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Abstract

Introduction Endoscopic gastroplasty and gastric volume reduction techniques have been shown to achieve significant weight
loss and improvement in comorbid conditions. The objective of this study is to assess the feasibility and safety of a novel fully
automated, operator-independent endoscopic suturing system (EndoZip™) for minimally invasive treatment of obesity.

Design Single-center pilot feasibility study.

Patients Eleven patients with a body mass index (BMI) of 30 to 40 kg/m? with or without obesity-associated comorbidity.
Interventions Gastric volume reduction with EndoZip™ system.

Main Outcome Measurements Primary outcome was to assess the technical feasibility and safety. The secondary outcome was to
determine %total body weight loss (TBWL) and %excess weight loss (EWL) at 6 months.

Results The mean + SD age was 42.7 + 5.6 years, and the mean + SD BMI was 36.9 +2.8 kg/m?. A majority (64%) were men.
The procedure was technically successful (100%) in all patients. A median of 3 (range, 2—4) full-thickness sutures were placed,
and the mean procedure time was 54.6 +23.9 (23—-100) min. No immediate complications occurred, and all were discharged in
24 h. One patient developed respiratory infection 3 days after the procedure and required hospitalization. The infection was mild
and resolved with antibiotic treatment. At 6-month follow-up, the mean £ SD TBWL, %TBWL, and %EWL were 17.8 + 6.7 kg,
16.2+£6.0%, and 54.3 +28.4%, respectively (p <0.001).

Limitations Limited number of patients.

Conclusion Our first-in-human study showed that the Endozip™ device could be safely used for the treatment of obesity. The
early weight loss results are promising. An extended feasibility study on a larger sample size is being planned (Clinicaltrials.gov.
NCT03472196).

Keywords EndoZip - Automatic suturing - Bariatric endoscopy - Endoscopic gastroplasty - Obesity - Weight loss

Abbreviations BMI Body mass index

TBWL Total body weight loss IGB Intragastric balloon

EWL  Excess weight loss ESG Endoscopic sutured gastroplasty
SD Standard deviation
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Endoscopic gastroplasty techniques have gained wider accep-

! Bariatric Endoscopy Unit, HM Sanchinarro Hospital, Calle de Ofia tance and are evolving to become a mainstream treatment
10, Madrid, Spain option for obesity [1, 2]. Several studies have established its
2 Department of Gastroenterology and Hepatology, Singapore General safety, feasibility, reproducibility, and medium-term efficacy
Hospital, Singapore, Singapore [3—6]. Endoscopic gastroplasty using the overstitch device has
> Department of Gastroenterology and Hepatology, Mayo Clinic, shown to achieve more total body weight loss as compared
Rochester, MN, USA with high-intensity diet and lifestyle therapy and intragastric
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balloons [7, 8]. The weight loss effect sustained up to
24 months (20.9%) [9]. The mechanistic studies have
established that imbricating different walls of the stomach in
an endoscopic gastroplasty procedure alters the gastric motil-
ity, induces satiation, and results in weight loss [10]. Despite
the promising results, the expertise to perform such procedure
is not widely available, and only a few centers lead these
endoscopic treatments. The frequently cited reasons are (a)
complexity with the procedure, (b) steep learning curve, (c)
long procedure time, (d) uncertainty on suture depth, and (e)
lack of trained assistance [11-15].

Newer devices and techniques analogues to the bariatric
surgical procedures are in a different phase of development
to provide a tailored approach to obesity treatment. They tar-
get both the restrictive and malabsorptive mechanism de-
scribed with the surgical techniques [16—18]. The early results
so far appear encouraging. However, some of these techniques
are more challenging, requiring even higher levels of operator
dexterity [18, 19]. This may limit their widespread dissemina-
tion and adoption as a treatment option for the obesity pan-
demic. There is a clear need for the development of a device
that is easy to use, safe, efficacious, and consistently delivers
full-thickness sutures, and, at the same time, requires only a
shorter learning curve to master the technique.

Recently, a new endoluminal-sutured gastroplasty system
(EndoZip™, NitiNotes Surgical, Caesarea, Israel) has been
developed to ease the complexity associated with existing
endoscopic gastroplasty devices. It is a fully automated, oper-
ator-independent, and a minimally invasive suturing system
that is postulated to create durable restrictive sutures in the
stomach. Animal and bench studies have shown that the de-
vice is capable of approximating the gastric tissue segments
(anterior, greater curve, and posterior segments) and restrict
the gastric lumen effectively. We performed a first-in-human
study to assess the technical feasibility of this novel device to
treat obesity. We report the feasibility and safety data with this
new procedure.

Methods
Trial Design

We conducted a prospective single-center study at the
Bariatric Endoscopy unit of HM Sanchinarro University
Hospital, Madrid, Spain, between May and November 2018.
The institutional review board approved the study. All authors
had access to the study data and reviewed and approved the
final manuscript (Clinicaltrials.gov, NCT03472196). The
study was conducted in accordance with the ethical
principles detailed in the Declaration of Helsinki and was
consistent with the Good Clinical Practices recommendation.

We reported our outcome according to the CONSORT
recommendation of reporting a trial.

Participants

The study involved three distinctive phases: (a) screening, (b)
intervention, and (c) follow-up.

Screening Phase

We screened 14 patients and identified 13 eligible candidates
for endoscopic treatment of obesity after failed diet and life-
style therapy. We excluded one as the patient was non-
committal to post-procedure follow-up. We explained the
risks and benefits of the procedure and obtained informed
consent from the patients. We included patients (1) age older
than 18 years, (2) able to comply with the procedure and
provide informed consent, (3) BMI of 30-40 kg/m?, (4) failed
to achieve significant weight change (+5% of total body
weight) with standard medical therapy during 6 months prior
to enrollment, and (5) fully ambulatory, without chronic reli-
ance on walking aids.

We excluded those with (1) previous bariatric, gastric, or
esophageal surgery; (2) gastrointestinal conditions like hiatus
hernia (>5 cm), severe GERD, Barrett’s esophagus, esopha-
geal stricture, Zenker’s diverticulum, achalasia, peptic ulcer
disease, gastrointestinal tumors, esophageal or gastric varices,
portal gastropathy, or gastroparesis, and intestinal obstruction;
(3) poorly controlled diabetes mellitus or change in diabetes
medications/dosage in the previous 3 months before enroll-
ment; (4) uncontrolled hypertension; (5) heart failure, NYHA
grade 2 and above; (6) chronic obstructive pulmonary disease
(COPD); (7) renal and/or hepatic insufficiency/disease (creat-
inine above 1.5 mg/dL); (9) uncontrolled thyroid disease; (10)
pregnancy; (11) coagulopathy; (12) immunosuppressive ther-
apy; (13) poorly controlled psychiatric disease; (14) chronic
drugs or alcohol abuse; (15) malignancy; (16) participating in
another clinical study with an investigational new drug, bio-
logical, or therapeutic device within 6 months prior to enroll-
ment in this study; and (17) unable to discontinue either pre-
scription or over the counter weight loss medications for at
least 30 days prior to the procedure.

Intervention
The EndoZip™ System

The Nitinotes EndoZip™ system is designed to create multi-
ple internal gastric segmentation by approximating the oppos-
ing wall of the stomach using an endoscopic approach.

The EndoZip™ insertion tube contains 6 disposable com-
ponents: (a) distal bougie, (b) endoscope port designed for an
ultrathin upper endoscope, (c) needle retriever, (d) needle
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driver, (e) working channel, and (f) vacuum port. The device
is embedded with a custom-designed, auto-driven, helical nee-
dle and utilizes a 2—0 USP polypropylene suture for plication
(Fig. 1).

Procedure

A single endoscopist performed all the procedures. The
endoscopist underwent extensive training to become familiar
with the steps of EndoZip™ system before starting in humans.
The training was conducted on ex vivo animal models and
post-sleeve gastrectomy explants to understand and learn the
necessary steps and maneuvers of EndoZip™. Following this,
further training was held on the in vivo pig model to achieve
competency and to plan the suture pattern before the applica-
tion of this technique in human cases (Fig. 2).

We performed the procedure with the patient under general
anesthesia and used CO2 for insufflation. We administered
antibiotics before starting the procedure. We performed an
upper endoscopy to examine the stomach and to identify con-
ditions that would restrict EndoZip™ application. We always
used an overtube to facilitate easy insertion of the EndoZip™
system. After the introduction of the system, we identified the
site for suture, typically along the greater curvature. We started
at the distal body and then progressed proximally. Based on
the gastric orientation, we placed the device nearer to the
anterior wall or the posterior wall of the body. We then applied
suction using a specialized suction device to achieve a mano-
metric measurement of 70 kpa and decompressed the gastric
lumen. This converged the opposite gastric walls into the bou-
gie and created a stricture like segmentation of the stomach.
After achieving this, the automated helical needle loaded with
a polypropylene suture was driven through the gastric tissue
within the bougie from the distal to the proximal end, creating
a continuous suture.

The needle was retracted, and the commercially available
cinching device was used to tighten and plicate the approxi-
mated tissue segments. We then removed the EndoZip™

Fig. 1 The parts of EndoZip™ e

automated suturing system :
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device and confirmed the plication using an endoscope. The
number of sutures placed depends on the size and anatomy of
the stomach and the flexibility of this first generation suturing
device (Fig. 3).

Follow-up

The patients were followed bi-weekly post-procedure by a
nutritionist, psychologist, and physiotherapist (optimal-24
visits). The follow-up program comprised of dietary instruc-
tions, psychological support, physical activity, and a planned
counseling schedule, as well as a timeline for future visits.

The body requirements and individual taste preferences
were taken into account in designing hypocaloric diets. The
energy requirements were calculated from the Harris-Benedict
formula and, according to the type of physical activity, were
decreased by about 2.6 MJ/day to induce an approximate loss
of between 0.5 and 1 kg/week. In the first month, we main-
tained the patients on a strict liquid diet (4 weeks). We subse-
quently escalated the intake to semi-solid and solid food as
tolerated. The diet was the Mediterranean type in which the
distributions of the principal components were as recommend-
ed by the Spanish Society of Community Nutrition [20]. We
devised an individualized exercise plan (acrobic or resistance
training—30 min/day) depending on the capacity of the pa-
tients and avoided an increase in intra-abdominal pressure
during the first month. We encourage walking in the initial
phase and then progressively increased the intensity of
exercise.

At 1 month and 6 months, we performed an endoscopy to
assess the integrity of the sutures. We defined intact suture as
the ability to identify the approximated gastric tissue with a
visible suture track or the cinch.

Statistical Methods

This was a prospective pilot study in human subjects; thus, no
power calculations were performed a priori. We expressed the

EndoZip Bougie

Easy release
suture
Helical Needle =---===-============ 4

Ultraslim
Endoscope
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Fig.2 Longitudinal transmural sutures created by the automated helical needle in explant pig stomach. a Continuous full thickness bites performed using
the automated helical needle. b Plication after cinching. ¢ Multiple plications restricting the distensibility and volume of the stomach

continuous variables as mean + standard deviation (SD) or
median (range) and categorical variables as a percentage. We
used paired Student’s ¢ test for comparison of weight loss
outcomes at baseline and 6 months after the procedure. All
variables were tested for normality using the Shapiro-Wilk
test. A p <0.05 was considered to be significant.

Outcomes

The primary outcome was to assess the technical feasibility
and safety of the EndoZip™ system to treat obesity. Our sec-
ondary outcome was to report the efficacy of treatment as
measured by %total body weight loss (%TBWL) and %excess
weight loss (%EWL) at 6 months. We evaluated the stability
of sutures and presented the suture durability data at 1 month
and 6 months. We reported the adverse events according to the
National Cancer Institute Common Terminology Ceriteria for
Adverse Events (NCI CTCAE) Version 4.03.

We also collected patients’ gastrointestinal symptoms at
baseline and 6 months after the procedure to assess quality
of life following the procedure. Patients were asked to grade
their symptoms on a scale from 0 to 5, where 0 is no symptom,
and 5 is severely suffering from the symptom. Symptom list
included nausea, upper abdominal pain, bloating, heartburn,
reflux, retching, and vomiting.

Results
Patient Characteristics

Of the enrolled 13 participants, we excluded 2 patients be-
cause of consent related issues. Eleven patients received the
study procedure, and the majority were men (n =7, 64%). The
mean + SD age was 42.7+ 5.6 (range, 35-51) years, and the
mean + SD BMI was 36.9 +2.8 kg/m* (Table 1). The proce-
dure was technically successful in all patients (100%). There

Fig. 3 Gastric plication using the EndoZip™ system. a The device is
introduced through an overtube and placed along the greater curve. b
The air is suctioned utilizing a vacuum system, and the gastric lumen is
decompressed. The opposing gastric walls converge inside the bougie. ¢
The automated helical needle loaded with the polypropylene suture is

driven through the gastric tissue within the bougie from the distal end
to the proximal end. d A continuous running helical suture with 4
circumferential turns per suture is created. e The helical needle is
retracted and removed. f Using a commercially available cinching
device, the opposing walls are tightened and cinched to form a plication
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Table 1 Clinical characteristics of the patients

Patients (n=11)

Age + SD, years (range) 42.7+£5.6 (30-51)

Male (n) 7 (64%)

Mean + SD initial weight (kg) 111.1+12.3 (81-127)
Mean + SD initial BMI (kg/m? 36.9+28

Mean + SD procedure time (min) 54.6 £23.9 (23-100)
Technical success 11 (100%)

Median sutures placed (range) 3124

Length of stay (days) 1
Completed 6 months follow-up 11 (100%)

was no device failure. A median of 3 (range, 2—4) suture was
performed. The mean + SD procedure time was 54.6 +23.9
(23-100) min. There were no intraprocedural complications.
In the immediate post-procedure period, 50% required anal-
gesics for pain, and 10% required anti-emetics. The medica-
tions were subsequently discontinued within 10 days. The
average length of stay was 1 day. However, one patient (age,
44 years; diabetes mellitus) was admitted 2 days after the
procedure for chest pain, dyspnea, and hemoptysis. He was
treated for respiratory infection with antibiotics and was
discharged within 48 h. The respiratory infection was catego-
rized as mild and was attributed to the general anesthesia and/
or the procedure.

Weight Loss Results

All eleven patients adhered until 6-month follow-up and
achieved significant weight loss (p <0.001) (Table 2). The
mean + SD TBWL at 3 months and 6 months was 14.8 +
4.8 kg and 17.8 6.7 kg, respectively. The mean £ SD
%TBWL at 3 months and 6 months was 13.5+4.7% and
16.2 £6.0%, and the mean + SD %EBWL was 46.5 +£28.6%
and 54.3 +28.4%, respectively.

Suture Durability

All patients underwent endoscopic evaluation at 1 month and
6 months to assess for suture durability (Fig. 4). Most patients
(n=9, 82%) had intact sutures at 1 month and 6 months (n =
8, 73%). In two patients, we placed 4 sutures during the index
procedure and observed 3 during the endoscopic assessment
at 1 and 6 months. In the third patient, we identified only two

of the three sutures, although all of them were intact at the 1-
month examination. In all these 3 patients, a linear scar could
be identified despite the absence of visible suture or cinch
suggesting changes at the deeper layers of the stomach. We
observed similar weight loss in those with and without intact
sutures (16.5% vs. 15.4%, p=0.78).

Symptom Response

We found no significant change in gastrointestinal symptoms
as compared with the baseline in most patients. One patient
reported improvement in 3 symptoms that he suffered before
the procedure—heartburn, bloating, and upper abdominal
pain. A second patient reported improvement in abdominal
bloating.

Discussion

Our study shows that endoscopic gastroplasty using the
EndoZip™ device is feasible for the treatment of class I and
class II obesity. The early weight loss results achieved at
6 months are promising, and it may fulfill the ASGE/
ASMBS minimum threshold of 25% EWL with < 5% serious
adverse events at 12 months [21].

The goal of treatment in obesity management is to induce
and sustain weight loss with low risk of adverse events.
Bariatric surgery, although effective, is associated with a risk
of complications and cannot be extended to “obese but less
heavy” patients as the surgical risk overrides the gain of treat-
ment [22, 23]. Unfortunately, this group constitutes the major-
ity of the obese population, where effective treatment is lack-
ing. Endoscopic techniques that can restrict the food intake or
induce malabsorption may become an effective and attractive
treatment option for this broader group of patients with obesity
who are not suitable for bariatric surgery [24]. Endoscopic
gastroplasty using the Endozip™ device shortens the greater
curvature of the stomach, reduces the gastric body, and limits
its distensibility, thereby, decreasing the meal volume and en-
abling the patients to achieve early satiety. We believe that the
long transmural sutures may have impacted on the gastric
emptying and contributed to weight loss in addition to the
close nutritional follow-up. In our study, all the patients
achieved significant weight loss at 6 months within a struc-
tured MDT follow-up program. The overall weight loss results

Table 2 Weight loss outcome
after Endozip™ procedure

Outcomes 1 month 3 month 6 month p value
Mean + SD TBWL (kg) 11.6+3.0 14.8+4.8 17.8+6.7 <0.001
Mean + SD %TBWL 10.6+3.0 13.5+4.7 16.2+6.0 <0.001
Mean + SD %EWL 36.3+20.9 46.5+28.6 5434284 <0.001
Mean = SD ABMI (kg/m?) -39+12 -50+1.8 —-6.0+23 <0.001
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Fig. 4 Endoscopic appearance
and durability of sutures after
EndoZip™ in a study patient. a—¢
Endoscopic view of the stomach
after EndoZip procedure. Three
sutures were placed in the distal to
the proximal gastric body. d—f All
the sutures were durable at

1 month. Long segment mucosal
bridging can be appreciated. g—i
At 6 months, all the sutures
continued to remain intact. The
cinch and the visible suture track
can be observed. The narrowed
configuration of the gastric lumen
was maintained

and safety profile observed thus far are comparable with other
endoscopic gastroplasty procedures.

Several endoscopic gastroplasty techniques are currently
available for the treatment of obesity. In the endoscopic sleeve
gastroplasty procedure using the Apollo Overstitch device,
continues sutures are placed manually in the body of the stom-
ach to create a sleeve-like configuration. The reported weight
loss at 2 and 5 years are 17.6% and 14.5%, respectively [5,
25]. However, there is still a debate on the number of sutures
required, the suture pattern, and the number of bites per suture
needed to achieve desired weight loss. Recently, some con-
cerns have been raised on the durability and long-term effica-
cy of ESG because of partial-thickness suturing and early
suture loss [26]. In the primary obesity surgery endolumenal
(POSE) procedure, the fundus of the stomach was approached
in a retroflexed position, and preferentially plicated to reduce
the accommodation. A randomized study failed to demon-
strate meaningful weight loss results over a sham group [27].

Nevertheless, both the procedures are technically challeng-
ing and require specialized endoscopes and a high level of
operator expertise. Saumoy et al. showed that mastery with
endoscopic sleeve gastroplasty was achieved only after 55
procedures, with the first 20 cases requiring more than
100 min for completion [11]. From our extensive experience
with POSE, we observed the learning curve was even steeper
than ESG. Thus, the complexity of these procedures has re-
sulted in limited widespread dissemination, and only a few
centers have adopted them in clinical practice.

The novel EndoZip™ system introduces automation in en-
doscopic suturing to overcome the dependence on endoscopist
skills and the need for specialized endoscopes. It delivers ro-
bust full-thickness sutures consistently, a feature that is key to
any durable and successful EG technique. At 1 month and
6 months, most of the full-thickness sutures were still intact.
The resultant gastroplasty-related anatomical changes with
Endozip™ may have contributed to the significant weight
loss. The duration of stay in the hospital was only 24 h, and
all patients were discharged without any significant symp-
toms. Overall, the procedure was safe, with no serious adverse
events recorded at 6 months. We observed that the learning
curve can be shorter with the EndoZip™ system. The first 3
procedures required 78 min on average (range, 55-100 min)
for completion. The procedure duration progressively de-
creased to an average of 49 min (range, 23—75 min) after 9
procedures. However, larger studies are required to confirm
this finding.

Certain aspects of this first-generation automatic suturing
device need further improvement. The rigidity of the
EndoZip™ system restricts the maneuverability of the device
within the stomach and limits the performance of multiple
suture plication. Although the full thickness continuous sutur-
ing is effortless, we could only perform 2—4 sutures per patient
because of the limited flexibility. Similarly, the visualization
of'the gastric lumen gets impaired when the vacuum is applied
to approximate the opposing gastric wall inside the bougie.
This lessens the precision, and, in some cases, instead of the
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desired anteroposterior gastric wall approximation, we only
plicated the greater curvature to the posterior wall preventing
the creation of a sleeve-like configuration. Lastly, the device
needs to be removed and reloaded with suture after every
plication. Trained assistance is required to set up the system
and minimize the procedure time under anesthesia. To over-
come these shortcomings, a radically new second-generation
device with improved flexibility, visibility, and an enhanced
motorized system to reduce the procedural steps and ease the
technique, is under development.

Our study has a few limitations. The sample size was small,
with limited follow-up time, and there was no control arm. All
the procedures were performed only by a single endoscopist in
one expert center. As it is a first-in-human study, the patients
were followed up closely by the MDT, which may have im-
pacted significantly the weight loss achieved. However, the
patients enrolled in the study have failed prior diet and life-
style therapies, and the available evidence suggests high-
intensity diet, and lifestyle therapy alone is inferior in achiev-
ing significant weight loss compared with endoscopic gastric
volume reduction. The results at 12 months and additional
gastric motility and gastric volume assessment after the pro-
cedure may help us understand the actual efficacy of the pro-
cedure. This was only a pilot study to assess feasibility, and
the preliminary results observed thus far sets the ground to
perform more extensive comparative studies involving multi-
ple centers in the future.

In conclusion, our first-in-human study has established the
feasibility of the novel automated endoscopic full-thickness
suturing device. This is a significant “work in progress” in
obesity management, attempting to increase treatment pene-
tration by simplifying the technique and minimizing operator
dependence. In the next phase, with an improved device, we
are planning an extended feasibility study on a large sample
size to study the safety, long-term efficacy, changes in gastric
motility, and impact on comorbidities.
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