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Abstract
Background Symptomatic walled-off pancreatic necrosis (WOPN) treated with dual modality endoscopic and percutaneous
drainage (DMD) has been shown to decrease length of hospitalization (LOH) and use of radiological resources in
comparison to standard percutaneous drainage (SPD).
Aim The aim of this study is to demonstrate that as the cohort of DMD and SPD patients expand, the original conclusions
are durable.
Methods The database of patients receiving treatment forWOPNbetween January 2006 andApril 2011was analyzed retrospectively.
Patients One hundred two patients with symptomatic WOPN who had no previous drainage procedures were evaluated: 49
with DMD and 46 with SPD; 7 were excluded due to a salvage procedure.
Results Patient characteristics including age, sex, etiology of pancreatitis, and severity of disease based on computed
tomographic severity index were indistinguishable between the two cohorts. The DMD cohort had shorter LOH, time until
removal of percutaneous drains, fewer CT scans, drain studies, and endoscopic retrograde cholangiopancreatography
(ERCPs; p<0.05 for all). There were 12 identifiable complications during DMD, which were successfully treated without
the need for surgery. The 30-day mortality in DMD was 4% (one multi-system organ failure and one out of the hospital with
congestive heart failure). Three patients receiving SPD had surgery, and three (7%) died in the hospital.
Conclusion DMD for symptomatic WOPN reduces LOH, radiological procedures, and number of ERCPs compared to SPD.
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Introduction

Walled-off pancreatic necrosis (WOPN) emerges during the
second to third week after the onset of severe acute
pancreatitis (SAP) and frequently is associated with a
disrupted main pancreatic duct. WOPN appears as a
mixed-density solid and liquid peripancreatic inflammatory
mass surrounded by fibrous tissue on contrast-enhanced
computed tomograms (Fig. 1).1–3 If asymptomatic, therapy
is conservative, avoiding invasive treatment while allowing
the pancreatic bed to clear and the patient to regain his
previous clinical status. However, if WOPN obstructs or
fistulizes to adjacent structures, erodes into blood vessels,
becomes infected, or increases in size, then more aggressive
treatment is advocated.4–7 Surgical debridement and drainage
has been the standard treatment modality for WOPN until the
recently published, randomized, controlled trial from the
Dutch Pancreatitis Study Group. The Dutch Study Group
demonstrated that a “step-up” approach in patients (initial
management using minimally invasive techniques) had
improved outcomes over patients treated with initial surgical
debridement. Patients in the “step-up” cohort had decreased
morbidity, fewer subsequent surgeries, lower rates of
diabetes, and fewer incisional hernias.8 Less aggressive
alternatives to open necrosectomies have developed over the
past two decades and now include minimally invasive
retroperitoneal drainage,9–13 percutaneous drainage,14–18 and
transgastric endoscopic debridement of necromas.19–22 Each
of the techniques can result in pancreatic cutaneous fistulae
(PCF)21 and require frequent radiographic studies to monitor
resolution of WOPN. The radiological studies expose patients
to substantial quantities of ionizing radiation.23 Patients who
are treated for WOPN often undergo lengthy hospitalizations,
multiple endoscopic procedures, numerous consultations, and
incur substantial medical costs.24,25

The authors of the current study noted that patients who
spontaneously developed a fistula from WOPN to the
duodenum during the course of percutaneous drainage of
WOPN, the treatment modality historically used at Virginia
Mason, had more rapid improvement in their clinical course.
We formulated a technique that combined percutaneous
drainage with endoscopic transenteric fistula formation at the
onset of care that we named dual modality drainage (DMD).1

The initial study of 15 patients demonstrated that no patient
developed a PCF.26 A subsequent study comparing the first
23 patients to a cohort treated with standard percutaneous

drainage (SPD) supported the initial conclusions as well as
noted statistically significant reductions in length of hospital-
izations and radiologic procedures.27 The current study
addresses the durability of the earlier findings now that the
cohort of DMD patients has doubled.

Methods

All patients with symptomatic WOPN admitted to our
institution between January 2006 and March 2011 who had
no drainage procedure beforehand were retrospectively
identified from a database. Symptomatic WOPN was defined
as follows:

1. Infection of the “necromas” unresponsive to parenteral
antibiotics evidenced by persistent fever, leucocytosis,
and/or sepsis syndrome;

2. Gastric outlet obstruction impeding feeding or causing
persistent nausea and vomiting;

3. Biliary obstruction resulting from WOPN;
4. Fistulous connection to the colon, bile duct, skin, or

other structure that did not improve with conservative
management; and

5. Clinical deterioration in the face of maximal medical
therapy short of drainage.

Patient data were entered into a database approved by the
Virginia Mason Medical Center Institutional Review Board.

Drainage Techniques

SPD Cohort Symptomatic SAP patients had percutaneous
drainage catheters placed into areas of WOPN as described
by Freeny et al.14 Aspirated fluid from WOPN was sent for
amylase and culture. Catheters were placed trying to avoid
pulmonary, hepatic, colonic, and vascular structures. After
placement and aspiration of as much fluid as possible, 12F
drains were left to gravity and irrigated with 10 to 20 mL of
sterile saline three times daily. Percutaneous catheters were
sequentially upsized to a maximum of 28F as patients
demonstrated signs of tube occlusion or lack of drainage.
Catheters were removed when WOPN resolved and daily
fluid output was less than 20 mL.

DMD Cohort CT-guided percutaneous drains were placed as
in the SPD cohort, but only 10 mL of fluid was aspirated for
culture and amylase (Video 1). The patient was then rapidly
transferred to a fluoroscopically equipped endoscopy suite at
which time the WOPN was accessed either transgastrically
or transduodenally (Video 2). Endoscopic ultrasound was
used if there was an inconclusive luminal bulge (Video 3).

Endoscopic retrograde cholangiopancreatography (ERCP)
was then performed to determine whether a pancreatic duct

1 Also referred to as combined modality therapy in previous publications
by our group.
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leak existed, and if identified, an endoprosthesis was placed
into the pancreatic duct. If a biliary obstruction was found, a
bile duct stent was placed as well. A nasojejunal tube was
placed at the same setting for patients needing enteral support.

Regardless of drainage technique, patients received
culture-directed antibiotics, and all patients were managed
by critical care specialists or hospitalists. Signs of tube
dysfunction in either cohort were managed by obtaining a
CT scan and tube evaluation and/or exchange. Undrained
fluid collections that were not in communication to the
percutaneously drained collections often had another drain
placed into them, especially if there were signs of infection.

Patient Selection

Hospitalists selected SPD or DMD after consultation with
gastroenterologists and interventional radiologists. Most
patients during the years 2006 through 2008 had SPD
since that was the accepted treatment modality for 20 years
at our institution. DMD was introduced in November 2007.
By 2009, DMD was selected more frequently by hospital-
ists who had noted good outcomes. Qualifying criteria for
DMD were that the “necromas” had to be contiguous with
either the stomach or duodenum (Fig. 1).

Patients in both groups were discharged from the
hospital when they were clinically stable and could be
followed as outpatients. Removal of percutaneous drains
occurred when they no longer produced fluid, the CT scan
revealed no WOPN (Fig. 2), and patients were asymptom-
atic. Endoscopic transenteric stents were removed if the
pancreatic duct was intact; otherwise, the stents were left
indefinitely.

Statistical Analysis

Comparative testing between the SPD and DMD groups
was done using the unpaired two-tailed Student’s t test (for
continuous variables) or chi-squared test (for categorical
variables). P values <0.05 were considered significant.

Results

Between January 2006 and March 2011, 102 patients were
identified and treated for symptomatic WOPN of whom
85% were transferred from surrounding hospitals and 15%
admitted through the emergency department or from
outpatient clinics. All patients were managed by hospital-
ists, critical care specialists, and/or medical residents who
consulted with gastroenterologists, interventional radiolog-
ists, and surgeons. Fifty patients had planned DMD, but
one did not have an adherent, vascular free endoscopic
window and therefore was managed solely by SPD. Fifty-
two patients underwent SPD from onset of therapy, but
seven underwent a salvage dual drainage procedure during
the course of therapy and were excluded from analysis
(Fig. 3).

Both SPD and DMD cohorts were predominately male,
62% versus 80%, of equivalent ages, 53.5 versus 55.9 years,
and with choledocholithiasis as the most frequent etiology,
56% versus 49%, respectively. Other causes of SAP were
similar with the exception of hypertriglyceridemia in six
(13%) of SPD cohort and one (2%) in the DMD cohort.
Greater than 50% of both groups had ICU stays, and more
than 50% of both groups had disconnected main pancreatic
ducts. All other patient characteristics were indistinguishable

Fig. 1 Prior to dual modality
therapy (DMD) for symptomatic
walled-off pancreatic necrosis
(WOPN) in an 83-year-old
female 26 days after severe
acute pancreatitis. A Stomach
(red arrow) and WOPN (purple
arrow): coronal view. B
Axial view of WOPN
[pancreas (red arrow)
and WOPN (purple arrow)]
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except for a statistically significant variance in mean interval
from SAP onset to initial drainage of 34.4 days in SPD and
53.3 days in DMD (Table 1; p>0.02)

Computed tomography severity index (CTSI) was used
as the measure of disease severity.28,29 The maximum CTSI
from the onset of SAP became the severity score for each
patient. Mean CTSI were similar in SPD and DMD, 7.2
versus 7.9, respectively (p<0.06). The size and complexity
of the fluid collections were similar (Table 1). Given that

the vast majority of patients were transferred to our
institution at different times from the onset of SAP, clinical
measures of severity such as Ranson, Glasgow, and Acute
Physiology, Age and Chronic Evaluation II could not be
consistently and accurately assessed. Surrogate measures of
clinical severity including creatinine, albumin, C-reactive
protein (CRP), and American Society of Anesthesiologists
(ASA) grading score showed no variance between the
cohorts (Table 1). Patients who had any form of drainage

Fig. 3 Flow chart of new patients with walled-off pancreatic
necrosis: intention-to-treat. WOPN walled off pancreatic necrosis,
DMD dual modality-therapy, SPD standard percutaneous drainage,

MOSF multiple organ system failure, CHF congestive heart failure,
PCF pancreatic cutaneous fistula, Panc ca pancreatic cancer, F/U
follow-up

Fig. 2 Completion of dual mo-
dality drainage (DMD), 54 days
after placement of stents in
Fig. 1. A Axial view: trans-
gastric stents in resolved WOPN
(red arrows) and percutaneous
drain (purple arrow). B Coronal
view. Note transgastric stents
(red arrow) and stomach
(green arrow)
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whether surgical, endoscopic, or percutaneous prior to
arrival were excluded from analysis.

The time of initial placement of percutaneous drains,
until removal, decreased by more than 50% in the DMD
cohort compared to SPD, 79 versus 183 days (p<0.001).
Three SPD patients had persistent PCFs requiring surgery,
whereas no DMD patient had surgery for PCF. One patient
in the SPD cohort was lost to follow-up, and two currently

have external drains awaiting resolution of WOPN and/or
PCF. Seven patients who were excluded from the current
analysis had salvage DMD due to persistent PCFs. No DMD
patient has been lost to subsequent evaluation (Table 2).

Mean LOH from placement of drains to discharge was
significantly shorter in DMD, 24 versus 54 days (p<0.001).
Hospital days during any readmissions while a percutaneous
drain was in the patient were added to the total. Occluded

Table 1 Patient characteristics

SPD standard percutaneous
drainage, DMD dual modality
drainage, ERCP endoscopic ret-
rograde cholangiopancreatogra-
phy, CTSI computed
tomography severity index, SAP
severe acute pancreatitis, ICU
intensive care unit, CRP C-
reactive protein, ASA American
Society of Anesthesiologists
scoring system

Number in cohort SPD, 45 DMD, 49 p values

Age (years) 53.5 55.9 0.45

Percent male 62% 80% 0.06

Etiology (%)

Choledocholithiasis 25 (56%) 24 (49%) 0.52

Non-stone

Alcohol 6 (12%) 12 (24%)

Idiopathic 4 (8.8%) 7 (14%)

Pancreas divisum 2 (4.4%) 2 (4.1%)

Hypertriglyceridemia 6 (13%) 1 (2.0%)

Post ERCP 1 (2.2%) 0 (0%)

Trauma 1 (2.2%) 3 (6.1%)

Mean CTSI 7.2 7.9 0.06

Clinical measures of severity

Creatinine 1.1 1.0 0.70

Albumin 2.9 2.9 0.94

CRP 136 126 0.76

ASA 3.3 3.2 0.82

Mean interval from SAP onset to first drain 34.4 days 53.3 days 0.02

Percent disconnected main pancreatic duct 53% 57% 0.71

Patients transferred into hospital (%) Total=80 (85%) 39 (87%) 41 (84%) 0.68

Number with ICU admissions (%) 27 (60%) 27 (55%) 0.63

Initial aspirate culture positive (%) Total=42 (45%) 18 (40%) 24 (49%) 0.38

Mean maximum size of collection in cm 11.8 cm 12.4 cm 0.50

Identifiable fistulae 7 (16%) 7 (14%) 0.86

Table 2 Clinical outcomes and resource utilization

SPD, 45 DMD, 49 p values

Mean length of hospitalization (LOH)±SD 54±41 days 24±23 days <0.002

Median 39 days 16 days

Mean interval until final drain removed 183±161 days 79±44 days <0.001

Median 136 days 65 days

Number needing surgery 3 for persistent fistula drainage 0 <0.07

Patients with pseudoaneurysm bleeding 5 0 <0.02

Patients with no external drains 36 47

3 deaths with drains in place 2 deaths with drains in place

3 surgeries

2 with drains currently

1 lost to follow-up

SPD standard percutaneous drainage, DMD dual modality drainage, LOH length of hospitalization, SD standard deviation
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percutaneous drains, presenting as pain, fever, and leucocy-
tosis, accounted for the vast majority of readmissions in both
cohorts. DMD patients required fewer drains than SPD
patients, 1.3 versus 1.9 (p<0.001). Five SPD patients
developed splenic artery pseudoaneurysms that bled and
were controlled angiographically. To date, no DMD patient
has developed a pseudoaneurysm (p<0.02).

The mean number of CT scans from placement of drains
until removal was fewer in DMD than SPD, 7.83 compared
to 14.0 (p<0.001). Correspondingly, fewer drain studies
were needed until completion of therapy in DMD than
SPD, 6.24 versus 13.0 (p<0.001). Fewer ERCPs were
performed in DMD than SPD, 1.88 versus 2.67 (p<0.02).
During the initial ERCP, both cohorts received equivalent
pancreatic endoprostheses, 33% in DMD and 47% (p<0.2)
in SPD (Table 3).

Complications

Twelve total complications not associated with death were
encountered in the DMD cohort (Table 3). Five patients
developed abscesses in fluid collections that were adjacent to
the initially drained WOPN but not in full communication.
All resolved with placement of a second drain into the
untreated fluid collection. Two percutaneous drains dis-
lodged in the outpatient setting, but could be replaced
through the existing fistula without need for another drain
site. One patient developed a gastric outlet obstruction from
duodenal obstruction that resolved with parenteral fluid
support and antibiotics, but no added drains. Two patients
had transient occlusion of the endoscopic gastric fistula
noted during a drain exchange and were treated by
endoscopic balloon dilation of the fistula. One patient
developed a colonic fistula during the course of therapy that
responded to reducing the size of the percutaneous drain.
One patient was on anticoagulants for a thrombus at the site
of an intravenous catheter and later developed a spontaneous
psoas hematoma that resolved without intervention. Compli-
cations in the SPD cohort were not easily determined as tube
occlusions, abscess formations in non-communicating fluid
collections, and obstructions of adjacent structures were

considered part of the natural history of SPD and were
treated with exchange or addition of percutaneous drains.

Two SPD patients died of respiratory failure and one of
multi-organ system failure (MOSF; 7%), all with percuta-
neous drains in place. In the DMD cohort, the 30-day
mortality (4%) included one patient with severe congestive
heart failure who died under hospice care as an outpatient.
He had a drain in place. The other DMD death occurred in
the hospital from MOSF. At autopsy, he was found to have
an occult pancreatic cancer (Table 4).

Discussion

There are greater than 200,000 admissions to US hospitals
yearly for acute pancreatitis of whom 20% have SAP and of
those, one quarter have necrotizing pancreatitis.2 Deaths occur
in patients with necrotizing pancreatitis in the early stage due
to MOSF caused by a severe systemic inflammatory response.
Those patients surviving the early stages of pancreatic
necrosis may develop WOPN that can become infected or
result in complications of sterile necrosis that include
obstruction, fistulization, and persistent deterioration in health
status.1,2,4 Patients with WOPN remain in hospital for weeks
to months. They require multiple radiological and endoscopic
procedures, and some patients develop diabetes, pancreatic
insufficiency, pancreatic cutaneous fistulae, and if they have
undergone surgery, incisional hernias.8 They generate sub-
stantial costs during their extended hospitalizations.24,25

Treatment for symptomatic WOPN has changed from open
surgical debridement30–33 to favor less invasive techniques
such as minimally invasive retroperitoneal drainage, percuta-
neous drainage, endoscopic necrosectomy, and combined
modalities. The transition to less invasive management
techniques was hastened by Van Santvoort’s multicenter,
randomized study showing benefit in a “step-up” approach,
which reduced the need for subsequent surgeries and decreased
major complications.8 The authors of the current study
previously have demonstrated that combining percutaneous
drainage with immediate transenteric stenting eliminated
PCFs26 and decreased both LOH as well as use of radiological

Table 3 Radiologic and endo-
scopic resource utilization

ERCP endoscopic retrograde
cholangiopancreatography,
CT computed tomography, EUS
endoscopic ultrasound

Mean number of CT scans 14.0±7.2 7.83±3.3 <0.001
Median 13 7.5

Mean number of drain studies 13.0±6.9 6.24±3.1 <0.001
Median 13 6

Mean number of drains/patient 1.9±0.96 1.3±0.68 <0.001
Median 2 1

Mean ERCPs 2.64±1.9 1.88±1.1 <0.02
Median 3 2

Number of patients with pancreatic stents (%) 21 (47%) 16 (49%) <0.16
Number with initial EUS access to necromas (%) N/A 38 (78%)
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resources.27 The expansion of our initial cohorts reveals
that our previous findings are durable and also result in
fewer ERCPs.

At our institution, percutaneous drainage has been the
standard of care for nearly two decades.14–16 In spite of
familiarity with the technique and constantly improving post-
procedure management, patients undergoing SPD had very
long LOH, were exposed to large quantities of ionizing
radiation, and developed PCFs.34 By creating a controlled
fistula at the onset of percutaneous drainage, LOH, monitor-
ing CTs, and drain tube exchanges have decreased by 50%.
Although it is difficult to compare varying management
techniques between institutions, the decrease in LOH for
DMD was comparative to the Dutch study where LOH was
decreased by 10 days in the minimally invasive cohort8 and a
US multicenter direct endoscopic necrosectomy study
showing that patients remained in the hospital for 12 days
after starting therapy.19 Compared to SPD, patients in DMD
had drains removed after 79 rather than 183 days. The
reduction in LOH, procedures, and duration of outpatient
management of drains suggests that there was a substantial
reduction in incurred costs to the patient and insurers
although not computed for this study.

Treatment of WOPN is not without complications. Five
abscesses occurred during treatment of DMD, all in patients
who had non-communicating fluid collections adjacent to the
one that was drained. Two patients dislodged drains as
outpatients. Two other patients occluded their endoscopically
created fistula. One patient developed transient gastric outlet
obstruction, another had a spontaneous psoas hematoma, and

one patient developed a pancreatic–colonic fistula. None of
the complications resulted in surgery. All were successfully
treated with a new drain, replacement of a drain, endoscopic
balloon dilation, or conservative management. The noted
complications and course of DMD patients compared favor-
ably to reports of nonsurgical treatments for WOPN at other
institutions that have included air emboli, severe bleeding, and
procedure-related deaths.17–20 The 30-day mortality for the
DMD patients is encouraging: one death from MOSF and
occult pancreatic carcinoma and one of underlying severe
cardiac disease outside of the hospital. There were no
procedure-related deaths. Considering these deaths, one
might argue that two PCFs had not resolved during the course
of DMD. Comparatively, nine SPD patients had PCFs: three
deaths, three surgeries, one lost to follow-up, and two awaiting
PCF closure at the time of this manuscript. Furthermore, seven
patients in the SPD cohort had salvage dual drainage to avoid
chronic PCFs. Assuming that the salvage SPD patients would
not close the PCFs, then 35% of SPD patients had PCFs while
only 4% had them in the DMD cohort.

Limitations of the Study

The current study is limited by its retrospective nature and its
lack of randomization. Bias could have been introduced
during the selection of patients and the analysis. Furthermore,
there appears to be a significant variance between the cohorts
in the interval from onset of SAP to initial drain placement.
SPD patients had drains placed after a mean of 34 days in
comparison to 53 days in the DMD cohort (p<0.02). Statistical

Table 4 Complications and deaths

SPD DMD

See text 5 abscesses due to infection in non-communicating
fluid collection: resolved with new drain placement

2 percutaneous drain dislodgements: resolved with new
drain through existing fistula, no separate drain

2 obstructions of endoscopic fistula to “necroma”:
resolved with balloon dilation of endoscopically created fistula

1 colonic fistula developed during therapy: resolved with decreasing
size of percutaneous drain and spontaneous closure

1 psoas hematoma resulting from anticoagulation of deep venous
thrombosis: resolved with conservative management

1 gastric outlet obstruction due to duodenal edema: resolved
with fluid hydration, antibiotics, and time.

Deaths

3 with drains in place 2 with drains in place

• 2 respiratory failures in hospital for prolonged WOPN
treatment with percutaneous drains in place

• 1 on hospice for end-stage congestive heart failure and
chronic obstructive pulmonary disease

• 1 multi-system organ failure, persistent sepsis,
with drains in place

• 1 in hospital from multi-system organ failure. At autopsy,
found to have pancreatic cancer

SPD standard percutaneous drainage, DMD dual modality drainage
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significance was reached approximately when both cohorts
had more than 40 patients. Possible explanations include
recognition by all the consultants that delaying definitive
procedures until later in the course of WOPN improved
outcomes. Other possible explanations include later transfers
over the study period from outlying hospitals and formerly
stable patient who were weeks to months distant from the
inciting episode of SAP who then became symptomatic and
were seen in outpatient clinics. Managing patients with
WOPN over the past few years with DMD has resulted in
bias by both hospitalists and radiologists toward it over SPD.
The vast majority of SPD patients were included in the
cohort between 2006 and 2008. Since 2009, there have
been 26 additions to the DMD cohort and only 9 to the
SPD of whom 7 were shifted to salvage therapy. With the
change in management in favor of DMD, the authors
suspect that later drainage appears to have been favored.
Our experience is consistent with surgical practice and
endoscopic necrosectomy that advocates later drainage
when WOPN is more liquefied.33,35,36

Another limitation of our study is that approximately
45% of both cohorts had infected necrosis, a number lower
than some surgical or endoscopic series.8,20 The current
study used positive cultures to demonstrate infection. We
did not include “surrogates” of infection such as “air in
WOPN” or “no other source of sepsis.”

Symptomatic WOPN presenting with obstruction, fistu-
lization, and clinical deterioration short of sepsis were
considered legitimate rationales for treatment. These
patients, referred to in other series as having sterile
necrosis, can linger in the hospital unable to be nourished
adequately, unable to embark on physical therapy, and
occasionally are jaundiced. The practice pattern of the
authors, resulting from many years of managing patients
with WOPN, is to provide drainage. At our tertiary
pancreatitis referral center, we have instituted early enteral
nutrition, improved nursing protocols, intensified physical
therapy, and convened a multidisciplinary pancreatitis
workgroup. Yet, the modification that most definitively
reduced LOH, radiological studies, and endoscopic proce-
dures has been DMD, with results that are more durable as
the cohort enlarges. The interventional radiologists who do
the vast majority of the procedural care encourage our
hospitalists to consider initial DMD in hopes of reducing
the number of drain studies, CT scans, and second tube
placements. Furthermore, the radiologists have been instru-
mental in developing new multidisciplinary approaches to
drainage (salvage therapy) for patients who have previously
had SPD and now are facing PCFs. DMD for WOPN has
proven effective in reducing LOH, radiological studies,
endoscopic procedures, and nearly eliminated PCFs while
maintaining mortality of less than 10% and to date, the
elimination of the need for surgical intervention.
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Discussant

Dr. Todd Baron (Rochester, MN): Use of irrigation in the
management of pancreatic necrosis was initially described
when specific open necrosectomy approaches were used.
Irrigation became vital in the percutaneous approach as
established by the Virginia Mason group. The initial series of
successful endoscopic drainage of pancreatic necrosis
employed aggressive irrigation through a single transmural
tract using a nasobiliary tube inserted alongside internally
placed stents. Subsequently, some authors reported using
irrigation provided through placement of a jejunal extension
tube through a PEG tube that was then passed through the
transmural site into the collection; this also avoids external
fistula.

The present study by Dr. Gluck and colleagues uses less
intensive endoscopic and percutaneous approaches than
when either is used alone. I believe this dual modality
drainage (DMD) therapy could potentially be reproducible
and particularly useful in community centers where
endoscopic techniques for transmural placement of stents
as for pseudocyst drainage and percutaneous techniques as
for abscess drainage are now commonly available.

Questions:
1. What was the volume and type of irrigant used in the

DMD group?
2. Your patients had primarily central pancreatic necrosis.

Can you comment on how many patients had large
paracolic gutter extensions (unilateral and bilateral)?
These are patients traditionally difficult to treat using
endoscopic transmural techniques alone.

3. What was the outcome of those in disconnected ducts in
whom transmural stents remained long term? How long
did those stents remain in place?

4. Can you comment as to why you think the pseudoa-
neurysm rate was much lower in the DMD group?

Closing Discussant

Dr. Michael Gluck:
1. What was the volume and type of irrigant used in the

DMD group?
We used 20 mL of sterile normal saline, infused three

times daily through each percutaneous drain. This was the
same quantity and type of fluid as used in the SPD group.
As the cavities closed, we decreased the volume until the
drains were removed.
2. Your patients had primarily central pancreatic necrosis.

Can you comment on how many patients had large
paracolic gutter extensions (unilateral and bilateral)?
These are patients traditionally difficult to treat using
endoscopic transmural techniques alone.
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Radiographs of all patients who had SPD and DMD
were reviewed to determine if paracolic gutter extension
existed on the day of percutaneous drainage. Sixty percent
of SPD and 39% of DMD had evidence of left-sided, right-
sided, or bilateral extension (p<0.03). In the SPD group, 16
(35%) had bilateral extension compared to 10 (21%) in the
DMD. Only two patients in the SPD cohort had solely
right-sided involvement without left-sided as compared to
none in the DMD cohort. As Dr. Baron mentioned, those
patients with paracolic extension appear to have longer
hospitalizations and duration of percutaneous drain tubes in
both SPD and DMD. Comparing those with bilateral
extension in both cohorts still demonstrates reduced
hospital stays and number of radiological studies needed
until discharge in the DMD cohort.
3. What was the outcome of those in disconnected ducts

in whom transmural stents remained long term? How
long did those stents remain in place?

Of the original 15 patients treated with DMD whose
therapy was completed almost 3 years ago, 8 had discon-
nected ducts. Stents spontaneously passed in two. One
developed a fluid collection that resolved with placement of
a transpapillary stent. After removal of the transpapillary
stent, the fluid collection recurred, but the patient is
asymptomatic and has not required any new procedures.
The other patient has no new fluid collection and is
asymptomatic. Two fluid collections recurred in patients
who had side branch leaks after transgastric stents were
removed due to main branch strictures. Both fluid collec-
tions resolved with transpapillary stents, but as in the
patients with disconnected ducts, the fluid collections
recurred after stent removal. Both patients with new fluid
collections remain asymptomatic. In all patients with side
branch leaks, transgastric stents were removed at comple-
tion of therapy. For those eight with disconnected ducts, six
patients have the transgastric stents in position currently
without symptoms. We are aware of 1 other patient with a
disconnected main pancreatic duct, not in the original

cohort of 15, who developed a new symptomatic fluid
collection adjacent to the ligament of Treitz 6 months after
removal of percutaneous drains. The new collection was
drained using endoscopic ultrasound. His previously placed
transgastric stents are in position but not contiguous with
the new fluid collection.
4. Can you comment as to why you think the pseudoa-

neurysm rate was much lower in the DMD group?
Although speculative, we think that pseudoaneurysms

develop due to direct contact of arteries to the erosive effects
of pancreatic secretions, inflammatory debris, and the
mechanical trauma of percutaneous tube exchanges. The
DMD cohort had fewer drains, fewer drain exchanges, smaller
maximal drain size (18 French versus 28 French), and
significantly shorter time to resolution of WOPN, decreasing
exposure of the retroperitoneal vasculature to pancreatic
secretions. The secretions preferentially drained into the
stomach or duodenum and away from the WOPN.

Dr. Baron suggested that DMD could conceivably be
instituted at community hospitals given that skilled
endoscopic ultrasonographers place transgastric stents into
pseudocysts and interventional radiologists commonly
drain abscesses. In theory and with respect to skill level,
we agree with him; however, we have cared for two
patients who had DMD undertaken at community hospi-
tals who then developed abscesses requiring further
intensive management at our tertiary pancreatic center.
Management of WOPN requires a team approach where
there are an adequate number of committed interventional
radiologists who cover one another, gastroenterologists
who manage pancreatic diseases regularly, and surgeons
who can and will operate on the pancreas if necessary.
Until those teams are assembled, we recommend that
management of WOPN be initiated and completed in
centers with a substantial volume of patients with severe
acute pancreatitis, expertise in minimally invasive techni-
ques to treat WOPN, and a coordinated multidisciplin-
ary approach for those patients.
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