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Percutaneous Interventions in Acute Necrotizing
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ABSTRACT
Acute pancreatitis (AP) is a disease of varying severity with acute necrotizing
pancreatitis (ANP) being the severe form of AP. ANP needs multidisciplinary
management and is associated with significant mortality and morbidity. Local
complications of ANP viz. acute necrotic collections (ANC) and walled off pancreatic
necrosis (WOPN) need intervention if they are associated with symptoms, sepsis or
worsening organ failure. As surgery is associated with higher morbidity and mortality,
there is paradigm shift in the management of these local complications with an
increased emphasis on conservative and minimally invasive treatment approach.
Image-guided percutaneous drainage (PCD) is a minimally invasive intervention that
helps in drainage of infected collections, temporizes sepsis and improves outcomes
in these patients. The present review discusses the utility of various percutaneous
interventions in management of variety of pancreatic collections occurring in ANP.
The available evidence, technical details and complications and emerging innovations
in the field are also summarized.

KEYWORDS: Acute Pancreatitis; Pancreatic necrosis; Pancreatic fluid
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Acute Pancreatitis (AP) is an acute inflammatory disease of the pancreas, which
is characterized by the frequent development of local or systemic complications.
It is broadly divided into two morphological patterns: interstitial, which is merely
associated with edema of the pancreatic parenchyma or necrotizing, in which
peri-pancreatic and/or pancreatic necrosis is present.1-3 In the early phase of acute
pancreatitis the heightened inflammatory response dominates the clinical picture
while the late phase is characterized by development of local infective as well as
non-infective complications. The pancreatic inflammation results in exudation of
pancreatic juice and subsequent injury to the peri-pancreatic fat and tissues.2,3 This
results in formation of collections which may be associated with both interstitial
and necrotizing pancreatitis. While the collections formed in relation to interstitial
pancreatitis are predominantly fluid and are called as acute fluid collections (AFC),
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those in association with necrotizing pancreatitis are
labelled as acute necrotic collections (ANC) since they
also contain solid necrotic debris apart from the pancreatic
juice and fluid. Over time these fluid collections develop
a non-epithelial fibrinous wall around them, gradually
liquefy and are then labelled as pseudocysts or walled
off pancreatic necrosis (WOPN) respectively.4,5 AFC
associated with interstitial pancreatitis resolve or form
pseudocysts which are fluid containing collections
without any necrotic material. In contrast, the walled off
pancreatic necrosis (WOPN) is usually a consequence of
necrotizing pancreatitis and results from formation of a
wall around acute necrotic collections1

for endoscopic drainage of PFCs have improved the
outcome of endoscopic drainage of walled off necrotic
collections. However, endoscopic drainage may not
be feasible in a subset of patients when the collections
are distant from the gastrointestinal lumen or if the
collections have not organized with a well formed wall.
In these situations, PCD or surgery may be resorted to
help manage the patient. This review will focus only
on percutaneous interventions for ANP and readers
are advised to consult other reviews on endoscopic or
surgical management of ANP.7,8

Indications for drainage of pancreatic fluid collections
(PFC)
The PFC’s are usually managed with a “wait and watch”
strategy. The dictum is not to intervene unless symptoms
from pancreatic fluid collections necessitate drainage.
Depending on the location of pancreatic collections the
symptoms may include abdominal pain, obstruction of
the gastric outlet or biliary obstruction. The collections
may get infected and cause fever and features of sepsis. In
early phase of acute severe pancreatitis, worsening organ
failure and development of abdominal compartment
syndrome may warrant drainage of PFCs even when no
abdominal pain or clear evidence of infection is present.6
The choice of the modality of drainage is dependent
upon a number of factors including the presence of
a wall around the collection, distance of the collection
from the gastrointestinal lumen and presence and extent
of any solid debris.7 As long as the collections in early
pancreatitis do not have a wall, they are best drained
percutaneously using radiology guided interventions.
Surgery is not preferred in early phase as the collections
have not yet organized and surgery is associated with
higher morbidity and mortality. However, in the late
phase, usually after 4 weeks, the collections develop a
wall around them and then endoscopic management
is feasible. The endoscopic drainage using direct
endoscopic drainage or endoscopic ultrasound (EUS)
guided drainage is usually preferred as it is less invasive
and obviates the risk of external pancreatic fistula (EPF)
that is associated with percutaneous drainage (PCD).8
The availability of self-expanding metallic stents (SEMS)

Technique of Percutaneous Drainage (PCD)
Pre procedure evaluation: Informed consent needs
to be obtained from the patient and imaging studies
and laboratory parameters should be reviewed prior
to procedure to plan the route of drainage. Patient’s
coagulation parameters should be within acceptable
limits prior to procedure with platelet count of at least
50,000/μL and international normalized ratio (INR) less
than 1.5. Equipment for monitoring and resuscitation
must be available at the time of procedure. PCD is usually
done under local anesthesia with conscious sedation but
rarely general anesthesia may be required, especially
while putting wide bore catheters.
Image Guidance: In collections related to pancreatitis,
computed tomography (CT) is the preferred modality
to guide drainage as frequently these collections are
associated with paralytic ileus and are retroperitoneal
in location. Ultrasound guidance may be used in large
superficial collections near abdominal wall. Fluoroscopy
may be used for serial dilatation and catheter placement
following successful needle access.
Access routes: For collections in or near the
pancreatic head and body usual route is through
gastro-colic ligament (Fig.1a, 1b) whereas for
collections in or near the pancreatic tail the most
commonly used route is through the left anterior
para-renal space. (Fig.2)
Fine needle aspiration(FNA): FNA is used to obtain a
sample for microbiologic analysis in suspected infection.
Fine (20-21G) needle is advanced into the most liquefied
portion of the collection for collection of the sample. In
the current era of symptom guided drainage of PFC’s as
well risk of secondary infection of the collection following
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Figure 1a: Pancreatic collection replacing the entire pancreas with
multiple air locules (arrow) within the collection.

Figure 2:

Figure 1b: Collection accessed through gastrocolic ligament with
pigtail catheter seen in situ.

Large pancreatic collection accessed through left anterior pararenal space via left flank approach
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FNA, image guided FNA for documenting of infection is
rarely needed.
Percutaneous drainage (PCD): Either the Seldinger or the
trochar technique is used, depending on the size, location
and expertise of the operator.
Seldinger technique: With the Seldinger technique,
collection is initially accessed by 18G needle followed
by insertion of 0.035 inch hydrophilic stiff guide wire.
Then, serial dilatation is performed using fascial dilators
followed by insertion of a pigtail catheter (Fig. 3 and 4)

2. Place catheter in the most dependent portion
of collection.
3. Avoid transgressing vital structures. Organs that can
be safely traversed are stomach (Figure 5) and liver,
whereas organs such as pancreas, gall bladder, small/
large bowel and spleen should not be traversed.
4. Frequent catheter upgradations are usually required
in collections with solid debris.
5. Multiple catheters may be required to facilitate
drainage especially if collection is multi-loculated
and locules are non-communicating.
6. Frequent follow up imaging, replacement and
repositioning are required as catheter drainage may
continue for weeks.
Catheter removal- Catheter should be removed when
there is resolution of clinical and laboratory findings and
there is either no drainage, or drainage is less than 10 ml
per day for at least three consecutive days. Also, there
should not be any collection on imaging.
Complications of PCD:
1. Dislodging or clogging of catheter
2. Contamination of sterile necrosis during aspiration
3. Pseudoaneurysm resulting from vascular injury
4. Fistulous communication to the intestine
5. External pancreatic fistula (EPF)

Figure 3:

Basic equipment required for pancreatic collection
drainage

Trocar technique: With the trocar technique, the collection
is initially accessed using a smaller gauge needle followed
by advancing of coaxial combination of a catheter,
stiffening cannula, and sharp stylet into the collection.
Seldinger technique is useful for small deep, high risk,
and difficult-to-access collections but it is more time
consuming whereas the trocar technique is often used
for large and superficial collections. Trocar technique is
quicker but is usually more painful.
Catheter selection: For more liquid and less viscus
collections, 10F -12 F catheters usually suffice where as
large bore catheters ranging from 14F to 28F are required
for collections having solid necrotic debris.
General principles for PCD of pancreatic collection:
1. Use safest, shortest and most direct path for drainage.

Complications can be minimized by:
1. Correcting any existing bleeding tendencycoauglopathy or low platelet count
2. Careful selection of access routes and by avoiding
traversing vital organs
3. Good catheter care and using locking catheters to
prevent dislodgement of catheters.
Percutaneous drainage (PCD) for organized collections
(Pseudocysts and WOPN)
While pseudocysts and WOPN are commonly drained
endoscopically, some reports have described the use
of PCD in these situations. Most of the earlier reports
describe percutaneous drainage primarily in pseudocysts
as the nomenclature and distinction between
pseudocysts and WOPN was not as well recognized
at that time. In these reports, PCD was resorted to in
patients with infected collection for urgent drainage
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Figure 4:
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Seldinger technique under ultrasound guidance: Initial access needle in collection(a)followed by guidewire insertion(b)Finally pigtail catheter is
advanced (c)and(d) after serial fascial dilatation

and was associated with prolonged hospital stay, lesser
success rate, and higher complications.9,10 Reports differ
regarding effects on mortality with conflicting results.10,11
These differences in outcome amongst various studies
possibly relate to patient selection for a given treatment
regimen. The success of PCD therapy is possibly related
to underlying ductal anatomy. In a report on 50 patients
who underwent PCD for pancreatic pseudocysts, those
with normal pancreatic ducts and those with strictures
but no cysto-ductal communication had a shorter
duration of PCD drainage.12 Ductal anatomy and
presence of chronic pancreatitis predicted the length and
success of percutaneous drainage. Overall in pancreatic
pseudocysts and walled off collections percutaneous
drainage may be useful only in emergent situations when
endoscopic or surgical drainage is not feasible.13
Some reports have also described utility of PCD in

management of walled off necrosis. Most reports describe
the use of percutaneous endoscopic necrosectomy
(PEN) or sinus tract endoscopy through the tract of the
percutaneous drain in order to remove the solid/necrotic
debris (Figure 6 a-e). In a report of 12 patients treated
with PEN, 10 patients had underlying WOPN. This
involved upsizing of the percutaneous drains to 24-28
Fr, followed by insertion of endoscope under moderate
sedation. Saline lavage was then done via the scope and
debris removed using lavage or polypectomy snares.
The mean number of sessions needed were 2.3 (range:
1-5) and fistula developed in one patient.14 In another
retrospective report from India, use of single or multiport
percutaneous necrosectomy resulted in improvement in
14 of the 15 patients after a mean 5 sessions while one
patient needed surgery and eventually died.15 In another
report from China, 13 patients with extensive pancreatic
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Collection in the region of pancreatic body (arrow) a)behind the stomach(S-in-a) accessed successfully through trans gastric route using Seldinger
technique under CT guidance

necrosis were managed by initial PCD or necrosectomy
followed by sinus tract endoscopy. The mean number of
sessions needed were 3 (range: 2-8), and the management
failed in 3 of the 13 patients. Of these three patients, two
were operated while the third died of sepsis.16
In a matched cohort study of 12 patients who
underwent PCD as part of a step up approach for
WOPN, comparison was made to a similar number of
patients who underwent direct endoscopic necrosectomy
(DEN).17 Clinical success was reported in a higher
number of patients in DEN group (11 patients versus 3
patients). Nine (75%) of PCD patients needed surgery
and 7 of these witnessed a complicated course. This study,
however, is a non-randomized study and may not have
included patients of similar severity in each arm. Overall,
because of substantial risk of fistula formation PCD alone
is less preferable to endoscopic management in patients

with WOPN but may be resorted to tide over emergency
situation like infected WOPN in patients who have sepsis
and are hemodynamically unstable.
PCD for Sterile Pancreatic Collections (Table 1)
The role of PCD in sterile acute collections is uncertain
although some reports have examined the utility in
these situations. The argument in favour of draining
sterile collections comes from a Wistar rat model study
where 60 rats were randomized to no intervention,
open surgery and PCD group and it was noted that the
levels of inflammatory cytokines were higher in the no
intervention group in comparison to the PCD group.18
Histological examination also suggested the role of PCD
in alleviation of pancreatic injury.
A study reported about the early use of PCD in sterile
collections related to severe acute pancreatitis in a group
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Figure 6a: Fluoroscopy showing guide wire being pushed into

the necrotic collection through the PCD catheter. Two
PCD catheters being seen put into large ANC.

Figure 6b: Endoscope pushed into the collection over the
guide wire

Figure 6c: Endoscopy showing the percutaneous tract with guide wire

Figure 6d: The necrotic cavity being entered with the
endoscope.

Figure 6e: The necrotic cavity with solid necrotic material.
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Table 1: Studies reporting about use of PCD in sterile fluid collections
Study

Patients

Success

Walser EM et al
200620

22 patients with large,
sterile PFCs

NA

Mortelé KJ
200924

22 patients with sterile
aspiration from necrosis,
10 had multi-organ failure
(MOF)

11 (50%)

Zerem E et al
200921

20 patients assigned to
percutaneous drainage after 17 (85%)
initial aspiration

Kotán R et al
201519

10 patients with large acute
4 (40%)
fluid collections

Wang T et al
201623

A total of 452 patients
of whom 248 had sterile
necrosis

NA

of 10 patients. While the study had only a small number
of patients, it demonstrated that surgery was avoided in 4
patients. A reduction in levels of serum C reactive protein
levels and total leucocyte count was demonstrated which
suggested that the technique could help control the
heightened systemic inflammatory response syndrome
in these patients. However, no change was demonstrated
in levels of TNF-alpha. In absence of a comparative arm,
it is not possible to surely assert that the four patients
who avoided surgery would have needed surgery in
absence of PCD.19 Another study reported a retrospective
comparison of percutaneous aspiration versus drainage
for sterile PFCs. While 15 patients underwent aspiration
of small amount of fluid (10-20 ml), 22 patients
underwent percutaneous drainage. No difference was
noted in hospital stay or mortality in either of the group
but those who underwent aspiration were more likely
to undergo surgery or percutaneous drainage. The
study also underscored the concern of catheter-induced
infection and around half of the patients who underwent
drainage developed infection.20
In a randomized trial comparing 40 patients of
sterile fluid collections half of whom underwent fluid

Surgery

Mortality

Comment

4 (22%)

2 (9.1%)

Increased risk of
infection of the catheter
noted

6 (27.3%)

5 (22.7%)

High mortality due to
MOF

3 (15%)

1 (5%)

11 had bacterial
colonization

6 (60%)

1 (10%)

PCD associated
with decrease in
inflammation as
measured by CRP levels

21 (8.6%)

27 (10.9%)

Intra-abdominal PCD
preferable to peripancreatic PCD

aspiration followed by conservative management
while other half underwent percutaneous drainage,
conservative management succeeded only in patients
with single collection which was less than 30 ml while
larger (>100 ml) or multi-loculated collections needed
aggressive management. However, no direct comparison
of conservative approach without initial aspiration versus
drainage is available.21 A consensus opinion published in
2012 suggested that sterile pancreatic collections do not
need to be drained early in course.22 However, the question
whether these collections, even if sterile, be drained in
patients with worsening organ failure and abdominal
compartment syndrome remains unsettled and further
controlled studies are needed to answer this question.
A study from China suggested that the drainage
of intra-abdominal sterile pancreatic fluid collections
is likely to be beneficial by reduction of abdominal
pressure. Reduction of intra-abdominal pressure
after PCD correlated with reduction in incidence of
infection and improvement in organ failure.23 In a
retrospective comparison comparing 212 patients with
acute pancreatitis who underwent PCD and 61 patients
who underwent laparotomy with temporary closure
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for abdominal compartment syndrome, the need for
post-procedure intensive care unit (ICU) support, and
complication rates were lower in the PCD group. The
mortality rates were lower in the PCD group (18.9%)
versus the open laparotomy group (52.5%). This may
therefore suggest the use of PCD drainage of collections
as the initial approach in AP related abdominal
compartment syndrome.6 In one report, however, the
patients with sterile necrosis who underwent PCD
fared worse than those with infected necrosis. This was
probably on account of higher incidence of organ failure
in these patients.24
Use of PCD in infected ANC (Table 2)
Step-up approach
Use of percutaneous drainage of PFCs as a component
of step-up approach for management of necrotizing
pancreatitis was established by the PANTER Trial25.
This randomized trial enrolled 88 patients with infected
pancreatic necrosis and compared the traditional open
necrosectomy with a step up approach, which utilized
initial percutaneous drainage followed by minimally
invasive necrosectomy. Herein the PCD was used to
drain infected pancreatic collections initially and tide
over the sepsis. The trial indicated that the minimally
invasive approach which utilized PCD was superior, as the
primary end point (a combination of complications like
bleeding, fistula, perforation, organ failure and mortality)
occurred in only 40% patients in the step up arm while it
was recorded in 69% patients in the open necrosectomy
group. Moreover, almost a third of patients in the step-up
approach could successfully avoid surgical necrosectomy.
The occurrence of incisional hernia, diabetes mellitus and
need for pancreatic enzymes at 6 months was higher in
the open necrosectomy group suggesting benefit with
use of minimally invasive approach.25 In another study
of 130 patients with infected pancreatic necrosis treated
with catheter drainage (predominantly percutaneous),
success was achieved in 45 (35%) patients. The factors
which suggested failure of PCD in this study were male
gender, presence of multiple organ failure, amount of
pancreatic necrosis and the morphology of collection
on imaging.26 Another report studied 35 patients with
AP who underwent PCD of whom only 13 had infected
pancreatic necrosis. Six patients of those with infected
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necrosis improved with PCD alone, 7 needed surgery
while one died. In contrast, of the 22 patients with sterile
necrosis 11 improved with PCD alone, 6 needed surgery
and 5 died. The difference is possibly related to higher
number of patients having multi-organ failure in the sterile
necrosis group.24 In another large study of 60 patients
who underwent PCD, the major clinical indication was
sepsis in 38 (63%) patients followed by pain in 20 (33%)
and biliary obstruction in 2 patients. Overall success was
achieved in 54 (90%) patients and three patients needed
surgery whereas three patients died.27
Multiple systematic reviews have addressed the
issue of use of PCD in the management of infected
pancreatic necrosis. A recent systematic review
included 15 articles reporting data on 577 patients
of whom 352 patients had evidence of organ failure
before insertion of PCD. Clinical success of PCD
was defined as improvement without any further
surgical intervention and was achieved in 56.2% (324)
patients.28 While 38.5% of patients needed additional
intervention after initial PCD, overall mortality was
18% (104 patients). The major complications recorded
were fistulae, organ failure and bleeding. The catheter
size used in various studies was variable (6-32 Fr), and
some studies reported upsizing of catheters and need for
catheter changes. A Cochrane review of interventions
in ANP suggested that use of step-up approach resulted
in reduction of adverse events and lower costs vis-àvis open necrosectomy.29 Many other studies have also
reported about the efficacy of PCD as a part of step-up
approach in management of infected pancreatic necrosis
Predictors of clinical success for PCD in ANC
Some studies have attempted to identify predictors of
success of PCD for infected pancreatic necrosis. In a
report of 286 patients with AP who needed intervention,
51 were treated initially with PCD whereas remaining 235
patients underwent surgery. Of the 51 patients initially
treated with PCD, 16 (31%) further needed surgery as part
of step up approach and the only predictor of failure of
PCD was computed tomographic (CT) density of the fluid
collection.30 In a retrospective report of 80 patients with
severe AP who underwent placement of PCD, 58 patients
had infected ANC. While the CT severity index (CTSI) and
modified CTSI (MCTSI) scores did not predict mortality,
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Table 2: PCD for infected pancreatic necrosis (Studies reporting >20 patients with infected necrosis)
Study

Number with IPN

Successful Outcome Surgery

Mortality

Freeny et al 199854

34

16 (47%)

18 (53%)

5 (15%)

Baril et al 200055

25

19 (76%)

6 (24%)

2 (8%)

Navalho 200656

30

19 (63.3%)

10 (33%)

5 (16.6%)

Bruennler T et al 200834

80

34 (43%)

18 (23%)

27 (35%)

Van Santvoort et al 201025

43

15 (35%)

26 (60%)

8 (19%)

Zerem E et al 201157

69

58 (84%)

11 (16%)

6 (8.6%)

Babu RY et al 201333

56

26 (46.4%)

27 (48%)

16 (28.5%)

Baudin G 201258

48

31 (64.6%)

9 (18.7%)

14 (29%)

Liu W-h 201544

52

35 (67.3%)

14 (26.9%)

6 (11.5%)

Hollemans et al 201626

130

45 (35%)

76 (58.5%)

26 (20%)

Li A 201632

54

18 (33.3%)

32 (59.3%)

4 (9.3%)

the CT findings of a higher number of areas of necrosis
in the pancreas, presence of distant fluid collections, and
posterior para-renal space collections were associated with
an increased risk of mortality.31 The other factors that have
been reported by various authors that may predict failure
of PCD are enumerated in Table 3. These include organ
failure, multiple infected collections and multi-organ
infections, amongst others.26,30,32,33 The importance in
recognizing patients who are likely to fail PCD is to timely
institute more invasive treatment options in these patients.
Impact of various technical parameters of PCD
placement on outcome
The technical parameters of PCD placement vary in
different reports and it is not clear if these viz PCD
size, number and location have any impact on the
outcome of PCD in ANP. In a retrospective analysis of
80 patients with infected necrosis who received PCD,
the outcome was not affected by the initial size of PCD.34
However, it is expected that a larger bore of PCD may
provide a better drainage of the infected material albeit
at a heightened risk of pain and other complications.
Further prospective randomized studies arerequired
to clarify this.

Variations in use of PCD in acute pancreatitis
The available literature shows that the placement of PCD
is not according to any standardardized protocol. Various
studies report differing indications, methods (ultrasound
or CT guided), PCD size (diameter), differences in
pattern of management (such as antibiotic prophylaxis),
use as part of step-up approach or as an additional
armamentarium to endoscopic/surgical drainage. In a
report of 663 patients with AP, 122 had moderately severe
or severe AP. Of these 122 patients, 47 (39%) underwent
PCD. The indications for PCD were non-resolving
or enlarging pancreatic fluid collection, presence of
systemic inflammatory response syndrome (SIRS)
or organ failure, hyper-amylasemia, and worsening
inflammatory markers. Antibiotics were not initially
given in these patients, as infection was not the primary
reason for PCD. No mortality was reported and the
predictors of long term PCD requirement were presence
of persistent organ failure (POF), higher CTSI, prolonged
drainage of amylase rich fluid, or poly-microbial growth
in the culture.35 In another report on PCD for pancreatic
collections for uncontrolled pancreatic juice leakage
(rather than infected necrosis), 39 out of 56 patients with
ANP were drained percutaneously. The major indications
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Table 3: Predictors of failure of PCD in patients with infected pancreatic necrosis

Success

Necrosectomy/
Further
intervention

Mortality
Predictors
(PCD alone)

Hollemans RA et
130
al 201626

45 (35%)

76 (58.5%)

26 (20%)

Male gender, MOF, pancreatic necrosis
amount, heterogeneous collection

Guo Q et al
201630

51

35 (68.6%) 16 (31.3%)

3 (6%)

Higher CT density of collection

Li A et al 201632

54

18 (33.3%) 32 (59.3%)

4 (9.3%)

Heterogeneous collections, multiple
infected collections, higher CTSI

Babu RY et al
201333

56

26 (46.4%) 27 (48%)

16 (28.5%)

Renal failure, APACHE II score at first
intervention and number of bacteria
isolated

Study

PCD

for drainage in this report were abdominal pain, inability
to resume oral intake, enlarging collections apart from
other indication reported in the previous study by
Sugimoto. Since infected necrosis was not a pre-requisite
for draining collections the drainage was done earlier
in the course of the illness vis-à-vis the PANTER trial.
The need for necrosectomy, major complication rates
and mortality were lower than PANTER trial.36 Since the
comparison is not head to head, the interpretation by the
authors that early drainage may be improve outcomes
needs to be confirmed by future comparative studies.
Modifications in percutaneous drainage to
improve outcome
Local irrigation: Saline, Antibiotics and Drugs
The saline lavage of the pancreatic collections that
have been drained using percutaneous catheters has
been reported in a study of 63 patients with infected
pancreatic necrosis. Of these, one patients needed open
debridement for rapid deterioration, 11 patients needed
laparotomy, and five patients died while the strategy
succeed in 47 (75%) patients.37 As the local concentration
of the antibiotics attained after systemic administration
is a concern in patients with infected pancreatic
necrosis, local infusion of antibiotics using nasocystic or
percutaneous drainage catheters may be appropriate . In
a mathematical model it was suggested that imipenem
and piperacillin were likely to be beneficial in local
administration while linezolid and tigecycline may not be

useful.38 However, it is difficult to recommend antibiotic
irrigation in absence of comparative studies. Case reports
have also described instillation of amphotericin B for
a fungal infection of pancreatic collection and use of
iodine irrigation in an infected collection.39,40 The use
of streptokinase has also been attempted in order to
liquefy and achieve a better drainage of the pancreatic
collections, and it was suggested that in comparison
to saline treated collections, streptokinase helped in
fragmenting the necrosum and changing it’s consistency.
Surgery could be avoided in the two patients where
streptokinase was used.41 However, further larger trials
are needed before these modifications in PCD can be
recommended routinely.
Sinus tract endoscopy or percutaneous necrosectomy (PEN)
The percutaneous tract created to achieve a PCD can be
dilated and a nephroscope, choledochoscope, laparoscope
or an endoscope can be inserted to aid removal of the
debris. This may be needed in collections with significant
solid or necrotic contents wherein the complete drainage is
not obtained merely by insertion of drainage catheters.22,42
Use of single or multiport percutaneous necrosectome has
also been reported.15 Larger tract dilatation and risk of
external pancreatic fistulae as well as discomfort and pain
are important concerns with this approach. Moreover,
bleeding and perforation of a hollow viscus are also real risks
with this approach.
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Debridement
Use of peel-away catheter and use of stone retrieval
baskets has been reported to remove necrotic debris
through the percutaneous tract. This resulted in
avoidance of any need for surgical necrosectomy in 20
patients with infected pancreatic necrosis treated in this
manner.43 Other reports have also used stone retrieval
baskets alongside suction catheters for management of
infected necrosis.37 The results however need replication
and since the procedure is blind, possibility of injury
to adjacent organs and bleeding cannot be entirely
avoided.
Modified step-up approach
A paper from China advocated abdominal paracentesis
prior to undertaking PCD in all patients who had any
amount of drainable fluid present in abdomen. The
premise for this approach, termed as a modified step-up
approach, is not entirely clear and it may be associated
with a risk of introduction of infection into a hitherto
sterile collection, although the investigators stated that
the risk of infection increases with liquefaction and
therefore it is better to drain any fluid before the necrotic
debris liquefy. Of the 120 patients with moderately
severe or severe AP, 40 patients received abdominal
paracentesis alone while 52 needed additional PCD and
14 of these needed necrosectomy.44 In another paper
by the same group, a retrospective analysis suggested
abdominal paracentesis seemed to improve outcome
parameters including mortality, hospital stay, and need
for further intervention. The authors also reported that
this improvement was also related to a greater reduction
in the serum levels of lipids including triglycerides and
free fatty acid in the paracentesis group.45
The authors have also demonstrated that paracentesis
may not heighten the risk of development of infection of
the pancreatic necrotic collections and on the contrary
may reduce it.46 However, in absence of randomized
controlled trials from other centers demonstrating
the benefits of this alternative step-up approach, its
use cannot be recommended at present. Another
paper reports about a sequential step-up approach,
which included four sequential phases: PCD, mini-
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incision drainage (MID), video assisted debridement
and surgery.47
Multi-modality drainage
PCD drainage can also be used as part of a multimodality
approach in combination with endoscopic approaches.
In a report of 117 patients with symptomatic WOPN,
the combined use of endoscopic and percutaneous
drainage was reported as part of a dual-modality
drainage (DMD). In this subset no surgery was needed
and 4 patients (3.4%) eventually died.48 However,
endoscopic drainage is feasible only if the collections
have developed a wall and may not be appropriate
in patients with early collections. However, when
feasible, DMD may reduce length of hospitalization,
radiological procedures and number of endoscopies in
these patients.49
A recent paper had attempted a dual drainage in
early pancreatitis by using a trans-papillary (instead of
transmural) approach as the second head of drainage
in addition to percutaneous drainage. This approach is,
therefore, feasible in pancreatic fluid collections which
have not yet developed a wall. There was a reduced
requirement of surgical intervention and fistula closure
was successful in 12 of the 13 patients having infected
fluid collection and fistula.50 After the creation of the
internal-external communication, lavage with high
volume saline irrigation using 500-2000 ml of saline
daily has been effective in 7 patients where surgery could
be avoided.51 Of note, similar approaches to achieve
better drainage of PFCs have also been reported with
endoscopic drainage, termed the multi-gate drainage
technique.52,53
Conclusion
Percutaneous drainage of pancreatic collections has
emerged as an important measure to manage infected
pancreatic necrosis as the initial step of the step-up
approach and allows temporization of sepsis and organ
failure in a substantial number of patients and helps
avoid a morbid procedure in the form of necrosectomy.
Apart from infected necrosis, this approach may find
utility in management of a subset of patients with sterile
collections and walled off collections. However, further
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refinements and innovations are required to improve the
results of percutaneous interventions in acute necrotizing
pancreatitis especially in collections with significant
amount of solid necrotic material.
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