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Abstract

Background Gastric sleeve stenosis (GSS) occurs in up to 4% of patients after laparoscopic sleeve gastrectomy (LSG). Typi-
cal symptoms include reflux, abdominal pain, dysphagia, and regurgitation. Serial pneumatic balloon dilation (PBD) is a
successful treatment in many cases obviating the need for revisional surgery, but the potential for weight regain is unknown.
The aim of the current study was to assess weight trends following serial pneumatic dilation for GSS.

Methods Retrospective analysis of a prospectively maintained database of patients undergoing serial PBD for GSS at one
institution. Primary outcome was change in BMI before and after serial PBD. Secondary outcomes included complication
rates and need for revisional surgery. Sub-group analyses were performed to determine the relationship of patient and pro-
cedural factors to BMI after PBD.

Results Forty-four patients met inclusion criteria, 34 (84.1%) women. Mean age was 46.7 (SD 11.9). Mean pre-sleeve BMI
was 47.8 (SD 9.2), and mean BMI prior to first dilation was 34.2 (SD 6.8). Median follow-up was 395 days (range 48-571).
Mean BMI at time of last follow up was 33.7 (SD 6.7). There was no statistical difference in BMI pre- or post-PBD (p 0.980).
The lowest 10th and highest 90th BMI percentile trended toward a higher and lower BMI after PBD, respectively, though
not significant.

Discussion As the prevalence of sleeve gastrectomy continues to rise, an increasing number of patients will require treatment
for GSS. Stenosis is effectively treated with serial PBD in most patients without any impact on weight gain, making this an
effective and appealing option for many patients.

Keywords Sleeve gastrectomy - Sleeve stenosis - Endoscopy - Pneumatic balloon dilation - Bariatric surgery - Weight
regain

Key Points Introduction
- Gastric sleeve stenosis (GSS) following sleeve gastrectomy

most commonly at the incisura and has an increasing prevalence The vertical sleeve gastrectomy has been increasing in pop-
- Patients frequently present with abdominal pain, nausea/

vomiting, dysphagia, or reflux ularity since the 1980s, when it was initially reported as
- Endoscopic pneumatic balloon dilation is emerging as a first-line a first-stage operation for a biliopancreatic diversion with
therapy for GSS that may prevent the need for revisional surgery, duodenal switch (BPD-DS) [1, 2]. The weight loss outcomes
but data on weight change is lacking .
. . . were so successful, and the side effect profile so reasonable,
- Here, we demonstrate that there is no significant change in body . . . :
mass index (BMI) before and after dilation that many patients did not continue with the second stage
after sleeve gastrectomy alone [3]. With the advent of lapa-
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Despite the favorable side effect profile, the sleeve has
potential complications. The most serious of these are
staple-line leak, which occurs in 1-3% of patients [7],
and sleeve stenosis, occurring in 0.5-3.5% [8—11]. Gas-
tric sleeve stenosis (GSS) occurs due to a narrowing of
the tubularized stomach, most commonly at the incisura,
from edema or ischemia in the early postoperative period,
or from torsion, kinking, or scarring along the staple line
[12]. Patients frequently present with abdominal pain, nau-
sea/vomiting, dysphagia, or reflux.

While considerable data exists regarding treatment of
gastric sleeve leak, optimal treatment of stenosis after
sleeve gastrectomy is less well established [11]. The
definitive treatment for severe or refractory stenosis after
sleeve gastrectomy is surgical revision with conversion
to Roux-en-Y gastric bypass. Endoscopic dilation is now
emerging as a first-line therapy for GSS that may prevent
the need for revisional surgery. Several case series have
been published demonstrating the safety and efficacy of
endoscopic dilation for GSS in cohorts of between 10 and
33 patients. Symptom resolution occurs in 44-100% of
patients, with low or zero reported complications [8, 10,
11, 13-18].

While the safety and efficacy of endoscopic pneumatic
balloon dilation (PBD) for GSS have been demonstrated,
none of these reports includes data on weight change follow-
ing either successful or unsuccessful endoscopic manage-
ment. The loss of restriction due to a larger sleeve stomach
has been proposed as a mechanism of weight regain fol-
lowing sleeve gastrectomy [19], and revisional sleeve gas-
trectomy to narrow a dilated sleeve can result in improved
weight loss [20]. The impact on weight of PBD in the setting
of sleeve stenosis is unknown. The objective of this study is
to analyze changes in weight after endoscopic treatment for
gastric sleeve stenosis.

Materials and Methods
Patient Population

We performed a retrospective analysis of a prospectively
maintained database at a single tertiary care center. Included
patients were referred to a trained bariatric endoscopist for
suspected GSS and underwent diagnostic endoscopy with
through-the-scope (TTS) balloon dilation followed by PBD.
Inclusion criteria included prior sleeve gastrectomy, suspi-
cion on symptoms or imaging of sleeve stenosis, age > 18,
confirmation of the stenosis by endoscopy, and treatment
with balloon dilations. Patients with concurrent sleeve leaks
were excluded from the analysis. The study was approved by
the Institutional Review Board.

Endoscopic Protocol

A single bariatric endoscopist performed all the included
endoscopic procedures. This protocol has been previ-
ously described [21]. A diagnostic upper endoscopy was
performed to confirm the diagnosis of GSS and obtain
standard upper gastrointestinal landmarks. Severity of
stenosis was assessed at the time of endoscopy using pre-
viously described features such as luminal diameter and
distensibility characteristics and pooling of bilious fluid
[22]. Once stenosis was confirmed, patients were treated
with balloon dilation using a 20-mm hydrostatic balloon
(Cook Medical, Bloomington, IN) at the level of the gas-
tric stenosis followed by successive PBD (Boston Scien-
tific, Marlborough, MA). Serial dilations were performed
with through-the scope balloon dilation followed by PBD
occurred every 2—4 weeks with increasing balloon sizes
(30 mm, 35 mm, 40 mm) and/or filling pressure (maximum
pressure per square inch [PSI] of 20) until resolution of
symptoms was achieved or patient was referred for surgi-
cal revision. Care was taken to avoid the pylorus and gas-
troesophageal junction. Surgical referral was performed in
patients who did not respond to serial endoscopic dilation.

Outcomes

Primary outcome was change in body mass index (BMI)
from the initial balloon dilation to time of last follow-up.
Secondary outcomes included complication rates and need
for revisional surgery. Descriptive statistics were assessed
as counts (%) means and standard deviations. Paired Stu-
dent’s #-test was used to compare pre-dilation BMI and
current BMI. We performed sub-group analyses to deter-
mine the relationship of patient and procedural factors to
BMI after dilation. These included the following: strati-
fication by stenosis severity, comparison of TTS versus
PBD, pre-dilation BMI below the 10th percentile or higher
than the 90th percentile, and those requiring supplemental
nutrition. All statistical analyses were performed using
StataMP v14.1.412 (StataCorp LLC, College Station, TX).

Results

Patient Demographics

Patient demographics are summarized in Table 1. A total
of 44 patients met inclusion criteria. The mean age of

the cohort was 46.7 (+x11.2 SD). Women represented
84.1% of the patients and 90.9% underwent laparoscopic
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Table 1 Baseline patient characteristics

Patient
characteristic
(n=44)
Age (yrs) (mean+SD) 46.7 (11.6)
Female (n, %) 37 (84.1)
Laparoscopic (n, %) 40 (90.9)

Duration of follow-up (days)(median, IQR) 395 (48-571)

Severity of stenosis (N, %)

Mild 13 (29.5)
Moderate 16 (36.4)
Severe 15 (34.1)

sleeve gastrectomy. Patients were followed for a median
of 395 days (interquartile range [IQR] 48—-571). Severity
of stenosis varied with 13 (29.5%) patients with mild ste-
nosis, 16 (36.4%) with moderate stenosis, and 15 (34.1%)
with severe stenosis.

Treatment Outcomes

Treatment outcomes are shown in Table 2. Patients under-
went a mean of 2.4 (+1.3) dilations. Two patients (4.5%)
had complications, both of which were lacerations that
were treated endoscopically. Thirty-nine patients (88.6%)
had resolution of symptoms following serial PBD, and five
patients (11.4%) ultimately underwent surgical revision for
incomplete or lack of response.

Weight Trends

Weight trends are presented on Fig. 1. Mean pre-sleeve BMI
was 47.8 (9.2 SD) and mean nadir BMI was 30.3 (5.1
SD). The mean pre-dilation BMI was 33.8 (+6.9 SD) and
the mean BMI at time of last follow-up was 33.7 (£ 6.7 SD).
There was no statistical difference in BMI pre- or post-dila-
tion (p=0.95).

Table 2 Treatment outcomes

Patient

outcomes

(n=44)
Number of dilations (mean + SD) 2.4 (1.3)
Conversion to roux-en-y gastric bypass (n, %) 5(11.4%)
Complications 2 (4.5%)
Pre-operative BMI (mean + SD) 47.8 (9.2)
Nadir BMI (kg/m?) (mean + SD) 30.3 (5.1)
Pre-dilation BMI (kg/rnz) (mean + SD) 33.8 (6.9)
BMI at time of last follow-up (kg/m?) (mean + SD) 33.7 (6.7)
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Fig. 1 Box plot of BMI (kg/m?) throughout the treatment time course

Subgroup Analyses

When stratified by stenosis severity, there was no significant
difference in pre-dilation BMI and BMI at last follow-up in
either the mild, moderate, or severe subgroups (Table 3).
Similarly, for patients who received only TTS dilation or
only PBD dilation, there was no difference in pre- or post-
dilation BMI. While there was a trend for patients who
were in the lowest 10th percentile to have higher BMI after
dilation and for those in the highest 90th percentile to have
lower BMI after dilation, this was not statistically signifi-
cant. Finally, there was no difference in BMI before and
after dilation in patients who required enteral or parenteral
nutrition.

Discussion

While the safety and efficacy of endoscopic pneumatic bal-
loon dilation for stenosis after sleeve gastrectomy has been
demonstrated, data on weight change is lacking. There are
two main findings in this study. First, this is the first study to
examine weight outcomes after endoscopic dilation for GSS.
In our cohort, there is no significant change in BMI before
and after dilation. Additionally, we performed sub-group
analyses to look at changes in BMI stratified by stenosis
severity, type of dilation, and pre-operative BMI. There were
no significant differences in any of the sub-groups.

GSS is the most common serious complication after
LSG, impacting up to 4% of patients [§—11]. As the popu-
larity of the LSG continues to increase, a growing popu-
lation of patients will face this challenge [6]. GSS can
result from an anatomical stricture or twisting of the gas-
tric lumen resulting in functional obstruction most com-
monly at the level of the gastric mid-body or incisura. The
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Table.3 Subgroup anal.yse.s of Pre-dilation BMI BMI at last follow-up P-value
pre-dilation and post-dilation (mean + SD) (mean + SD)
BMI
Severity
Mild 33.4(5.8) 32.8(54) 0.32
Moderate 36.5 (7.6) 35.6 (8.4) 0.60
Severe 31.5(7.0) 33 (6.2 0.11
Type of dilation
TTS dilation only (n=4) 29.5 (6.5) 33.0(7.2) 0.18
PBD only (n=6) 33.4(4.8) 34.2 (6.9) 0.65
BMI extremes
<10% (BMI< =24.85) (n=4) 21.8 (1.6) 24 (1.6) 0.10
>90% (BMI= >44.62) 46.3 (1.4) 41.2 (8.6) 0.30
Need for enteral/parenteral (n=11) 32.1(8.8) 31.4 (7.3) 0.74

presentation often varies depending on the severity of the
obstruction and may include symptoms such as reflux, dys-
phagia, nausea, vomiting, regurgitation, and/or inability
to tolerate oral nutrition. Risk factors for GSS are mainly
related to surgical technique and include bougie size, tis-
sue edema or ischemia which may progress into fibrotic
scarring, gastric adhesions, imbrication of the staple-line,
sharp angulations of the stapler, or progressive rotation of
the staple line [8, 23].

The work-up commonly entails an upper gastrointestinal
series (UGIS) and upper endoscopy; however, there is cur-
rently no clear definition of GSS in the current literature.
Studies have demonstrated a significant treatment delay and
increased healthcare utilization in patients with symptoms
due to GSS, likely due to a delay in the diagnosis [24]. Our
group has sought to determine objective quantitative crite-
ria for making the diagnosis and to establish an algorithm
for the work-up of this condition. While UGIS is generally
recommended as part of the evaluation, we have shown that
it has a low sensitivity and low negative predictive value
in making the diagnosis and predicting response to treat-
ment when compared to endoscopic findings [21]. However,
endoscopic evaluation may also be misleading, especially to
the less experience endoscopist, due to easy passage of the
endoscope into the distal antrum, as well as the fact that air
insufflation may relieve gastric torsion [14]. We have also
evaluated alternative measurement strategies such as endolu-
minal functional impedance planimetry (EndoFLIP), which
provides objective measurement of gastric lumen diameter
and distensibility [25]. Our group demonstrated that End-
oFLIP may be a useful tool to characterize GSS and predict
response to pneumatic dilation [25]. Furthermore, other
quantifiable endoscopic criteria, such as ratio between the
narrowest and widest gastric lumen diameters, and the pres-
ence of pooling of bilious fluid, have also been investigated
and may further help confirm the diagnosis [22]. Given
these current limitations, an upper endoscopy performed by

a trained bariatric endoscopist could expedite the diagnosis
and management of GSS.

After establishing the diagnosis, various approaches to
management of GSS have been described in the literature.
In a recent systematic review, clinical success of endoscopic
therapy (82%) was found to be superior to surgical treatment
(75%) and medical management (58%), while carrying fewer
adverse events compared with surgery (4.7% vs. 15%) [26].
Among endoscopic modalities, pneumatic dilation appears
to have the best clinical efficacy, and has emerged as first-
line therapy for GSS. Hydrostatic balloon dilation has dem-
onstrated lower efficacy but is commonly performed prior to
pneumatic dilation as was done in this study to minimize the
risk of perforation (Reviewer #2, Comment #1). For refrac-
tory cases, placement of self-expandable metallic stent has
shown to have high success rates. Ultimately, conversion
to Roux-en-Y is the preferred modality as a rescue surgery.

While numerous studies have demonstrated the safety
and efficacy of endoscopic dilation for treatment of GSS [8,
10, 11, 27], efficacy is balanced against weight outcomes
for many patients. There is a fear that dilation can result
in a larger sleeve stomach, loss of restriction, and poten-
tial weight gain. This fear is supported by studies showing
weight loss after revisional narrowing of a dilated stomach
[20, 28, 29], but currently there is no good data to help coun-
sel patients on expected changes in weight after dilation.

There are limitations to these findings. First, this is a
small, single-center case series. The endoscopic dilations
were performed by a single endoscopist. The sub-group
analyses must be interpreted within the confines of the sam-
ple size. However, the existing literature in this field is also
in the form of case series, and this represents one of the larg-
est reports of endoscopic treatments of GSS to date.

While further study is certainly warranted, this is the
first study to show that weight regain does not occur after
endoscopic dilation for GSS. This finding can help counsel
patients on options for GSS and likely outcomes.
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Conclusion

Endoscopic dilation for GSS is safe and effective in most
patients, and in this cohort has no impact on weight gain.
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