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Abstract The primary aim of this study was to present
the outcomes of percutaneous catheter drainage (PCD) in
patients with infected pancreatitis necrosis. A second aim
was to focus on disease severity, catheter size, and addi-
tional surgical intervention. A literature search of the
PubMed/MEDLINE/Cochrane Library (January 1998 to
February 2015) databases was conducted. All random-
ized, non-randomized, and retrospective studies with data
on PCD techniques and outcomes in patients with infect-
ed pancreatitis necrosis were included. Studies that re-
ported data on PCD along with other interventions with-
out the possibility to discriminate results specific to PCD
were excluded. The main outcomes were mortality, major
complications, and definitive successful treatment with
percutaneous catheter drainage alone. Fifteen studies of
577 patients were included. There was only one random-
ized, controlled trial, and most others were retrospective
case series. Organ failure before PCD occurred in 55.3 %
of patients. With PCD alone, definitive successful treat-
ment was 56.2 % of patients. Additional surgical inter-
vention was required after PCD in 38.5 % of patients.
The overall mortality rate was 18 % (104 of 577

patients). Complications occurred in 25.1 % of patients,
and fistula was the most common complication. PCD is
an efficient tool for treatment in the majority of patients
with infected pancreatitis necrosis as the only interven-
tion. Multiple organ failures before PCD are negative
parameters for the outcome of the disease. Large cathe-
ters fail to prove to be more effective for draining ne-
crotic tissue. However, in the extent of multi-morbid pa-
tients, to determine one single prognostic factor seems to
be difficult.
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Acute pancreatitis is a common gastrointestinal disorder
whose incidence is rising globally. The disease results in
270,000 hospital admissions annually and inpatient costs ex-
ceed 2.5 billion dollars in the USA [1]. Necrotizing pancrea-
titis, which accounts for 10–15 % of all cases of acute pancre-
atitis, may be sterile or infected. Sterile pancreatic necrosis can
be generally managed expectantly while infected pancreatitis
necrosis always requires evacuation. The prognosis is much
worse for infected necrosis, rather than that of sterile necrosis.
Mortality rates of patients with infected pancreatitis necrosis
vary from 20 to 30 % [2, 3], and if infected necrosis is accom-
panied by organ failure, the disease is associated with a mor-
tality of 40 % [3]. Therefore, infected pancreatitis necrosis is
always an indication for intervention.

Traditionally, infected pancreatitis necrosis was managed
by open necrosectomy, with the goals of wide drainage of
infected compartments and removal of necrotic tissue [4].
However, such aggressive treatment is associated with signif-
icant complications and mortality in 11–39 % of patients
[5–7]. In this context, traditional open necrosectomy gradually
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was replaced by minimally invasive techniques which include
percutaneous catheter drainage (PCD), video-assisted
restroperitoneal debridement (VARD), endoscopic
necrosectomy, and minimally invasive necrosectomy [8, 9].
Over the past two decades, a number of studies of minimally
invasive techniques have been published [10–14], and most
cases of infected necrosis are feasible for those interventions
[15].

In 1998, Freeny first reported 34 patients with infected
pancreatitis necrosis exclusively treated by PCD, in which
16 patients (47 %) were cured successfully with only PCD
[16]. The largest recent report by Robbert A. Hollema includ-
ed 113 patients with infected pancreatitis necrosis initially
with percutaneous catheter drainage. This observational study
of 113 patients undergoing primary percutaneous catheter
drainage reported a success rate of 35 % [17]. The only ran-
domized multicenter trial compared a surgical “step-up ap-
proach” with primary open necrosectomy in patients with
(suspected) infected pancreatitis necrosis, in which PCD was
considered as the first step. This trial reported that 35 % of
patients were successfully treated with PCD alone [3, 7, 18].

Drainage is the least invasive procedure in the treatment for
infected pancreatic necrosis and could help patients to reduce
infected fluid under pressure, or at least let them improve as a
transition to further surgery. Compared with open surgery,
PCD could effectively diminish the hospital stay and average
hospital cost and avoid surgically related complications, such
as wound infection and incisional hernia [19].

In this study period, we performed a systematic review on
percutaneous catheter drainage in infected pancreatitis necro-
sis. The purpose was to evaluate the effectiveness of PCD
according to definitive treatment and identify factors that
closely relate to the outcome of PCD, such as mortality, and
complications in individual studies for providing further evi-
dence and references for clinical decision.

Methods

A literature search was performed in MEDLINE, EMBASE
and the Cochrane Library databases for articles published be-
fore February 2015. The search included the words acute pan-
creatitis, pancreatitis, infected pancreatitis necrosis or necro-
tizing pancreatitis or peripancreatic necrosis, imaging-guided
percutaneous catheter drainage. Participants of any age and
sex with infected PN were considered. All titles and abstracts
of studies were screened to select those patients receiving
PCD with infected pancreatitis necrosis and duplicates re-
moved. All cross-references in relevant review articles were
screened to further identify studies of potential interest. Two
authors independently screened the full texts to assess the
eligibility of studies for inclusion (Fig. 1).

Inclusion and Exclusion Criteria

The authors read all abstracts of the articles to determine pos-
sible inclusion. Inclusion criteria were as follows: (1) sample
size larger than n=5; (2) patients with infected pancreatitis
necrosis undergoing percutaneous catheter drainage; (3) the
primary outcomes were reported: additional surgical interven-
tion, complications and mortality.

Exclusion criteria were as follows: (1) studies including
patients with chronic pancreatitis or sterile pancreatic necrosis
with results for infected pancreatitis necrosis failed to report
separately; (2) studies of patients with pseudocysts or pancre-
atic abscesses with outcomes of infected pancreatitis necrosis
not reported respectively; (3) studies that reported data on
PCD as well as other interventions (minimally invasive tech-
niques) without the possibility to discriminate results specific
to PCD; (4) case reports and reviews were gathered to screen
their reference lists for additional relevant articles, but were
excluded from the analysis.

Data Extraction

Discrepancies in outcome extraction were resolved by reex-
amination of the relevant study until consensus was achieved.
Two authors extracted data independently from each article
including the following: author, year of publication, sample
size, study design, etiology, predictive severity scores before

Records iden�fied through 
database search n=8769

Records a�er duplicates and
irrelevant material removed

n=217

Records screened n=217

Full-text ar�cles assessed
for eligibility n=36

Records excluded 
(le�ers, case reports)

n=181

Studies excluded a�er
reviewing full -text ar�cles

n=21

Studies included in this
systema�c review (n=15)

Fig. 1 Study selection flow chart
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intervention : Ranson score [20]; Acute Physiology And
Chronic Health Evaluation-II (APACHE-II) score [21], organ
failure before percutaneous catheter drainage, computed to-
mography severity index (CTSI) scores [22–24], catheter size,
time between hospital admission and PCD, definitive success-
ful treatment with PCD alone (defined as no need for addi-
tional surgical intervention), number of patients requiring an
additional surgical intervention, complications, and mortality.

Results

Fifteen studies of 577 patients undergoing PCD as primary
treatment for (suspected) infected necrosis were included in
the final analyses. Eleven studies were retrospective non-
controlled case series; one was a post hoc analysis and one
was a multicenter randomized controlled trial. Sample sizes
ranged from 9 to 113. Characteristics of the included studies
are presented in Table 1.

All of the patients had infected pancreatic or peripancreatic
necrosis. Diagnosis was the presence of gas in the
peripancreatic collection on CT or a positive culture at fine-
needle aspiration. The etiology of infected pancreatitis necro-
sis was reported in 9 studies [8, 16, 17, 25, 27, 28, 33–35], in
which the most common cause was biliary tract disease.
APACHE II scores and CT severity index scores were used
in the 10 studies [8, 16, 17, 28, 29, 31, 33–36]; 0.195 (55.3 %)
of 352 patients had organ failure before PCD in 9 studies
(including single and multiple organ failure) [8, 17, 29, 30,
32–36].

The clinical outcomes after PCD in the included studies
were shown in Table 2. Seven studies reported the mean
length of hospital stay [16, 27–29, 31–33], which ranged from
3 to 241 days. Eight studies reported the mean length of initial
treatment with PCD after hospital admission [8, 16, 17, 25, 28,
29, 32, 35]. The success rate of PCD, defined as the recovery
of patients without additional surgical intervention, was
56.2 % (324 of 577 patients). Two hundred twenty-two of
the 577 patients (38.5 %) underwent additional intervention
after initial treatment with PCD. Additional intervention was
percutaneous necrosectomy in 18 patients, elective surgery in
13 patients, VARD in 24 patients, surgical in 87 patients,
retroperitoneal necrosectomy in 3 patients, and surgical
necrosectomy in 98 patients. The average (mean or median)
time interval between the first PCD and surgery was reported
in 8 series [8, 16, 17, 27, 29, 30, 32, 35] and ranged from 1 to
600 days.

The complication rate was described in 11 series [8, 16, 25,
26, 28, 33, 36], 96 of 382 patients (25.1 %) had reported
complications. The majority of complication was fistulas
(43; 44.8% of 96 patients), one study described severe clinical
complications (24; 71 % of 34 patients) [16], including respi-
ratory and renal failure.

The overall mortality rate was 18 % (104 of 577 patients).
Five series described the cause of death, and the most com-
mon reason was multiorgan failure (34; 75.6 % of 45 patients)
[16, 28, 34, 35].

Technical details of PCD in the included studies were
shown in Table 3. Of the total 15 articles, 12 studies reported
the size of catheters, which ranged from 6 to 32 French [16,
17, 25–29, 31–35]. Moreover, most of the radiological inter-
ventions were CT guided. Five studies showed that the large
bore (>20 F) was the final size of the catheter achieved after
up-sizing the initial small bore catheters [16, 17, 29, 31, 32].
On the other side, two studies considered the catheters were
selected on the basis of the characteristics of the fluid [25, 33].
One study deemed that the viscous fluid and fluid that
contained particles should be drained by using large catheters
while low-viscosity fluid should be drained by using small
bore catheters [25]. Nine articles reported the mean number
of catheters per patient [16, 25, 27–29, 32–35]. Three studies
showed that the catheter placement was accomplished by
means of the trocar technique via the most direct
transperitoneal route, avoiding intervening bowel and solid
organs [16, 27, 32]. Two studies preferred an approach which
was retroperitoneal through the left lumbar access with the
path located between the left kidney and the descending colon
[31, 35]. Six studies suggested the nursing staff should rou-
tinely irrigate the catheters with normal saline solution every
8 h to drain viscous fluid or fluid with particles [16, 17, 25, 29,
30, 34]. Five studies emphasized the data of catheter exchange
[16, 25, 28, 30, 32].

Three studies showed detailed information regarding CT
imaging features for those 38.5 % of the cases who did not
respond to the PCD and further required surgical interventions
[16, 34, 35]. Two of the studies mentioned the CT severity
index scores [16, 34], and one study found no statistical dif-
ference in the CT severity index scores among patients who
were cured with PCD alone and those who required additional
surgical interventions [16]. One study found the group requir-
ing further surgical interventions revealed higher mean CT
density compared with the PCD success group [34]. The ex-
tent of necrosis was greater than 50 % in 6 patients who were
initially managed with PCD, requiring eventual crossover to
surgical interventions [35]. The details are shown in Table 4.

Discussion

This systematic review shows the outcome of PCD in patients
with infected pancreatic necrosis, and we considered that PCD
is a safe and effective minimally invasive treatment. As a sole
treatment, the recovery of PCD is 56.4 % in patients reviewed
here. Considering that some populations in including studies
represented a seriously ill subset of patients, a mortality rate of
18.1 %, a complication rate of 22.4 and 8.5 % of patients
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requiring surgical intervention are the acceptable outcomes.
Comparing with former systematic review, this study concen-
trated on patients with only infected pancreatic necrosis re-
moved patients with sterile pancreatic necrosis. Moreover,
we described more details in the aspect of predictive factors,
catheter size, and additional surgical intervention.

The theoretical basis of PCD is that critical patients with
infected pancreatic necrosis might not tolerate open surgery,
but image-guided PCD can improve their seriously clinical
condition and postpone surgical intervention in selected pa-
tients who are too unstable for the operating room. It is also
usually regarded as a safe technique with only a few non-
lethal major complications; in addition, this technique was
regarded as the first step of minimally invasive treatment for
patients with diagnosed, or suspected, infected pancreatitis
necrosis [37].

Diagnosis of infected necrosis in the majority of patients
was mainly based on the results of contrast-enhanced CT and
clinical and laboratory findings. It can be also confirmed by
fine needle aspiration (FNA); however, there is a risk of false-
negative results. A study reported that 53 patients (73.6 %)
had proven positive results of culture sensitivity tests obtained
by FNA culture [5, 33]. Although parts of the patients’ culture
were negative, interventional therapy was still initiated be-
cause of the results of imaging signs like gas in peripancreatic
collections and clinical signs such as persistent fever and in-
creasing inflammatory markers strongly suggested infection
[18].

We found that the different mortality rate and outcome in
reported series depends on the difference of population con-
dition. The main fact is that the severe level of disease in the
population varies. Some predictive factors, such as the

Table 1 Characteristics of patients in included studies

Author Cases Year Study design Etiology APACHE II score CTSI Organ failure

Freeny et al. [16] 34 1998 Retrospective analysis Alcoholic 7
Biliary 12
Other 15

NR 8.2 NR

Fotoohi et al. [25] 44 1999 Retrospective
non-controlled case series

Alcoholic 20
Biliary 6
Other 34

NR NR NR

Baril et al. [26] 25 2000 Retrospective non-controlled
case series

NR NR
Ranson:
4(0–9)

NR NR

Navalho et al. [27] 30 2006 Retrospective non-controlled
case series

Alcoholic 9
Biliary 17
Other 4

NR
Ranson:
5.4 (1–10)

NR NR

Bruennler
et al. [28]

80 2008 Retrospective analysis Alcoholic 32
Biliary 26
Other 22

18 (1–38)
Ranson:
2 (0–4)

6 (4–10) NR

Mortele et al. [29] 13 2009 Retrospective analysis NR NR 9.6 1

Rocha et al. [30] 9 2009 Retrospective analysis NR NR NR 3

Van Santvoort et al. [8] 39 2010 RCT Alcoholic 3
Biliary 26
Other 14

15 8 (4–10) 36

Horvath et al. [31] 9 2010 NR NR 8 (5.1) NR NR

Baudin et al. [32] 48 2011 Retrospective analysis NR NR
Ranson:
3.5 ± 1.4(1–6)

NR 35

Zerem et al. [33] 69 2011 Retrospective cohort study Alcoholic 39
Biliary 26
Other 21

15.5 (2–36)
Ranson:
3.4 (1–8)

8 (6–10) 59

Tong et al. [34] 34 2012 Retrospective analysis Alcoholic 12
Biliary 19
Other 3

11.26± 3.41 12.73 ± 3.85 7.63± 1.57 8.07± 1.71 18

Wroński et al. [35] 18 2013 NR Alcoholic 13
Biliary 3
Other 2

NR 9(4–10) 1

Solanki et al. [36] 12 2013 Retrospective analysis NR 6.92+ 3.45 7.71+ 2.39 2

Hollemans.et al. [17] 113 2015 Post hoc analysis Alcoholic25
Biliary 66
Other 39

13.2 6.8 40

CT computed tomography, RCT randomized controlled trial, NR not reported, CTSI CT Severity Index, Ranson severity score for acute pancreatitis,
APACHE acute physiology and chronic health evaluation
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APACHE II scores, CT scores, and organ failure, can be used
to evacuate the condition of a patient and might influence
mortality or clinical success rates. However, many studies
deemed that the CTSI scores did not show a good correlation
with patient outcome [7, 16, 28]. Guillaume Baudin consid-
ered that CT scores did not appear to influence mortality or
clinical success rates [32]. T Bruennler also showed the result
that in the multivariate model the CTSI was as the only not
significant variable included in adjusting for the extent of
necrosis. He deemed that the CTSI is not a good parameter
to predict outcome in patients with infected pancreatic necro-
sis [28]. This phenomenon is certainly related to two major
reasons: the retrospective research has limits in our included
studies, and the population is linked to the homogeneity in the
study.

Several studies have proposed organ failure as a significant
factor to stratify the severity of disease, and it was closely
associated with mortality in infected pancreatic necrosis [30,
38–41]. In this systematic review, 53.6 % of patients had or-
gan failure, with nine reported single and multisystem organ
failures (MSOF) in our study. One study reported the fact that
the mortality was 0 % in patients without organ failure, 13 %

in patients with single-organ failure, and 38 % in patients with
MSOF [30]. In another study, among 11 patients with multi-
system organ failure, the mortality was 45 % [32].
Furthermore, in previous literature, the multisystem organ fail-
ure in acute necrotizing pancreatitis has been reported to be
54 % [32]. Therefore, although PCD have ameliorated condi-
tion and improved outcome in most patients, it potentially
negatively reduces mortality among patients with multisystem
organ failure. However, it is difficult to determine one single
prognostic determinant in these multimorbid patients.

In the past, the correlation between drainage size and out-
comes of disease is equivocal. Generally, pancreatic or
peripancreatic necroses contain solid debris. Some authors
considered the hypothesis that large bore catheters (up to
28 F) might be more effective for draining solid tissue [10,
13, 16, 28]. However, in our present review, the size of the
drains used varied from 6 to 32 F, and no studies mentioned
the fact that large bore drainages prove to be more effective in
controlling complications. Moreover, many studies reported
no significant correlation between drainage catheter size and
outcome of disease, and researchers found that number and
size of tubes had no impact on PCD outcome [28, 32, 34]. The

Table 2 Outcome of percutaneous catheter drainage as primary treatment for infected pancreatitis necrosis in the included studies

Author Cases Hospital
stay

Time from
admission
until PCD

Successful
PCD

Need for
additional
surgery

Time between
PCD and
necrosectomy
(days)

Patients
with one
or more
complications

Deaths

Freeny et al. [16] 34 45 (5–95) 9 (1–48) 16 1:surgery
8: necrosectomy
9:elective surgery

32 (6–78) 24 3

Fotoohi et al. [25] 44 NR 17 (10–25) 41 3:surgery NR 6 3

Baril et al. [26] 25 NR NR 18 6:surgery NR 1 2

Navalho et al. [27] 30 55 NR 19 10:surgery 18 NR 5

Bruennler et al. [28] 80 51 (3–241) 3.5 (1–40 34 6:surgery 4:elective
surgery
18:percutaneous
necrosectomy
(10: surgery
necrosectomy later )

NR 23 27

Mortele et al. [29] 13 33 (11–48) 41 (11–121) 6 7:surgery 24 (3–120) 3 1

Rocha et al. [30] 9 NR NR 3 6:surgery 109 (1–600) 2 4

Van Santvoort et al. [8] 39 NR 30 (11–71) 13 24:VARD
2:surgery

10 (1–52) 17 7

Horvath et al. [31] 9 48 (25–50) NR 9 0 NR 5 1

Baudin et al. [32] 48 83 ± 48
(range,
10–222)

19.8 ± 15.7
(range,
2–90)

31 9:surgery 10.2 ± 6 (2–19) 2 14

Zerem et al. [33] 69 13 (9–47) NR 58 11:surgery NR 5 6

Tong et al. [34] 34 NR NR 19 15:surgery NR NR 1

Wroński et al. [35] 18 NR 33 (27–46) 6 5:surgery
3:retroperitoneal

necrosectomy
4: necrosectomy

25 (8–116) NR 3

Solanki et al. [36] 12 NR NR 6 6:surgery NR 8 1

Hollemans et al. [17] 113 NR 28 (21–41) 45 76:necrosectomy 43 NR 26

PCD percutaneous catheter drainage, NR not reported
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rationale for those points was that the natural course of infect-
ed pancreatitis necrosis is associated with a transition from
solid debris to more liquid contents, which avail the evacuat-
ing of the necrotic tissue from the cavities, regardless of the
catheter size. In addition, aggressive irrigation can accelerate
the process of transition from solid necrotic tissue to more
liquid content. Furthermore, various sizes and types of drain-
age catheters provided from different companies were used.
Therefore, the use of preferential types of catheter, size, and
management is guided more by the experience of each team
rather than by merely bibliographic evidence [32].

27.6 % of patients had one or more complications in pres-
ent review. Comparing with other common surgical interven-
tions, studies on surgical necrosectomy show a considerably
higher complication rate, ranging from 34 to 68 % [42, 43],
and series on endoscopic transluminal necrosectomy reported
a complication rate of 36 % [44]. The major complication in

our review was fistulas, which accounts for 8.2 %, with ten
articles reporting this complication. In addition, one study
described other severe clinical complications including respi-
ratory and renal failure, which were not directly related to the
percutaneous placed catheters either [16]. A potential limita-
tion here is that mostly only early complications were de-
scribed in our included studies. Although RCT reported a
result of late complications, it could not be directly related to
the PCD owing to the “step-up approach” present in other
techniques.

In this review, 38.5 % percent of patients still needed other
surgical interventions. The most common reason was that the
necrotic tissue could not be effectively removed in a seriously
ill subset of patients despite a prolonged percutaneous drain-
age. The main additional intervention is surgery and also in-
cludes other minimal- invasive interventional approaches,
such as percutaneous necrosectomy, video-assisted

Table 3 Technical details of PCD

Author Number Catheter size
(French)

First size
(French)

Last or final
size (French)

Exchange
(times)

Exchange
(days)

Catheter
irrigation (h)

Freeny et al. [16] 3 (1–4) 10–28 10–14 24–28 4 (1–12) NR 8

Fotoohi et al. [25] 2 (1–11) 8–24 8–10
12–24

NR NR 7–10 8 (or 4–6)

Navalho al [27] 2 (1–6) 12–14 NR NR NR NR NR

Bruennler et al. [28] 2 (1–14) 8–24 NR NR 2(1–9) NR NR

Mortele et al. [29] 2.6 (1–9) 12 (7–22) 7–14 NR NR NR 8

Rocha et al. [30] NR NR NR NR NR 9(1–48) 8

Horvath et al. [31] NR 10 (8–12) 10 (8–12) 20 (16–20) NR NR NR

Baudin et al. [32] 1.8 ± 0.8 (1–4) 24.4 ± 4.4
(14–30)

12–16 28–30 7.5 ± 4.1 4.6 ± 1.2 (1.5–7) NR

Zerem et al. [33] 1.68 (0–5) 8–20 NR NR NR NR NR

Tong et al. [34] 2.74 ± 0.99
3.20± 1.01

14.7 ± 0.99
(PCD success group)

14.5 ± 0.92
(PCD alteration group)

NR NR NR NR 4–8

Wroński et al. [35] 1 (1–3) 14 (9–32) NR NR NR NR NR

Hollemans.et al. [17] NR 6–24 6–24 7–40 NR NR 8

Baril et al. [26] NR 10–12 NR NR NR NR NR

NR not reported, PCD percutaneous catheter drainage

Table 4 CT imaging features of
patients who did not respond to
the PCD and further required
surgical interventions

Author Number CTSI Site of necrosis CT mean
density (n)

>50 % necrosis,
n (%)

Freeny et al. [16] 18 8.3 Body-tail necrosis 7

Central necrosis 10

NR NR

Tong et al. [34] 15 NR NR <20 HU 2

20–30 HU 5

<30 HU 8

NR

Wroński et al. [35] 12 10 NR NR 6 (50)

CTSI CT Severity Index, NR not reported
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restroperitoneal debridement (VARD), and retroperitoneal
necrosectomy. Those patients required surgical intervention
for control of sepsis. Some authors considered that distribu-
tion of CT scan reflects the range of infected pancreatic necro-
sis. Greater distribution range indicates that it may be inappro-
priate for PCD [34]. Therefore, additional surgical interven-
tion mostly lies on the condition of patients and the experience
of each group.

There are still some shortcomings within this systematic
review. First, most data are retrospective analyses from a sin-
gle center and many of the included studies were small; sec-
ond, owing to the fact that most literatures did not provide
enough detailed information, a formal assessment of method-
ological quality could not be accomplished [45]. It is undis-
puted that the lack of uniform patient selection criteria led to
selection bias. Lastly, the condition of patients are heteroge-
neous and to a certain extent incomparable among the studies
because of the clinical characteristics and the severity of the
included patients are various, according to the different
authors.

In conclusion, imaging-guided percutaneous catheter
drainage is an efficient tool for treatment in the majority of
patients with infected pancreatitis necrosis with acceptably
low mortality and less non-lethal complications as the first
and only intervention. Multiple organ failure is a negative
parameter for the success of catheter drainage and the outcome
of the disease. Large bore drainages fail to prove to be more
effective in draining necrotic tissue. However, in the extent of
multimorbid patients, to determine a single prognostic factor
seems to be difficult.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Peery AF, Dellon ES, Lund J, Crockett SD, McGowan CE,
Bulsiewicz WJ et al (2012) Burden of gastrointestinal disease in
the United States: 2012 update. Gastroenterology 143(5):1179–
1187

2. van Santvoort HC, Bakker OJ, Bollen TL, Besselink MG, Ahmed
AU, Schrijver AM et al (2011) A conservative and minimally in-
vasive approach to necrotizing pancreatitis improves outcome.
Gastroenterology 141(4):1254–1263

3. Petrov MS, Shanbhag S, Chakraborty M, Phillips AR, Windsor JA
(2010) Organ failure and infection of pancreatic necrosis as deter-
minants of mortality in patients with acute pancreatitis.
Gastroenterology 139(3):813–820

4. Bello B, Matthews JB (2012) Minimally invasive treatment of pan-
creatic necrosis. World J Gastroenterol 18(4):6829–6835

5. Rau B, Bothe A, Beger HG (2005) Surgical treatment of necrotizing
pancreatitis by necrosectomy and closed lavage: changing patient

characteristics and outcome in a 19-year, single-center series.
Surgery 138(1):28–39

6. Rodriguez JR, Razo AO, Targarona J, Thayer SP, Rattner DW,
Warshaw AL et al (2008) Debridement and closed packing for
sterile or infected necrotizing pancreatitis: insights into indications
and outcomes in 167 patients. Ann Surg 247(2):294–299

7. Tsiotos GG, Luque-de LE, Sarr MG (1998) Long-term outcome of
necrotizing pancreatitis treated by necrosectomy. Br J Surg 85(12):
1650–1653

8. van Santvoort HC, Bollen TL, van Ramshorst B, Nieuwenhuijs
VB, Timmer R, Laméris JS更K et al (2010) A step-up approach
or open necrosectomy for necrotizing pancreatitis. New England J
Med 362(16):1491–1502

9. Baron TH, Thaggard WG, Morgan DE, Stanley RJ (1996)
Endoscopic therapy for organized pancreatic necrosis.
Gastroenterology 111(3):755–764

10. Echenique AM, Sleeman D, Yrizarry J, Scagnelli T, Guerra JJ,
Casillas VJ et al (1998) Percutaneous catheter-directed debridement
of infected pancreatic necrosis: results in 20 patients. J Vasc Interv
Radiol 9(4):565–571

11. Zorger N, Hamer OW, Feuerbach S, Borisch I (2005) Percutaneous
treatment of a patient with infected necrotizing pancreatitis. Nat
Clin Pract Gastroenterol Hepatol 2(1):54–57, 58

12. Gmeinwieser J, Holstege A, Zirngibl H, Palitzsch KD, Hugl S,
Strotzer M et al (2000) Successful percutaneous treatment of infect-
ed necrosis of the body of the pancreas associated with segmental
disruption of the main pancreatic duct. Gastrointest Endosc 52(3):
413–415

13. Cheung MT, Ho CN, Siu KW, Kwok PC (2005) Percutaneous
drainage and necrosectomy in the management of pancreatic necro-
sis. ANZ J Surg 75(4):204–207

14. Szentkereszty Z, Kerekes L, Hallay J, Czako D, Sapy P (2002) CT-
guided percutaneous peripancreatic drainage: a possible therapy in
acute necrotizing pancreatitis. Hepatogastroenterology 49(48):
1696–1698

15. Besselink MG, van Santvoort HC, Schaapherder AF, van
Ramshorst B, van Goor H, Gooszen HG (2007) Feasibility of min-
imally invasive approaches in patients with infected necrotizing
pancreatitis. Br J Surg 94(5):604–608

16. Freeny PC, Hauptmann E, Althaus SJ, Traverso LW, Sinanan M
(1998) Percutaneous CT-guided catheter drainage of infected acute
necrotizing pancreatitis: techniques and results. AJR Am J
Roentgenol 170(4):969–975

17. Hollemans RA, Bollen TL, van Brunschot S, Bakker OJ, Ahmed
Ali U, van Goor H et al (2015) Predicting success of catheter drain-
age in infected necrotizing pancreatitis. Ann Surg, 1

18. Hollemans RA, van Brunschot S, Bakker OJ, Bollen TL, Timmer
R, Besselink MG et al (2014) Minimally invasive intervention for
infected necrosis in acute pancreatitis. Expert Rev Med Devices
11(6):637–648

19. Tong ZH, Li WQ, Yu WK, Wang XY, Ye XH, Nie Y et al (2010)
The clinical effectiveness of percutaneous drainage and laparotomy
for patients with infective pancreatic necrosis. ZhonghuaWai Ke Za
Zhi 48(18):1387–1391

20. Ranson JH, Rifkind KM, Roses DF, Fink SD, Eng K, Spencer FC
(1974) Prognostic signs and the role of operative management in
acute pancreatitis. Surg Gynecol Obstet 139(1):69–81

21. Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985)
APACHE II: a severity of disease classification system. Crit Care
Med 13(10):818–829

22. Balthazar EJ, Robinson DL,MegibowAJ, Ranson JH (1990) Acute
pancreatitis: value of CT in establishing prognosis. Radiology
174(2):331–336

23. Mortele KJ, Wiesner W, Intriere L, Shankar S, Zou KH, Kalantari
BN et al (2004) A modified CT severity index for evaluating acute

Indian J Surg (June 2016) 78(3):221–228 227



pancreatitis: improved correlation with patient outcome. AJR Am J
Roentgenol 183(5):1261–1265

24. Balthazar EJ, Ranson JH, Naidich DP, Megibow AJ, Caccavale R,
Cooper MM (1985) Acute pancreatitis: prognostic value of CT.
Radiology 156(3):767–772

25. Fotoohi M, D’Agostino HB, Wollman B, Chon K, Shahrokni S,
VanSonnenberg E (1999) Persistent pancreatocutaneous fistula af-
ter percutaneous drainage of pancreatic fluid collections: role of
cause and severity of pancreatitis. Radiology 213(2):573–578

26. Baril NB, Ralls PW, Wren SM, Selby RR, Radin R, Parekh D et al
(2000) Does an infected peripancreatic fluid collection or abscess
mandate operation? Ann Surg 231(3):361–367

27. NavalhoM, Pires F, Duarte A, Gonçalves A, Alexandrino P, Távora
I (2006) Percutaneous drainage of infected pancreatic fluid collec-
tions in critically ill patients: correlation with C-reactive protein
values. Clin Imaging 30(2):114–119

28. Bruennler T, Langgartner J, Lang S, Wrede CE, Klebl F, Zierhut S
et al (2008) Outcome of patients with acute, necrotizing pancreatitis
requiring drainage-does drainage size matter? World J
Gastroenterol 14(5):725–730

29. Mortele KJ, Girshman J, Szejnfeld D, Ashley SW, Erturk SM,
Banks PA et al (2009) CT-guided percutaneous catheter drainage
of acute necrotizing pancreatitis: clinical experience and observa-
tions in patients with sterile and infected necrosis. AJR Am J
Roentgenol 192(1):110–116

30. Rocha FG, Benoit E, ZinnerMJ,Whang EE, Banks PA,Ashley SW
et al (2009) Impact of radiologic intervention on mortality in nec-
rotizing pancreatitis: the role of organ failure. Arch Surg 144(3):
261–265

31. Horvath K, Freeny P, Escallon J, Heagerty P, Comstock B,
Glickerman DJ et al (2010) Safety and efficacy of video-assisted
retroperitoneal debridement for infected pancreatic collections: a
multicenter, prospective, single-arm phase 2 study. Arch Surg
145(9):817–825

32. Baudin G, Chassang M, Gelsi E, Novellas S, Bernardin G,
Hebuterne X et al (2012) CT-guided percutaneous catheter drainage
of acute infectious necrotizing pancreatitis: assessment of effective-
ness and safety. AJR Am J Roentgenol 199(1):192–199

33. Zerem E, Imamović G, Sušić A, Haračić B (2011) Step-up ap-
proach to infected necrotising pancreatitis: a 20-year experience

of percutaneous drainage in a single centre. Dig Liver Dis 43(6):
478–483

34. Tong Z, LiW, YuW, GengY, Ke L, Nie Yet al (2012) Percutaneous
catheter drainage for infective pancreatic necrosis: is it always the
first choice for all patients? Pancreas 41(2):302–305

35. Wroński M, Cebulski W, Karkocha D, Słodkowski M, Wysocki Ł,
Jankowski M et al (2013) Ultrasound-guided percutaneous drain-
age of infected pancreatic necrosis. Surg Endosc 27(8):2841–2848

36. Solanki R, Thumma V, Sastry RA, Bheerappa N (2013) The role of
image guided percutaneous drainage in multidisciplinary manage-
ment of necrotizing pancreatitis. Trop Gastroenterol 34(1):25–30

37. (2013) IAP/APA evidence-based guidelines for the management of
acute pancreatitis. Pancreatology 13, e1-e15

38. Tenner S, Sica G, Hughes M, Noordhoek E, Feng S, Zinner M et al
(1997) Relationship of necrosis to organ failure in severe acute
pancreatitis. Gastroenterology 113(3):899–903

39. Perez A, Whang EE, Brooks DC, Moore FJ, Hughes MD, Sica GT
et al (2002) Is severity of necrotizing pancreatitis increased in ex-
tended necrosis and infected necrosis? Pancreas 25(3):229–233

40. Zhu AJ, Shi JS, Sun XJ (2003) Organ failure associated with severe
acute pancreatitis. World J Gastroenterol 9(11):2570–2573

41. Johnson CD, Abu-Hilal M (2004) Persistent organ failure during
the first week as a marker of fatal outcome in acute pancreatitis. Gut
53(9):1340–1344

42. Howard TJ, Patel JB, Zyromski N, Sandrasegaran K, Yu J, Nakeeb
A et al (2007) Declining morbidity and mortality rates in the surgi-
cal management of pancreatic necrosis. J Gastrointest Surg 11(1):
43–49

43. Connor S, Alexakis N, Raraty MG, Ghaneh P, Evans J, Hughes M
et al (2005) Early and late complications after pancreatic
necrosectomy. Surgery 137(5):499–505

44. van Brunschot S, Fockens P, Bakker OJ, Besselink MG, Voermans
RP, Poley J et al (2014) Endoscopic transluminal necrosectomy in
necrotising pancreatitis: a systematic review. Surg Endosc 28(5):
1425–1438

45. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF
(1999) Improving the quality of reports of meta-analyses of
randomised controlled trials: the QUOROM statement. Quality of
Reporting of Meta-analyses. Lancet 354(9193):1896–1900

228 Indian J Surg (June 2016) 78(3):221–228


	Percutaneous Catheter Drainage in Infected Pancreatitis Necrosis: a Systematic Review
	Abstract
	Methods
	Inclusion and Exclusion Criteria
	Data Extraction
	Results
	Discussion
	References


