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Abstract The treatment of necrotizing pancreatitis has
changed considerably over the last decades. Intervention is
now primarily performed in case of infected necrosis, is
preferably delayed to approximately 4 weeks after onset of
disease and minimally invasive techniques have gained
popularity. Percutaneous catheter drainage obviates the
need for additional necrosectomy in around 30 % of
patients and should, therefore, be the first step of treatment.
Minimally invasive necrosectomy can be performed as a
next step in those patients who do not improve after
drainage. This review discusses the background, technique,
and results of the literature of a form of minimally invasive
retroperitoneal necrosectomy: video-assisted retroperito-
neal debridement.
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Introduction

Acute pancreatitis is acommon and potentially life threatening
disease. In the majority of patients the clinical course is mild
and resolves spontaneously. Overall mortality is approxi-
mately 5 % [1]. About 20 % of patients with acute pancreatitis
develop necrotizing pancreatitis with necrosis of the pancre-
atic parenchyma or extrapancreatic fatty tissue. Necrotizing
pancreatitis is associated with a mortality of 15 % [2]. The two
major causes of mortality are multiple organ failure in the
acute phase, and secondary bacterial infection of necrosis with
subsequent sepsis and organ failure in the late phase. Infection
of necrosis occurs in around 30 % of patients with necrotizing
pancreatitis, with a peak incidence after three to four weeks
from disease onset. Infected necrosis considerably increases
mortality to 12-39 % [2-5, 6ee].

Currently, there is no convincing evidence that the
routine use of antibiotic prophylaxis in (predicted) severe
acute pancreatitis reduces the risk of infected necrosis and
mortality [7-9]. Most international guidelines do not rec-
ommend routine antibiotic prophylaxis [1, 10].

Patients with sterile necrosis can usually be treated
conservatively (i.e., without any form of radiologic,
endoscopic or surgical intervention) [1, 10, 11]. An inter-
vention for sterile extrapancreatic collections carries a
serious risk of introducing infection, which increases
mortality and necessitate additional interventions [12-15].

Infected necrosis on the other hand, is virtually always
an indication for intervention (Fig. 1). Traditionally,
primary open surgical necrosectomy was performed to
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completely remove the infected necrosis. Open surgery is
very invasive and associated with a relatively high rate of
complications (34-95 %) and mortality (11-39 %) [4, 5,
16-22]. In an effort to reduce complications and mortality
in recent years, minimally invasive radiologic, endoscopic,
and surgical techniques have been introduced. Minimally
invasive techniques are thought to induce less physiologi-
cal stress as compared with open surgical necrosectomy.
Reduced surgical stress might decrease the risk of com-
plications in these often already severely ill patients.

The timing of intervention for infected necrosis is also
changing. Whereas necrosectomy was once performed very
early after the onset of disease, intervention is now increas-
ingly delayed to approximately three to four weeks after
onset of disease resulting in lower complications and mor-
tality rates [23-26]. In order to postpone intervention,
patients with signs of infected necrosis are initially treated
with broad-spectrum antibiotics and maximal support of
organ systems. This allows for further encapsulation of
collections, which theoretically improves the condition for
intervention and thereby decreases the risk of complications.
A recent large prospective study showed in multivariable
analysis that patients with longer time between admission
and intervention had significantly lower mortality [2].

Video-Assisted Retroperitoneal Debridement
Background

A frequently used minimally invasive surgical intervention
for infected necrosis in the United States and The

Fig. 1 Infected necrotizing pancreatitis. Heterogeneous collection in
the pancreatic and extrapancreatic area with impacted gas bubbles
(arrowheads), often a pathognomonic sign of infected necrosis
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Netherlands is video-assisted retroperitoneal debridement
(VARD). The VARD procedure aims at reducing compli-
cations and mortality by minimizing surgical stress in the
already critically ill patient. Surgical stress is reduced by
minimizing the surgical incision and staying solely retro-
peritoneal without contaminating the intraperitoneal space.

The VARD procedure was first described by Horvath
et al. [27] in 2001. This first report described the results of
six patients who underwent percutaneous drainage fol-
lowed by VARD from 1995 to 1999. Four patients were
successfully treated and laparotomy with its related high
complications was avoided. These results were followed by
a case-matched study in The Netherlands comparing 15
patients undergoing VARD with 15 patients undergoing
open necrosectomy in necrotizing pancreatitis [28]. In the
VARD group there was less postoperative organ failure and
a trend toward lower mortality supporting a potential
benefit of the retroperitoneal approach over laparotomy.
These results were confirmed in a prospective safety and
efficacy study on 40 patients with infected necrosis [29¢].
In all patients percutaneous drain placement was the first
intervention, resulting in a mean of 141 days between
admission and necrosectomy. Sixty percent of patients
were successfully treated with VARD, complications
occurred in 36 % and mortality was 4 %. These outcomes
were both lower compared to laparotomy.

Step-Up Approach

The VARD procedure is intentionally always part of a
“step-up approach” consisting of percutaneous retroperi-
toneal catheter drainage (PCD) followed, if necessary, by
VARD (Fig. 2). Catheter drainage (e.g., radiologic or
endoscopic) is technically feasible to institute in more than
95 % of patients, often via a left-sided retroperitoneal route
[6°°]. The rationale of PCD is to treat infected necrosis as
an abscess and drain the infected fluid under pressure,
without actually removing necrosis. Drainage of the
infected fluid may temporize sepsis, improve the patient’s
clinical condition, and allow for further encapsulation or
resorption of the necrotic collection. Hereby, necrosectomy
may be postponed and even obviated in a considerable
number of patients.

A systematic review on the role of PCD in (infected)
necrotizing pancreatitis in which the data from 384 patients
from 11 studies were pooled, showed that more than half of
the patients were successfully treated with PCD alone and
did not need to undergo additional necrosectomy [30°].
These results were confirmed by the randomized controlled
multicenter PANTER trial wherein 35 % of patients were
successfully treated with percutaneous drainage only [6°¢].
In an additional prospective observational study, PCD was
performed as first intervention in 63 % of patients with
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(suspected) infected necrosis. In 35 % of these patients
there was no need for additional necrosectomy [2].

The preferred route for PCD is through the left retro-
peritoneum so that the drain can be used as a guide wire for
VARD procedure (if necessary) and the peritoneal cavity is
not contaminated.

Preoperative Preparation

The location and size of the collections with infected
necrosis, and the accessibility is determined on a contrast-
enhanced CT (CECT). The relation of the collections to the
left abdominal wall, Gerota’s fascia, the colon and major
blood vessels are landmarks to decide on feasibility of PCD
through the left flank. Percutaneous drainage through the
left retroperitoneum is feasible in more than 65 % of
patients with infected necrosis and an indication for

Infected
necrosis

A Pancreas

Patient’s feet

intervention [31]. Typically, the retroperitoneal drain is
placed over Gerota’s fascia, just anterior to the left kidney
(Fig. 3). A minimum drain size of 12-14 Fr should be
pursued. However, upsizing to larger bore drains
(18-22 Fr) may be associated with higher success rates.
Broad spectrum antibiotics aimed at intestinal micro-
organisms are administered before intervention for a
maximum duration of 14 days. After placement of the
PCD, aspirate is sent for microbiological assessment and
the PCD is flushed with 50 ml saline, three times daily in
order to keep the drain open and improve lavage of the
collection.

The effect of PCD is awaited for at least 72 h. If the
patient does not improve after 72 h or deteriorates, a CECT
is repeated to determine whether the drain is in good
position and there are no additional collections. In case of
additional or remnant collections the drain(s) can be
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Fig. 2 Surgical step-up approach consisting of percutaneous catheter
drainage (PCD) and video-assisted retroperitoneal debridement
(VARD). a Cross-sectional image and torso depicting a extrapancre-
atic collection with fluid and necrosis. The preferred access route is
through the left retroperitoneal space between the left kidney, dorsal
spleen and descending colon. A percutaneous catheter drain is
inserted in the collection to mitigate sepsis and postpone or even

obviate necrosectomy. The area of detail is shown in b. ¢ A 5 cm
subcostal incision is made and the previously placed percutaneous
drain is followed into the retroperitoneum to enter the necrotic
collection. The first necrosis is removed under direct vision with a
long grasping forceps. This is followed by further debridement under
videoscopic assistance in d (Reprinted from van Brunschot et al. [45];
copyright 2012, with permission from Elsevier.)
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upgraded to the most optimal diameter of 18 Fr or more
and additional drains can be placed. If this extended per-
cutaneous drainage is not rapidly successful, a VARD is
performed.

@ Springer

Fig. 3 Percutaneous catheter drainage. Axial CT in right decubitus
position for optimal retroperitoneal positioning of the percutaneous
drain (arrows point at the nasojejunal feeding tube, the white star to
the collection, DC is the descending colon, and K the left kidney).
a CT guided needle (arrowheads) positioning through the left
retroperitoneum. b Percutaneous retroperitoneal catheter (arrow-
heads) placement from the left flank. ¢ Control CT showing the
percutaneous catheter drain positioned in the extrapancreatic collec-
tion via the left flank (between the descending colon and spleen)

Technique

General anesthesia with endotracheal intubation is
required. The patient is positioned in supine position and
30° tilted towards the right side using an inflatable surgical
positioning mattress or by a roll under the left flank. The
left arm is positioned over the patients head. Before
draping the patient, it is recommended to mark the fol-
lowing landmarks: xiphoid, costal margin, anterior superior
iliac spine, mid-axillary line as well as the planned incision
site. The 4-5 cm incision site is marked one or two fingers
below the left costal margin over the mid axillary line, near
the percutaneous routing drain. Next, the entire abdomen
and flank are prepared and draped to enable conversion to
laparotomy.

A left subcostal 4-5 cm incision is performed over the
previously marked site and the muscles are divided
sequentially (Fig. 2). Subsequently the drain is located with
the palpating finger and followed into the collection with
infected necrosis. Opening of the collection may be facili-
tated by using a clamp over the drain as the collection wall
can be quite fibrotic. Once the collection is opened, pus will
drain spontaneously. The very first necrosis is removed
blindly using finger fracture, suction and an extended ring
forceps (e.g., similar to that used for vascular graft tunneling
in vascular surgery). Next, a zero degree laparoscope is
introduced through the incision and the ring forceps is used
parallel to the videoscope, in order to remove the necrosis
under full videoscopic vision. Only loose necrosis is
removed to minimize the risk of bleeding from viable
pancreatic tissue and nearby blood vessels. In case of
bleeding, a laparoscopic clip applier may be useful. If this is
not feasible and the bleeding is of arterial origin, we advise
packing the collection and transporting the patient to inter-
ventional radiology for coil embolization. In case of venous
bleeding, packing should suffice to stop the bleeding, fol-
lowed by repeat necrosectomy after 24-48 h. In case of
severe hemodynamic instability, not improving by packing,
the procedure should be converted to laparotomy to obtain
control over the bleeding.

It is not the goal of VARD to remove all necrosis.
However, leaving large undrained pockets of necrosis
should be avoided because this may cause ongoing sepsis.
In general, the more complete the encapsulation, the easier
the necrosectomy can be performed. A complex of cavities,
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Fig. 4 Follow-up CT after video-assisted retroperitoneal debride-
ment (VARD). Axial CT showing a large bore surgical drain via the
left flank, placed at the end of a VARD procedure for continuous post-
operative lavage

not approachable through one incision, is quite rare but
sometimes requires another incision in the left groin and/or
the right flank.

After completion of the procedure, two large bore sur-
gical drains are placed into the collection, one deep in the
collection and one more superficial (Fig. 4). The fascia
must be closed over the drains. The skin can be closed or
left open for healing by secondary intention.

Postoperative Care

Postoperatively, the drains are continuously lavaged with
increasing amounts of saline, building up to 10 1 per 24 h
in the first 3 days. Broad spectrum antibiotics are continued
and then narrowed based on culture and sensitivity data
from material collected during drainage and/or surgical
procedures. If cultures remain negative, antibiotic treat-
ment is stopped. We advise stepwise retraction of the

Table 1 Characteristics of the included studies

drains once the cavity has collapsed as shown on sonogram
or CECT.

Results from the Literature
Studies and Quality

Since 1998 nine studies have been published describing a
minimally invasive retroperitoneal surgical approach
[4, 6°°, 19, 28, 29, 32¢e, 33, 34, 35]. Different terms are
used to describe more or less the same intervention, varying
from endoscopic retroperitoneal drainage, translumbar ret-
roperitoneal approach, minimally invasive pancreatic nec-
rosectomy (MIPN), minimal access retroperitoneal
pancreatic necrosectomy (MARPN), to VARD. Of these
techniques, MIPN and MARPN are purely percutaneous
techniques. For both MIPN and MARPN, a guide wire is
placed via a left percutaneous retroperitoneal approach.
This tract is dilated to 30 Fr using serial renal dilators, and
the necrotic material is removed under direct vision using
an operating nephroscope and continuous irrigation. Since
this technique differs from VARD, the two studies
describing MIPN and MARPN were excluded [4, 19]. The
remaining seven studies including 128 patients were
included in this review [6°e, 28, 29, 32¢, 33, 34, 35]. Two
studies were randomized controlled trials [6ee, 32¢¢] and
sample sizes are ranging from 6 to 32 patients. Study
characteristics are summarized in Table 1.

All data are presented as mean and weighted means
using the method described by Hozo et al. [36] to calculate
the mean using the median, low and high end of the range
and sample size. In order to be able to report data on the
subgroup VARD in two studies, we received additional
information through personal communication with the
author [6ee, 32¢°].

The methodological quality of the selected studies was
determined using the validated Downs et al., and MINORS

Study Country Years Study design Number of Study period Follow-up
patients (years) (months)

Gambiez et al. [34] France 1998 Retrospective cohort 20 1990-1995 (5) 1

Horvath et al. [35] USA 2001 Retrospective cohort 6 1995-1999 (4) 1

Van Santvoort et al. [28] The Netherlands 2007 Case-matched study 15 1995-2005 (10) nr

Van Santvoort et al. [6*¢] The Netherlands 2010 Randomised Controlled Trial 24% 2005-2008 (3) 6

Horvath et al. [29°] USA 2010 Prospective cohort 25% 2003-2007 (4) 6

Castellanos et al. [33] Spain 2012 Prospective cohort 32 2000-2010 (10) 105

Bakker et al. [32°°] The Netherlands 2012 Randomised Controlled Trial 6° 2008-2010 6

nr not reported

# Subgroup of patients from the original article who underwent VARD procedure
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Table 2 Methodological quality of the included studies

MINORS
checklist [38]

Mean MINORS and
Downs checklist

Checklist for (non-)
randomised trials [37]

Study Inclusion criteria Technique used
Gambiez et al. [34] Necrotizing Endoscopic
pancreatitis retroperitoneal
drainage
Horvath et al. [35] Infected VARD
pancreatic
necrosis
Van Santvoort Infected VARD
et al. [28] pancreatic
necrosis
Van Santvoort Infected VARD
et al. [6°°] pancreatic
necrosis
Horvath et al. [29°] Infected VARD
pancreatic
necrosis
Castellanos Infected Translumbar
et al. [33] pancreatic retroperitoneal
necrosis approach
Bakker et al. [32°°] Infected VARD
pancreatic

necrosis

5 6,3 5,7

5 52 5,1
6,3 7,8 7,1
9,2 9,6 9,4
8,8 8,9 8,9
75 6,3 6,9
9,2 9,6 9,4

All scores are converted to a 0-10 scale, with 10 reflecting the highest methodological score

checklist [37, 38]. The mean of both scores was calculated
in order to determine a final score. High methodological
quality is defined as a score >8, moderate quality as a score
of 6-8, moderate/low quality as a score of 4-6 and low
quality as a score <3. The overall methodological quality
of the selected studies was moderate with a mean score of
7,6 (Table 2). Three studies scored high on methodological
quality.

Patient characteristics of selected studies are displayed
in Table 3. Sixty-six percent of patients were male, the
mean age was 54 years, follow-up 33 months, and with
54 % biliary etiology was most common. Most studies
reported predictive severity scores before intervention.
Mean preoperative APACHE 11 score was 14, CT Severity
Index (CTSI) 8, organ failure was present in 40 % of
patients and 60 % of patients were admitted to the ICU. On
average, intervention was postponed to 70 days after
admission and 91 % of patients had proven infected
necrosis at first intervention.

Clinical Outcome
Outcome of VARD is shown in Table 4. Overall mortality
was 13 % (17 of 128 patients) with a range of 0-33 % per

study. Complications occurred in 35 % of patients (29 of
82 patients). Pancreatic fistulae and bleeding requiring

@ Springer

intervention were the most common complications with
17 % (27 of 128 patients) and 13 % (16 of 128 patients),
respectively. Other complications reported were enteric
fistula in 9 % (12 of 128 patients), perforation of a hollow
organ in 4 % (5 of 128 patients), and incisional hernia in
3 % (4 of 128 patients).

On average 3 (range 1-5) VARD procedures were
needed per patient. The mean number of VARD procedures
needed in the three studies with high methodological
quality is much smaller (1, range 1-2) [6°°, 29, 32ee].
Successful treatment with VARD alone was achieved in
61 % (49 of 81) of patients. Total mean hospital stay was
78 days.

Endoscopic Transluminal Necrosectomy

In order to further reduce complications and mortality,
minimally invasive alternatives like endoscopic translumi-
nal necrosectomy (ETN) are emerging. ETN is performed
under conscious sedation without the need for general
anesthesia [39]. Furthermore, no abdominal wall incisions
are needed which potentially reduces the risk of procedure
related complications such as new onset organ failure, fis-
tula, and incisional hernia. ETN can also be performed as a
step-up approach consisting of endoscopic transluminal
drainage as a first step followed, if necessary, by ETN.



Curr Surg Rep (2013) 1:121-130

127

Table 3 Patient characteristics of included studies

Days between
onset of

Infected Drainage
as first

ICU

Aetiology APACHE 11 CT severity Organ
score index

Age

M/F

Number

Study

necrosis (%)

admission

(%)

failure
(%)°

(mean)

(%)

of patients

pancreatitis

intervention

(%)

(mean)

(mean)©

and operation
(mean)

nr

20 (100) 13 (65) nr
nr

nr

nr nr nr

B: 17, A: 24, O: 12°

35/18 (66/34)° 51
B:3,A:3

4/2 (67/33)

20
6

Gambiez et al. [34]

nr

5(83)

nr

nr

34
51
58

55°

Horvath et al. [35]

62

12 (80)
24 (100)
25 (100)

0

14 (93)
23 (96)
37 (93)°

5(33)

5 (33)

10

14

B: 8, A:3,0: 4

12/3 (80/20)
20/4 (83/17)

Van Santvoort et al. [28]

nr

12 (50)

nr

11 (46)

B: 15, A:3,0: 6
nr

242

Van Santvoort et al. [6°°].
Horvath et al. [29°]

141
19
74

8P 8P

B: 18, A: 13, O: 9°
B: 21, A: 8, 0: 3

B: 5, A: 1

24/16 (60/40)°
16/16 (50/50)

4/2 (67/33)

25°

32 (100)
6 (100)

nr

nr

22

57

Castellanos et al. [33]
Bakker et al. [32¢°]

6 (100)

2 (33)

2 (33)

62

6a

A alcoholic, B biliary, O other, nr not reported

# Subgroup of patients from the original article who underwent VARD procedure

® Given for the whole cohort

¢ Before intervention

Several observational studies have been published on
ETN [4, 40—42]. Results of reported studies are promising
with a complication and mortality rate of 37 and 6 %,
respectively. However, most of the studies were retro-
spective and mean methodological quality was moderate to
low. Furthermore, the percentage of patients with proven
infected necrosis and organ failure before intervention was
low indicating probable selection bias.

The only randomized controlled trial comparing ETN
with VARD was recently published [32¢¢]. Twenty patients
were randomized between ETN and VARD. One-third of
the patients had organ failure before intervention and 95 %
of the patients had proven infected necrosis. ETN signifi-
cantly reduced the proinflammatory response as measured
by interleukine-6 levels, as well as the composite clinical
endpoint consisting of complications and mortality com-
pared with VARD in patients with infected necrosis.

ETN seems a safe and successful alternative treatment.
However, larger randomized controlled trails are needed to
confirm these favorable results. In The Netherlands, a
nationwide multicenter randomised trial comparing an
endoscopic step-up approach with a surgical step-up approach
(TENSION trial, controlled trials ISRCTN09186711) has
recently started.

Conclusions

In recent years, the management of necrotizing pancreatitis
underwent several changes. There has been a shift to per-
form intervention solely in case of infected necrosis and
preferably only after a period of three to four weeks after
onset of disease. Currently, the standard strategy for inter-
vention is a step-up approach consisting of catheter drain-
age as a first step followed, if necessary, by necrosectomy
which is often performed through a minimally invasive
approach such as VARD or ETN [43¢]. Percutaneous
catheter drainage is possible in most patients and obviates
the need for additional necrosectomy in 35 % of patients.
There are no randomized studies that have investigated
which surgical technique for necrosectomy is superior in
patients in whom percutaneous drainage has failed. The
published observational cohort studies demonstrate that
VARD is associated with a complication and mortality rate
of 35 and 13 %, respectively. This is lower as compared to
historical cohorts of open necrosectomy which report a
complication and mortality rate of 34-95 % and 11-39 %,
respectively. Retrospective comparative studies have con-
firmed that minimally invasive necrosectomy leads to less
complications and lower mortality [4, 28, 44].

In conclusion, VARD is a safe and effective minimally
invasive technique for necrosectomy in patients with
infected necrotizing pancreatitis.
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