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Abstract

Background Transluminal retroperitoneal endoscopic
necrosectomy (TREN) is an attractive NOTES technique
alternative to surgery for treatment of walled-off pancreatic
necrosis (WOPN). The main limitations to this technique
are the need for repeated sessions, prolonged external
irrigation, and EUS availability. In our study, we intro-
duced new modifications, including the use of hydrogen
peroxide, and abandoning the use of EUS and external
irrigation.

Methods This is a retrospective study of outcome of
consecutive patients who underwent TREN for WOPN
between April 2011 and August 2012. The technique
included (1) non-EUS—guided transluminal drainage, and
(2) direct endoscopic debridement using hydrogen peroxide
and different accessories. No external irrigation was used.
Results Ten patients were included. Initial clinical and
technical success was achieved in all patients. Complete
radiological success and long-term clinical efficacy was
achieved in nine patients (1 patient had an inaccessible left
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paracolic gutter collection and died 62 days after endo-
therapy). Mean number of sessions was 1.4 (range 1-2).
Complications included bleeding, which was self-limited in
three patients and endoscopically controlled in one. All
patients avoided surgery, and no recurrence was reported
during median follow-up of 289 (range 133-429) days.
Conclusions TREN is a safe and effective treatment for
WOPN and could be performed safely without EUS
guidance in selected cases. Hydrogen peroxide played a
major role in reduction of number of sessions and timing.
External irrigation of WOPN is not necessary, if adequate
debridement could be achieved.

Keywords Endoscopic necrosectomy - Walled-off
pancreatic necrosis - NOTES - Debridement - Hydrogen
peroxide - Acute pancreatitis

Pancreatic necrosis is one of the most severe complications
of acute pancreatitis and is defined, according to Atlanta
classification, as diffuse or focal areas of nonviable pancre-
atic parenchyma, which is typically associated with peri-
pancreatic fat necrosis [1]. During a period of 3—4 weeks,
sequestration of necrotic tissue occurs, forming a relatively
well-circumscribed fibrous capsule without an epithelial
lining, recently referred to as walled-off pancreatic necrosis
(WOPN) [2, 3]. Infection of WOPN develops in as many as
70 % of cases with mortality rate reaching up to 100 % if
appropriate intervention was not undertaken [4].

Surgical necrosectomy has remained the mainstay of
treatment for WOPN. However, mortality rate with open
surgery can be as high as 56 % with a mean of 25 %, and
repeated laparotomies are usually needed [5—10].

Recently, minimally invasive techniques have been
developed as an alternative to open surgery in selected
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patients, with significant better outcomes. These techniques
have included image-guided, large-bore catheter drainage
[11-13], laparoscopic necrosectomy [14—16], and mini-
mally invasive visually assisted retroperitoneal debridement
[17, 18]. The common concept beyond these techniques is to
have a direct access to the WOPN for drainage and
debridement through a minimal yet limited access approach.

Endoscopic transluminal access to the abdominal cavity
without creating scars, which is called “natural orifice
transluminal endoscopic surgery” (NOTES), is an emerg-
ing technique attracting great interest and being evaluated
experimentally for variety of procedures [19, 20]. Peroral
transluminal retroperitoneal endoscopic necrosectomy
(TREN) for WOPN is the first clinical application of
NOTES and was pioneered in 2000 by Seifert [21]. This
technique offers another minimally invasive approach and
allows more aggressive debridement in selected patients,
with high success rate and low mortality and morbidity
rates [3, 22-24].

This is the first study conducted to assess the safety and
efficacy of TREN technique in Kasr Alainy Hospital, Cairo
University, the largest tertiary hospital in Egypt, with ini-
tial outcome and long-term follow-up. Contrary to previous
publications, neither endoscopic ultrasound (EUS) nor
external irrigation were used in this study. To our knowl-
edge, this the first time in literature that safety and efficacy
of hydrogen peroxide use to facilitate the debridement
process was assessed.

Patients and methods

We have established our multidisciplinary team since 2010
to manage cases with different types of pancreatic fluid
collections (PFC). Our team consists of an experienced
endoscopist, gastrointestinal surgeons, and an expert
interventional radiologist. After initial success and favor-
able outcome with our first case of TREN in April 2011, all
cases with WOPN who fulfilled our selection criteria were
enrolled for endoscopic necrosectomy. All patients were
informed that this technique is still under development.
Alternative options were presented, various expected
complications were discussed, and written consent was
obtained. At our institution and others in Egypt, retro-
spective analysis of clinical information does not require a
specific approval by an institutional review board.

Data of ten consecutive patients (6 males, 4 females)
who underwent TREN for WOPN during the period from
April 2011 to August 2012 were prospectively collected
and retrospectively analyzed.

Clinical data, etiologies, and duration of pancreatitis
were recorded. Full laboratory assessment was done, and
Acute Physiology and Chronic Health Evaluation II
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(APACHE II) score was calculated 24 h before TREN.
Abdominal ultrasound, contrast-enhanced CT (CECT)
scan, and MRCP were performed to assess the number,
size, location, wall thickness, relation to the upper gastro-
intestinal lumen, and presence of solid debris inside the
PFC. Also portal and splenic veins, biliary system, pan-
creatic parenchyma, and main pancreatic duct were asses-
sed (Figs. 1, 2).

All selected patients for endoscopic debridement had
symptomatic collections and/or highly suspected infection.
Main indicating symptoms were abdominal pain necessi-
tating pain killers, cholestasis, and inability to eat or weight
loss. Infection was suspected with fever, leukocytosis,
presence of air inside the WOPN in CECT, and/or positive
culture from WOPN aspirate or blood culture.

All patients were examined with ultrasound and CECT
scan. Four patients had MRCP. Presence of wall adherent
to the gastric or duodenal wall and less than 10 mm in
thickness was essential. PFCs were confirmed to be WOPN
by visualizing solid debris inside, using abdominal ultra-
sound or CECT scan.

All patients had diagnostic upper endoscopy before the
procedure. Presence of a visible bulge caused by the
WOPN on the gastric or duodenal lumen was mandatory,
as EUS was not available for nonbulging lesions. Patients
who were found to have PFCs with minimal or no necrosis
upon the entrance of the scope into the cyst cavity were
excluded from this study.

Endotherapy

All patients underwent the endotherapy under deep seda-
tion with propofol in the prone position. Anesthesiologist
was available during all procedures. All patients were
maintained on broad-spectrum antibiotics before and after
the endotherapy.

All procedures started with examining the upper GI tract
to determine the appropriate site for the transluminal
puncture. The site was chosen as the most prominent area
in the bulge caused by the external compression on the
posterior gastric or medial duodenal wall, while referenc-
ing the most recent CECT. Therapeutic side-viewing
duodenoscope (Olympus TJF-Q180V or Pentax ED3410)
was used for stoma creation (see imbedded video clips).

An electrocautery three-way needle knife was used for
puncture. Successful penetration was considered with
aspiration of WOPN fluid content and was confirmed by
coiling a standard 0.035 guidewire and injection of a
contrast medium inside the WOPN cavity. Aspirates from
the WOPN were sent for bacteriologic culture.

The needle knife was exchanged with a balloon dilator
over the guidewire. Gradual dilation of the puncture track
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Fig. 1 A Abdominal CECT
showing extensive central
WOPN. B Abdominal CECT for
the same patient showing
complete resolution of the
WOPN after TREN

Fig. 2 Abdominal ultrasound imaging confirming the diagnosis of
WOPN by presence of large amount of solid debris inside the PFC

was achieved under fluoroscopic guidance by starting with
8-mm balloon dilator followed by further dilatation to the
maximum diameter of 16-20 mm. Gushing of the fluid
content of the WOPN was noted in all cases and was
described as purulent, dark brown, or turbid material
(Figs. 3, 4).

The side-viewing scope was then exchanged with front
viewing scope (Olympus GIF-H260 or Pentax EG-2930)
for the debridement process. Upon entrance inside the
WOPN cavity, the amount of necrosis was assessed. Vig-
orous irrigation with saline followed by continuous suction
was done. Total amount of 100-300 cc of 0.1-0.3 %
hydrogen peroxide was sprayed directly over the necrotic
material, followed by irrigation with normal saline and
suction. Different types of accessories, including polypec-
tomy snare, stone retrieval basket, twister, and rat-toothed
forceps, were used after irrigation to detach the necrotic
material. Most of the retrieved necrotic material was
removed to the gastric or duodenal cavity, whereas some
pieces were brought for cytology examination. The purpose
of the debridement was to remove all the necrotic tissue
until healthy pink granulation tissue that oozes blood

becomes exposed. The process was terminated when full
debridement was achieved or when the anesthesiologist
demanded it. At the end of the procedure, irrigation with
saline and Garamycin was done, and double pigtail stents
were inserted. Repeated sessions of debridement were
performed when needed (Figs. 5, 6).

ERCP was performed when pancreatic ductal anomaly
and/or biliary obstruction were suspected upon imaging
studies.

Outcome and follow-up parameters

Abdominal ultrasound and CECT scan were undertaken
within 1 week of every session. All procedure-related
complications, clinical symptoms and signs, and duration
of the hospital stay were recorded.

Initial success was considered, at hospital discharge or
within the first 30 days of the first session, when all of the
following was achieved:

e C(linical success was considered when all of the
indicating symptoms had disappeared. Persistence of
symptoms or fever was considered as failure.

e Imaging success was defined as complete resolution of
the WOPN. Presence of unchanged or large amount of
fluid collection (>3 cm) was considered as failure. In
patients who had more than one WOPN, failure to
resolve one of the lesions due to its inaccessibility was
considered as separate entity.

e Complications that needed alternative interventions
were considered as failure.

Long-term follow-up was started upon hospital discharge
or after 30 days of first session, by direct interviews and
phone calls. Quality of life (QoL) index was calculated, with
a score from 0 (best) to 10 (worst), using Spitzer-QLI
questionnaire. Follow-up imaging was done regularly,
mainly with abdominal ultrasound. Late complications,
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Fig. 3 Fluoroscopic images
showing coiling of the
guidewire inside the WOPN
cavity after the puncture (A) and
balloon dilatation of the stoma

(B)

Fig. 4 Endoscopic images
showing balloon dilatation of
the enterostoma up to 20 mm
(A) and the appearance of the
stoma with a pigtail during the
TREN technique (B)

Fig. 5 Endoscopic images showing WOPN cavity with large amount of necrotic material (A), the effervescence effect of hydrogen peroxide
after spraying on the necrotic material (B), and extraction of large piece of necrotic material with polypectomy snare (C)
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Fig. 6 Endoscopic imaging
showing exposure of the
healthy, pink, easily bleeding
granulation tissue after full
debridement at the end of the
TREN (A) and the same cavity
2 weeks later showing complete
absence of necrotic debris (B)

recurrence, need for rehospitalization, need for other inter-
ventions, and mortalities were recorded.

Results
Patient data

Ten patients (6 males and 4 females) were included with a
mean age of 44 (range 29-78) years. Patients and WOPN
characteristics are detailed in Tables 1 and 2.

Median APACHE II score was 7 (range 0-22). Only one
patient was a nonoperative candidate due to age extremity
and multiple comorbidities. Infected WOPN was confirmed
in seven patients. Presenting symptoms were severe
abdominal pain in nine patients, cholestasis in three, and
inability to eat or weight loss in eight. Three patients had

Table 1 Clinical presentation and laboratory abnormalities

Patients (n = 10)
Clinical presentation

Sepsis 7
Abdominal pain 9
Inability to eat or weight loss 8
Cholestasis 3
Ascites and/or pleural effusion 4
Laboratory abnormalities
Leukocytosis 7
Hypoalbuminemia 4
Renal impairment 3
BMI, median (range) 20 (13-29)
APACHE II, median (range) 7 (0-22)

BMI body mass index, APACHE Il acute physiology and chronic
health evaluation II

previous endoscopic drainage, two had percutaneous drain-
age, and one had surgical necrosectomy before endotherapy.

Average size of the WOPN was 12 (range 8-18) cm.
Eight patients had single cavities, whereas two patients had
two separate cavities. Diagnosis of PFCs to be WOPN was
confirmed by abdominal ultrasound and CECT. Ascites and
pleural effusion were found in four patients. MRCP diag-
nosed pancreatic ductal disruption in two patients, pan-
creatico-peritoneal fistula in one, and disconnected duct in
two.

Endoscopic procedure

The time from the onset of acute necrotizing pancreatitis
until endotherapy was mean of 65 (range 32-186) days.
Access to WOPN cavity was made by puncture into the
visible bulge in nine patients or through spontaneous rup-
ture of the cyst into gastrointestinal lumen in one. Six
patients had successful puncture from the first trial,
whereas three patients had three to five trials before suc-
cessful penetration. Five patients had transgastric access,
four had transduodenal access, and one had both.

Aspirated fluid from WOPN was described as purulent
in five patients, brownish in three, and turbid in two.
Bacteriologic culture revealed E. coli in three patients,
Klebsiella in three, and Enterococcus in one. Mean number
of necrosectomy sessions was 1.4 per patient. Six and four
patients had one and two sessions, respectively. Average
time of sessions was 110 (range 75-160) minutes. Average
interval time between sessions was 8 (range 4-14) days.
Two 10-French double pigtails were used at the end of each
session for drainage.

ERCP was performed in seven patients. Six patients had
their ERCP during the first session and one during the second
session. Pancreatic sphincterotomy and stenting were per-
formed in five patients. Minor papilla sphincterotomy, stone
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Table 2 Patient characteristics and outcomes

Case/  Etiology = Admission WOPN size Prior Rout for EN Post- Complications/ Resolution [follow-up
gender/ to (location) interventions  (no. of procedure  management (months)]
age treatment sessions) LOS
(year) interval (days)
(weeks)
1/F/35  Biliary 8 12 x 10 cm, US drainage, TG + TD (2) 18 Remarkable Complete (14)
8 x 6 cm (entire endoscopic bleeding/
pancreas) CG endoscopic
2/F/45  Idiopathic 9 16 x 12 cm - TG (1) 7 - Complete (14)
(head)
3/M/38 latrogenic 8 18 x 12 cm - TD (2) 6 Aspiration/ Complete (13)
(head) intubation
4/F/78  Biliary 7 12 x 10 cm, - TD 10 - Complete resolution of
3 x 4 cm (head spontaneous peripancreatic
and body rupture (1) WOPN. Residual
extension into paracolic gutter
the left extension (2)
paracolic
gutter)
5/M/37 Biliary 8 15 x 12 cm - TD (1) 7 Minor Complete (10)
(head and bleeding/—
body)
6/M/38 Biliary 5 12 x 10 cm US drainage, TG (2) 28 Minor Complete (9)
(body and tail) endoscopic bleeding/—
CG
7/M/30 Idiopathic 7 10 x 8 cm Endoscopic TD (1) 3 - Complete (9)
(head) CD
8/M/65  Alcohol 8 12 x 9 cm (head - TG (1) 5 - Complete (8)
and body)
9/F/40  Idiopathic 7 15 x 11 cm - TG (2) 12 Minor Complete (6)
(body and tail) bleeding/-
10/M/  Alcohol 26 16 x 12 cm Surgical CG TG (1) 20 Stent Complete (4)
37 (head and migration/
body) endoscopic

F female, M male, WOPN walled off pancreatic necrosis, LOS length of hospital stay, EN endoscopic necrosectomy, US ultrasound, CG
cystogastrostomy, CD cystoduodenostomy, 7G transgastric, 7D transduodenal

extraction, and stenting was performed in one patient. CBD
stent was inserted in two patients. All of the endoscopic
procedures were performed by a single experienced inter-
ventional endoscopist (MA).

Procedure-related complications

One patient had a remarkable bleeding during needle knife
penetration, which was controlled endoscopically with
diathermy and epinephrine injection. The procedure was
continued, and no blood transfusion was needed. Also
during penetration, three patients had minor bleeding that
stopped spontaneously without intervention.

Aspiration occurred in one patient during the procedure,
which needed intubation and suction. The procedure was
postponed to a later date. Patient chest examination and
x-ray showed insignificant findings.
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In one patient, two single pigtail stents migrated inwards
and the gastrostoma closed spontaneously within 10 days.
Cavity repenetration, redilatation, and stents retrieval were
successful without further complications.

Initial outcome

The average time of hospital stay after the first TREN session
was 11 (range 3-28) days. Clinical success was achieved in
all patients following endoscopic necrosectomy. All pre-
senting symptoms significantly improved and fever subsided
in all patients within 48 h of initial endotherapy. All patients
could tolerate oral feeding within 48 h of procedure.
Complete radiological success was achieved in nine
patients, with complete resolution of the WOPN in CECT
and ultrasound imaging. In one patient who had two non-
contagious WOPN cavities, one cavity (12 x 10 cm) was
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completely resolved after TREN, whereas the other one
(3 x 4 cm) could not be accessed endoscopically due to its
location in the left paracolic gutter. Also, ultrasound-gui-
ded drainage could not be done for this WOPN cavity due
to its proximity to the pleura. However, after resolution of
the large WOPN the patient was symptom-free and was
discharged at day 15. In four patients, ascites and pleural
effusion had completely resolved after TREN and trans-
papillary pancreatic stenting.

Long-term follow-up

There was one death among our study. This patient
(78 years old) had residual inaccessible WOPN cavity
mentioned above. The patient was rehospitalized with
fever, 42 days after hospital discharge, and died at day 65
with septic shock.

Mean time of follow-up for the nine survival patients was
289 (range 133-429) days. All patients returned to their
baseline weights or continue to gain weight appropriately.
All patients tolerate unrestricted diet without pancreatic
enzyme supplementations. No recurrence of PFCs was
found in follow up ultrasound or CECT scan in all patients.
The median QoL index was 1.2 (range 0-5). Two patients
are taking oral analgesics occasionally for chronic abdom-
inal pain. Both of these patients have disconnected duct
syndrome and were advised for surgery, but refused.

Discussion

With the beginning of the new millennium, endotherapy
has played a major role in the management of PFCs. Dis-
tinction between different types of PFCs is extremely
important in choosing the best management strategy. PFCs
types include acute peripancreatic fluid collections, pan-
creatic pseudocysts, pancreatic abscesses, and WOPN.
More than 50 % of cases of acute peripancreatic fluid
collections will resolve spontaneously, whereas the rest
will develop into other types of PFCs [25, 26]. Standard
transluminal endoscopic drainage for pancreatic pseud-
ocysts and pancreatic abscesses has gained a wide accep-
tance and is considered as the treatment of choice by many
authors, with success rate varied from 82 to 97 % [27-29].
In case of WOPN, standard endoscopic drainage does not
suffice to achieve resolution, because necrotic debris will
prevent adequate drainage and will promote secondary
infection [28-31]. This obstacle raised the need to intro-
duce an endoscope inside the WOPN cavity after proper
dilatation to achieve debridement of the necrotic debris.
This technique was innovated by Seifert in 2000 and fol-
lowed by multiple studies to evaluate and modify the
technique in different centers worldwide [21, 24].

Conventional therapy for WOPN remains open surgery
that involves large incisions and extensive dissections with
mean mortality rate of 25 % [5-10]. Our study showed that
TREN could be an attractive and less invasive treatment for
WOPN with high clinical success rate and very low rate of
complications. Nine of our patients were operative candi-
dates and infected WOPN was confirmed in seven. We
have achieved initial clinical success in all ten patients and
long-term clinical efficacy in nine. One inoperable candi-
date patient died during the long-term follow-up due to
septic shock, 62 days after hospital discharge. This patient
had another collection in the left paracolic gutter, which
was inaccessible endoscopically or radiologically. Our
results are consistent with previously published studies that
showed success rate ranging from 84 to 100 % and com-
plication rate ranging from O to 26 % [22-24, 32, 33].
Surgery was avoided in all of our patients.

Another advantage of the endotherapy is the ability to
perform ERCP during TREN sessions, to diagnose and
treat cholestasis, pancreatic duct fistulas, disruptions,
strictures and stones, and thus prevent further recurrence of
acute pancreatitis and WOPN.

Although previous publications had shown that multi-
ple endoscopic sessions were needed to achieve adequate
debridement, our study suggests that the number and
timing of sessions could be significantly reduced. In one
large study of 93 patients by Seifert et al. [24], the median
number of sessions was 6.2 (range 1-35). In another study
of 13 patients, Seewald et al. [22] reported that median
number of sessions was seven (range 2-23). Georgios
et al. [3] reported a median number of sessions in 53
patients to be three (range 1-12). In our study, the median
number of sessions was 1.4 (range 1-2) with average time
of sessions of 110 (range 75-160) min. We believe that
this reduction in session numbers and time was due to the
use of hydrogen peroxide to facilitate the debridement
process.

Hydrogen peroxide is a clear and odorless liquid that
rapidly decomposes into water and oxygen when it com-
bines with organic tissue, producing effervescence that
mechanically cleans wounds and removes tissue debris via
the released oxygen [34, 35]. There are several reports on
the adverse effects of the use of hydrogen peroxide.
However, these adverse effects were mainly seen with high
concentrations 10-35 %, 100-350-fold of our used con-
centration and included mucosal ulcerations and air
embolism [36-39]. Kalloo et al. [40] reported the safety of
endoscopic use of 3 % hydrogen peroxide in acute upper
gastrointestinal bleeding to enhance visualization and to
achieve hemostasis. Although there is no available data in
the literature about the use of hydrogen peroxide in the
management of WOPN, Aoun reported its safety and effi-
cacy in a single case in 2010 [41].
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In our study, we were spraying 0.1-0.2 % hydrogen
peroxide under direct vision over the tightly adherent
necrotic debris, followed by vigorous irrigation with nor-
mal saline and suction. The hydrogen peroxide signifi-
cantly helped to loosen the necrotic material, which was
then removed easily with accessories or suction. This
technique exempted us from tedious and frustrating
forceful traction of the tightly adherent necrotic material
and thus decreased the procedure time and the debridement
complications. No adverse effects related to the use of
hydrogen peroxide were documented in our study.

Unavailability of the EUS in our study made the pres-
ence of bulging sign in the gastric or duodenal lumen
mandatory. Almost all of the published studies about
TREN had utilized the EUS with most of their cases to
identify the most proper and safest site for puncture [22—
24, 30, 33, 42, 43]. However, Gardner et al. [30] in his
study of 25 patients who underwent TREN reported that,
“The use of EUS did not prevent bleeding complications,
either at the time of initial cavity puncture or during sub-
sequent necrosectomy”. Multiple reports prove that blind
transluminal drainage can be safely performed under spe-
cific criteria [27-29, 44]. Also, in one nonrandomized
comparative trial including 99 patients, there were no
significant differences regarding safety or efficacy between
the blind transluminal drainage group and the EUS-guided
drainage group [44]. In our study, only one patient had
encountered bleeding in the form of spirting vessel during
the puncture attempt but that was controlled endoscopi-
cally. Our data suggest that TREN can be performed safely
without EUS guidance in the presence of visible lumen
bulge. EUS can be preserved for cases without bulging
sign, failure of blind transluminal drainage, coagulopathy,
and/or presence of intervening varices [45].

Most of the published studies had reported the use of
external irrigation of the WOPN cavity in between TREN
sessions, through nasocystic or percutaneous endoscopic
gastrostomy tubes [22-24, 30, 33, 42, 43]. Jiirgensen et al.
[46] raised a question in the literature about the necessity of
the irrigation, in a study enrolling 35 patients, in which
neither endoscopic nor external irrigation was used. They
had reported, “Even without irrigation, the outcome for
patients treated with endoscopic necrosectomy is compara-
ble to that described in the published data.” In our study,
although the endoscopic irrigation was used, no external
irrigation was done in any patient because most of the
debridement process was undertaken during the first session.
This did not interfere with the number or timing of TREN
sessions, or the outcome. Again, we believe that the use of
hydrogen peroxide allowed us to abandon the use of external
drainage, due to its capability to accelerate and facilitate the
debridement and shedding off the necrotic debris. Five of our
patients reported vomiting of large pieces of necrotic
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material or passing them with the stool during the first few
days of the TREN session. Our results confirm that if ade-
quate stoma dilatation and debridement could be achieved,
external irrigation is not necessary and it could be a burden.

Procedure-related complications in this study were low
and comparable to other published data. There were no
procedure-related mortalities or need for surgical inter-
vention. One remarkable bleeding occurred and was con-
trolled easily. Minor bleeding that stops spontaneously
occurred in three cases and appears to be universal during
the puncture process. Stent migration inside the cyst
occurred in one patient when single pigtail stents were used
and were retrieved successfully. We did not encounter any
perforation during this study. All of the drainage pigtails
that were inserted during the last session of TREN in this
study were left in place until the time of publishing of this
article, without any reported complications.

Conclusions

TREN is a safe and effective primary treatment for WOPN
and could be performed safely without EUS guidance in
selected cases. Hydrogen peroxide use with TREN played a
major role in reduction of the number of sessions and
timing. External irrigation of the WOPN is not necessary if
adequate debridement could be achieved. All types of PFCs
should be managed in highly specialized centers with
multidisciplinary teams consisting of endoscopists, sur-
geons, and interventional radiologists. Randomized com-
parative studies should be conducted to compare TREN
with other newly developed minimally invasive treatment
modalities. In addition, the safety and efficacy of hydrogen
peroxide and/or other chemical debridement agents needs
to be evaluated in larger trials, as they appear to have
promising outcomes.
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