
Introduction
Walled-off necrosis (WON) occurs over a period of about 2 to 4
weeks following necrotizing acute pancreatitis and remains

asymptomatic in about 50% of cases. In case of infection, mor-
tality rates range from 20% to 30% (if untreated) [1, 2].

Until 2010, the standard approach to symptomatic or infec-
ted WONs was open surgery.
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ABSTRACT

Background and study aims Direct endoscopic necro-

sectomy (DEN) represents the first-line treatment for wal-

led-off necrosis (WON). However, DEN has a non-negligible

rate of overall adverse events (AE) and is time-consuming

due to the lack of dedicated devices. This pilot study was

designed to evaluate the feasibility and safety of a novel

dedicated device for DEN named Necrolit.

Patients and methods In this multicenter retrospective a-

nalysis,16 patients with WON who underwent DEN using

Necrolit were compared with a control group treated with

non-dedicated devices. Technical success, AEs, clinical suc-

cess, number of procedures per patient, procedure time,

and length of hospital stay were evaluated. Necrolit techni-

cal performance indicators were also studied.

Results Technical success was obtained in all patients in

both groups. In the Necrolit group, the overall AE rate was

10.1% vs. 15.9% in the control group. Clinical success was

100% in the Necrolit group vs. 81.3% in the control group.

Patients treated with Necrolit underwent a slightly lower

mean number of procedures (4.1 ±2.3 vs. 5.1 ±1.9) with

comparable mean procedure time (67.8 ±39 minutes vs.

70.1 ±32.6 minutes). Mean duration of hospital stay was

39.4 days (± 30.9) in the Necrolit group vs. 43 days (± 29.4)

in the control group.Device-related technical performance

was rated positively.

Conclusions DEN with Necrolit appears feasible and safe.
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Together with technology advancements, endoscopic ultra-
sound (EUS)-guided drainage and direct endoscopic necrosect-
omy (DEN) have outpaced surgery or percutaneous drainage
and now represent first-line treatment for WON [3, 4].

However, DEN is burdened with an adverse event (AE) rate of
30%, with bleeding as the most severe and sometimes requiring
percutaneous embolization or even surgery [5, 6]. Further-
more, it is also time-consuming procedure because of lack of
dedicated devices.

In fact, DEN is performed using different tools, such as bas-
kets, snares, nets or forceps not specifically designed for this
purpose, except for some initial experience with a dedicated
automatic mechanical endoscopic resection system (EndoRo-
tor, Interscope, Inc., Whitinsville, Massachusetts, United
States) [7].

In this article, we describe a series of patients who under-
went DEN using a novel dedicated device named Necrolit (Med-
italia, Palermo, Italy). This pilot study was designed to evaluate
the feasibility and safety of Necrolit.

Patients and methods
Study design

A retrospective analysis was undertaken of cases performed in
three tertiary Italian hospitals, referral centers for pancreatic
diseases and interventional EUS (ISMETT-IRCSS, Palermo; Forlì-
Cesena Hospitals; IRCCS Humanitas Research Hospital, Rozza-
no). The study protocol was reviewed and approved by the Re-
search Ethical Committee from each institution (IRRB 24/21).

Patients

Sixteen patients with WON who underwent EUS-guided drain-
age and DEN with Necrolit from January 2018 to August 2022
were included and data from them were analyzed (Necrolit
group). These patients were compared with a control group of
16 patients who underwent EUS-guided drainage and DEN with
standard, non-dedicated devices during the study period. Ac-
cording to international guidelines, WONs were treated in case

of signs of infections or in the case of adjacent organ compres-
sion or persistent symptoms [8].

Device

Necrolit, is a new medical device (class II [9], CE mark number
2453) that consists of a double-lumen multiaction catheter
specifically intended for use in DEN. This 3.1-mm catheter com-
prises both a 25-mm nitinol basket container and a 25-mm
stainless steel ultra-stiff loop (▶Fig. 1). These two tools are em-
bedded in an “all-in-one” device and are controlled by a three-
ring hub which maneuvers the loop and a stick which moves the
handle to maneuver the basket (▶Fig. 2). Use of a loop or bas-
ket can be alternated without the need for device exchange.
The basket is used mainly for grasping and removal of muddy
necrotic material. The ultra-stiff loop facilitates grasping of
the thicker aspect of necrosis, which is ensnared and cut out
with the monofilament oval wire (▶Video 1).

Procedures

All procedures were performed under general anesthesia. A lin-
ear echoendoscope (GF-UCT180, Olympus, Tokyo, Japan;
EG580UT, Fuji, Tokyo, Japan) was used during the index proce-
dure to gain access to the WON cavity through placement of an
electrocautery-enhanced lumen-apposing metal stent (LAMS)

▶ Fig. 1 Necrolit dedicated device for endoscopic necrosectomy. a Double-channel catheter (3.1mm in diameter) with both loop and basket
open. b 25-mm monofilament stainless steel ultra-stiff loop. c 25-mm nitinol basket.

▶ Fig. 2 Independent handles: Three-ring hub maneuvering the
loop and a stick moving handle maneuvering the basket.
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(HOT AXIOS stent, Boston Scientific, Marlborough, Massachu-
setts, United States). The stent was then dilated up to its max-
imum diameter using a CRE balloon catheter (Boston Scientific,
Marlborough, Massachusetts, United States). DEN with an op-
erative gastroscope (GIF-1TH190, Olympus, Tokyo, Japan; EG-
760CT Fujifilm, Tokyo, Japan) was performed following LAMS
placement at the index procedure or in subsequent sessions,
depending on clinical conditions and per physician preference.
Necrolit was used in all DEN sessions. In the control group, ex-
traction nets, baskets, and snares were used per physician pre-
ference. In both groups, as much of the visualized necrotic tis-
sue that could be removed was removed and irrigation with 3%
hydrogen peroxide diluted at 1:2 was done at each session, fol-
lowed by irrigation with saline and suction. Subsequent ses-
sions were planned through the stent according to patient clin-
ical conditions and control contrast-enhanced computed to-
mography (CT) scans were performed until complete the ne-
crosis was completely removed. All procedures were performed
using carbon dioxide inflation. Post-procedure antibiotics were
given on the base of cultures and clinical conditions. Proton
pump inhibitor therapy was discontinued if it had been pre-
scribed. An oral diet was resumed 24 hours after the index pro-
cedure or a feeding tube was used for enteral nutrition.

At the end of the last session, the LAMS was removed with a
grasping forceps. A control contrast-enhanced CT scan was
scheduled 1 month after LAMS removal and outpatient clinical
follow-up was planned.

Outcomes and definitions

The primary outcomes were feasibility and safety of using the
new device during DEN.

Feasibility was defined as technical success of DEN when
cleaning of the necrosis was satisfactory, as confirmed by CT
scan, using the Necrolit catheter (or other devices in the control
group). Safety was based on AEs including both intraprocedural
and delayed AEs occurring within 1 month after WON resolu-
tion. AEs were recorded, classified, and graded according to
the AGREE classification [10]. We evaluated bleeding, perfora-
tion, intraprocedure dislodgement of the stent or other unex-

pected events requiring any additional interventional treat-
ment (endoscopic, radiologic, and surgical). Necrolit technical
performance was also studied and measured in terms of push-
ability, ease of tool exchange, deformability, grasping, and tis-
sue retrieval capacity. To do so, endoscopists experienced in
performing DEN (A.A, C.F. and IT) were asked to rate these
parameters on a scale from excellent to poor.

“Pushability” was intended as ease of device introduction
through the working channel. “Ease of tool exchange” related
to the smoothness and absence of friction when switching
from basket to loop and vice versa. “Deformability” was defined
as loss of shape of the tools due to wires distortion. “Grasping”
and “tissue retrieval capacity” were defined as the ability to en-
trap and hold tissue until it was released from the WON.

Secondary outcomes included clinical success (defined as re-
covery from sepsis and other WON-related symptoms associat-
ed with disappearance of WON without the need for additional
percutaneous or surgical intervention), number of procedures
per patient, procedure time, and length of hospital stay.

Statistical analysis

Continuous variables were reported as mean ± standard devia-
tion or as median and interquartile range (IQR), and categorical
variables were summarized as frequency and percentage. Com-
parisons of variables were made by t-test, Chi square test, and
Fisher's exact test as appropriate. For all analyses, a P < 0.05 was
considered statistically significant.

All statistical analyses were performed using SPSS v. 29.0 for
Macintosh (SPSS Inc., Chicago, Illinois, United States).

Results
A total of 32 patients with infected or symptomatic WON were
included: 16 each in the Necrolit group (12 males, mean age
67.2±13.1) and the control group (11 males, mean age 62.7 ±
13.2). Patients and WON characteristics are summarized in

▶Table 1.
As shown in ▶Table1, WONs were drained using a single or

multiple approach on the basis of collection diameter. A multi-
gate approach was used in five patients in the Necrolit group
and in three patients in the control group. In the Necrolit group,
a through-the-LAMS additional pigtail was placed in five pa-
tients and nasocystic drain in one. In the control group, two pa-
tients underwent through-the-LAMS double pigtail stent place-
ment.

Technical success was obtained in all patients in both
groups. In the first group, Necrolit was used for all procedures
without the need for other accessories. The overall AE rate was
10.1% in the Necrolit group and 15.9% in the control group with
mild intraprocedure bleeding being the most common (▶Ta-
ble 2).

Six minor intraprocedure bleedings were reported in the Ne-
crolit group and 12 in the control group. For all of them, there
was no drop in hemoglobin levels, modification of procedure
course, or further need for surgical/radiologic intervention
(grade I sec. AGREE classification). In both groups, one LAMS
displacement occurred and was managed intraprocedurally by

VIDEO

▶ Video 1 DEN session using Necrolit multiaction catheter and
showing how snare and basket are exchanged.
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placement of a new LAMS without any clinical consequence
(grade I sec. AGREE classification).

Device-related outcomes were evaluated on a scale of 3 (1-
poor, 2-good, 3 excellent) as follows (▶Table3): “Pushability”
was rated excellent in 13 patients, good in three patients;
“ease of tool exchange” was rated excellent in 12 patients,
good in four patients; “deformability” was rated excellent in
11 patients, good in 5; “grasping capacity” was rated excellent
in 13 patients, good in 3; and “tissue retrieval capacity” was
rated excellent in 11 patients, good in 5.

Clinical success was obtained in all patients treated with Ne-
crolit. One patient, diagnosed with an advanced biliary cancer
died 3 months later. In the control group, clinical success was
achieved in 13 patients (81.3%); three patients died due to
WON-related sepsis. One patient was admitted in severe clini-
cal condition following percutaneous drainage at another insti-
tution and died of multiorgan failure (MOF) 4 days after the
second DEN session. The other two patients were admitted in
septic shock from another hospital and died from MOF in inten-

sive care unit during the treatment period. Another patient
died during the follow-up period of other causes.

In the Necrolit group, the total number of procedures was 69
with a mean of 4.1 procedures (± 2.3) per patient vs. 82 total
procedures with a mean of 5.1 procedures (±1.9) per patient
in the control group. Seven patients underwent first DEN ses-
sion at the index procedure in the Necrolit group vs. 13 in the
control group. In the Necrolit group, the mean number of DEN
sessions per patient was 3.2 (±2.2) vs. 3.9 (±1.9) in the control
group.Mean procedure time was 67.8 minutes (± 39.8) vs. 70.1
(± 32.6). For patients treated with Necrolit, the mean duration
of hospital stay was 39.4 days (± 30.9) vs. 43 days (± 29.4) in
the control group. In the Necrolit group, patients were fol-
lowed-up for a median time of 90 days (IQR 30–300) vs. 75
days (IQR 30–225) in the control group (▶Table 2).

▶Table 1 Patient and procedure characteristics.

Necrolit (N =16) Controls (N =16) P value

Age, mean ± SD 62.7 ± 13.1 62.7 ± 13.2 0.989

Males, n (%) 12 (75%) 11 (68.8%) 0.694

Etiology of WON, n (%)

▪ Biliary pancreatitis 6 (37.5%) 11 (68.8%) 0.175

▪ Idiopathic pancreatitis 5 (31.3%) 2 (12.5%)

▪ Alcoholic pancreatitis 2 (12.5%) 0

▪ Postoperative fistula 2 (12.5%) 1 (6.3%)

▪ Hypertriglyceridemia pancreatitis 1 (6.3%) 0

▪ Pancreas divisum 0 1 (6.3%)

WON diameter (cm), mean ± SD 11.8 ± 3.1 10.6 ± 3.7 0.302

Multigate drainage, n (%) 5 (31.3%) 3 (18.8%) 0.414

▪ Transgastric + transgastric 2 (40%) 2 (66.6%) 0.892

▪ Transgastric + transduodenal 1 (20%) 1 (33.4%)

▪ Transgastric + transgastric + transgastric 1 (20%) 0

▪ Transgastric + percutaneous 1 (20%) 0

Stent dimension (diameter x length), n (%)

▪ 10mm x 10 mm 0 1 (6.3%) < 0.001

▪ 15mm x 10 mm 4 (25%) 14 (87.5%)

▪ 20mm x 10 mm 12 (75%) 0

▪ 8mm x 10 mm 0 1 (6.3%)

Through-the-LAMS plastic stent, n (%) 6 (37.5%) 2 (12.5%) 0.220

Double pigtail 5 (83.3%) 2 (100%) 0.220

Nasocystic catheter 1 (16.7%) 0

LAMS, lumen-apposing metal stent; SD, standard deviation; WON, wall-off necrosis.
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Discussion
Even if safe and effective, DEN is a time-consuming technique
that requires multiple sessions with subsequent prolonged hos-
pital stays and increased costs. In actuality, the effectiveness of
DEN currently is limited by the lack of dedicated tools. Endoro-
tor, a dedicated system, recently has been described, with pro-
mising results but elevated costs [10].

In our series, we found that DEN with Necrolit was easy and
technically successful for all patients.

The overall AE rate during DEN has been reported to be
around 30% [8], with major bleeding representing the main
concern.

In our series, we reported six minor bleeds across 69 DEN
procedures (8.7%), slightly less than in the control group (12
over 82 procedures, 14.6%). Hence, we believe that the event
“bleeding” could be overestimated in our study and generally
in all papers where it is intended as an intraprocedure event
that has been controlled with standard endoscopic technique
without modifying the procedure course.

Patients treated with Necrolit underwent fewer procedures
overall with a comparable number of DEN sessions in the con-
trol group.

As regards Necrolit technical characteristics, they were
rated positively.

In particular, the design of the Necrolit monofilament loop,
together with its ultra-stiffness, seems to overcome “slippage”
that is often experienced with standard non-dedicated snares
and limits the effectiveness of the procedure in terms of
amount of necrosis removed. The device was perceived as hav-
ing satisfactory grasping and retrieval capacity, allowing re-
moval of even firmly adherent necrosis. Therefore, the possibi-
lity of rotating the loop via the maneuvering handle seems to be
advantageous in terms of achieving ideal positioning. Further-
more the “round-shaped” tip of the snare was believed to favor
an a-traumatic approach to the necrotic tissue and intended to
improve grip and avoid bleeding, which may occur with a shar-
pened tip. Also, the 25-mm nitinol basket seemed to be satis-
factory in terms of tissue retrieval capability. Neither the loop
nor the snare showed any significant loss of shape that limited
the procedure, resulting in a good shape memory. No signifi-
cant friction or resistance were reported when switching from
loop to basket (or vice versa) and “pushability” through the op-
erative channel was rated excellent in the majority of cases.

The main limitations of this study are the small sample size,
cohort heterogeneity, and subjective evaluation scale of Necro-
lit performance. However, use of the same device (Necrolit) in
all patients in one cohort and comparison with a control group
represent a strength of this article.

▶Table 2 Procedure outcomes.

Necrolit (N =16) Controls (N =16) P value

Technical success, n (%) 16 (100%) 16 (100%) –

Adverse events per total procedures, n (%) 7/69 (10.1%) 13/82 (15.9%) 0.303

▪ Minor bleeding 6 (8.7%) 12 (14.6%) 0.319

▪ LAMS displacement 1 (1.4%) 1 (1.2%) 1.000

Clinical success, n (%) 16 (100%) 13 (81.3%) 0.069

Overall procedures per patient, mean ± SD 4.1 ± 2.3 5.1 ± 1.9 0.190

DEN sessions per patient, mean ± SD 3.2 ± 2.2 3.9 ± 1.9 0.308

DEN at index procedure, n (%) 7 (43.8%) 13 (81.3%) 0.066

Single procedure duration, min, mean ± SD 67.8 ± 39.8 70.1 ± 32.6 0.694

Duration of hospital stay, days, mean ± SD 39.4 ± 30.9 43.0 ± 29.4 0.741

Follow-up, days, median (IQR) 90 (30–300) 75 (30–225) 0.674

Deaths, n (%) 1 (6.3%) 4 (25%) 0.333

DEN, direct endoscopic necrosectomy; IQR, interquartile range; LAMS, lumen-apposing metal stent; SD, standard deviation.

▶Table 3 Device-related outcomes.

Excellent Good Poor

Pushability 13 3 0

Ease of tool exchange 12 4 0

Deformability 11 5 0

Grasping capacity 13 3 0

Tissue retrieval capacity 11 5 0
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Conclusions
Although there were a limited number of patients in this pilot
study, we conclude that DEN with Necrolit is feasible and safe.
Prospective comparative studies are needed to better assess
clinical outcomes.
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