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Abstract

Background A higher incidence of gastrojejunal (GJ) anasto-
motic strictures has been reported following laparoscopic gas-
tric bypass (LRYGB) with the 21 mm compared to 25 mm
circular stapler. We hypothesized that the rate of stricture for-
mation is affected by route of anvil insertion and its position
relative to the gastric pouch staple line [trans-gastric above
staple line (trans-gastric) vs. trans-oral through staple line
(trans-oral)] following LRYGB.

Methods Retrospective review of consecutive patients who
underwent LRYGB with circular stapled GJ studied in four
groups: trans-gastric-21 mm, trans-gastric-25 mm, trans-oral-
21 mm, and trans-oral-25 mm. Primary outcome studied was
GJ stricture; secondary outcomes were results with endoscop-
ic therapy and weight loss at 12 months. Predictors studied
were age, gender, body mass index (BMI), comorbidities, and
operative technical factors including anvil size and insertion
route. Regression analyses were performed to identify predic-
tors of GJ stricture.

Results Eight hundred seventy-six patients underwent
LRYGB. Seventy-six (8.7 %) developed a GJ stricture. The
highest stricture rate occurred in the trans-gastric-21 mm
group (17 %, p<.01 for all comparisons). Stricture rates were
similar for trans-gastric-25 mm (8.4 %), trans-oral-21 mm

P4 Guilherme M. Campos
gcampos@vcu.edu

Section of Foregut and Bariatric Surgery, Department of Surgery,
School of Medicine and Public Health, University of Wisconsin,
Madison, WI, USA

Division of Bariatric and Gastrointestinal Surgery, Department of
Surgery, Medical College of Virginia, Virginia Commonwealth
University, 1200 East Broad Street, PO Box 980519,

Richmond, VA 23298, USA

(5.2 %), and trans-oral-25 mm (1.6 %) groups. Independent
predictors of stricture were: trans-gastric-21 mm (OR 10.9,
95%CI 1.4-85.1; p=.022) and age (OR 0.97, 95%CI 0.95—
0.99; p=.002). Endoscopic dilation relieved symptoms in all
patients. There was no difference in %EWL at 12 months in
patients with and without a stricture.

Conclusions We conclude that the trans-oral-21 mm anvil is
associated with a low stricture rate. With the advantage of
smaller abdominal wall wound, trans-oral-21 mm may be
the preferred size and route of anvil insertion.

Keywords Laparoscopic gastric bypass - Gastric bypass -
Gastrojejunostomy - Circular stapler - Anvil - Anastomosis -
Stricture - Bariatric

Introduction

Laparoscopic Roux-en-Y gastric bypass is the most common-
ly performed bariatric procedure for the treatment of severe
obesity worldwide [1]. It provides for effective long-term
weight loss in most patients, improvement in quality of life,
resolution of obesity-related comorbidities, and reduction in
mortality [2, 3].

Gastrojejunal (GJ) anastomotic stricture is one of the com-
mon complications associated with LRYGB and it occurs in
about 8 % of the patients [4]. Since the introduction of the
laparoscopic technique in 1994 [5], a variety of surgical tech-
niques to construct the GJ anastomosis have been developed,
yielding different rates of stricture formation: from 3 to 8 %
with hand-sewn, 0 to 6 % with linear stapled, and 5 to 31 %
with circular stapled anastomoses [4—16]. Many series have
shown that the use of a 21-mm circular stapler is associated
with higher rates of stricture, and most surgeons prefer the use
of 25-mm circular staplers to avoid this complication [4—11].
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However, others have demonstrated low rates of GJ stricture
with the 21-mm staplers when the anvil is inserted orally [3]
and delivered through the staple line [5].

We hypothesized that the rate of stricture formation with
circular stapled gastrojejunostomy is independently affected
by the route of anvil insertion and its position relative to the
gastric pouch staple line [trans-gastric and above the staple
line (trans-gastric) vs. trans-oral and through the staple line
(trans-oral)] following LRYGB. Thus, the use of a trans-
oral-21 mm stapler may yield a similarly low incidence of
stricture as the 25-mm stapler. Our primary aim was to identify
patient and technical factors independently associated with GJ
stricture after LRYGB in circular stapled anastomosis. Our
secondary aims were to study the technical details and out-
comes after endoscopic therapy and excess weight loss (EWL)
at 12 months following LRYGB.

Materials and Methods
Study Design and Participants

We conducted a retrospective review of a prospectively main-
tained database and electronic medical records data (Epic, Ve-
rona, WI) of consecutive patients who underwent primary
LRYGB with circular stapled GJ between March 2003 and
August 2014 at the University of Wisconsin Hospital and
Clinics for the treatment of severe obesity. Patients were con-
sidered candidates for RYGB if they met NIH consensus
criteria for bariatric surgery [17]. LRYGB had been performed
at our institution since March of 2002. To decrease the effect of
the learning curve on the results, we elected to exclude all the
cases performed during the first year of the Bariatric Program
experience. Patients were categorized into four groups accord-
ing to the surgical technique used to construct the gastrojejunal
(GJ) anastomosis, specifically studying the route of anvil in-
sertion and its position relative to the gastric pouch staple line:
trans-gastric and above the staple line (trans-gastric) vs. trans-
oral and through the staple line (trans-oral) (Fig. 1) and stapler
size used (21 vs. 25 mm). The four groups were:

—  Trans-gastric-21 mm: trans-gastric anvil, introduced
above the gastric pouch staple line and 21 mm stapler size

—  Trans-gastric-25 mm: trans-gastric anvil, introduced
above the gastric pouch staple line and 25 mm stapler size

—  Trans-oral-21 mm: trans-oral anvil, introduced through
the gastric pouch staple line and 21 mm stapler size

—  Trans-oral-25 mm: trans-oral anvil, introduced through
the gastric pouch staple line and 25 mm stapler size

Stapler height was 3.5 mm in all cases. This study was

approved by the University of Wisconsin Institutional Review
Board number M-2009-1067.
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Baseline demographic data were recorded including age
(year), gender, body mass index (BMI), weight (kg), and pres-
ence of obesity-related comorbidities including hypertension
(HTN), type 2 diabetes (T2DM), obstructive sleep apnea
(OSA), and degenerative joint disease (DJD). Obesity-
related comorbidities were identified by reviewing all avail-
able notes from the bariatric surgeon, referring physician
notes, and the preoperative anesthesiology evaluation.

Our primary outcome was the occurrence of GJ stricture.
Secondary outcomes included time interval between LRY GB
and endoscopy, stricture size, number of endoscopic dilations
required, percentage of excess weight lost (%EWL), and per-
centage of total body weight lost (%TWL) achieved at
12 months following LRYGB. %EWL was calculated as:
(Preoperative weight minus Follow-up weight)/(Preoperative
weight minus ideal body weight) x 100. Ideal body weight was
calculated as the equivalent to a BMI of 25 kg/m”. %TWL
was calculated as: (Preoperative weight minus Follow-up
weight) / (Preoperative weight)x 100. Data were reported as
meanz+standard error of the mean (SEM) unless otherwise
indicated.

Surgical Techniques

All cases were done laparoscopically. A Roux limb of 100
or 150 cm was measured, and a stapled side-to-side
jejunojejunostomy was created. The mesenteric defect at the
jejunojejunostomy was routinely closed. The GJ anastomosis
was constructed using either 25 or 21 mm circular stapler with
two different anvil placement methods (trans-oral or trans-
gastric). The four different techniques were used at the discre-
tion of the attending surgeon. The trans-gastric-21 mm tech-
nique was used from March to December of 2003 and was
abandoned due to a perceived higher incidence of anastomotic
stricture. All other three techniques were used contemporane-
ously (Table 1). The trans-oral-21 mm group is a group of
consecutive patients done by one of the surgeons (GMC). A
lesser curvature based 5 cm gastric pouch was created either
before or after anvil’s placement according to the anvil route
used.

1. Trans-oral anvil placement (trans-oral)

In this technique, an anvil (OrVil™) is passed trans-orally
through a small gastrotomy in the already created stapled gas-
tric pouch (Fig. 1). The OrVil™ device is a pre-packaged
commercially available device which combines the anvil
head, secured in the tilted position, mounted on a 90-cm-
long polyvinyl chloride (PVC) delivery tube, and secured to
the tube with a suture. The PVC delivery tube is inserted
through the patient’s mouth, delivered through a small
gastrotomy in the horizontal gastric pouch staple line, and
pulled from the left lower quadrant port site to assist bringing
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Fig. 1 a Anvil placement
through the staple line with trans-
oral technique (trans-oral). b
Anvil placement above the staple
line with trans-gastric technique
(trans-gastric)

the anvil shaft into the gastric pouch. A critical step of the
procedure is passing the tilted anvil head attached to the de-
livery tube through the posterior pharynx into the esophagus.
We recommend that the anesthesiologist and an assistant are
present for this portion of the procedure. The anvil head
should be generously lubricated, and its convex side directed
and maintained towards the hard and soft palate. Once the
anvil enters the posterior pharynx, elevating the mandible,
similar to a jaw thrust maneuver, and briefly deflating the
balloon of the endotracheal tube facilitates the anvil passage
into the gastric pouch. Once the anvil shaft has been exterior-
ized through the staple line of the pouch, the suture that holds
it to the delivery tube is cut and the tube is disconnected from
the anvil while holding the anvil in place. The same oral anvil
placement technique was used for the 21-mm circular stapler
(trans-oral-21 mm) and the 25-mm circular stapler (trans-oral-
25 mm).

2. Trans-gastric anvil placement (trans-gastric)

The anvil of the EEA circular stapler is passed through a
trocar site in the abdominal wall and introduced into the stom-
ach lumen by a gastrotomy, then the shaft of the anvil is
exteriorized in the anterior gastric wall about 5 cm from the
gastroesophageal junction. The gastrotomy is then closed

using Endo-GIA stapler, and the gastric pouch is then con-
structed around the anvil using multiple firings of a linear
Endo-GIA stapler (Fig. 1). The same technique was used with
either a 21-mm (trans-gastric-21 mm) or 25-mm (trans-gas-
tric-25 mm) circular stapler.

After anvil placement, the alimentary limb is brought in an
antecolic antegastric fashion. A left lateral port site is enlarged,
and through this, the EEA is introduced to create a circular
stapled GJ. This is accomplished by inserting the EEA
through the cut end of the alimentary limb into the lumen
and connecting it with the anvil already placed in the gastric
pouch. After completing the anastomosis and removing the
EEA stapler through the abdominal wall, the residual defect
in the alimentary limb is closed with a linear staple load.

Symptoms, Diagnosis, and Management of GJ Strictures

GJ stricture was suspected in patients with dysphagia, post-
prandial vomiting, or epigastric abdominal pain. The diagno-
sis was confirmed by endoscopic inspection and if a standard
videoptic endoscope (10-mm diameter) could not pass
through the gastrojejunostomy. The endoscopic procedures
were performed by a gastroenterologist or one of the attending
surgeons in an outpatient endoscopy suite using a combination
of narcotic analgesic and sedative hypnotics for conscious

Table 1  Baseline clinical characteristics of the study population and 4 GJ groups

GJ groups All TRANS-GASTRIC- TRANS-GASTRIC- TRANS-ORAL-  TRANS-ORAL- P
patients 21 mm 25 mm 21 mm 25 mm value

N 876 100 655 53 62

Age (years) 46.9+04 44.1+1.1 473+0.5 46.6+£1.6 47.1£1.5 .093

Time of utilization of GJ technique 3/2003-12/2003 1/2004-8/2014 11/2011-8/2014 11/2009-6/2014

(range)

Gender (% Female) 80 % 83 % 80 % 90 % 65 % .005

BMI (kg/m2) 48.5+0.3 50.1+0.7 48.9+0.3 44.5+0.9 46.2+0.8 <.001

Type 2 dabetes (%) 35 % 26 % 35% 43 % 35 % 155

Hypertension (%) 55 % 58 % 58 % 35% 43 % .001

Sleep apnea (%) 39 % 32% 42 % 35 % 16 % <.001

Degenerative joint disease (%) 19 % 53 % 15 % 22 % 6 % <.001
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sedation. The patient was placed in the left lateral decubitus
position. Once a stricture was confirmed, sequential balloon
dilation was performed up to a maximum of 20 mm. Dilation
was routinely performed using a controlled radial expansion
(CRE) Wire guided Esophageal/Pyloric 180-cm dilator (Bos-
ton Scientific, Natick, MA) with three dilation diameters each
balloon passage. Dilations began with a 6-7-8 mm balloon,
followed in sequence by an 8-9—10 mm, 10-11-12 mm, 12—
13.5-15 mm, 15-16.5-18 mm, and an 18-19-20 mm balloon.
The initial triple dilation balloon used depended upon the
estimated diameter of the stoma. Pressures of inflation were
monitored using the Alliance II integrated inflation system
(Boston Scientific, Natick, MA). Inflation pressures were ad-
justed according to the manufacturer’s pre-stated recommen-
dations. After dilation, the endoscope was passed through the
stoma to confirm enlargement of the stoma, ensure adequate
hemostasis, and check for ulceration distal to the anastomosis.
Patients were routinely treated with proton pump inhibitors.
Patients were followed for clinical response and underwent
repeat endoscopy if symptoms did not improve.

Statistical Analyses

Univariate analysis was performed to study differences be-
tween the patients who developed a GJ stricture and those
who did not. Patient characteristics, operative and periopera-
tive data, and the unadjusted association between each vari-
able and the outcome were studied using Student’s T tests and
chi-square tests. One-way ANOVA or chi-square test was
used to compare the continuous and categorical variables be-
tween the four groups. Multivariate logistic regression with a
backward selection procedure was performed to assess the
joint effect of all potentially predictive variables and to define
those that were independently associated with the presence of
stricture following LRYGB. Variables included were age,
BMI, gender, T2DM, HTN, OSA, DJD, and surgical tech-
nique for GJ (group). Variables were analyzed in the multivar-
iate model to obtain the predictive effect of each, adjusted for
the presence of the other significant variables (adjusted odds
ratio). Statistical significance was considered to be P<.05.
SPSS, version 22 (SPSS Inc., Chicago, IL) was used for all
statistical analyses.

Results

Eight hundred seventy-six patients underwent LRYGB during
the study period. Table 1 shows the number of patients in each
of the four types of circular GJ studied and the time period of
utilization of each technique. There were differences in pa-
tients’ characteristics at baseline in between groups: trans-
oral-25 mm group had a greater proportion of male subjects
than all other groups, BMI was greater for trans-gastric-
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21 mm and trans-gastric-25 mm groups, and prevalence of
hypertension, sleep apnea, and degenerative joint diseases
was different between the four groups (Table 1).

Seventy-six patients (8.7 %) developed a GJ stricture
(Table 2). The highest stricture rate was for the trans-gastric-
21 mm group (17 %, p<0.03 for all comparisons). Stricture
rates were lower for trans-gastric-25 mm (8.4 %), trans-oral-
21 mm (5.2 %), and trans-oral-25 mm (1.6 %) groups. In
univariate analyses, patients that developed a stricture were
younger (42.8+1.1 vs. 47.3£0.4, p<.001). There were no
other differences in patient’s clinical characteristics between
patients with and without stricture.

Diagnosis of GJ stricture was made on average at 2+1.0
(range 0.7-5.2)months after surgery. Mean stricture diameter
was 8+0.4 mm. Endoscopic dilation relieved symptoms in all
patients who were found to have a stricture on endoscopy; an
average of 2+1 endoscopic dilations was required per patient,
and 50 % of patients required only 1 dilation.

In multivariate analyses, the independent predictors of
stricture identified were: trans-gastric-21 mm technique (OR
10.9, 95 % CI 1.4-85.1; p=.022) and age (OR 0.97, 95 % CI
0.95-0.99; p=.002).

Follow-up information at 12 months was available for
85.4 % of patients who had at least 1 year from LRYGB
(708 of 829 patients). %oEWL and %TWL at 12 months were
61.5+0.6 and 33.5+0.3, respectively. Yo0EWL was similar in
between groups, but %TWL was higher in the 21-mm trans-
gastric group compared to the others (Table 3). There was no
difference in % EWL or %TWL in patients with and without a
stricture (Table 4).

Discussion

In our series, the use of 21-mm circular anvil delivered trans-
orally and through the gastric pouch staple line for circular
stapled GJ during LRYGB yielded a low rate of stricture,
similar to the rate with the 25-mm anvil delivered either using
a trans-oral or trans-gastric, through or above the gastric
pouch staple line approach. The 21-mm circular anvil deliv-
ered using the trans-gastric approach and above the gastric
pouch staple line was associated with a significantly higher
stricture rate. This suggests that the location of the anvil de-
livery relative to the gastric pouch staple line has an indepen-
dent impact in GJ stricture rates.

The reported rates of stricture in the literature vary widely,
and many factors are thought to contribute to this variation,
including the very definition of stricture, the technique used to
construct the GJ anastomosis (hand-sewn vs linear vs. circular
stapled anastomosis), the diameter of circular stapler (21 vs.
25 mm), the route used for the alimentary limb (antecolic vs.
retrocolic), type of suture (absorbable vs. non-absorbable),
and surgeon’s experience. One important technical aspect
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Table 2 Stricture rates for the study population and 4 GJ groups

GJ groups All TRANS-GASTRIC-  TRANS-GASTRIC- TRANS-ORAL- TRANS-ORAL- P value
patients 21 mm 25 mm 21 mm 25 mm

N 876 100 655 53 62

Stricture N (%) 76 (8.7 %) 17 (17 %) 55 (8.4 %) 3 (5.2 %) 1 (1.6 %) .003

P value .002 .050 .349 -

vs. TRANS-ORAL-25 mm

P value .045 .614 - -

vs. TRANS-ORAL-21 mm

P value .008 - - -

vs. TRANS-GASTRIC-25 mm

Length of stay (days) 2.3+0.2 24402 23402 2.540.1 2.0+0.2 943

when using the circular stapled technique was reported in
2010 [3] when Suter et al. demonstrated a significant reduc-
tion of GJ anastomotic stricture with 21 mm circular stapler
when passing the anvil trans-orally and through the staple line
rather than through the posterior wall of the gastric pouch (0.8
vs. 5.9 %, p<0.0001). Table 5 shows the rates of GJ stricture
reported in selected series with different GJ anastomosis
techniques.

Circular stapled GJ technique is preferred by many sur-
geons given its reproducibility and ease of use, with the 25-
mm stapler diameter being most commonly used. This is due
to the higher incidence of stricture reported in the literature
with the use of 21 mm compared to 25 mm circular stapler.
Reported stricture rates are higher in many series comparing
21 to 25 mm staplers ranging from 6 to 27 % after 21 mm vs. 3
to 9 % for 25 mm [3-5, 7, 9, 15, 16]. However, almost uni-
formly, the higher stricture rate in these cases series is associ-
ated with the trans-gastric above the staple line introduction of
the 21 mm anvil and that the finding of a higher rate of

stricture formation reported with the 21 mm stapler in most
series [9, 15, 16] could be primarily due to the position of the
anvil relative to the gastric pouch staple line and not necessar-
ily related to the diameter of the stapler. Other complications
have been reported with each anvil introduction technique,
specifically pharyngeal and esophageal injuries with the
trans-oral route [18]. We did not have any pharyngeal or
esophageal injury in our series. In addition, our group’s rate
of superficial site infections (SSI) using the circular stapled
anastomosis was studied in a separate publication [19], and
SSI rates were found to be similar when comparing the trans-
oral versus the trans-gastric insertion routes.

The only independent technical factor associated with stric-
ture formation in our series was the use of 21 mm stapler with
the trans-gastric and above the gastric pouch staple line anvil
insertion method. We suggest that this technique leaves a rel-
atively ischemic area in the gastric pouch in between the cut
end of the gastric pouch and the GJ anastomosis when the
anvil is delivered above the gastric pouch staple line. This

Table 3  Percentage of excess weight loss (%EWL) and percentage of total body weight loss (%TWL) for the study population and 4 GJ groups

GJ groups All patients TRANS-GASTRIC- TRANS-GASTRIC- TRANS-ORAL- TRANS-ORAL-
21 mm 25 mm 21 mm 25 mm

N 829 100 626 36 62

N (%) of follow-up 708 (85.4 %) 85 (85 %) 541 (86.4 %) 30 (83.3 %) 52 (83.9 %)

1 year %EWL 61.5+£0.6 65.1+£1.7 61.5+£0.7 56.3+3.5 58.6+2.5

P value 119 .633 938 -

vs. TRANS-ORAL-25 mm

P value .066 .363 - -

vs. TRANS-ORAL-21 mm

P value 243 - - -

vs. TRANS-GASTRIC-25 mm

1 year %TWL 33.5+0.3 36.6+0.9 33.6+0.4 289+1.7 299+14

P value <.001 .026 948 -

vs. TRANS-ORAL-25 mm

P value <.001 .024 - -

vs. TRANS-ORAL-21 mm

P value .015 - - -

vs. TRANS-GASTRIC-25 mm

Data presented in this table is for patients who reached 1 year of follow-up at the end of the study
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gastroesophageal reflux disease were both independent pre-
dictors of GJ stricture [11]. The odds of developing a
GJ stricture decreased with increasing patient’s age.
Previous studies, however, did not find an association
in between patient’s characteristics and the occurrence
of GJ stricture [8, 15].

The association of stomal size with weight loss after
RYGB is not clear. Previous studies comparing the
21 mm with 25 mm circular staplers demonstrated no
difference in weight loss outcome with either technique
[7, 16, 20]. On the other hand, others have found that
anastomosis size correlates with postoperative weight
loss. Owens et al. found that weight loss was compro-
mised with the linear stapled anastomosis, which the
authors estimated to be slightly larger than that of a
25-mm circular stapled ones compared to the 21-mm
circular stapled anastomosis [21]. Weight loss outcome
was not influenced, in our series, by having a GJ stric-
ture, and subsequent dilations as patients with and with-
out stricture had similar %EWL at 1 year of follow-up.
However, %TWL was higher in the 21-mm trans-gastric
group compared to the others; this may be an effect of
the smaller gastrojejunostomy and/or that patients in that
group had higher baseline BMI.

Limitations of our study include its retrospective na-
ture, differences in baseline patients’ clinical character-
istics, and a possible effect of other unmeasured chang-
es in surgical technique over the years. However, and
importantly, the multivariate analysis methods do partly
accounted for the imbalances in baseline patient’s clini-
cal characteristics and outcomes. There was also a pos-
sible effect of learning curve associated with the trans-
gastric-21 mm group given that it represented the initial
portion experience of the institution with LRYGB. How-
ever, by excluding the first year of our experience dur-
ing which the trans-gastric-21 mm technique was uti-
lized, this effect might have been minimized. Important-
ly, all other three techniques were later used contempo-
raneously and the trans-oral-21 mm group represents a
consecutive group of patients done by one of the sur-
geons (GMC).

We conclude that the trans-oral-21 mm anvil is asso-
ciated with a low stricture rate, similar to the rate ob-
tained with trans-oral and trans-gastric 25 mm. With the
advantage of smaller abdominal wall wound, trans-oral-
21 mm may be the preferred size and route of anvil
insertion.
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