable with
that seen in a series of open RYGB (61%= 14% of EBW at
1 year postoperatively). Diabetes mellitus may be in-
versely correlated with percentage of EBW loss at 1 year
postoperatively.

Accepted for publication Junuary 12, 2003.
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manuscript.
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Padiath Aslam, MD, Augusta, Me: After doing several hun-
dred open cases and starting to do laparoscopic, T cannot agree
with you more that the surgeon experience is a good predictor
of complication. 1 agree also after doing 50 retrocalic and about
125 antecolic, antecolic will have less complications because
of the fewer number of steps involved. Also the visibility is bet-
ter laparoscopically that way. I would suggest that the stric-
ture rate in the initial cases when doing antecolic might be due
to the tension and also to the fact that with the EEA intralu-
minal stapler, you crush a lot of tissues when you have ten-
sion. | would suggest doing it with a linear stapler. The stric-
ture rate, even though still present, will be less. One of the silver

linings about the complication rate, if it is a nonfatal comph--

cation, is that patients are happier because the restriction—
{or example, if there is a stricture, weight loss is better and pa-
tients are happier [laughter].

Jeffrey Cohen, MD, Hartford, Conn: 1want 10 congratu-
late Dr Perugini and his coanthors on a very impressive study,
especially with the learning curve {or laparoscopy, which we
are all interested in {or various procedures. What I was won-
dering about, working at the other end of the Gl tract, the EEA-25
stapler we find creates signiflicant strictures in the lower intes-
tinal tract and 1 am wondering, speculating that maybe that is
responsible for the striciure formation that you sawat 14% and
whether it is necessary to use such a small aperture for the over-
all success of the patients.

Lastly, could you comment on what you do to maintain
the success of the body weight? What is the support system a
year out that you have for these patients?

David Butsch, MD, Barre, Vt: 1certainly compliment the
authors on a wonderful paper, but 1 cannot help butask the
question, when you see all these patients inyour office and have
thermn on your operating table, especially the 650-pounder, do
you ever have any other ideas at the end of surgery that might
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help these people? In a serious way 1 would like to ask that ques-
tion. Thank you.

Dr Perugini: 1 would like to address the idea of the stric-
ture rate at the proximal anastomaosis. This has been troubling
us for some time and we thought we had some answers—
again, antecolic vs retrocolic, maybe EEA stapler vs linear
staplers—but the fact that this complication has basically dis-
appeared in our practice really leaves us at & loss as to why
this was happening. We have not changed our technique
whatsoever. We are still using a 25-EEA stapler. We are possi-
bly getting subtly better with doing our proximal dissection
around the gastric pouch, maybe maintaining some more
bloed supply, but I do not have a good idea. 1 do not know
that anything that has been addressed, advanced today,
really——we have thought about it all and it has not helped us
understand it better.

in rerms of support systems postoperatively, the patients
are seen by the surgeon on a routine postoperative schedule at
2 weeks, 6 weeks, 6 months, 1 year, and every year thereafter.
They are also seen by the nutritionist on a scheduled hasis too.

1{ either the surgeon or the nutritionist identifies any issues,
they are quickly referred back to either nutrition, behavioral
medicine, whatever other suppert system it takes Lo help with
their postoperative outcome. A lot of this has to do with how
compliant the patient is.

Finally, a good point that was brought up was antecolic
vs retrocolic. Most of the series that 1 was talking about are
switching to an antecolic approach for other reascns as was men-
tioned. The initial surgery is much easier. The reexplorations
are much easier also, as the Roux limb is right in front, basi-
cally the first thing 1o be seen on exploring the abdomen.

Finally, how to get better quicker? 1 am someone who has
gone through a laparoscopic fellowship program, so luckily dur-
ing my training I have had the privilege of doinga good 80 cases.

1 am hopeful that my learning curve is going to be much short- -

ened because of that. T dc not have any other helpful tips other
than a lot of practice. The learning curve of 120 patients has
pretty much been verified by both Schauer and by Ballantine
in Hackensack, who noted that their complication rate did not
decrease until after 100 cases.
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