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Abstract
Purpose To compare sleeve gastrectomy (SG) to SG associated with Rossetti fundoplication (SG + RF) in terms of de novo 
gastro-esophageal reflux disease (GERD) after surgery, weight loss, and postoperative complications.
Materials and methods Patients affected by morbid obesity, without symptoms of GERD, who were never in therapy with 
proton pump inhibitors (PPIs), were randomized into two groups. One group underwent SG and the other SG + RF. The 
study was stopped on February 2020 due to the COVID pandemic.
Results A total of 278 patients of the programmed number of 404 patients were enrolled (68.8%). De novo esophagitis was 
considered in those patients who had both pre- and postoperative gastroscopy (97/278, 34.9%). Two hundred fifty-one patients 
(90.3%) had completed clinical follow-up at 12 months. SG + RF resulted in an adequate weight loss, similar to classic SG at 
12-month follow-up (%TWL = 35. 4 ± 7.2%) with a significantly better outcome in terms of GERD development. One year 
after surgery, PPIs were necessary in 4.3% SG + RF patients compared to 17.1% SG patients (p = 0.001). Esophagitis was 
present in 2.0% of SG + RF patients versus 23.4% SG patients (p = 0.002). The main complication after SG + RF was wrap 
perforation (4.3%), which improved with the surgeon’s learning curve.
Conclusion SG + RF seemed to be an effective alternative to classic SG in preventing de novo GERD. More studies are needed 
to establish that an adequate learning curve decreases the higher percentage of short-term complications in the SG + RF group.
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Introduction

Sleeve gastrectomy (SG) is the most performed bariatric 
intervention in the world [1]. A recent systematic review 
and meta-analysis reported an increase of 19% of gastro-
esophageal reflux disease (GERD) after SG and a 23% rate 

of new onset GERD, with erosive esophagitis (EE) in 30% of 
patients, and Barrett’s esophagus (BE) in 6% [2]. The use of 
proton pump inhibitors (PPIs) increased in 38% of patients. 
Other authors pointed out a development of EE after SG in 
15.5 to 66.7% of patients [3–9].

The cause of an increase in GERD after SG may be related 
to alimentary behavior and surgery itself. Changes in the anat-
omy of the esophago-gastric (EG) junction area, dissection of 
the angle of His and potential damage to the sling fibers [10], 
increased intragastric pressure [7] reduced compliance [11], 
and eventual vagus nerve damage [12] are all factors that may 
alter the physiological anti-reflux systems [2].

On the other hand, some authors reported an improve-
ment of GERD after SG, explained by weight loss, which 
reduces the gastro-esophageal pressure, and by decreased 
acid production due to the reduced volume of the stomach 
[13, 14].

Key points  
• Adding Rossetti fundoplication to sleeve reduces development 
of de novo GERD.
• Patients undergoing sleeve + Rossetti fundoplication had an 
adequate weight loss.
•Sleeve + Rossetti fundoplication is safe after an adequate learning 
curve.
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We began performing a combined SG + Rossetti anti-
reflux fundoplication (RF) to improve both obesity and 
GERD [15] in our center in 2015. Sleeve associated with 
fundoplication has been described by other authors with 
some variations, mostly regarding the type of fundoplica-
tion [16–21]. In previous manuscripts, we described the 
feasibility and the efficacy of SG + RF [22, 23].

The purpose of this study was to compare the outcomes 
of standard SG and SG + RF, in patients without preopera-
tive GERD, evaluated in terms of de novo GERD after 
surgery, weight loss, and postoperative complications.

Materials and methods

Study design

The study was designed as a monocentric, two-arm (1:1), 
randomized, controlled clinical trial. All the surgical 
procedures were performed in a high-volume bariatric 
surgery center (Policlinico San Marco, GSD, Zingonia 
(BG), Italy), from May 2017 to February 2020. Patients 
were randomized, and data were collected in a prospec-
tively held database and analyzed by another autono-
mous Research Center (Research Centre on Public Health 
(CESP) of the University of Milan-Bicocca, Monza (MB), 
Italy). The study was approved by the Ethics Commit-
tee and was conducted according to the Declaration of 
Helsinki.

Inclusion criteria were morbid obesity suitable for sur-
gery according to the Italian Bariatric Society lines [24]; 
no preoperative typical or atypical reflux symptoms; no 
preoperative therapy with PPIs; and no esophagitis at the 
esophago-gastro-duodenoscopy (EGDS) when it was per-
formed before surgery. The original protocol followed the 
2016 Italian guidelines for bariatric surgery [24]; hence, 
the need for EGDS was assessed by clinical judgment. 
During the course of the study, we decided to perform 
EGDS preoperatively in all patients because it could add 
more objective information about GERD.

Exclusion criteria were clinical dysphagia; previous 
surgery for obesity or procedures on the EG junction; and 
any contraindication to laparoscopic surgery.

Eligible subjects were randomly assigned to one of 
the two arms according to the randomization code that 
was generated at CESP. In the experimental arm, patients 
underwent SG + RF. In the control arm, patients under-
went standard SG.

Considering COVID-19 pandemic status, Italian Bari-
atric Society recommended performing only emergent and 
urgent surgery [25]. Therefore, in agreement with the stat-
istician, the study was stopped in January 2020.

Surgical technique

Standard SG and SG + RF techniques were largely described 
in previous manuscripts [15, 22, 23]. In both interventions, 
four trocars were used: 10 mm left sub-costal (optic view), 
5 mm epigastric (liver retraction), 5 mm right hypochon-
drium (left hand), and 15 mm mesogastrium (right hand). 
The dissection of the gastro-colic ligament began at 3–4 cm 
from the pylorus and reached the left diaphragmatic pillar. 
At this point, the two interventions differed. In the patients 
undergoing SG + RF, the phreno-esophageal membrane was 
dissected. A minimal opening of the posterior crura was 
made to allow the retro-esophageal passage of the fundus. A 
1.5–2 cm long, floppy, 360° fundoplication was created over 
a 38Fr oro-gastric boogie, with two interrupted, non-absorb-
able, extracorporeal Roeder knots. No sutures on the esopha-
gus were performed. After the formation of the fundopli-
cation, the two procedures were continued and concluded 
in the same way. The stomach was sectioned over a 38Fr 
oro-gastric boogie with a linear articulable stapler (Trista-
ple Signia™ stapling system, Medtronic, Dublin, Ireland). 
The choice of the type of cartridge depended on the tissue 
thickness, as usual. The main difference between the two 
interventions was the fact that at the level of the fundopli-
cation, a black cartridge was used. An indocyanine green 
(ICG) test was performed at the end of the SG + RF interven-
tion, to check the correct vascularization of the wrap, using 
 IMAGE1 S™ RUBINA™ system (KARL STORZ SE & CO. 
KG, Tuttlingen, Germany).

Postoperative management and follow‑up

On postoperative day two, an upper gastro-intestinal (UGI) 
series with oral water-soluble contrast was performed. If 
negative, the patient started a liquid diet on the same day. If 
there were any signs of leakage after the UGI series, a com-
puted tomography (CT) scan with oral water-soluble contrast 
was performed. If the postoperative course was regular, the 
patient was discharged on the third or fourth postoperative 
day. Patients had clinical follow-up at 1, 3, 6, and 12 months 
after surgery; some patients who had preoperative EGDS 
repeated the exam 12 months after surgery, but this was not 
specified in the initial protocol.

Statistical analysis

Descriptive statistics were used to summarize patient base-
line characteristics and clinical data. Continuous variables 
were compared using non-parametric tests, Mann–Whitney-
Wilcoxon test, or Wilcoxon signed-rank test for matched 
samples. The differences between groups were compared 
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with Fisher’s exact test. A p value < 0.05 was considered 
statistically significant. The analyses were performed with 
the software SAS version 9.4 for Windows.

Results

Patient characteristics

A total of 278 patients of the programmed number of 404 
patients were enrolled (68.8%). The study was early stopped 
for COVID pandemic. One hundred thirty-eight patients 
were randomized in the experimental group and underwent 
SG + RF; the remaining 140 patients were randomized in the 
control group and underwent normal SG. All the patients 
enrolled in the study respect the inclusion criteria shown in 
Table 1. All the interventions were performed in laparos-
copy. The mean operative time was not significant different 
between SG + RF and SG (47.4 ± 17.4 vs 48.4 ± 15.1 min, 
p = 0.585). 62.8% of the SG + RF were performed by an 
expert surgeon, who had performed this procedure more 
than 100 times, and the remaining 37.2% of the SG + RF 
were performed by the rest of the surgical equipe. Con-
sidering only the expert surgeon, the mean operative time 
for normal SG was 32.1 ± 4.9 min and 38.5 ± 13.1 min for 
SG + RF (+ 6.4 min in SG + RF, p = 0.015). Considering the 
rest of the surgeons of the equipe, the mean operative time 
for normal SG was 49.3 ± 14.9 min and 62.3 ± 12.9 min for 
SG + RF (+ 12.9 min in SG + RF, p = 0.006−3). The rela-
tively small difference in global mean operative time for 
SG + RF and SG was related to the fact that most of the 
SG + RF were performed by the expert surgeon and most 
of the normal SG were performed by the rest of the equipe.

New onset of GERD after surgery

None of the patients had preoperative symptoms of GERD 
and none was on PPIs. None of the patients who had preop-
erative EGDS (224/278, 80.6%) presented with EE. 30/224 
(13.4%) had a small sliding hiatal hernia (< 2 cm). 97/278 
(34.9%) patients had EGDS both pre- and postsurgery at a 
mean follow-up of 14.7 ± 5.4 months in SG group and of 
16.9 ± 7.3 in SG + RF group. De novo esophagitis was con-
sidered in those patients who had both pre- and postopera-
tive gastroscopy (33.6% in SG group and 36.2% in SG + RF 
group).

New onset GERD was higher in the SG group than in 
SG + RF group (Table 2), with a significantly higher rate 
of patients using PPIs 1 year after surgery (17.1% vs 4.3%, 
p = 0.001). The incidence of EE after SG was higher than 
after SG + RF (23.4% vs 2.0%, p = 0.002). In the SG group, 
the patients had grade A and grade B EE (54.4% and 45.5%). 
In the SG + RF group, only 1 patient, who did not respect the 

dietary indications, had grade A EE. GERD symptoms did 
not necessarily follow the finding of EE. In the SG group, 
only 5 out of the 11 patients with esophagitis referred GERD 
symptoms (45.5%). The only patient with EE in the SG + RF 
group did not report symptoms. On the contrary, 13 of the 
total of 84 patients without esophagitis reported reflux 
symptoms 1 year after surgery, 8 in the SG group and 5 in 
the SG + RF group.

The finding of postoperative EE was not related to 
the preoperative endoscopic finding of small sliding HH 
(< 2 cm). Of the 12 patients with HH in the SG group, only 
one had postoperative grade B esophagitis, and among the 
18 patients with HH in the SG + RF group, none had postop-
erative esophagitis. HH was not surgically repaired because 
it was < 2 cm and asymptomatic.

BMI variations and comorbidity improvements

Two hundred fifty-one patients out of 278 (90.3%) had com-
pleted clinical follow-up at 12 months. One year after sur-
gery, both groups reached a mean BMI < 30 kg/m2 (Fig. 1), 
with a %TWL > 20%, which is considered adequate [26]. The 
SG group had a %TWL of 35.4 ± 7.2%, with a mean BMI 
at 12 months of 29.1 ± 5.8 kg/m2. The SG + RF group had 
a %TWL of 32.2 ± 7.6%, with a mean BMI = 29.4 ± 5.0 kg/
m2. Obstructive sleep apnea syndrome (OSAS), type 2 Dia-
betes (T2D), and hypertension (HTN) improved significantly 
1 year after surgery (Fig. 2).

Complications

Patients in the SG + RF group had a longer hospital stay than 
those in the SG group (Table 3). The percentage of reinter-
vention for early and late complications was not different 
in the two groups. Both groups had a 0.7% of bleeding that 
needed laparoscopy and hemostasis on day 2 after surgery. 
Leakage, a well-known complication after sleeve, appeared 
in 1 out of 140 SG patients (0.7%), and never appeared in 
those with SG + RF. However, wrap perforation complicated 
6 out of 138 patients who underwent SG + RF (4.3%). It did 
not occur in the patients who had had SG (p = 0.013).

Leakage after SG was treated with an endogastric self-
expandable metal stent (SEMS) placed endoscopically on 
day 5. On day 12, the SEMS was replaced, and a laparo-
scopic abdominal toilette and drainage was performed. The 
patient was discharged on day 32 after primary surgery. The 
SEMS was removed on day 39 with leakage resolution.

Wrap perforation was treated by laparoscopic valve resec-
tion. The mean time of presentation of wrap perforation was 
2.4 ± 5.5 days. The diagnosis was performed by an abdomi-
nal CT scan with oral water-soluble contrast. The mean hos-
pitalization time after revision surgery was 11.2 ± 2.6 days 
for 5 out of 6 patients (83.3%). One of the six patients had 
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a longer hospital stay because he developed leakage after 
valve resection and needed SEMS placement on day 5. The 
SEMS was replaced on day 20 and was definitively removed 
on day 38 with leakage resolution.

Regarding late complications, one patient in the SG group 
needed a laparoscopic conversion to Roux-en-Y gastric 
bypass (RYGB) 28 months after primary surgery because 
of weight regain and GERD. In the SG + RF group, one 
patient needed a surgical revision 24 months after primary 
surgery because of valve disruption and weight regain, 
and underwent conversion to RYGB. Another patient had 
weight regain and underwent laparoscopic valve resec-
tion 28 months after primary surgery.

Conclusions

After a year of follow-up, SG + RF was effective both in 
terms of weight loss (Fig. 1) and prevention of de novo 
GERD (Table  2). A previous manuscript reported an 

improvement of preoperative GERD and esophagitis in 
patients who underwent SG + RF [22].

Table 1  Baseline and demographic characteristics of patients enrolled in the study

SG sleeve gastrectomy; RF Rossetti fundoplication; sd standard deviation; F female; M male; BMI body mass index; PPIs proton pump inhibitor; 
EGDS esophago-gastro-duodenoscopy; EE erosive esophagitis; CPAP continuous positive airways pressure; T2D type 2 diabetes; HTN hyper-
tension; n.s. not significant; N number of patients analyzed when different from the total; n/Pts number of patients out of the total; *statistically 
significant

Baseline characteristics Summary statistics SG (n 140) SG + RF (n 138) TOTAL (n 278) p-value

Age (years) Mean ± SD 41.3 ± 9.8 40.8 ± 11.1 41.1 ± 10.5 0.741
Sex
F
M

%, n/Pts
%, n/Pts

71.4%, 100/140
28.6%, 40/140

78.3%, 108/138
21.7%, 30/138

74.8%, 208/278
25.1%, 70/278

0.189

BMI (kg/m2) Mean ± SD 45.2 ± 7.0 43.4 ± 5.9 44.3 ± 6.6 0.017*
PPI %, n/Pts 0%, 0/140 0%, 0/138 0%, 0/278 n.s
Reflux symptoms %, n/Pts 0%, 0/140 0%, 0/138 0%, 0/278 n.s
EGDS
EE
Hiatal Hernia

N
%, n/Pts
%, n/Pts

116 (82.8%)
0%, 0/116
10.3%, 12 /116

108 (78.3%)
0%, 0/108
16.7%, 18 /108

224 (80.6%)
0%, 0/224
13.4%, 30 /224

n.s
0.161

CPAP %, n/Pts 46.4%, 65/140 37.7%, 52/138 42.1%, 117/278 0.143
T2D %, n/Pts 8.6%, 12/140 5.0%, 7/138 6.8%, 19/278 0.235
HTN %, n/Pts 32.1%, 45/140 26.1%, 36/138 29.1%, 81/278 0.272

Table 2  PPIs consumption 
and de novo esophagitis after 
surgery

SG sleeve gastrectomy; RF Rossetti fundoplication; PPIs proton pump inhibitor; EE erosive esophagitis; 
EGSD esophago-gastro-duodenoscopy; N number of patients analyzed when different from the total; n/Pts 
number of patients out of the total; *statistically significant

Summary statistics SG (n 140) SG + RF (n 138) p-value

Using PPIs %, n/Pts 17.1%, 23/140 4.3%, 6/138 0.001*
EGDS
Total esophagitis
A esophagitis
B esophagitis

N
%, n/Pts
%, n/Pts
%, n/Pts

47 (33.6%)
23.4%, 11/47
54.5%, 6/11
45.5%, 5/11

50 (36.2%)
2.0%, 1/50
100%, 2/2
0%, 0/2

0.002*

Fig. 1  Variations of BMI before and after surgery are compared in 
the SG population and the SG + RF population. 126 patients out of 
140 (90%) in the SG group and 125 out of 138 in the SG + RF group 
(90.6%) completed follow up. BMI = body mass index, SG = sleeve 
gastrectomy, SG + RF = sleeve gastrectomy + Rossetti fundoplication

1454 Obesity Surgery (2022) 32:1451–1458



1 3

SG + RF had a longer operative time than normal SG: 
a mean of + 6.4 min when SG + RF was performed by an 
expert surgeon in both bariatric and GERD surgery (with 
already more than 100 SG + RF procedures), and a mean 
of + 12.9 min when SG + RF was performed by the rest of 
the surgical equipe.

The group of patients who underwent SG + RF had a 
longer hospitalization than those who underwent SG 
(Table 3): respectively 3.9 ± 4.0 days vs 3.1 ± 0.5 days 
(p = 0.018). This was related to a higher frequency of wrap 
perforation after fundoplication (4.3%) than the classic 
leakage following normal SG (0.7%). Wrap perforation 
differed from leakage after SG and never occurred along 
the staple line. It seemed to be related to traumatism of the 
gastric serosa due to excessive manipulation of the fundus 
during fundoplication, and usually appeared within the first 
2–3 days after surgery. The increased pressure in the wrap 
during feeding might overwhelm the serosa resistance. Per-
foration could also be associated to ischemic issues. For this 

reason, at the end of every fundoplication, the wrap was 
checked with ICG test. Presentation was usually pain irradi-
ated to left shoulder, fever, and leukocytosis. CT scan with 
oral water-soluble contrast was diagnostic for perforation 
and peri-gastric collection. The therapeutic approach was 
laparoscopic resection of the valve associated with a toi-
lette of the abdominal cavity. The rate of wrap perforation 
(4.3%), 6 times higher than classic leakage (0.7%), could 
be alarming, but it decreased with the learning curve of the 
surgeon (Fig. 3). In fact, during the last year of the study, 
from January 2019, no valve perforations were reported. 
In this period, 38 SG + RF were performed (27.5% of the 
total). Moreover, the hospital stay after wrap perforation 
and fundus resection was shorter (11.2 ± 2.6 days) than 
the postoperative course after leakage in SG (39 days). 
No classic leakages were seen after SG + RF. This could 
be explained by the valve protecting the higher part of the 
stomach. After revision surgery for wrap perforation, one 
leakage was reported.

Fig. 2  Variations in co-morbidities measured as the necessity to 
assume at least 1 drug for pathology. The follow up was completed 
for 126/140 (90%) in the SG group and 125/138 in the SG + RF group 

(90.6%). T2D = type 2 diabetes, HTN = hypertension, CPAP = contin-
uous positive airways pressure

Table 3  Early and late surgical 
complications after SG and 
SG + RF

SG sleeve gastrectomy; RF Rossetti fundoplication; GERD gastro-esophageal reflux disease; n/Pts number 
of patients out of the total; *statistically significant

Summary statistics SG (n 140) SG + RF (n 138) p-value

Hospital stay (days) Mean ± SD 3.1 ± 0.5 3.9 ± 4.0 0.0181*
Early reintervention (< 1 month)
Bleeding
Leakage
Wrap perforation

%, n/Pts
%, n/Pts
%, n/Pts
%, n/Pts

1.4%, 2/140
0.7%, 1/140
0.7%, 1/140
0.0%, 0/140

5.2%, 7/138
0.7%, 1/138
0.0%, 0/138
4.3%, 6/138

0.0768
1.0000
0.3310
0.0133*

Late reintervention (> 1 month)
Weight regain
GERD

%, n/Pts
%, n/Pts
%, n/Pts

0.7%, 1/140
0.0%, 0/140
0.7%, 1/140

1.4%, 2/138
1.4%, 2/138
0.0%, 0/138

0.5687
0.1608
0.3310
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While conducting this study, other than the efficacy of 
the surgical procedure itself, we noted the importance of the 
preoperative EGDS, even if it is not considered mandatory 
in the principal guidelines for bariatric surgery [24, 28, 29]. 
We found it essential for establishing the presence and the 
gravity of esophagitis, according to the LA classification. 
Moreover, from the literature, we know that more than 25% 
of patients without GERD symptoms may have unknown 
esophagitis [8]. The preoperative data about the condition of 
the EG junction mucosa may lead to the surgical choice of 
adding a fundoplication to SG, improving the postoperative 
condition of the patient.

Esophageal manometry associated with EGDS may be 
the best way to select the best treatment for each patient, 
since 76.6% of the patients who underwent SG did not have 
GERD after 1 year. For this reason, it is important to select 
that 23.4% of patients affected by obesity without preopera-
tive GERD who may benefit from the association between 
SG and fundoplication, to prevent de novo GERD. SG + RF 
may be the correct intervention for patients with preop-
erative EE (> B grade), and, to avoid de novo GERD, for 
those without GERD who have a hypotonic lesser esopha-
geal sphincter (LES) at the manometry. Patients without 
GERD and with a normal LES may be the best candidate 
for normal SG.

The limits of this study are the lack of manometric and 
24 h-PH metry studies in describing GERD. The role of 
24 h-PH metry in bariatric patients is still debated [30]. In 
fact, it is more complicated to perform and require a higher 
level of patient compliance.

Further studies to associate preoperative EGDS with man-
ometric analysis are ongoing. These could be an important 
diagnostic aid for correctly deciding the best intervention for 

each patient, in order to provide a tailored approach. Further 
studies with longer follow-up are needed to evaluate long-
term maintenance of weight loss and GERD improvement 
in patients undergoing SG + RF.
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