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Abstract
Background The Montpellier bariatric team has recently proposed some technical alternatives to decrease the rate of gastro-
esophageal reflux disease (GERD) after bariatric surgery and also to offer patients an alternative in case of contraindication to
Roux-en-Y gastric bypass (RYGBP): the Nissen-Sleeve (N-Sleeve).
Objectives We present here the results from a cohort of patients that underwent an operation with this newly designed anti-reflux
bariatric procedure N-Sleeve: Nissen valve added to a standard SG.
Methods Data from a prospective, observational, and monocentric cohort. All consecutive patients presenting to the bariatric
surgery department for a laparoscopic sleeve gastrectomy between 2016 and 2018 with GERD were included in the study. The
fundus was stapled with a margin from the valve, and the valve was created with tissue at a distance from the greater curvature so
as to avoid a double layer stapling of the stomach.
Results A total of 70 patients were included in the study. Ninety percent of the cohort presented with a hiatal hernia at the time of
surgery. No mortality was observed during the follow-up period. Concerning GERD, 76% of all patients had preoperative
esophageal syndromes, whereas 21% were asymptomatic with associated esophagitis. Grade A–C esophagitis was present in
99% of the cohort, but no Barrett’s esophagus was present. Fifty-six (80%) patients used PPIs regularly. At 1 year of follow-up,
one patient was still symptomatic.
Conclusions Comparative trials remain necessary between N-Sleeve and standard bariatric procedures to refine the specific
indications of each of them and determine the eventual role of the N-Sleeve.
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Introduction

Laparoscopic sleeve gastrectomy (SG) has become one of the
most popular bariatric procedures in the world [1–4]. In
France, more than 27,500 SGs were performed in 2014 [5].
This operation consists in removing 70 to 80% of the stomach,
sparing the lesser curvature along with the pylorus. Several
factors have contributed to its increasing popularity including
minimal changes in gastrointestinal anatomy, short operative
time, and excellent efficacy in weight reduction [3, 4]. Its
standard configuration and simplicity are perhaps the main
reasons for its worldwide success along with the long-term
weight loss and the absence of significant nutritional deficien-
cies; reproducibility thus induces popularity.

Additionally, obese patients have a higher risk of develop-
ing reflux symptoms compared to the general population.
Long-term complications after SG such as gastroesophageal
reflux disease (GERD) and weight regain are probably under-
evaluated. Currently, for the surgical management of morbidly
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obese patients presenting with GERD or hiatal hernia, Roux-
en-Y gastric bypass (RYGB) is the gold standard procedure
[6–8]. But it is recognized that GERD can also occur after
RYGB [5]. The Montpellier bariatric team has recently pro-
posed some technical alternatives [9] in order to decrease the
rate of GERD after bariatric surgery and also to offer patients
an alternative in case of contraindication to RYGBP (e.g., if
regular endoscopic monitoring is required, lifelong treatment)
[10–13]. We here present the results from a cohort of patients
operated at the Andalous Clinic in Casablanca, Morocco, with
this newly designed anti-reflux bariatric procedure (Nissen
valve added to a standard SG).

Material and Methods

Data from a prospective, observational, and monocentric co-
hort was collected at the Andalous Clinic in Casablanca
(Morocco) by one of the authors. All consecutive patients that
presented at the bariatric surgery department for a laparoscop-
ic sleeve gastrectomy between 2016 and 2018 with GERD
were included in the study.

GERD was defined by the symptoms or complications that
develop due to the reflux of gastric content, according to the
Montreal’s definition [14]. The patients included were expect-
ed to regularly use proton pump inhibitors (PPIs). Previous
bariatric procedures were contraindications for this new ap-
proach. The staff surgeon has been performing sleeve gastrec-
tomy since 2007 with an experience of over 1500 cases.
Therefore, no learning curve for a standard SG was expected
to impact the results of our study. All the patients were indi-
vidually informed about the experimental purpose of this new
technique, and they signed an informed consent form.

Surgical Technique (Fig. 1)

All operations were performed under general anesthesia and
by laparoscopic approach using the French technique (the sur-
geon standing between the patient’s legs). Each procedure
required 5 ports. Pneumoperitoneumwas induced by inserting
a Veress needle into the left hypochondrium and maintained at
a pressure of 12 mmHg. The first step of the N-Sleeve tech-
nique was the dissection and reduction of a hiatal hernia if
present. An extension of at least 5 cm of abdominal esophagus
was achieved, and all the anterior and the posterior esophageal
hiatal space was cleared. Then the greater curvature of the
stomach was dissected from the short gastric vessels and
gastro colic ligament as long as 6 cm from the pylorus using
an impedance coagulator Ultracision® (Ethicon Endo-sur-
gery, Johnson-Johnson Inc. 2010, USA). A careful dissection
was performed at the level of the gastric fundus, in order to
keep an appropriate distance from the gastric wall and to avoid
any possible thermal injury to this important part, which

would be used for the creation of the valve. The valve remains
vascularized as in the standard Nisse technique. The hiatal
orifice was closed by 2 or 3 nonabsorbable sutures of
Ethibond® 2.0 suture (Johnson-Johnson Inc., USA), and a
37F calibration tube was introduced to the stomach. A short
Nissen valve of 2–3 cm was created using Ethibond® 3.0
suture (Johnson-Johnson Inc., USA). This valve is created
with the purpose of diminishing the reflux. A fixation suture
was passed between the valve and the right pillar. Dissection
of the rest of the greater curvature continued until 6 cm from
the pylorus. A laparoscopic linear stapler was introduced into
the peritoneal cavity and was positioned so that it divided the
stomach parallel to the calibration tube along the lesser curva-
ture. The instrument was fired and reloaded, and the procedure
was repeated. A maximum of 8 cartridges were used to staple
the antrum, the body, and the fundus of the stomach. The
fundus was stapled leaving a margin from the valve, and the
valve was created using tissue at a distance from the greater
curvature so as to avoid a double layer stapling of the stomach.
For patients who presented with a high risk of bleeding (hy-
pertension, need for high anticoagulation treatment), a
buttressing material Seamguard (W.L. Gore & Associates,
Flastaff, AZ) was used. The final aspect is an appropriate
Nissen valve combined with a sleeved stomach (Fig. 1).

All patients received perioperative deep vein thrombosis
prophylaxis using low molecular weight heparin and intermit-
tent pneumatic leg compression during the operation. Patients
were allowed to drink on postoperative day 1, and PPIs were
stopped after surgery. Patients were regularly followed up at 1,
6, and 12 months after discharge. Recorded characteristics
included age, gender, weight, height, body mass index
(BMI), comorbidities, and ASA classification; these are sum-
marized in Table 1.

GERD symptoms, complications, and treatments were
evaluated through the consultation that was applied before
and at the end of the first year of follow-up. GERD was con-
sidered under control according to compound criteria of
symptoms relief without PPI and absence of esophagitis at
the 1-year follow-up upper endoscopy.

Operative time, length of stay, complications, and reopera-
tion data were also collected. Weight loss over the first year
was measured using changes in BMI, excess weight loss (with
the calculation of ideal body weight based on a BMI of 25 kg/
m2) and total body weight loss. Demographic and clinical
data, complications, and reoperations were recorded prospec-
tively using a standardized database. [15]

Results

A total of 70 patients were included in the study. The study
cohort comprised a majority of females (80%) with a mean
age of 42 years and a mean BMI of 40 kg/m2. Major
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comorbidities were sleep apnea, arthrosis, and high blood
pressure with no ASA III patients. Ninety percent of the co-
hort presented with a hiatal hernia at the time of surgery. No
mortality was observed during the follow-up period.

However, three major complications were detected. One
conversion to an open surgery was needed intra-operatively
due to an uncontrolled bleeding with no postoperative adverse
events (Table 2). One patient presented with a late stenosis and
was readmitted for endoscopic dilatation. A third patient de-
veloped a generalized peritonitis secondary to a gastric fistula
on postoperative day 7, treated by a peritoneal lavage of the
abdominal cavity. An upper endoscopy was performed with
evidence of a fistula on the gastric longitudinal staple line and
a distal gastric tube stenosis. A double pigtail was implanted.
At 3months, the fistula persisted, and a conversion to a RYGB
was performed on a new gastric pouch after the resection of
the valve, the gastric tube, and the fistula. The postoperative
period was uneventful, and the follow-up revealed no abnor-
malities including GERD [16].

Concerning GERD, 76% of all patients had preoperative
esophageal syndromes, whereas 21% were asymptomatic

with associated esophagitis. Grade A–C esophagitis was pres-
ent in 99% of the cohort, but no Barrett’s esophagus was
present. Fifty-six (80%) patients used PPIs regularly.

At 1 year of follow-up, one patient was still symptomatic
(1%). There were persistent cases of esophagitis but in reduced
proportions (Table 3), and 5 (7%) patients were still regularly
using PPIs. Weight loss results are presented in Table 4.

Discussion

GERD is the main mechanism underlying the transformation
of the esophageal squamous mucosa into metaplastic colum-
nar mucosa [17], a predominant factor in the physiopathology
of gastroesophageal junction cancer. Indeed, the incidence rate
of malignant transformation of BE has been evaluated at be-
tween 0.6 and 0.7% per year in two large meta-analyses [18,
19]. In addition to the functional impairment it implies, the
malignant potential of GERD emphasizes the importance of
this medical condition.

The association between obesity and GERD is well known,
and obese patients have an increased risk of developing reflux
symptoms compared to the general population [19, 20].
Moreover, GERD is present in the vast majority of patients
seeking a bariatric procedure [21]. Developing the most

Table 2 Complications after N-Sleeve

Characteristics N-Sleeve (n = 70)

Operative time (min) mean ± SD [range] 62 ± 17 [30–120]

Hospital stay (days) mean [range] 2 [2–3]

Bleeding n (%) 1 (1%)

Fistula n (%) 1 (1%)

Stenosis n (%) 2 (3%)

Conversion n (%) 1 (1%)

30 days readmissions n (%) 2 (3%)

Mortality n (%) 0

N-Sleeve Nissen-Sleeve

Fig. 1 Technical aspects of
Nissen-Sleeve (from PMID:
27234340)

Table 1 Characteristics of population

Characteristics N-Sleeve (n = 70)

Age mean ± SD [range] 42 ± 13 [17–70]

Female (%)/male (%) 56 (80%)/14 (20%)

Height (cm) mean ± SD [range] 165 ± 7 [150–182]

Preoperative weight (kg) mean ± SD [range] 109 ± 14 [90–153]

Preoperative BMI (kg/m2) mean ± SD [range] 40 ± 5 [35–60]

Sleep apnea n (%) 61 (87%)

Arthrosis n (%) 50 (71%)

Diabetes mellitus II n (%) 31 (44%)

Hypertension n (%) 37 (53%)

Dyslipidemia n (%) 36 (51%)

Metabolic syndrome n (%) 32 (46%)

ASA I/II n (%) 56 (80%)/14 (20%)

Hiatal hernia n (%) 63 (90%)
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appropriate surgical procedure to simultaneously address
these two issues is thus of primary importance. While it has
been argued that SG might decrease GERD because of the
reduction in intra-abdominal pressure, gastric acid production,
gastric volume, and increased gastric emptying [22, 23], it
now seems evident from the literature that the true weakness
of this procedure is the long-term occurrence of GERD [24].
Genco et al. first published alarming systematic endoscopy
results of 17.2% of 110 patients with Barrett’s esophagus after
SG at a median follow-up of 58 months [25]. Sebastianelli
et al. reported a 76%prevalence ofGERDsymptoms at 5 years
follow-up after SG in a cohort of ninety patients [26]. Many
mechanisms have been claimed to be responsible for the in-
creased rate of GERD observed after SG, such as the disrup-
tion of anatomical anti-reflux mechanisms after surgery, de-
creased gastric compliance, increased intragastric pressure,
localized stricture, or angulation of the gastric tube at the junc-
tion between the body and the antrum of the stomach,
the gastric twist, the final shape of the sleeve (funnel
shape), the persistence of a significant part of the gas-
tric fundus, and the presence of a hiatal hernia. It
should be highlighted that this association between SG
and GERD is under intense debate, but recent studies
point toward a strong correlation in the long term.

An alternative and more consensual approach is the
realization of a RYGB [6–8] in the setting of GERD as-
sociated to morbid obesity. Indeed, the latter works as an
anti-reflux procedure because the Roux-en-Y loop anato-
my avoids bile reflux, and the small, gastric pouch based
in the lesser curvature that excludes the acid-secreting
gastric fundus limits the production of hydrochloric acid
that may come in contact with the esophagus.

There is currently no consensus on the treatment of obesity
associated with GERD. SG in this setting is put into question
with a tendency toward contraindication. The RYGB is the
recommended procedure but is losing popularity due to the
technicity it requires, slowing its generalization in the com-
mon setting. Thus, there is a room for improvement.

The N-Sleeve proposes a technical change to the standard
SG, which attempts to preserve the ease and reproducibility of
this procedure. Reflux control in our series was obtained after
surgery. The rate of symptom control rose to 99% at 1 year
post operation, which is quite a promising result considering
that the operative time and hospital stay were not increased.
However, there were cases of persistent esophagitis but in
reduced proportions and persistent use of PPI (7%) at 1 year
of follow-up. One patient presented with preoperative bleed-
ing which was successfully managed by being converted to
open and another upper staple line fistula which was managed
using delayed conversion to RYGB [16], and two patients
presented with delayed stenosis treated by endoscopic dilata-
tion. There was no mortality. The early series fromMontpelier
experienced an increased rate of leak that was not evidenced in
our series (1%). Indeed, the series of Pr Nocca’s team allowed
us to be very selective on our indications.

Furthermore, in our series, excess weight loss was 69 ±
20% which can be paralleled to the weight loss results of a
standard SG. Indeed, leaving a small part of gastric fundus
including the esophagus could eventually compromise the
bariatric effect of this technique, but the results of this cohort
seem to contradict this theory, at least at the 1-year follow-up.

The hormonal mechanism is not yet clear. The decrease in
ghrelin levels after RYGB is also significant, suggesting that it
is not necessarily the resection of the pouch that will lead to
the decrease in ghrelin. The fundus left for the valve is very
small and especially not functional (like the RYGB).
Moreover, there is also a minor secretion of ghrelin in the
antro-pyloric region.

Other bariatric teams tackled the combined issue of GERD
and morbid obesity via different approaches; some new modifi-
cations have been proposed to the standard SG such as a Collis-
Nissen procedure by Silva [11] or a cardiopexy with ligamentum
teres [13] with promising results. The rationale of the N-Sleeve

Table 3 GERD esophageal
symptoms before and after
surgery

Characteristics Preoperative (n = 70) Postoperative (n = 70)

GERD esophageal symptoms n (%) 53 (76%) 1 (1%)

Asymptomatic GERD n (%) 15 (21%) 1 (1%)

Extraesophageal GERD n (%) 5 (7%) 4 (6%)

Esophagitis A/B/C/D n (%) 26 (37%)/31 (44%)/12 (17%)/1 (1%) 7 (10%)/11 (16%)/3 (4%)/0

Barrett’s esophagus n (%) 0 0

+ ph metria n (%) 12 (17%) 3 (4%)

PPI use n (%) 56 (80%) 5 (7%)

GERD gastroesophageal reflux disease

Table 4 Weight loss results

Characteristics N-Sleeve (n = 70)

TWL (%) mean ± SD [range] 25 ± 8 [9–72]

EWL (%) mean ± SD [range] 69 ± 20 [17–137]

BMI change (kg/m2) mean ± SD [range] − 9,9 ± 2,6 [(− 4)–(− 19)]
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procedure resides in the combination of the two most popular
and common procedures addressing both GERD and obesity,
thus preserving their simplicity and reproducibility.

In our study, GERD was defined by the symptoms or com-
plications that develop due to the reflux of gastric content, ac-
cording to the Montreal’s definition. However, EGD is not a
sensitive marker for pathologic GERD. Grade A and B esopha-
gitis can often be seen in the setting of normal GERD. There is
also a portion of the population that will suffer from hypersensi-
tivity or functional heartburn that will not have true reflux, in the
absence of any objective evaluation for GERD – pH impedance,
24-h pH catheter test, or Bravo pH tests.

If results of N-Sleeve with longer follow-up and larger
number of patients remain as good as those presented in this
series and in Nocca et al. [9], N-Sleeve could become a new
standard in treating morbid obesity with the onset of GERD.
There is thus an urgent need to evaluate this procedure in a
randomized controlled trial; the question of the control group
remains: Should we consider RYGB the standard procedure?

Finally, our preliminary results stop us from drawing any
conclusion on the efficacy of N-Sleeve on GERD. The only
affirmation possible is that N-Sleeve is feasible in morbidly
obese patients that present with GERD with a safety that is
comparable to current bariatric procedures. These primary re-
sults of 1 year showed that there was no difference in terms of
EWL results when compared to standard SG. However, a year
is too short a period of time, even to establish GERD control
rate, as GERD onset could occur later on [27]. Besides, long-
term results, at least at 5 years, are very important to monitor
potential fundus dilation to understand how effective the pro-
cedure is on weight loss in the long term when part of the
fundus is left in place.

Conclusion

Comparative trials remain necessary between N-Sleeve and
standard bariatric procedures (SG and RYGB) to refine the
specific indications of each of them and determine the even-
tual place of N-Sleeve.
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