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1. Abstract

1.1. Introduction: Anastomotic leaks and fistulas as well as perfo-
rations do lead to increased morbidity and mortality. Several inter-
ventional endoscopic techniques such as stents, clips, endoscopic
suturing and endoscopic vacuum therapy, can help in reducing an
unfavorable outcome of these patients, using a differentiated man-
agement of leakages. An important feature of these therapeutic op-
tions is the contineous removal of fluid from the fistula or abscess
cavity in order to heal the defect and prevent subsequent complica-
tions. The objective of this study is the investigation of technical and
conceptual modifications of the established Endo-sponge therapy
and their feasibility.

1.2. Methods: 1-explore and find solutions for optimization of ab-
sorbing fluids from the cavity. 2-explore and find solutions for opti-
mization of draining fluids from the cavity using the capillary effect.
3-explore and find solutions to optimize the endoscopic placement
of a sponge or drain or both in the leak cavity in the esophageal wall.
1.3. Results: The results of the absorption tests showed a rather
quick disappearance of the water volumes, but an insufficient capaci-
ty of the absorber bags and packs in that only 4m-6ml of fluid could
be absorbed, before the bags and packs disintegrated. The potential
of the capillary-effect in treatment of abscesses without the effect
of suction in the dry tests was completely insufficient. The results
show that only one technique using a forceful grasper over an exter-
nal shaft outside the endoscope has substantial advantages over the
other techniques.

1.4. Conclusions: The investigations in the potential of super-ab-

sorbing agents and the capillary effect of films was disappointing,
The maneuverability of external steerable and flexible endoscopic
instruments next to an endoscope in the lumen for precise position-
ing of sponges or films caries a high potential of being advantageous
for endoscopic therapy.

2. Introduction

Anastomotic leaks and fistulas as well as perforations do lead to
increased morbidity and mortality [1-3]. These complications may
cause severe problems for the patients such as mediastinitis, em-
pyema, pneumonia, sepsis, multiorgan failure and death. Currently,
several techniques of interventional endoscopy such as stents, clips,
endoscopic suturing and endoscopic vacuum therapy, can help in
reducing an unfavorable outcome of these patients, using a differ-
entiated management of leakages [4-15]. An important feature of
these therapeutic options is the contineous removal of fluid from
the fistula or abscess cavity in order to heal the defect and prevent
subsequent complications.

A conventional surgical option is the surgical revision with an at-
tempt of closure and a suffcient drainage of the abscess outside the
body. One recent endoscopic related option is the application of
a sponge in the cavity and vacuum therapy technique [16-21]. The
placement of a sponge in the gut-lumen at the leak and/or its cavity
associated with vacuum therapy will create a drainage of fluid, pro-
viding a chance to develop granulation in the leak and start a heal-
ing process. Reviewing the literature, it seems important to combine
sponge-placement with the application of suction by continuous

vacuum therapy [16-21]. The necessity of a persistent drainage usu-
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ally through the nasopharynx is an annoying option for the patients,
since the disturbing irritation in the nose and the inability to eat and
drink regular meals creates frustrations.
Endoscopic stent therapy is an attractive option, however, insuf-
ficient drainage and stent migration often limit the success of this
method, especially in larger defects [4, 5, 8, 11, 12]. Recently, success-
ful therapy has been reported in esophageal leaks using endoscopic
sponge therapy with internal drainage without suction [22-24]. More
technical modifications may be possible to improve this intriguing
therapeutic concept.
The objective of this study is the investigation of technical and con-
ceptual modifications of the established Endo-sponge therapy and
their feasibility. One option is the exploration of the potential of
the absorption-effect of certain substances to be more effective in
withdrawal of fluids. Another option is evaluation of the capillary-ef-
fect of small spaces to drain fluids from unfavorable places such as
abscesses. In addition, a more precise endoscopic placement of the
sponge in the leak cavity reaching all corners of the involved atea,
may be more effective. The aim of this project is the evaluation of
these different options as to their feasibility and their potential to
address the needs in fluid drainage.
3. Material and Methods
3.1. Design and Open Questions

*  explore and find solutions for optimization of absorbing

fluids from the cavity
*  cexplore and find solutions for optimization of draining flu-

ids from the cavity using the capillary effect
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* explore and find solutions to optimize the endoscopic
placement of a sponge or drain or both in the leak cavity in
the esophageal wall

*  provide interpretations and conclusions for future clinical
use

3.2. Exploration of the Potential of Enhanced Fluid-Absorp-
tion

In this first evaluation, a “supet-absorbet” (granulat: Diamonds™
ConvaTec Ltd, UK, gelling sachets) was tested in a dry model to
explore a potential increase of the effectivity of fluid-absorption in
an abcess cavity (Figure 1). The commercially available little paper
bag was exposed to a defined volume of water and the time of ab-
sorption until total disappearance of the provided water-volume was
measured. Several volumes were tested in 5 tests each to gain a rep-
resentative result. It was noticed during testing that the paper bags
of the sachets were quite fragile and would dissolve rather quickly,
resulting in local spread of the granulat within the location (Figure
1). In addition, the paper bags disrupted, when wet, as soon as there
were tried to be manipulated by an endoscopic grasping device.

As a consequence, in a second test series the “super-absorber” gran-
ulat sachets were sewn in a surrounding textile-sponge in order to
protect the outside cover from disrupting as well as being able to be
manipulated by an endoscopic grasper (Figurel).

The absorption abilities of these “absorber-packs” were assessed by
exposing the packs to increasing volumes of water (2ml; 4ml; 20ml)

and measuring time in seconds/minutes until full absorption of the

given water-volume.

Figure 1: potential of absorption with super-absorbers:
(a) below superabsorber sachet or bag and above sewn-in pack;
(b) fragile sachet bursts after excessive fluid absorption;

(c) sewn-in superabsorber-pack with sachet after absorption still intact.

3.3. Test for Assessment of Capillary Effect of Sponge, Foil
and Drain, Assembled for an Internal Drainage-System of The
Leak Cavity Without Suction

The capillary effects of small caliber drains and foils in fluid can be
used to treat fluid collections in the body. This principle was investi-
gated by other authors in the past years, however they used additional
suction [21, 25, 26]. Therefore, we performed test-series following
the described methods, however, our aim was to explore the potential
of fluid drainage based on capillary effect [21, 25, 26]. In the in-vitro
test the water-volume drainage and time duration was measured and

documented.

Initial tests (capillary test 1) were performed with a polyurethan
sponge (Endo-SPONGE™ B. Braun Melsungen AG, Melsungen,
Germany), which is an open-pore drainage (OPD) (Figure 2). The
sponge was cut to an adequate size and then fixed to the tip of a
drainage with surgical sutures. Similarly, a film-connected drainage
was created by using a Suprasorb™ CNP drainage film (Lohmann &
Rauscher GmbH & Co.KG, Neuwied, Germany), which was rolled
around a drain and again fixed with a surgical suture on the drain,
thus resulting in an open-pore-film-drainage (OFD) (capillary test
2). A third option is a combination of the previous techniques, using

both a small foam and a film, wrapped around the foam and fixed
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by sutures on the drain as an open-pore-film-wrapped polyurethane
foam drain (OPFD) (capillary test 3) (Figure 2). All drains were small
caliber Redon-drains.

In a next series, the capillary effect of the folie-film alone was evalu-

(@) (b)
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ated, spreading a film-folie in a small water basin with 5ml and elevat-
ing over a height of 1,5cm to flat positioned paper (capillary test 4)
(Figure 3). A last test for capillary effect was performed using just the
film-material connected to an applier-tip to introduce it into smaller

fistula-openings (capillary test 5).

Figure 2: tests of different sponges, drains and films for fluid transport by capillary effect:

(a)Sponge and film as material to create an OPD (open-pore-drainage)

(b)Down-sized Sponge, rolled and drainage combined as OPFD (open-pore-film-wrapped polyurethane foam drain)

(c)OFPD exposed to water and tested for capillary effect with a 1cm elevation.

Figure 3: test for capillary effect from a water-basin without suction over a height of 1,0cm:

(a) a single film-folie is used to record the capillary effect

(b) the film is shaped and wrapped around an applicator-tip for improved endoscopic placement

3.4. Endoscopic Placement of Sponge and Drain System

A more precise endoscopic placement of the sponge-system in the
leak cavity reaching all corners of the involved area, may be more ef-
fective. A model for evaluating different endoscopic assisted systems
was established (Figure 4). A Styrofoam-model of the esophagus was
created with a leak (diameter 2cm) in the middle of the esophagus,
connecting the esophageal lumen with a lower abscess cavity (LAC)
as well as an upper abscess cavity (UAC). A porcine-explant of an
esophagus and stomach was used, provided from a local butcher,
and placed in the Styrofoam model for testing (Figure 4). The simu-
lation-leak was created and placed at the opening towards the cavities
in the model.

Subsequently, different instrument combinations were used and test-

ed in this model. In these test-series, the technical feasibility of posi-
tioning a sponge or a drain-system precisely into the LAC was tested
using different technical options.

As a baseline test, the well-established original Endo-Sponge™ ap-
plication system (Braun Melsungen, Germany) was used, measuring
the duration of the procedure with the plastic applicator system and
pusher (Figure 5).

In the second positioning-test, the manipulation of a sponge was
petformed with a regular commercially available endoscopic grasp-
ing forceps through the working channel of the scope, fixing the
sponge with the grasper prior to entering with the scope into the
pharynx, subsequently pushing the sponge and endoscope forward
until reaching the level of the esophageal leak. Then, the grasper



together with the sponge, is pushed further through the leak in the
cavity (Figure 6). Manipulations of the sponge and optimizing its
position were performed with the endoscopic grasper.

In the third positioning-test-series, the placement of the sponge,
connected to a short drain, was assessed by using a guidewire, which
was initially placed under endoscopic vision into the LAC (Figure
7). Then, the endoscope was removed and the sponge in combina-
tion with the drain was mounted on the guidewire and advanced into
the LAC. Further manipulation was limited, once the guidewire was
withdrawn. An endoscopic inspection of the sponge and drain posi-
tion was performed to control the result.

A forth positioning-test was performed using an external indepen-
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dent instrument such as a larger grasper (diameter 5cm), which al-
lows for more robust traction and pushing force to manipulate the
sponge and improve its position in the cavity (Figure 4). The external
independent grasper also enables the positioning of the sponge in
the UAC (Figure 8).

The feasibility of all these different technical options was evaluated.
Major and inhibiting handling problems had to be recorded by the
participants. The participants consisted of a mixed group of individ-
uals, employees of our laboratory, with an engineering background,
surgery and gastroenterology. All participants had some experience
in endoscope handling.

All data were recorded prospectively and documented, and if appli-

cable, compared with a t-test for statistical evaluation.

Figure 4: Styrofoam model for dry test of instruments, simulating an esophageal leak and fistula in the mid-esophagus with an upper and a lower ab-

scess-cavity

Figure 5: Commercial sponge with external drainage for vacuum therapy (Endo-Sponge™ application system, Braun Melsungen, Germany) was used,

measuring the duration of the procedure with the plastic applicator system and pusher.
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Figure 6: In the in-vitro model, the sponge is transported into the esophagus by pushing the sponge in the abscess cavity with some regular endoscopic

forceps through the working-channel

Figure 8: Positioning of sponge via external independent articulating instrument, which has a steering function and a 5mm caliber, allowing for a forceful

positioning of the sponge.

4. Results

The results of the absorption tests showed a rather quick disappear-
ance of the water volumes, but an insufficient capacity of the absorb-
er bags and packs in that only 4m-6ml of fluid could be absorbed,
before the bags and packs disintegrated. Table 1 demonstrates the
data overview.

Another drawback was the fact that the bags were fragile, thus, re-
locating the bags by endoscopic graspers was not possible since the
super-absorber bags did disintegrate.

After sewing the bags in a textile pack did improve the handling issue.

The packs were more stabile and could be transported or withdrawn

from their initial location by endoscopic graspers. However, the ab-
sorption function did not reach a sufficient clinical level. Since in
clinical practice a daily production of pus and fluid reaches around
50-120 ml, the absorption capacity of the suberabsorber-packs were
at a level of about 20-25 ml. This is not sufficient for clinical use.
Table 2 demonstrates the time frame and the fluid capacity as shown
in our tests. As a summary of these tests it became evident that the
super-absorber cannot be used in this context.

The potential of the capillary-effect in treatment of abscesses and
fistulas could not be evaluated in a satisfactory way. Without the

effect of suction, the dry tests for the application of sponges in
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combination with drains and films regarding the capillary effect was
completely insufficient, since no substantial fluid transport could be
demonstrated. None of the various tests showed any substantial fluid
transfer.

The third option of potential improvement concerned the optimi-
zation of endoscopic positioning of a sponge in the abscess cavity
by various endoscopic tools and techniques. Table 3 shows the re-
sults of the different techniques regarding the duration of sponge
placement. The results show that only one technique using a forceful

grasper over an external shaft outside the endoscope has substantial
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advantages over the other techniques. When the duration of posi-
tioning is compared with each other, the procedure with external
FMX-grasper is faster than any other technique (p< 0,0001) (Table
3). The commercial sponge application system is also faster as the
regular grasper (p= 0,0366) and also the guidewire-supported system
(p=0,0015).

Therefore, the potential of optimizing the current available endo-
scopic-assisted techniques in the management of draining and even-
tually healing esophageal abscesses and fistulas by enhanced fluid
absorption and using the capillary effect are limited. An improved

placement of a sponge-system seems technically realistic.

Table 1: absorption-test 1: Water absorption with superabsorber-bags and -packs: Time duration until full fluid absorption in seconds.

Absorption-tests 1 2 3

4 5 6 7 median

Super-absorber bag (2ml) 40 | 60 25

30 | 25 30 40 30

Super-absorber bag (4ml) 80 | 130 | 110

90 | 100 | 110 | 100 100

Super-absorber-pack (4ml) 60 | 40 70

60 | 50 50 60 60

Table 2: absorption-test 2: absorber-pack (sewn-in super-absorber-bag)

exposed to increasing volume of water until disintegration (time in seconds)

ml of water 4 8 12 16

20 24

Time in seconds 60 160 | 340 | 480

660 Disintegration of pack

5. Discussion

This report focused on the exploration of several technical options
around the clinical problem of esophageal leaks and their manage-
ment. In the past decades, endoscopic technology and procedures
have definitely advanced the therapeutic spectrum to help these
patients. However, the limitations of the currently available endo-
scopic techniques such as stent migration, necessity of suction in
sponge therapy, limited accuracy in sponge-placement especially in
smaller fistulas, the necessity to limit oral fluid and food intake for
the patients during the weeks of treatment should stimulate further
research in this field.

Unfortunately, the ability of super-absorber-agents to quickly absorb
fluid volumes is based on a fairly large amount of absorber-sub-
stance, which enlarges during the process in size, and therefore, is not
a practical solution for intraluminal and leak problems, because again
to many endoscopic visits are necessary, limiting the satisfaction for
patients and payers.

We were unable to demonstrate and really evaluate the capillary ef-
fect in several dry-lab conditions. One could conclude from our ex-
perimental experience that the capillary effect without any support
by suction using the different options of sponge, drains and films,
is just not sufficient to improve the clinical problem. However, in
our experimental setting, the tests were far from any clinical con-
dition, and therefore, may be not realistic. It is interesting that the
large experience with endoscopic placed internal drainage-systems
by Donatelli et al. show a very beneficial effect regarding healing of
the leak [22-24]. Despite the lack of external suction, these internal
drains between the leak-track or the leak-cavity cause a stepwise heal-
ing and closure of these defects. One can speculate that intrathoracic

pressure conditions and changes as well as respiratory movements

and their influence on pressure within the leak cavities may cause leak
drainage without external suction. This requires further research to
learn more about the mechanisms involved.

A more precise endoscopic placement of the sponge-system in the
leak cavity reaching all corners of the involved area, may be more
effective. The currently available sponge and drain systems usually
have an applicator, which may have a guidewire system. However,
most are not associated with a placement under endoscopic vision,
which may lack the necessary accuracy. On the other hand, accurate
position of the sponge and drainage-system seems to be an import-
ant issue regarding successful cleaning of the area of the anastomotic
insufficiency and abscess drainage. If the sponge can only be placed
in the esophageal lumen, a thorough cleaning of the cavity may be
limited, because the suction effect of the intraluminal sponge may
not reach the corners of the abscess cavity. The latter may result in
excessive number of procedures until improvement of the patient,
associated with more suffering of the patients and high treatment
costs for the payers [25, 20].

As a consequence, we were surging for an endoscopic procedure
combined with the transport and placement of a sponge-drain-sys-
tem under endoscopic control into the site of interest. During the
developments of transluminal endoscopic techniques, several inno-
vations regarding endoscopic platforms with more precise maneu-
verability emerged [27-29]. A prerequisite is a flexible grasper with
the necessary strength and maneuverability to move around corners
as necessary. A new flexible grasping system was used, which has
been recently published and serves the necessary needs in this situ-
ation [29].

6. Conclusions

The investigations in the potential of super-absorbing agents and



the capillary effect of films was disappointing. The maneuverability

of external steerable and flexible endoscopic instruments next to an

endoscope in the lumen for precise positioning of sponges or films

caries a high potential of being advantageous for endoscopic therapy.

Thus, clinical testing of the latter should be planned.

References

1.

10.

11.

12.

13.

Low DE, Alderson D, Cecconello I, Chang AC, Darling GE, D Journo
XB et al. International Consensus on Standardization of Data Collec-
tion for Complications Associated with Esophagectomy: Esophagec-
tomy Complications Consensus Group (ECCG). Ann Surg, 2015; 262:
286-94.

Urschel JD. Esophagogastrostomy anastomotic leaks complicating

esophagectomy: a review. Am J Surg. 1995; 169: 634-40.
Briel JW, Tamhankar AP, Hagen JA, DeMeester SR, Johansson J,

Choustoulakis E, et al. Prevalence and risk factors for ischemia, leak,
and stricture of esophageal anastomosis: gastric pull-up versus colon
interposition. ] Am Coll Surg. 2004; 198: 536-41.

Doniec JM, Schniewind B, Kahlke V, Kremer B, Grimm H. Therapy of
anastomotic leaks by means of covered self-expanding metallic stents

after esophagogastrectomy. Endoscopy. 2003; 35: 652-8.
Messmann H, Schmidbaur W, Jickle ], First A, Iesalnieks 1. Endoscopic

and surgical management of leakage and mediastinitis after esophageal
surgery. Best Pract Res Clin Gastroenterol. 2004; 18: 809-27.

Maish MS, DeMeester SR, Choustoulakis E, Briel JW, Hagen JA, Pe-
ters JH, Lipham JC, et al. The safety and usefulness of endoscopy for
evaluation of the graft and anastomosis early after esophagectomy and
reconstruction. Surg Endosc. 2005; 19: 1093-102.

Schiefke I, Neumann S, Zabel-Langhennig A, Moessner J, Caca K. Use
of an endoscopic suturing device (the “ESD”) to treat patients with
gastroesophageal reflux disease, after unsuccessful EndoCinch endolu-

minal gastroplication: another failure. Endoscopy. 2005; 37: 700-5.
Kauer WK, Stein HJ, Dittler HJ, Siewert JR. Stent implantation as a

treatment option in patients with thoracic anastomotic leaks after

esophagectomy. Surg Endosc. 2008; 22: 50-3.

Stavropoulos SN, Modayil R, Friedel D. Current applications of endo-
scopic suturing, World ] Gastrointest Endosc. 2015; 7: 777-89.

Schmidt A, Fuchs KH, Caca K, Kiillmer A, Meining A. The Endoscop-
ic Treatment of latrogenic Gastrointestinal Perforation. Dtsch Arztebl
Int. 2016; 113: 121-8.

Manta R, Caruso A, Cellini C, Sica M, Zullo A, Mirante VG, et al. En-
doscopic management of patients with post-surgical leaks involving the
gastrointestinal tract: A large case series. United European Gastroenter-
ol J. 2016; 4: 770-7.

van Halsema EE, van Hooft JE. Clinical outcomes of self-expandable
stent placement for benign esophageal diseases: A pooled analysis of
the literature. World J Gastrointest Endosc. 2015; 7: 135-53.

Kobara H, Mori H, Nishiyama N, Fujihara S, Okano K, Suzuki Y, et

al. Over-the-scope clip system: A review of 1517 cases over 9 years. |
Gastroenterol Hepatol. 2019; 34: 22-30.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2022, V8@): 1-7

Smith EA, Daly SC, Smith B, Hinojosa M, Nguyen NT. The Role of
Endoscopic Stent in Management of Postesophagectomy Leaks. Am
Surg, 2020: 3134820964495.

Rodrigues-Pinto E, Repici A, Donatelli G, Macedo G, Deviére J, van
Hooft JE, et al. International multicenter expert survey on endoscopic
treatment of upper gastrointestinal leaks. Endosc Int Open, 2019; 7:
71-82.

Arezzo A, Miegge A, Garbarini A, Morino M. Endoluminal vacuum
therapy for anastomotic leaks after rectal surgery. Tech Coloproctol.
2010; 14: 279-81.

Leeds SG, Burdick JS. Management of gastric leaks after sleeve gas-
trectomy with endoluminal vacuum (E-Vac) therapy. Surg Obes Relat
Dis. 2016; 12: 1278-85.

Bhurwal A, Mutneja H, Tawadross A, Pioppo L, Brahmbhatt B. Gas-
trointestinal fistula endoscopic closure techniques. Ann Gastroenterol.

2020; 33: 554-62.
Cereatti F, Grassia R, Drago A, Conti CB, Donatelli G. Endoscopic

management of gastrointestinal leaks and fistulae: What option do we
have? World J Gastroenterol. 2020; 26: 4198-217.

Kuehn F, Loske G, Schiffmann L, Gock M, Klar E. Endoscopic vacu-
um therapy for various defects of the upper gastrointestinal tract. Surg
Endosc. 2017; 31: 3449-58.

Loeck J, von Liicken HJ, Munscher A, Miiller CT, Loske G. Endo-
scopic Negative Pressure Therapy (ENPT) in head and neck surgery:
first experiences in treatment of postoperative salivary fistulas and
cervical esophageal perforations. Eur Arch Otorhinolaryngol. 2021;
278: 4525-34.

Donatelli G, Ferretti S, Vergeau BM, Dhumane P, Dumont JL, Derhy
S, et al. Endoscopic Internal Drainage with Enteral Nutrition (EDEN)
for treatment of leaks following sleeve gastrectomy. Obes Surg. 2014;
24: 1400-7.

Donatelli G, Dumont JL, Cereatti F, Ferretti S, Vergeau BM, Tuszynski
T, et al. Treatment of Leaks Following Sleeve Gastrectomy by Endo-
scopic Internal Drainage (EID). Obes Surg, 2015; 25: 1293-301.

Donatelli G, Donatelli G, Spota A, Cereatti F, Granieri S, Dagher I, et
al. Endoscopic internal drainage for the management of leak, fistula,
and collection after sleeve gastrectomy: our experience in 617 consec-
utive patients. Surg Obes Relat Dis. 2021; 17: 1432-9.

Loske G, Albers K, Mueller CT. Endoscopic negative pressure ther-
apy (ENPT) of a spontaneous oesophageal rupture (Boerhaave’s
syndrome) with peritonitis - a new treatment option. Innov Surg Sci.
2021; 6: 81-6.

Loske G, Miller ], Réske A, Majert D, Schulze W, Mueller CT, et al.
Closure of a duodenal cutaneous fistula with endoscopic negative
pressure therapy using a thin open-pore film drain - an easy tool and

simple method. Endoscopy. 2021.

Fuchs KH, Meining A, von Renteln D, Fernandez-Esparrach G, Breit-
haupt W, Zornig C, et al. Lacy A. Euro-NOTES Status Paper: from the
concept to clinical practice. Surg Endosc. 2013; 27: 1456-67.

Stavropoulos SN, Modayil R, Friedel D. Current applications of endo-


https://pubmed.ncbi.nlm.nih.gov/25607756/
https://pubmed.ncbi.nlm.nih.gov/25607756/
https://pubmed.ncbi.nlm.nih.gov/25607756/
https://pubmed.ncbi.nlm.nih.gov/25607756/
https://pubmed.ncbi.nlm.nih.gov/25607756/
https://pubmed.ncbi.nlm.nih.gov/7771633/
https://pubmed.ncbi.nlm.nih.gov/7771633/
https://pubmed.ncbi.nlm.nih.gov/15051003/
https://pubmed.ncbi.nlm.nih.gov/15051003/
https://pubmed.ncbi.nlm.nih.gov/15051003/
https://pubmed.ncbi.nlm.nih.gov/15051003/
https://pubmed.ncbi.nlm.nih.gov/12929059/
https://pubmed.ncbi.nlm.nih.gov/12929059/
https://pubmed.ncbi.nlm.nih.gov/12929059/
https://pubmed.ncbi.nlm.nih.gov/15494280/
https://pubmed.ncbi.nlm.nih.gov/15494280/
https://pubmed.ncbi.nlm.nih.gov/15494280/
https://pubmed.ncbi.nlm.nih.gov/16027986/
https://pubmed.ncbi.nlm.nih.gov/16027986/
https://pubmed.ncbi.nlm.nih.gov/16027986/
https://pubmed.ncbi.nlm.nih.gov/16027986/
https://pubmed.ncbi.nlm.nih.gov/16032486/#:~:text=Conclusions%3A Endoluminal gastroplication using the,treatment option for GERD patients.
https://pubmed.ncbi.nlm.nih.gov/16032486/#:~:text=Conclusions%3A Endoluminal gastroplication using the,treatment option for GERD patients.
https://pubmed.ncbi.nlm.nih.gov/16032486/#:~:text=Conclusions%3A Endoluminal gastroplication using the,treatment option for GERD patients.
https://pubmed.ncbi.nlm.nih.gov/16032486/#:~:text=Conclusions%3A Endoluminal gastroplication using the,treatment option for GERD patients.
https://pubmed.ncbi.nlm.nih.gov/17704867/
https://pubmed.ncbi.nlm.nih.gov/17704867/
https://pubmed.ncbi.nlm.nih.gov/17704867/
https://pubmed.ncbi.nlm.nih.gov/26191342/
https://pubmed.ncbi.nlm.nih.gov/26191342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800157/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800157/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800157/
https://pubmed.ncbi.nlm.nih.gov/28408994/
https://pubmed.ncbi.nlm.nih.gov/28408994/
https://pubmed.ncbi.nlm.nih.gov/28408994/
https://pubmed.ncbi.nlm.nih.gov/28408994/
https://pubmed.ncbi.nlm.nih.gov/25685270/#:~:text=The overall clinical success rate,and minor (13.4%25) complications.
https://pubmed.ncbi.nlm.nih.gov/25685270/#:~:text=The overall clinical success rate,and minor (13.4%25) complications.
https://pubmed.ncbi.nlm.nih.gov/25685270/#:~:text=The overall clinical success rate,and minor (13.4%25) complications.
https://pubmed.ncbi.nlm.nih.gov/30069935/
https://pubmed.ncbi.nlm.nih.gov/30069935/
https://pubmed.ncbi.nlm.nih.gov/30069935/
https://pubmed.ncbi.nlm.nih.gov/31788551/#:~:text=Methods A survey questionnaire was,had %3E 10 years of experience.
https://pubmed.ncbi.nlm.nih.gov/31788551/#:~:text=Methods A survey questionnaire was,had %3E 10 years of experience.
https://pubmed.ncbi.nlm.nih.gov/31788551/#:~:text=Methods A survey questionnaire was,had %3E 10 years of experience.
https://pubmed.ncbi.nlm.nih.gov/31788551/#:~:text=Methods A survey questionnaire was,had %3E 10 years of experience.
https://pubmed.ncbi.nlm.nih.gov/20352276/
https://pubmed.ncbi.nlm.nih.gov/20352276/
https://pubmed.ncbi.nlm.nih.gov/20352276/
https://pubmed.ncbi.nlm.nih.gov/27178614/
https://pubmed.ncbi.nlm.nih.gov/27178614/
https://pubmed.ncbi.nlm.nih.gov/27178614/
https://pubmed.ncbi.nlm.nih.gov/33162732/
https://pubmed.ncbi.nlm.nih.gov/33162732/
https://pubmed.ncbi.nlm.nih.gov/33162732/
https://pubmed.ncbi.nlm.nih.gov/32848329/
https://pubmed.ncbi.nlm.nih.gov/32848329/
https://pubmed.ncbi.nlm.nih.gov/32848329/
https://pubmed.ncbi.nlm.nih.gov/28078463/
https://pubmed.ncbi.nlm.nih.gov/28078463/
https://pubmed.ncbi.nlm.nih.gov/28078463/
https://pubmed.ncbi.nlm.nih.gov/33715018/
https://pubmed.ncbi.nlm.nih.gov/33715018/
https://pubmed.ncbi.nlm.nih.gov/33715018/
https://pubmed.ncbi.nlm.nih.gov/33715018/
https://pubmed.ncbi.nlm.nih.gov/33715018/
https://pubmed.ncbi.nlm.nih.gov/24898719/
https://pubmed.ncbi.nlm.nih.gov/24898719/
https://pubmed.ncbi.nlm.nih.gov/24898719/
https://pubmed.ncbi.nlm.nih.gov/24898719/
https://pubmed.ncbi.nlm.nih.gov/25913755/
https://pubmed.ncbi.nlm.nih.gov/25913755/
https://pubmed.ncbi.nlm.nih.gov/25913755/
https://pubmed.ncbi.nlm.nih.gov/33931322/
https://pubmed.ncbi.nlm.nih.gov/33931322/
https://pubmed.ncbi.nlm.nih.gov/33931322/
https://pubmed.ncbi.nlm.nih.gov/33931322/
https://pubmed.ncbi.nlm.nih.gov/34589575/
https://pubmed.ncbi.nlm.nih.gov/34589575/
https://pubmed.ncbi.nlm.nih.gov/34589575/
https://pubmed.ncbi.nlm.nih.gov/34589575/
https://pubmed.ncbi.nlm.nih.gov/34624919/
https://pubmed.ncbi.nlm.nih.gov/34624919/
https://pubmed.ncbi.nlm.nih.gov/34624919/
https://pubmed.ncbi.nlm.nih.gov/34624919/
https://pubmed.ncbi.nlm.nih.gov/23543284/
https://pubmed.ncbi.nlm.nih.gov/23543284/
https://pubmed.ncbi.nlm.nih.gov/23543284/
https://pubmed.ncbi.nlm.nih.gov/26191342/

29.

scopic suturing. World J Gastrointest Endosc. 2015; 7: 777-89.
Fuchs KH, Neki K, Lee AM, Dominguez R, Broderick RC, Sandler
B, et al. New suturing system for flexible endoscopy in the gastroin-

testinal tract. Jap ] Gastro Hepatol. 2021; 6: 1-6.

2022, V8(6): 1-8


https://pubmed.ncbi.nlm.nih.gov/26191342/

	_GoBack

