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ABSTRACT
Background and aim:  Bariatric surgery is the most effective treatment for obesity but is invasive 
and associated with serious complications. Endoscopic sleeve gastroplasty (ESG) is a less invasive 
weight loss procedure to reduce the stomach volume by full-thickness sutures. ESG has been 
adopted in many countries, but implementation at Scandinavian centres has not yet been 
documented. We performed a clinical pilot trial at a Norwegian centre with the primary objective 
to assess the feasibility of the ESG procedure.
Patients and methods:  We included the first 10 patients treated with ESG at a Norwegian centre 
in a single-arm pilot study. The eligibility criteria were either a body mass index (BMI) of 40–49.9 kg/
m2, BMI 35–39.9 kg/m2 and at least one obesity-related comorbidity, or BMI 30–34.9 kg/m2 and 
type 2 diabetes. Patient follow-up resembled the scheme used for bariatric surgery at the center, 
including dietary plans and outpatient visits.
Results:  All procedures were technically successful except for one patient who had adhesions 
between the stomach and anterior abdominal wall, related to a prior hernia repair, resulting 
in less-than-intended stomach volume reduction. Mean total body weight loss (TBWL) after 
26 and 52 weeks was 12.2% (95% CI 8.1–16.2) and 9.1% (95% CI 3.3 − 15.0). One patient 
experienced a minor suture-induced diaphragmatic injury, which was successfully managed 
conservatively.
Conclusions:  This first Scandinavian clinical trial of ESG, documenting the implementation of the 
procedure at a Norwegian center, demonstrated acceptable feasibility and safety, with large 
variations in individual weight loss during the 52-week follow-up period.

Introduction

Bariatric surgery is the most effective and enduring treatment 
for obesity [1–4]. With laparoscopic sleeve gastrectomy (LSG), 
the most used surgical weight-loss procedure today [5], the 
stomach volume is reduced by vertical stapled resection. 
Patients typically lose approximately 25% of body weight, 
and obesity-related conditions are commonly improved or 
reversed [2–4]. However, LSG may cause complications includ-
ing gastric leakage and chronic gastroesophageal reflux dis-
ease [6,7].

Although 700,000 patients undergo weight-loss surgery 
yearly [5,8], there is considerable hesitancy for surgery as a 
treatment for weight loss. Less than 1% of patients eligible 
for, and with access to surgery, choose this option [9,10]. 
Less invasive and safer therapies are therefore desirable.

Endoscopic sleeve gastroplasty (ESG), first described in 
2013 [11], is a transoral procedure to reshape the stomach 
and reduce stomach volume with a suture device (OverStitch; 
Apollo Endosurgery, US) mounted on a gastroscope. 
Mechanisms for weight loss involve reduced stomach capac-
ity, delayed gastric emptying and alterations to gut neuro-
endocrine and autonomic signalling [12,13]. Multiple clinical 
studies have shown total body weight loss (TBWL) at 52 weeks 
after the ESG procedure to range from 13 to 18% and an 
adverse event rate of 2–3% [14–17]. The ESG procedure has 
been adopted in many countries as an endoscopic bariatric 
treatment modality, but implementation at Scandinavian cen-
tres has not yet been documented.

We performed a clinical pilot trial at a Norwegian obesity 
center to assess the feasibility and safety of the ESG proce-
dure. The trial was intended to inform a planned randomized 
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trial comparing ESG, sequential treatment with a novel intra-
gastric balloon [18], and LSG.

Patients and methods

Study design and aims

The study was a single-arm feasibility pilot study, intended 
to precede a randomized controlled trial. We planned to 
recruit ten patients from the Morbid Obesity Center at 
Vestfold Hospital Trust in Tønsberg, Norway. The primary 
study aim was to test the feasibility of the ESG procedure. 
The secondary aims were to evaluate study infrastructure 
requirements, which included registration of procedure safety 
and efficacy data, to prepare for a planned randomized trial. 
TBWL was assessed at 26 and 52 weeks after the procedure.

Patients

Patients eligible for the trial were men and women 18 years 
or older at the date of enrolment who were referred for 
treatment at the study centre and either had:

•	 BMI 40–49.9 kg/m2;
•	 BMI 35–39.9 kg/m2 and at least one obesity-related 

comorbidity; or
•	 BMI 30–34.9 kg/m2 and type 2 diabetes with hemo-

globin A1c (HbA1c) >53 mmol/mol (7%).

These inclusion criteria followed the eligibility criteria for 
bariatric surgery at the study center. Predefined exclusion 
criteria are shown in Table 1. Women of childbearing age 
were required to document a negative pregnancy test.

Endoscopic sleeve gastroplasty procedure

Prior to the initiation of the ESG procedure, a diagnostic 
gastroscopy was performed. The ESG procedure was cancelled 
if there was evidence of significant upper GI disease: reflux 
esophagitis ≥ Los Angeles grade C; achalasia; hiatal hernia 
≥5 cm; peptic ulcer disease; gastritis; duodenitis; gastroparesis 

or stenosis; or other conditions that, in the opinion of the 
investigator, could render the subject unsuited for the pro-
cedure. A 4-month course of pantoprazole (Somac 40 mg od) 
was started 3 days prior to the ESG procedure.

The ESG procedure was performed with a commercially 
available suture device for ESG (OverStitch, Apollo 
Endosurgery, US) as described previously [16]. The suture 
device was mounted on a double channel gastroscope 
(GIF-2T160; Olympus Corp., Japan) and introduced orally to 
the stomach through an esophageal overtube (Apollo 
Endosurgery, US).

All ESG procedures for the trial were performed at the 
Intervention Centre of Oslo University Hospital, Oslo, Norway. 
Two senior endoscopists (CJT and LA) with a large experience 
in interventional endoscopy, but no prior experience with 
ESG, performed the procedures. Proper training was orga-
nized by a senior endoscopist from the United States who 
represented the device company and who also attended and 
supervised the local endoscopists during the first five pro-
cedures in the trial.

After identification of the anatomy and landmarks in the 
stomach markings with APC was made along the anterior 
and posterior walls of the stomach to guide the suture lines 
and ensure similar lumen reduction among patients. Starting 
at the level of the incisura and moving proximally, the greater 
curvature was pleated by sequential sutures forming a 
U-pattern, which was made by 6–8 full-thickness stitches 
with a non-absorbable material, running between the anterior 
and posterior stomach wall (Figure 1). The stomach was thus 
reduced except for the fundus, which was left intact to pro-
vide a reservoir, as described previously [16].

The procedure was performed with general anaesthesia 
and endotracheal intubation. Compression stockings were 
used for the prevention of venous thromboembolism. 
Antibiotic prophylaxis was provided with one perioperative 
dose of cefalotin 2 g iv. All participants were scheduled for 
hospital admission for 1 day following the procedure. A 3-day 
course of aprepitant (Emend 125 mg day 1 and 80 mg day 2 
and 3) and a 5-day course of ondansetron (Zofran 8 mg TID) 
was prescribed to reduce post-procedure nausea and vom-
iting. Participants were instructed to follow a liquid diet for 

Table 1. E xclusion criteria. 

Symptomatic congestive heart failure, cardiac arrhythmia, or unstable coronary artery disease
Previous bariatric or gastric surgery
History of chronic or acute pancreatitis, small bowel obstructions or open abdominal or pelvic surgery
Thyroid or adrenal disease not controlled with medication
History or symptoms of significant upper GI disease, moderate or severe dysphagia or dyspepsia. Significant upper GI disease: reflux esophagitis ≥ Los 

Angeles grade C; achalasia; hiatal hernia ≥ 5 cm; peptic ulcer disease; gastritis; duodenitis; gastroparesis or stenosis.
Specific diagnosed genetic or hormonal cause for obesity such as Prader-Willi syndrome
Severe coagulopathy, hepatic insufficiency, or cirrhosis
Anemia (Hgb <11 g/dL for females and <12 g/dL for males)
Eating disorders including night eating syndrome, bulimia and binge eating disorder
Current or history of illicit drug use or excessive alcohol use
Current use of the following medications within 30 days prior to enrolment, or anticipated need for these medications during the study: Systemic 

corticosteroids; anticoagulants or anti-platelet therapy; opiates or opioids; antiepileptic drugs
Any specified conditions that, in the opinion of the investigator, may render the subject unable to complete the study without a likely fatal outcome, or 

lead to difficulties for subject compliance with study requirements, or could confound study data.
Pregnancy and breast-feeding
Type I Diabetes or Maturity Onset Diabetes of the Young (MODY), elevated serum autoantibodies against glutamic acid decarboxylase (GAD) or tyrosine 

phosphatase (IA2).
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2 weeks after the procedure, before progressing to pureed 
food, and to gradually introduce solid food after 4 weeks [19].

Lifestyle intervention and follow-up

All participants received a standardized 1200 kcal/day diet 
plan prepared by a nutritionist [20]. Follow-up study visits 
were scheduled at 3, 8, 26 and 52 weeks after the ESG pro-
cedure. All visits included lifestyle guidance and clinical exam-
ination with anthropometric measures, blood pressure, 

laboratory analyses, medication registration, and assessment 
of adverse events.

Ascertainment of outcome measures

Feasibility and safety
Procedure feasibility was assessed by the investigators as the 
technical success of endoscopic suturing and imbrication of 
the stomach wall to achieve the intended gastroplasty con-
figuration. Adverse event assessment was recorded during 
hospitalization and follow-up visits according to the 
Clavien-Dindo grading system. Serious adverse events were 
defined as Clavien-Dindo grade 3b or higher [21,22].

Anthropometric measures
Body weight was measured with patients wearing light cloth-
ing and no shoes. Height was measured using wall-mounted 
stadiometers. Height was measured to the nearest 0.5 cm 
and weight to the nearest 0.1 kg.

Ethics and approvals

The study was approved by the Regional Committees for 
Medical and Health Research Ethics of South-East Norway 
(2018/2566) and the institutional Data Protection Office. All 
patients provided written informed consent before enrolment. 
The OverStitch suture device is CE-approved.

Statistical analyses

We analyzed the predefined clinical endpoints for each 
patient. We used descriptive statistics and calculated means, 
standard deviations (SD) and 95% confidence intervals (CI) 
where applicable.

Results

Between June and September 2019, eleven participants were 
deemed eligible initially and provided informed consent to 
participate. One patient was diagnosed with Barrett’s esoph-
agus at the gastroscopy performed prior to the ESG procedure 
and therefore excluded from the study. Thus, 10 patients 

Table 2.  Patient characteristics at baseline. 

Patient characteristics

Gender: n (%)
  Male 4 (40)
 F emale 6 (60)
Age (years): mean (range) 46 (32–59)
Weight (kg): mean (SD) 125.5 (22.4)
BMI (kg/m2): mean (SD) 40.7 (5.1)
Comorbidity: n (%)
 O SAS 3 (30)
  Hypertension 2 (20)
 T ype 2 DM 1 (10)

BMI: body mass index; OSAS: obstructive sleep apnea syndrome; DM: diabetes 
mellitus.

Table 3. T BWL is compared to weight at baseline. 

Results

Baseline Week 3 Week 8 Week 26 Week 52

Patients
BMI
(SD)

Weight
(SD)

BMI
(SD)

TBWL%
(95% CI)

BMI
(SD)

TBWL%
(95% CI)

BMI
(SD)

TBWL%
(95% CI)

BMI
(SD)

TBWL%
(95% CI)

1 49.4 146.0 45.1 8.2 43.8 11.2 41.0 16.8 45.0 8.9
2 37.6 126.0 34.5 8.3 33.6 10.7 34.4 8.7 34.0 9.5
3 45.3 150.0 41.8 7.7 42.4 6.3 43.6 3.8 43.5 4.0
4 37.7 114.0 35.3 6.3 34.4 8.8 34.6 8.2 38.0 −0.9
5 43.5 120.0 40.0 8.3 38.3 12.1 38.2 12.3 36.3 16.7
6 41.2 150.2 38.4 6.7 37.9 7.9 35.2 14.5 37.0 10.1
7 31.1 82.7 29.1 6.5 28.0 9.9 27.3 12.3 28.4 8.8
8 36.7 98.6 33.7 8.1 33.2 9.4 34.5 5.8 36.5 0.3
9 41.7 136.6 38.2 8.5 36.8 11.9 34.8 16.5 39.1 6.3
10 42.6 130.5 38.2 10.3 37.0 13.3 33.0 22.6 31.0 27.4
Mean 40.7

(5.1)
125.5
(22.4)

37.4
(4.5)

7.9
(7.1–8.8)

36.6
(4.6)

10.2
(8.6–11.7)

35.7
(4.5)

12.2
(8.1–16.2)

36.9
(5.1)

9.1
(3.3–15.0)

TBWL: total body weight loss; BMI: body mass index.

Figure 1. E ndoscopic image of the stomach with an illustration of a U-pattern 
suture made by 6–8 full thickness stitches. The greater curve of the stomach 
was pleated by sequential U-pattern sutures starting at the level of the incisura 
and moving proximally.
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underwent the procedure and are included in our analyses. 
Patient characteristics at enrolment are shown in Table 2.

Feasibility

All ten procedures were successful in performing suturing as 
intended, except for one patient (patient no. 9, Table 3) who 
had adhesions between the stomach and anterior abdominal 
wall. The adhesions were probably caused by a prior lapa-
roscopic umbilical hernia repair and resulted in a 
smaller-than-intended reduction of the gastric volume. The 
mean procedure time was 133 min (SD 30). No adverse events 
occurred during the procedures.

Weight loss

The BMI and TBWL results for each patient are presented in 
Table 3. The mean total body weight loss (TBWL) 26 weeks 
after the ESG procedure was 12.2% (95% CI 8.1–16.2) and 
15.5 kg (95% CI 9.4–21.6), respectively. 52 weeks after the 
procedure, the mean TBWL was 9.1% (95% CI 3.3–15.0) and 
11.7 kg (95% CI 4.1–19.3), respectively (Figure 2). There were 
large differences in weight loss between individual patients, 
with a TBWL ranging from 0.9% weight gained to 27.4% 
weight lost at week 52, Table 3.

Adverse events

There were no serious adverse events. Three patients were 
admitted for one additional day following the procedure. 
Two patients complained of nausea which was relieved with 
iv. antiemetics and fluids. The third patient (patient no. 8, 
Table 3) complained of left shoulder pain which was aggra-
vated by respiration. A CT scan demonstrated small air bub-
bles adjacent to the gastric fundus and in the 
supradiaphragmatic extrapleural space, consistent with a 
minor diaphragmatic injury. There were no signs of gastric 
leakage or pneumothorax. The patient was pain relieved with 
NSAIDs and discharged the next day with a course of peroral 
ciprofloxacin. The pain recurred after 4 weeks, and a new CT 

scan was performed which showed resorption of the air and 
was otherwise inconspicuous. The pain subsided a few days 
later, and the subsequent course was uneventful.

Discussion

This first Scandinavian clinical trial of the ESG procedure, 
documenting the initial experience at implementation at a 
Norwegian center, demonstrated acceptable feasibility and 
safety, but varying weight loss during the 52-week 
follow-up period.

The study includes the very first ESG procedures performed 
by two endoscopists which are reflected by relatively long 
procedure times. A learning curve effect on procedure time 
has been reported by others [23], and considerably shorter 
procedure times are expected after a break-in period of 
approximately five procedures. The ESG procedure is complex 
and challenging. Prior experience with other interventional 
endoscopic procedures is an advantage and should be a pre-
requisite for implementing the ESG procedure, in our opinion.

We observed that the stomach was adherent to the anterior 
abdominal wall in one case (patient no. 9), leading to less 
gastric volume reduction, which was probably caused by adhe-
sions from a prior laparoscopic umbilical hernia repair with 
mesh implantation. The patient did not experience significant 
weight loss, with a TBWL of 0.3% at 52 weeks, and was referred 
to laparoscopic Roux-en-Y gastric bypass surgery after the 
study was concluded. During surgery, adhesions between the 
stomach and anterior abdominal wall were dissected. The 
operation was otherwise uncomplicated, and the postopera-
tive course was uneventful. It is important to recognize that 
umbilical hernia repairs, even when performed laparoscopi-
cally, can cause adhesions [24,25] and limit the effective-
ness of ESG.

This study was not designed to evaluate procedure efficacy 
on weight loss. However, our data indicate a lower TBWL than 
expected. The only randomized controlled trial of ESG includ-
ing 209 participants, showed a mean TBWL of 13.6% after 
52 weeks compared to 0.8% in the control group who only 
received lifestyle intervention therapy. In our study, the mean 
TBWL was 9.1% after 52 weeks. Three patients (30%) had a 
TBWL of less than 5% at week 52, which is considered clinically 
insignificant [26]. The mean TBWL in this study decreased by 
25% from weeks 26 to 52. A large study demonstrated TBWL 
to increase by 9% during the same period [15].

There are multiple possible reasons for the varying and 
tapering efficacy we observed. A study of 133 patients showed 
that less than 50% of patients had an intact gastroplasty on 
gastroscopy 6 months after ESG, and less than 25% of patients 
had an intact gastroplasty after 12 months [27]. We did not 
prepare the mucosa with diathermy or APC to promote adap-
tion of the stomach walls and thereby reduce dehiscence which 
has been proposed to improve weight loss [28,29]. Another 
reason could be the follow-up schedule frequency, which was 
designed to resemble a clinical real-world setting similar to the 
schedule used for LSG at the participating center. Consequently, 
the patients in this study received less frequent follow-up con-
sultations compared to patients in other studies [17], which 
have been demonstrated to induce less weight loss [30].

Figure 2.  Mean percentage of total body weight loss during follow-up. Error 
bars show 95% confidence intervals.
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In conclusion, this first Scandinavian clinical trial of the ESG 
procedure, including the first cases performed from imple-
mentation at our clinic, proved acceptable feasibility and 
safety, but with large variations in individual weight loss, and 
decreasing TBWL from week 26 to 52. Based on our experience 
and evidence indicating poor gastroplasty longevity [27], we 
decided not to proceed from this pilot study to the intended 
randomized controlled trial comparing ESG to gastric balloon 
therapy and laparoscopic sleeve gastrectomy.
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