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Background: The aim of the study was to compare the outcomes of patients with pancreatic or
peripancreatic walled-off necrosis by endoscopy using the conventional approach versus an algorithmic
approach based on the collection size, location and stepwise response to intervention.

Methods: This was an observational before-after study of consecutive patients managed over two time
intervals. In the initial period (2004-2009) symptomatic patients with walled-off necrosis underwent
conventional single transmural drainage with placement of two stents and a nasocystic catheter, followed
by direct endoscopic necrosectomy, if required. In the later period (2010-2013) an algorithmic approach
was adopted based on size and extent of the walled-off necrosis and stepwise response to intervention.
The main outcome was treatment success, defined as a reduction in walled-off necrosis size to 2 cm or
less on CT after 8 weeks.

Results: Forty-seven patients were treated in the first interval and 53 in the second. There was no dif-
ference in patient demographics, clinical or walled-off necrosis characteristics and laboratory parameters
between the groups, apart from a higher proportion of women and Caucasians in the later period. The
treatment success rate was higher for the algorithmic approach compared with conventional treatment
(91 versus 60 per cent respectively; P < 0-001). On multivariable logistic regression, management based
on the algorithm was the only predictor of treatment success (odds ratio 6-51, 95 per cent c.i. 2-19 to
19-37; P=0-001).

Conclusion: An algorithmic approach to pancreatic and peripancreatic walled-off necrosis, based on the
collection size, location and stepwise response to intervention, resulted in an improved rate of treatment
success compared with conventional endoscopic management.
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Introduction management, including nutritional and intensive care

Acute pancreatitis has an annual incidence of 13-45 per
100 000 people, and is one of the most common gastroin-
testinal disorders requiring hospital admission worldwide!.
Pancreatic necrosis occurs in approximately 20 per cent of
patients who have severe acute pancreatitis’. The resultant
liquefaction of the pancreatic parenchyma can mature into
a contained collection termed walled-off necrosis, which
can be located within the pancreatic parenchyma or the
peripancreatic tissue, and typically forms around 4 weeks

3

into the disease course’. With intensive conservative
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support when required, the collection may resolve without
intervention. However, a persistent collection causing pain,
gastric outlet, intestinal or biliary obstruction, new-onset
or persisting organ failure, or infection is associated with
a mortality rate of 15-20 per cent, and requires necro-
sectomy and drainage*.

Evidence suggests that minimally invasive surgical tech-
niques are superior to laparotomy, with decreased rates of
postoperative adverse events and long-term morbidity’ ~8.
As an alternative to surgery, minimally invasive endoscopic
techniques have also gained acceptance, with an adverse
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event rate between 10-4 and 24-5 per cent’ >, Endoscopic
approaches vary and have evolved over the past decade to
include use of single or multiple transmural tracts with
stents and nasocystic catheters for drainage and flushing,
single or multiple percutaneous drainage catheters, and
direct endoscopic or percutaneous necrosectomy’ 3.

Understanding of pancreatic fluid collections has evolved
considerably'*. Historically, a subgroup of patients with
pancreatic fluid collections had poor clinical outcomes
and the reason was not clear. With the development of
high-resolution cross-sectional imaging and endoscopic
ultrasonography (EUS), the type of pancreatic fluid
collection could be defined more accurately in terms of
the presence and amount of pancreatic necrosis and the
maturity of the collection, and this distinction led to a more
lesion-specific approach. Since 2009, several studies’’~!7
have reported good outcomes for walled-off necrosis
by combining endoscopic and percutaneous drainage,
lavage and transluminal endoscopic necrosectomy. At the
same time, the authors’ group investigated the combined
techniques of multiple transluminal gated pathways, percu-
taneous catheter drainage and percutaneous necrosectomy
in a small number of patients. This approach was associated
with good clinical response, which led to the development
of an algorithmic approach incorporating these techniques
for all subsequent patients with walled-off necrosis.

There are few data comparing the clinical outcomes of
patients undergoing treatment of walled-off necrosis using
the different endoscopic approaches that have evolved
over time. Unlike uncomplicated pseudocysts that can be
treated successfully with conventional transmural drainage
in over 90 per cent of patients, walled-off necrosis is more
complex with lower rates of treatment success and greater
procedural morbidity'®~2°. A recent meta-analysis’! of the
management of walled-off necrosis showed comparable
clinical outcomes with conservative and interventional
approaches. Therefore, to maximize clinical success, endo-
scopic treatment of walled-off necrosis, if undertaken,
must be structured to yield maximum clinical benefit.
The objective of this study was to compare the clinical
outcomes of patients with walled-off necrosis treated by
two different endoscopic approaches.

Methods

All consecutive patients with walled-off necrosis who
underwent endoscopic treatment over a 10-year interval
from January 2004 to December 2013 at two tertiary
medical centres in the USA were analysed retrospectively
from a prospectively maintained database. Walled-off
necrosis was defined as a mature encapsulated collection of
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pancreatic and/or peripancreatic necrosis that had devel-
oped a well defined inflammatory wall®. Patients were
referred primarily by gastroenterologists and pancreatic
surgeons from outside facilities in southern USA and
in-house intensive care specialists.

Included in the study were patients aged more than
19 years with symptomatic walled-off necrosis measuring
over 6cm in size and located adjacent to the stomach
or duodenum with evidence of ongoing infection (fever,
leucocytosis, positive blood cultures), continued clinical
deterioration or persistence of symptoms despite ongoing
supportive measures, or gastric outlet obstruction owing to
a mass effect of the walled-off necrosis.

Excluded from the study were patients with walled-off
necrosis located more than 15 mm from the gastrointestinal
lumen, coagulopathy or follow-up of less than 60 days. All
patients provided written informed consent for undergoing
endoscopic interventions and the study was approved by
the hospitals’ institutional review boards.

Treatment protocol

Patients were divided into two time intervals according to
the type of treatment they received for walled-off necrosis
(group 1, 2004-2009; group 2, 2010-2014). All patients
underwent preprocedure contrast-enhanced CT of the
abdomen and pelvis to define the extent of necrosis and to
confirm that the necrotic collection had ‘walled-off’. If a
disconnected main pancreatic duct had not been demon-
strated on magnetic resonance cholangiopancreatography,
the patient underwent endoscopic retrograde cholangio-
pancreatography (ERCP) to assess duct integrity and place
a bridging stent where technically possible. Intravenous
antibiotics were administered before the procedure in
all patients and continued for 48h or until discharge. A
percutaneous gastrojejunostomy feeding tube was placed
in any patient unable to tolerate oral intake, and CT of
the abdomen and pelvis carried out after 72 h to assess the
treatment response.

Conventional approach (2004-2009)

Walled-off necrosis causing visible luminal compres-
sion was accessed using a therapeutic duodenoscope and
needle-knife catheter. In patients without significant lumi-
nal compression, a therapeutic echoendoscope was used
to identify the necrotic collection and access gained with
a 19-G EUS needle. The transmural tract was dilated
to 12—-15mm using a radial expansion balloon (CRE™;
Boston Scientific, Natick, Massachusetts, USA) over
a 0-035-inch guidewire, and two to three 7- or 10-Fr
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double-pigtail stents (Cook Endoscopy, Winston-Salem,
North Carolina, USA) were deployed sequentially. A 7-Fr
nasocystic catheter was placed for cavity irrigation with
200-250ml normal saline plus 80-120mg gentamicin
every 4-6h. Direct endoscopic necrosectomy was per-
formed using a double-channel gastroscope in patients with
persistent symptoms and no significant decrease in collec-
tion size (less than 50 per cent decrease on abdominopelvic
CT). Endoscopic necrosectomy was continued until
most of the necrosis had been debrided and granulation
tissue was evident. In selected patients with no clinical
and/or radiological response to the above interventions,
drainage was undertaken using the multiple translumi-
nal gateway technique. With this technique, under EUS
guidance, two to four transmural tracts were created
between the walled-off necrosis and gastric or duodenal
lumen, and were maintained by placement of multiple
7-Fr double-pigtail plastic stents. An 18-Fr nasocystic
tube was also placed, although a 7-Fr nasocystic tube was
used if technical difficulty was encountered. If the patient
was persistently symptomatic or deteriorated clinically,
surgical consultation was obtained for open necrosectomy.

Algorithmic approach (2010-2013)

Transmural drainage was undertaken using a therapeutic
echoendoscope. The endoscopic approach was tailored to
the collection size and location, and a stepwise approach
was adopted in response to the intervention (Fig. I). For
unilocular walled-off necrosis no larger than 12cm, a
conventional endoscopic treatment approach was used,
as for group 1 (Fig. 2). To treat walled-off necrosis larger
than 12 cm, multiple internal conduits were created using
the multiple transluminal gateway technique. An 18-Fr
nasocystic tube was placed for irrigation and drainage
(Fig. 3; Video S1, supporting information). For walled-off
necrosis larger than 12 cm with extension to the flank(s), in
addition to the multiple transluminal gateway technique,
a 24-Fr percutaneous catheter was inserted for irrigation
and drainage (Fig. 4). In consultation with radiology, the
percutaneous catheter was positioned in the dependent
portion of the necrotic collection to optimize drainage
under gravity.

Suboptimal response

If the response was suboptimal, and there was a lack of
clinical or radiological improvement (less than 50 per
cent decrease in size on abdominopelvic CT), percuta-
neous necrosectomy was performed (Fig. 5; Video S2, sup-
porting information). The percutaneous catheter tract was
dilated to 48 Fr using Savary dilators and a fully cov-
ered self-expanding oesophageal metal stent was placed to
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Fig. 1 Algorithmic approach to the endoscopic management of
walled-off necrosis (WON). A suboptimal response was defined
clinically as persistence of symptoms, organ failure, systemic
inflammatory response syndrome or sepsis; and radiologically as
a decrease in WON size of less than 50 per cent on CT of the
abdomen/pelvis. MTGT, multiple transluminal gateway
technique

provide access to the necrotic cavity for debridement. The
proximal end of the stent was inserted into the walled-off
necrosis cavity and the distal end was positioned at the ante-
rior abdominal wall. If the collection was 20 cm or less from
the anterior abdominal wall, debridement was undertaken
using the gastroscope as a light source with a combination
of laparoscopic and endoscopic accessories. If the distance
was greater than 20 cm and there was extensive necrosis
tracking to the flanks, debridement was performed primar-
ily using the endoscope alone. Debridement was continued
until at least 75 per cent of the cavity had been cleared and
had developed red granulation tissue.

Treatment failure

A maximum of four interventions were performed
per patient. If there was no clinical or radiological
improvement, a consult was obtained to pursue surgi-
cal necrosectomy as a definitive treatment. Emergency
surgical consultation was obtained if a major adverse event
occurred at endoscopy and for acute clinical deterioration
at any phase of the treatment.
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Endoscopic
transenteric
drainage

Pancreatic
necrosis

Fig. 2 Conventional transmural drainage by placement of stent
and nasocystic catheter for management of walled-off necrosis
measuring 12 cm or less in size

Endoscopic
transenteric
drainage

Pancreatic
necrosis

Fig. 3 Endoscopic treatment of walled-off necrosis measuring
more than 12 ¢cm in size using the multiple transluminal gateway
technique

Percutaneous/nasocystic catheter management

The catheter was flushed with 250 ml normal saline plus
80-120 mg gentamicin every 4—6 h, with frequent reposi-
tioning of the patient to facilitate irrigation and drainage
of the necrotic contents. Additional 24-Fr percutaneous
catheters were inserted in patients with loculated or multi-
focal walled-off necrosis that was not accessible for endo-
scopic drainage.
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Pancreatic
necrosis

Fig. 4 Endoscopic treatment of walled-off necrosis measuring
more than 12 cm in size with extension to flanks using the
multiple transluminal gateway technique and placement of
large-bore percutaneous catheters

Pancreatic
necrosis

Fig. 5 Percutaneous necrosectomy following suboptimal response
to endoscopic treatment of walled-off necrosis

Follow-up treatment in both groups

Three days after the initial intervention, if the walled-off
necrosis had decreased in size by 50 per cent or more
in association with clinical improvement, the nasocystic
and/or percutaneous catheters were removed and the
patient was discharged from hospital. If there was a
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suboptimal clinical or radiological response (less than
50 per cent decrease in size of the walled-off necrosis on
abdominopelvic CT) to the initial intervention, endoscopic
intervention was continued as outlined above.

All patients had outpatient abdominopelvic CT at
8 weeks. If the walled-off necrosis had resolved and the
main pancreatic duct was intact, the transmural stents
were removed. Two transmural stents were left in situ
indefinitely in patients with disconnected pancreatic duct
syndrome to reduce the risk of recurrent collections?>?3.
Enteral nutrition was discontinued at follow-up in all
patients, and those with persistent symptomatic walled-off
necrosis were referred for surgery.

Definitions

Treatment success was defined as reduction in walled-off
necrosis size to 2 cm or less on follow-up abdominopelvic
CT at 8 weeks, with symptom resolution. Treatment fail-
ure was defined as persistence of walled-off necrosis on
follow-up CT at 8 weeks, need for surgical necrosectomy
or disease-specific death. ‘Hybrid’ treatment was defined as
the multiple transluminal gateway technique and/or percu-
taneous necrosectomy techniques.

The primary outcome measure was treatment suc-
cess, which was compared between the two management
approaches (conventional versus algorithmic). Predictors
of treatment success were identified.

Statistical analysis

Data sets were compiled using Microsoft® Excel
(Microsoft Corporation, Richmond, Washington, USA).
Patient characteristics, features of walled-off necrosis,
procedural details and treatment outcomes were compared
between the two treatment groups. These variables were
also compared according to treatment success in order to
anticipate which variables may be associated with treat-
ment success in logistic regression. Continuous variables
were summarized as mean(s.d.) and median (i.q.r. and
range) values, and compared using the Wilcoxon rank
sum test. The ¥ test and Fisher’s exact test were used for
analysis of categorical data.

Multiple logistic regression and reverse stepwise multi-
variable logistic regression analyses were then performed
to identify variables associated with treatment success. The
outcome variable of treatment success was taken as a binary
variable (treatment success or failure). Predictor variables
that were either clinically relevant or statistically significant
in univariable analysis were included in the multivariable
analysis. P <0-050 was considered statistically significant
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Table 1 Overall demographic and clinical characteristics (100
patients)

No. of patients*

Age (years)
Mean(s.d.) 52.0(16-5)
Median (i.g.r.) 53 (41-64)
Range 11-84
Sex ratio (M: F) 63:37
Race
Caucasian 76 (76-0)
African—American 20 (20-0)
Asian 2 (2-0)
Hispanic 2 (20
Type of pancreatitis
Acute 61 (61-0)
Chronic 39 (39:0)
Aetiology of pancreatitis
Alcohol 31 (31-0)
Idiopathic 36 (36:0)
Gallstones 17 (17-0)
Hypertriglyceridaemia 4 (4-0)
Post-ERCP 2 (2:0)
After surgery/trauma 7 (7-0)
Drug-induced 2 (2:0)
Pancreas divisum 1(1-0)
Serum white cell count (x10°/1)
Mean(s.d.) 14-2(6-6)
Median (i.g.r.) 14.5 (8:9-18-2)
Range 1-0-40-8
Serum albumin (g/dl)
Mean(s.d) 2-5(0-7)
Median (i.q.r.) 2.4 (2-0-3.-0)
Range 1.1-41
Duration of WON (weeks)
Mean(s.d.) 8-7(7-5)
Median (i.q.r.) 6 (5-10)
Range 2-50
Location of WON
Head 15 (15.0)
Uncinate 1(1-0)
Body 70 (70-0)
Tail 14 (14.0)
Size of WON - long axis (cm)
Mean(s.d.) 11.4(4-6)
Median (i.q.r.) 11-0 (8-0-13-8)
Range 3:8-33.0

*With percentages in parentheses unless indicated otherwise. ERCP,
endoscopic retrograde cholangiopancreatography; WON, walled-off

necrosis.

and all statistical analyses were done using Stata® 13

(StataCorp LP, College Station, Texas, USA).

Results

One hundred patients were enrolled, 47 in group 1 and 53
in group 2. The mean age was 52-0years; 63 (63-0 per cent)
were men and 76 (76-0 per cent) Caucasian. The aetiology
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Table 2 Demographic and clinical characteristics and procedure details according to treatment approach

Conventional treatment (n =47) Algorithmic treatment (n =53) Pi
Age (years)
Mean(s.d.) 51.0(14-3) 52.9(18-3)
Median (i.g.r.) 52 (41-61) 55 (39-64) 0-437§
Range 11-79 11-84
Sex ratio (M: F) 36:11 27:26 0-008
Race 0-007
Caucasian 30 (64) 46 (87)
Non-Caucasian 17 (36) 7 (13)
Type of pancreatitis 0-132
Acute 25 (53) 36 (68)
Chronic 22 (47) 17 (32)
Aetiology of pancreatitis 0-055
Alcohol 19 (40) 12 (23)
Other 28 (60) 41 (77)
Serum white cell count (x10%/1)
Mean(s.d.) 14.2(5-8) 14-2(7-3)
Median (i.g.r.) 14.3 (9:1-18:5) 14.5 (8:0-18:0) 0-756§
Range 5.4-29.9 1.0-40-8
Serum albumin (g/dl)
Mean(s.d.) 2.3(0-7) 2-6(0-7)
Median (i.g.r.) 2.1 (1-8-2-9) 2.7 (2.0-3-0) 0-058§
Range 1-1-41 1.5-4.0
Duration of WON (weeks)
Mean(s.d.) 8:8(5:7) 8-6(8-8)
Median (i.g.r.) 6 (5-11) 5(4-10) 0-072§
Range 3-34 2-50
Location of WON
Head/uncinate 11 (23) 5(9) 0-099q
Bodly/tail 36 (77) 48 (91)
Size of WON - long axis (cm)
Mean(s.d.) 11.4(3.9) 11.5(5-2)
Median (i.g.r.) 11.0 (9:0-13.0) 11.0 (8:0-14-0) 0-700§
Range 4.5-22.0 3:8-33.0
Multiple WONs 5(11) 8 (15) 0-5641
Type of endoscopic drainage < 0-001q
EUS 30 (64) 51 (96)
CTD 17 (36) 2 (4)
Route of drainage 0-218q
Transoesophageal/gastric 39 (83) 49 (92)
Transduodenal 8(17) 4 (8)
Luminal compression present 22 (47) 25 (47) 0-971
PD stent placed 7 (15) 9(17) 0-999q
Hybrid treatment* 5(11) 23 (43) < 0-001
Direct endoscopic necrosectomy 4(9) 1(2) 0-184q
Enteral nutrition 30 (64) 24 (45) 0-063
Treatment success 28 (60) 48 (91) < 0-001
No. of interventions
Mean(s.d.) 1-4(0-6) 1-4(0-7)
Median (i.g.r.) 1(1-2) 1(1-1) 0-535§
Range 1-3 1-4
Duration of postprocedure hospital stay (days)f
Mean(s.d.) 11.8(12-4) 8:7(11-4)
Median (i.g.r.) 5(3-17) 4 (3-7) 0-155§
Range 0-45 1-62

Values in percentages are parentheses unless indicated otherwise. *Multiple transluminal gateway technique with or without percutaneous necrosectomy.
tCalculated from the date of initial procedure to the date of discharge. WON, walled-off necrosis; EUS, endoscopic ultrasonography; CTD,
conventional transmural drainage; PD, pancreatic duct. 3y test, except §Wilcoxon rank sum test and {Fisher’s exact test.
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Table 3 Multivariable analysis of factors associated with
treatment success

Odds ratio P
Multiple logistic regression
analysis
Age (<50 versus > 50 years) 1-11 (0-35, 3-53) 0-862
Sex (F versus M) 0-57 (0-16, 2:12) 0-406
Race (Caucasian versus 0-57 (0-14, 2.42) 0-447
non-Caucasian)
Serum white cell count: (<12 1-67 (0-45, 6-21) 0-442
versus > 12 x 10%/1)
Serum albumin (>2-5 1-05 (0-29, 3-77) 0-940
versus < 2-5 g/dl)
Aetiology of WON (not alcohol 1-69 (0-44, 6-46) 0-441
versus alcohol)
Duration of WON (<4 1.38 (0-29, 6-64) 0-689
versus > 4 weeks)
Location of WON (body/tail 1.26 (0-28, 5-65) 0.767
versus head/uncinate)
Size of WON (<10-0 0-92 (0-22, 3-89) 0-909
versus >10-0cm)
Single versus multiple WON 0-87 (0-14, 5-36) 0.-877
Type of endoscopic drainage 0-21 (0-08, 1-32) 0-096
(EUS versus CTD)
Luminal compression (present 0-30 (0-05, 1-73) 0-176
versus absent at endoscopy)
PD stent placed (yes versus no) 2-01 (0-33, 12-33) 0-453
Enteral nutrition (yes versus no) 0-93 (0-28, 3:07) 0-908
No. of interventions (1 versus 2-00 (0-58, 6-90) 0-271
2-4)
Treatment (algorithmic versus 14.48 (2.94, 71-46) 0-001
conventional)
Reverse stepwise multivariable
logistic regression analysis
Treatment (algorithmic versus 6-51 (2:19, 19-37) 0-001

conventional)

Values in parentheses are 95 per cent confidence intervals. WON,
walled-off necrosis; EUS, endoscopic ultrasonography; CTD,
conventional transmural drainage; PD, pancreatic duct.

of pancreatitis was idiopathic in 36 (36-0 per cent), alco-
hol in 31 (31-0 per cent) and gallstones in 17 (17-0 per
cent). The overall clinical characteristics, walled-off necro-
sis features and laboratory parameters of the study cohort
are shown in Table 1. Except for sex distribution and race,
there was no difference in patient demographics, clinical
or walled-off necrosis characteristics and laboratory para-
meters between the two groups (Zable 2). The median size
of the walled-off necrosis collection was 11-0 cm.

Procedure details

Access and drainage of the collection was transgastric in
88 patients (88-0 per cent), and percutaneous endoscopic
gastrojejunostomy feeding tubes were inserted in 54 (54-0
per cent) for enteral nutrition (7able2). A disconnected
main pancreatic duct was identified in more than 60-0 per
cent of patients and a pancreatic duct stent bridging the
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leak was placed in 16 patients, with no difference between
the groups. A bridging pancreatic duct stent was not placed
in others for the following reasons: inability to bridge
the disconnected main pancreatic duct (63), gastric outlet
obstruction (6), pancreatic duct strictures or stones (5) and
a normal pancreatogram (10).

Direct endoscopic necrosectomy was undertaken in four
patients in the early group and only one after introduction
of the algorithm. The latter patient had a spontaneous
fistula in the duodenal bulb, and the fistulous tract was
accessed for endoscopic debridement and stent placement.

Treatment outcomes

Endoscopic treatment was successful in 76 patients (76-0
per cent) overall. The treatment success rate was signifi-
cantly higher in the algorithmic treatment group: 48 (91
per cent) versus 28 (60 per cent) (P <0-001) (Table SI and
Fig. S§1, supporting information). Endoscopic treatment
failed in 24 patients (group 1, 19; group 2, 5) with per-
sistence of walled-off necrosis in 17 (group 1, 13; group
2, 4), postprocedural walled-off necrosis infection in five
(all group 1) and perforation in two patients (1 in each
group). Two of the 24 patients with endoscopic treatment
failures died from multiple organ failure and 22 proceeded
to surgery. Of these, 20 had a good clinical outcome
and two died from postoperative adverse events. At a
median follow-up of 413 days, five patients had developed
a recurrent pancreatic fluid collection, of whom three
underwent repeat endoscopic drainage and two were
managed surgically.

Hybrid technique

A hybrid technique was used in five patients in group
1 (multiple transluminal gateway technique plus 18-Fr
nasocystic catheter) and 23 patients in group 2 (multiple
transluminal gateway technique in combination with an
18-Fr nasocystic catheter, 10 patients; 24-Fr percutaneous
catheters, 13 patients; and/or percutaneous necrosectomy;,
7 patients) (Table 2). Treatment was successful in 26 of
the 28 patients treated by a hybrid approach. Endoscopic
treatment failed in two patients (with persistent sepsis
and perforation) and both subsequently underwent surgery
with good clinical outcome.

Predictors of treatment success

On multiple logistic regression analysis, management by
the algorithmic approach (odds ratio (OR) 14-48, 95 per
cent c.i. 2:94 to 71-46; P=0-001) was the only factor
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independently associated with treatment success after
adjustment for patient demographics, laboratory parame-
ters, walled-off necrosis characteristics, enteral nutrition,
pancreatic duct stent placement and modality used for
walled-off necrosis drainage (7able3). The algorithmic
approach remained significant as the predictor of treat-
ment success on reverse stepwise multivariable logistic
regression analysis (OR 6-51, 95 per cent c.i. 2-19 to 19-37;
P=0-001).

Adverse events

There were 12 procedural adverse events: perforations in
two patients (1 in each group), infections in six (group 1,
5; group 2, 1), bleeding in one (group 1) and stent migra-
tion in three (group 1, 1; group 2, 2). Both perforations
occurred when walled-off necrosis arose from the uncinate
process following creation of the transmural tract. As the
collection drained rapidly, the walled-off necrosis collapsed
towards the uncinate and separated from the gastric wall,
resulting in a free perforation. Surgery was successful in
both patients. One patientin group 1 developed postproce-
dure bleeding at the site of transmural stenting and this was
managed by coil embolization. Stent migration resulted in
small bowel obstruction in two patients (1 managed surgi-
cally and 1 conservatively). One patient had stent migration
into the walled-off necrosis, which could not be retrieved
endoscopically and was managed conservatively.

Discussion

This study shows that a structured, stepwise approach
to the size and extent of walled-off necrosis yields
improved clinical outcomes. Endoscopic techniques to
treat walled-off necrosis have evolved over the past decade.
Treatment with transmural stents and drainage catheters
yields suboptimal outcomes, and often necessitates direct
endoscopic necrosectomy'®?°.  However, endoscopic
necrosectomy is associated with high procedure-related
morbidity and mortality rates, is labour-intensive,
resource-consuming, and devices specifically designed for
necrosectomy are lacking. In the multicentre GEPARD
study®, the procedure-related adverse event rate was 26
per cent, with 2-1 per cent mortality. Furthermore, perfo-
ration occurred in 5-3 per cent, bleeding in 14 per cent and
clinically significant air embolism in two patients. There is
growing evidence that aggressive irrigation and drainage of
the walled-off necrosis cavity yields comparable or better
outcomes, while avoiding the adverse events of direct
endoscopic necrosectomy’*. In a study that compared a
minimally invasive step-up approach with open surgical

© 2014 BJS Society Ltd
Published by John Wiley & Sons Ltd

necrosectomy®, one-third of patients managed initially by
percutaneous drainage did not require subsequent surgical
interventions. Therefore, there are advantages to a less
invasive approach?!, and now open surgical necrosectomy
is rarely performed if minimally invasive techniques are
available.

The present study demonstrates that improved out-
comes can be achieved by tailoring the endoscopic
approach to the specific characteristics of each collection.
Procedure-related infection and persistence of walled-off
necrosis were the most common causes of treatment fail-
ure in the conventional treatment group. In contrast, the
algorithmic approach resulted in a high treatment success
rate and less procedure-related morbidity. This is likely
the result of a combination of improved drainage with
the multiple transluminal gateway technique, increased
irrigation (through both endoscopic and percutaneous
catheters) and early collaboration with pancreatic surgeons
to perform minimally invasive percutaneous debridement
when indicated. Although the efficacy of these individual
stepwise interventions has not been studied in a random-
ized setting, the data suggest that the stepwise approach
improves outcomes.

This study has several limitations. First, reported results
derive from centres with advanced expertise in pancreatic
disorders. The multidisciplinary care delivered by endo-
scopists, interventional radiologists, pancreatic surgeons
and intensivists may be unique, and represents teamwork
that is institution-specific. Likewise, some aspects of the
treatment, such as the antibiotic schedule, use of ERCP
to investigate for pancreatic ductal integrity, dilatation
of the transmural tract to less than 15 mm, creation of
multiple internal conduits for drainage and lavage of
necrotic contents using antibiotic mixed with saline, were
institution-specific and not evidence-based, thereby lim-
iting the applicability of this practice to other centres. In
addition, walled-off necrosis was secondary to gallstones
in only 17-0 per cent of patients and the aetiology was
unknown in one-third of the study cohort. Walled-off
necrosis was detected in the setting of chronic pancreatitis
in 39-0 per cent of patients, suggesting a referral bias,
which limits the applicability of the study findings to all
patients with walled-off necrosis. Second, the algorithm
outlined in this study evolved over time and requires exter-
nal validation. Some facets, such as the decision to proceed
with placement of percutaneous versus nasocystic catheters,
were collaborative. In the authors’ experience, percuta-
neous catheters allowed better access and irrigation than
nasocystic catheters when walled-off necrosis extended
into the flanks. When percutaneous necrosectomy was
later required, the shortest percutaneous distance from the
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skin to the cavity was preferred. Percutaneous endoscopic
necrosectomy is a useful technique, particularly in obese
patients, in whom laparoscopically assisted necrosec-
tomy is challenging. Third, a proportion of patients with
walled-off necrosis can be managed without intervention.
The present results suggest, however, that this algorithmic
approach may improve treatment success should interven-
tion be required. Fourth, it is uncommon for walled-off
necrosis smaller than 12 cm to tract to the flanks, and this
was not encountered here. However, it must be noted that
the cut-off size of 12 cm chosen in this study was arbitrary;
larger collections that are completely liquefied can resolve
with simple drainage measures, whereas some smaller
collections with large amounts of necrosis may require
multiple endoscopic or adjunctive interventions?>-. Fifth,
as the patients were treated over a 10-year interval, their
clinical management may have varied over time. Improve-
ment in the quality of imaging and revision of the Atlanta
classification® may have facilitated more accurate catego-
rization of pancreatic fluid collections and timely delivery
of effective treatment, which evolved with the growing
experience and expertise of the endoscopy team. Sixth,
MRI, which is considered superior to CT for the evaluation
of walled-off necrosis, was not performed in all patients
in this study. Finally, the findings of this study pertain to
patients treated primarily by endoscopic techniques and
these results may not be applicable to the entire spectrum
of patients with walled-off necrosis requiring other forms
of treatment. The study did not compare the long-term
outcomes between the two treatment approaches, and
long-term data are required before definitive conclusions
can be established.
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Supporting information

Additional supporting information may be found in the online version of this article:

Video S1 Multiple transluminal gateway technique for the management of walled-off necrosis (wmv file)

Video S2 Stepwise management of a large haemorrhagic walled-off necrosis involved insertion of a large-bore
percutaneous drain followed by endoscopic ultrasonography and internal drainage using the multiple transluminal
gateway technique. Percutaneous necrosectomy was later performed, with excellent clinical outcome (wmwv file)

Fig. S1 Comparison of success rate of conventional and algorithmic treatments for patients with walled-off necrosis

treated over 10 years (Word document)

Table S1 Comparison of patient characteristics and procedure details according to treatment outcome (Word

document)
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