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Percutaneous direct endoscopic pancreatic necrosectomy
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Abstract 8

Approximately 1 %-20% of the cases of acute pancreatitis have acute necrotizing
pancreatitis. The infection of pancreatic necrosis is typically associated with a prolonged
course and poor prognosis. The multidisciplinary, minimally invasive “step up”
approach is the cornerstone of the management of infected pancreatic necrosis (IPN).
Endosonography-guided transmural drainage and debridement is the preferred and
minimally invasive technique for those with [IPN. However, it is technically not feasible
in patients with early pancreatic/peripancreatic fluid collections (PFC) (< 2-4 wk) where
the wall has not formed; PFC in paracolic gutters/pelvis; or if walled off pancreatic
necrosis (WOPN) distant from the stomach/duodenum. Percutaneous drainage of these
infected PFC or WOPN provides rapid infection control and patient stabilization. In a
subset of patients where sepsis persists and necrosectomy is needed, the sinus drain
tract between WOPN and skin-established after percutaneous drainage or surgical
necrosectomy drain, can be used for percutaneous direct endoscopic necrosectomy
(PDEN). There have been technical advances in PDEN over the last two decades. An
esophageal fully covered self-expandable metal stent, like the lumen-apposing metal
stent used in transmural direct endoscopic necrosectomy, keeps the drainage tract
patent and allows easy and multiple passes of the flexible endoscope while performing
PDEN. There are several advantages to the PDEN procedure. In expert hands, PDEN
appears to be an effective, safe and minimally invasive adjunct to the management of
IPN and may particularly be considered when a Cawentional drain is in situ by virtue
of previous percutaneous or surgical intervention. In this current review, we summarize

the indications, techniques, advantages, and disadvantages of PDEN. In addition, we
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describe two cases of PDEN in distinct clinical situations, followed by a review of the
most recent literature.
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Core Tip: In expert hands, percutaneous direct endoscopic necrosectomy through the
sinus drainage tract, established after percutaneous drainage or surgical necrosewmy
drain, plays a vital role as a minimally invasive, safe, and effective adjunct in the

management of infected pancreatic necrosis.

INTRODUCTION

Acute necrotizing pancreatitis may be seen in about 10%-20% of the cases of acute

pancreatitis and is frequently associated with a protracted course. The infection of
pancreatic necrosis is a serious complication and carries a grave prognosisll. The
multidisciplinary, minimally invasive “step up” approachis favoured E the
management of infected pancreatic necrosis (IPN)[2l. However, the clinical condition of
the patient, local experience and expertise, anatomical position and content of the
collection, as well as the time from presentation and maturation of the wall of the
collection, usually determine the treatment approach. A single treatment protocol can
not be used to manage IPN[GA41.

The minimally invasive and preferred endosonography-guided transmural drainage

and debridement approach may be technically impossible in early

pancreatic/ peripancreatic fluid collections (PFC) (< 2-4 wk) where the wall has not

2/19




formed; in PFC in paracolic gutters/pelvis; or in walled off pancreatic necrosis (WOPN)
distant from the stomach/duodenum. In this group of patients, percutaneous drainage
of the infected PFC helps to control the infection source rapidly and allows time to wall
off pancreatic necrosis and stabilize an ill patient. A subset of patients with IPN will not
recover with percutaneous drainage alonel2®l, and they will need necrosectomy.
Percutaneous direct endoscopic necrosectomy (PDEN) is the minimally invasive
technique used for the debridement of infected necrotic material with a flexible
endoscope through the matured sinus tract connecting the WOPN and skin (the
drainage tract formed after surgical necrosectomy or percutaneous drainage). Here, we
review the indications, techniques, advantages and disadvantages of PDEN with a
description of two cases of PDEN with different clinical scenarios, followed by the latest

literature on PDEN.

IPN
Acute necrotizing pancreatitis may be seen in about 10%-20% of the cases of acute
pancreatitis and is frequently associated with a complex and prolonged course.
Infection is a seriougcomplication of pancreatic necrotic collection, with a mortality rate
of 20%-30%['l. The drainage and/or debridement of necrotic material is indicated for
symptomatic necrotic collectiorﬁ either for infection (the commonest indication) or if

sterile, then for persistent pain, gastrointestinal luminal obstruction, biliary obstruction,

fistulas, or persistent systemic inflammatory response syndromel'l.

PERCUTANEOUS DRAINAGE OF IPN

The preferred modality for the drainage of infected WOPN is endoscopic
hltrasonography guided transmural drainage (transgastric/transduodenal) with a
lumen-apposing metal stent or plastic stents along with direct endoscopic
necrosectomy, depending upon the symptoms and quantity of the solid component in
the WOPN cavityl®7l. Endoscopic transmural drainage is not technically feasible if (1)

infection occurs during the early stage (< 2-4 wk) of acute necrotizing pancreatitis
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where pancreatic necrosis is not walled off; (2) WOPN is far away (> 10 mm) from the
stomach/duodenum; (3) necrosis extends into paracolic gutters or pelvis; (4) patient is
very sick and unfit for the procedure; and (5) local expertise is not available. Image-
guided percutaneous drainage of a symptomatic pancreatic necrotic collection is crucial
in the treatment of these individuals. Percutaneous drainage of an infected PFC
typically allows pancreatic necrosis to wall off and stabilize a sick patient while also
controlling the infection source. Percutaneous drainage catheters are available in sizes
ranging from 8 F to 32 F. It can be placed under imaging guidance by an interventional
radiologist (Figure 1A). The drain size is usually gradually increased to around 28 F-32
F at regular intervals before PDEN. Percutaneous drainage with an esophageal fully
covered self-expandable metal stent (SEMS) insertion may obviate the need for these
multiple proceduresl8l. Exclusive percutaneous drainage is effective in 35%-51% of
symptomatic WOPN patients2?10l, As a result, in the remaining subset of patients,
debridement of infected necrotic debris is necessary. A matured sinus tract after
percutaneous drainage or a surgically-placed drain after necrosectomy can be utilized
for PDEN if there is an incomplete clinical improvement following percutaneous

drainage.

PDEN
Indications

PDEN, also known as sinus tract endoscopy, is a minimally invasive technique that
involves passing a flexible endoscope through the matured tract connecting WOPN and
skin-the drainage tract established following surgical necrosectomy drain or
percutaneous drainage-to debride infected necrotic material. If percutaneous or
surgically-placed drain alone does not result in a complete clinical response, PDEN can
be used to debride an infected necrotic material. In the literature, PDEN has been the
subject of various case series and case reportsi®>811271 (Table 1). Although the
retroperitoneal route is the preferred safe route for PDEN because there is no risk of

peritoneal contamination, a transperitoneal route has been reported. A fully covered
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SEMS, when used for drainage tract dilatation, may help to prevent infectious material
from escaping into the peritoneal cavity, thereby preventing peritonitis. The main

indications of PDEN are summarized in Table 2.

Anaesthesia

Although PDEN has been performed under general anaesthesia in a few case series'11],
it has mostly been done under conscious sedation or total intravenous anaesthesia
without endotracheal intubation (TIVA)[141821.271 A deep plane of anaesthesia can be
achieved with TIVA. Propofol is used for induction and maintenance, while ketamine is
used to provide analgesia during spontaneous ventilation with an oxygen mask/2sl.
When compared to general, regional, and combined anaesthesia, TIVA is significantly
associated with a reduction in inflammatory markers, particularly C-reactive protein,
potentially reducing the post-procedure systemic inflammatory response and
complications?’l. However, elderly patients or those with the American Society of

Anaesthesiologists’ poor physical status should be treated with extreme caution.

PROCEDURE/TECHNIQUE

Drainage tract dilation

After the sinus tract between skin and WOPN has matured (usually 7-10 d after
percutaneous drainage) (Figure 1B), it can be dilated with a wire-guided controlled
radial expansion balloon or Amplatz dilators, depending on the length of the sinus
tract, to facilitate an easy passage of the flexible endoscope into WOPN (Figure 1C). As
Amplatz dilators have a smaller nose compared to Savary Gillard dilators, they can be
used to dilate longer sinus tract more easily and safely. As the diameter of the upper
gastrointestinal endoscope ranges from 9 mm to 10 mm, the sinus tract dilation is
typically planned up to 10 mm to 12 mm. Another method for sinus tract dilatation is to
gradually increase the drain size to around 28 F-32 F at regular intervals. If the drainage
tract is longer and a patent tract is required for a longer period of time, an esophageal

fully covered SEMS placement across the tract should be preferred to minimize
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repeated dilatation of the sinus tract (Figure 1D). Because of its wide diameter, the fully
covered SEMS keeps the sinus tract patent and enables easy and several passes of the
flexible endoscope during PDEN. Percutaneous drainage and tract dilatation with a
fully covered SEMS placement followed by necrosectomy may be done in a single step,

eliminating the multiple steps involved in PDENISL.

PDEN

PDEN is carried out using carbon dioxide insufflation. The most crucial step for PDEN
is to irrigate the cavity with sterile normal saline for the early evacuation of pus and
liquefied necrotic debris. A rat-tooth forceps, a polyp retrieval basket, a snare, a dormia
basket, or an automated rotor resection device can be used to remove necrotic debris
(Figure 1E and F). The most important precaution to take during PDEN is to only
remove loose debris with a gentle traction. Forceful traction will lead to intracavitary
bleeding or perforation of the WOPN wall. After the necrosectomy session, it is
preferable to keep a 30-32 F drain and a 7-8 F irrigation catheter in place to keep the
tract dilated for easy passage of the scope during the subsequent necrosectomy and
irrigation of the cavity with normal saline, respectively (Figure 1G). The necrosectomy
sessions may vary depending on the infected solid component of WOPN. The key end
objectives of PDEN are: (1) Symptom control with near-complete removal of the
infected necrotic debris; and (2) visualization of healthy granulation tissue along the
cavity walll’8l. The drainage catheter can be gradually changed with smaller diameter
catheters every week after the PDEN sessions are completed and the patient’s

symptoms have improved, for an early sinus tract closure.

Advantages and disadvantages

PDEN can be carried out in a critically ill patient at bedside as it can be done under
deep sedation. The main advantage of PDEN is an easier access to various extensions
deep within the abdomen with a flexible endoscope as compared to a rigid laparoscope

or nephroscope. Like a lumen-apposing metal stent, a fully covered SEMS used in
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PDEN reduces the need for frequent dilations while also eliminating peritoneal
contamination in a transperitoneal approach. The significant adverse event of PDEN is
pancreatico-cutaneous fistula, which can occur in up to 7% of the patientsl®. However,
dual- percutaneous and transluminal drainage can help to minimize this

complication(*]. Table 3 summarizes the advantages and disadvantages of PDEN.

APPLICATION OF PDEN IN IPN-CLINICAL CASE SCENARIO

To better perceive the PDEN case situation, a study of the two IPN cases with
contrasting clinical settings is provided. The PDEN was carried out using distinct
procedures and approachesﬁ both the situations. One case had image-guided
percutaneous drainage done in the early phase of acute pancreatitis due to a poor
general condition, while the other case had a surgically-placed drain after open-

necrosectomy. PDEN was carried out under TIVA.

Casel

A 35-year-old male was treated for 2 wk for ethanol-induced moderately severe acute
pancreatitis. On the 17" day of his illness, hg was sent to our center with a persistent
fever and a loss of appetite. An abdominal contrast enhanced computed tomography
(CECT) scan revealed a large irregular PFC in the upper abdomen (Figure 2A and B).
Due to his poor health status and early PFC, an image-guided 14 F pigtail was inserted
to drain the infected necrotic collection. Klebsiella pneumoniae was found in his pus
culture, and it was sensitive to Carbepenams and Quinolones. The fever and
leucocytosis continued even after the PFC was significantly reduced in size (Figure 2C).
In order to irrigate the cavity, a 26 F drain and a 7 F irrigation catheter were inserted
into the PFC following dilatation of the tract with a controlled radial expansion balloon
over the guide-wire under fluoroscopy guidance (Week 4) (Figure 2D). His health
steadily improved, with fewer fever spikes and a lower leucocyte count. He did,
however, continue to suffer from low-grade fever and systemic inflammatory response

syndrome. As a result, following the dilatation of the tract with a controlled radial
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expansion balloon up to 12 mm, he underwent PDEN with a flexible upper
gastrointestinal endoscope in week 5. A snare and a rat-tooth forceps were used to
remove the infected necrotic debris (Figure 3). A 7F irrigation catheter and a 32 F drain
were inserted for irrigation and for the subsequent necrosectomy sessions, respectively
(Figure 2E and F). He had a second session of PDEN after two days. His general
condition began to improve subsequently with the resolution of WOPN (Figure 2G and
H). The drain was gradually reduced in size over a period of four weeks, and it was
eventually removed after five weeks of PDEN treatment. At the 12-mo follow-up, he

remained asymptomatic.

Case 2

A 47-year-old man was managed for 4 wk for ethanol-induced moderately severe acute
pancreatitis. In week 5, he had an exploratory laparotomy with WOPN drainage and
necrosectomy for large symptomatic WOPN (not suited for transluminal drainage) with
a 24 F drain in situ. He was admitted to our centre a week later with a fever, chills, and
leucocytosis. The abdominal drain output was minimal with a residual WOPN on the
CECT scan (Figure 4A and B). The sinus tract measured 9 cm to 10 cm in length. Hence,
he was scheduled for stent-assisted PDEN. The drain was exchanged over the guide-
wire with the catheter. The contrast was injected into the WOPN to delineate the cavity
(Figure 5A). A 12-cm long esophageal fully covered SEMS with a 16 mm diameter was
inserted across the tract after dilatation to 24 F using Amplatz dilators (Figure 4C;
Figure 5B and C). The stent was secured to the skin with sutures (Figure 5C). The
WOPN cavity was irrigated with a 7 F irrigation catheter, and a stoma bag was put over
the SEMS to collect normal saline after the cavity was irrigated (Figure 4C; Figure 5D
and E). He had PDEN through the fully covered SEMS two days later. He underwent
three sessions of PDEN at two-day intervals to remove the infected debris using a snare
and a rat tooth forceps (Figure 6). The fully covered SEMS was removed and replaced
with a 32 F drain and a 7 F irrigation catheter after the clinical and haematological

improvements. The irrigated normal saline was collected using the stoma bag. The
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abdominal CECT scan revealed complete resolution of WOPN (Figure 4D) after 1 wk.
The drain size gradually decreased and the catheter was removed after 2 mo following
stent removal, when the drain output was nil for a week. One month later, he was again
presented with abdominal pain with WOPN at the previous site on the CECT scan. The
previously closed sinus tract spontaneously reopened with a discharge of clear liquid,
indicating a pancreatico-cutaneous fistula. At 10 mo follow-up, he remained

asymptomatic with a pancreatico-cutaneous fistula.

PDEN-literature review

To date, several case series and case reports on PDEN have been published?®5511-27]
(Table 1). The largest observational study series of PDEN is by Garg et all*l, in which
fifty-three patients with IPN underwent PDEN. Forty-two patients (79.2%) were
successfully treated, with thirty-four patients recovering after PDEN alone and eight
patients recovering after the additional surgery. Eleven patients (7 after PDEN and 4
after surgery) died due to organ failure. The adverse events seen during PDEN
included aspiration pneumonia, peritonitis, paralytic ileus, subcutaneous emphysema,
and self-limiting haemorrhage. Four patients (7%) had pancreatico-cutaneous fistulas
following the PDEN. Early organ failure and necrosis of more than 50% were found to
be independent predictors of mortality. PDEN proved to be an effective therapy for IPN
in the studyl5l.

Another observational study from the same group found that fourteen of the fifteen
patients with IPN who received PDEN showed improvement. Thaadverse events were
a pancreatico-cutaneous fistula and self-limiting haemorrhage. One patient JEquired
surgery but died as a result of organ failure. According to the authors, PDEN is a safe
and effective minimally invasive technique for necrosectomy in IPNI41.

Carter et all'!l used PDEN in four and ten patients with IPN along the drainage tract
following previous open necrosectomy and percutaneous drainage, respectively. The
procedure success rate was 78.6%, with a 14.3% mortality rate. The authors

demonstrated a significant reduction in the postoperative organ dysfunction after
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PDENI!. A similar study was conducted by Mui et all'2l where PDEN was carried out
in four and nine patients with IPN via the drain tract following open necrosectomy and
percutaneous drainage, respectively. Nine of the thirteen patients needed endoscopic
retrograde cholangio-pancreaticography. The overall success rate and mortality rate of
PDEN in the study were 76.9% and 7.7%, respectively. The authors concluded that
PDEN and endoscopic retrograde cholangio-pancreaticography are useful adjuncts in
the management of IPN[2l.

A series by Goenka et al'8l of the ten patients with symptomatic, laterally-placed
WOPN who underwent PDEN showed clinical success in nine patients. The two
patients developed pneumoperitoneum, which was managed conservatively. There was
no mortality, cutaneous fistula, or recurrence during the follow-up. The authors
concluded that PDEN can successfully manage laterally-placed WOPNI!81.

In a recently published retrospective, historically-controlled cohort study by Ke et
all?5l, thirty-seven patients with IPN who received stent-assisted PDEN were compared
to seventy-three historically-control patients. While stent-assisted PDEN reduced
hospital stay (38 d vs 48 d, P = 0.035), new-onset sepsis (35 percent vs 56 percent, P =
0.037), and allowed for faster necrosectomy, it did not reduce the incidence of major
complications and / or mortality (35 percent vs 52 percent, P = 0.095)[%.

All the studies in this regard have shown a comprehensive success rate with a
minimal complication rate. Due to its minimally invasive nature, PDEN has been
proven to significantly minimize the post-procedure organ dysfunction and new-onset
sepsis, therefore improving outcomes in IPN patients. PDEN has been shown to treat
laterally positioned WOPN that cannot be treated with transmural drainage. The stent-
assisted PDEN has been shown to allow easy and multiple passes of the flexible
endoscope, resulting in faster necrosectomy. Additionally, a fully covered SEMS
prevents peritoneal contamination. The only unfavourable outcome of PDEN is
pancreatico-cutaneous fistula. The major limitations of most of the above case series are:
(1) The observational nature of the studies; (2) small sample size; (3) lack of uniformity

in the procedural steps; and (4) biased case selection. But, large-scale studies may be
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challenging to conduct because IPN is a heterogeneous disease with substantial

diversity in disease course and extentl4l.

CONCLUSION

IPN is typically associated with a prolonged course and carries poor prognosis with
high mortality. The multidisciplinary, minimally invasive “step up” approach is more
favoured for the management of infected pancreatic necrotic collections. In a subset of
patients where necrosectomy is essential, PDEN has emerged as a safe, effective, and
minimally invasive adjunct in the armamentarium of IPN management. It may
particularly be considered when a conventional drain is in situ by virtue of the previous

percutaneous or surgical intervention.
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Figure 1 Schematic representation of steps involved in percutaneous direct
endoscopic necrosectomy. A: Image-guided pigtail ainage of infected
pancreatic/peripancreatic collection; B: Partial resolution of infected walled off
pancreatic necrosis (WOPN) with maturation of drainage tract between skin and
WOPN (usually 7-10 d approximately); C and D: Drainage tract dilaion with (C) wire-
guided controlled radial expansion balloon or (D) an esophageal fully covered self-
expandable metal stent (SEMS); E and F: Percutaneous direct endoscopic necrosectomy
with flexible endoscope through (E) the dilated tract or (F) a fully covered SEMS; G:
Placement of large bore abdominal drain and irrigation catheter for drainage and

irrigation of WOPN cavity, respectively.
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Figure 2 Abdominal contrast enhanced computerized tomography scan showing. A
and B: Large, irregular infected pancreatic/peripancreatic collection (PFC) (arrows) in
upper abdomen in coronal and transverse sections; C: Partial resolution of PFC (arrow)
with a 14 F pigtail (arrow head) in situ; D-F: A 26 F drain (arrows) and a 7 F pigtail
irrigation catheter (white arrow head) in walled off pancreatic necrosis (WOPN);
nasojejunal tube (black arrow heads); G and H: A 32 F drain (arrow) in situ with
complete resolution of WOPN after (G) 2 wk and (H) 4 wk of percutaneous direct

endoscopic necrosectomy.

Figure 3 Title.
A and B: Infected necrotic debris in walled off pancreatic necrosis (WOPN); C: A

flexible upper gastrointestinal scope deep within the WOPN cavity for percutaneous
direct endoscopic necrosectomy (PDEN); D and E: Clean WOPN cavity after PDEN.

Figure 4 Abdominal contrast enhanced computerized tomography scan showing. A
and B: Residual walled off pancreatic necrosis (WOPN) (arrow heads) with post open
necrosectomy drain (arrows) in situ; C: An esophageal fully covered self-expandable
stent (arrow) in WOPN with a 7 F irrigation catheter (arrow head); the asterisk (*)
indicates injected contrast within WOPN cavity; D: Complete resolution of WOPN with

drain in situ (arrow).

Figure 5 Title.

A: Coiling of the guide-wire along with contrast in walled off pancreatic necrosis
(WOPN); B: Dilatatign of the drainage tract with Amplatz dilators over the guide-wire;
C: An esophageal fully covered self- expandable metal stent (SEMS) secured to skin
with sutures; D: A 7 F irrigation catheter in WOPN through a fully covered SEMS; E: A
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stoma bag secured in place over fully covered SEMS with a 7F irrigation catheter in

place.

Figure 6 Title.

A and B: Infected necrotic debris in walled off pancreatic necrosis (WOPN); C: A
flexible endoscope through a fully covered elf-expandable metal stent with ability to
angulate to reach deep within the cavity; D and E: Clean WOPN cavity after

percutaneous direct endoscopic necrosectomy.
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Table 2 Indications of percutaneous direct endoscopic necrosectomy

Indications

< 24 wk-infected acute pancreatic/peripancreatic collection in which
percutaneous drainage is required early and infection persists even after
percutaneous drainage alone

> 2-4 wk-infected walled off pancreatic necrosis unsuitable for transmural
drainage: (1) Location (Paracolic/pelvic extension); (2) distance > 1 cm; (3)

coagulopathy; (4) multiple collaterals-Endosonography guided can be done
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