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Introduction

Acute pancreatitis (AP) consists of an extremely 
varied complex of pathological symptoms and clini-
cal conditions, ranging from mild gastric complaints 
to multi-organ failure resulting in death. The mortal-
ity associated with this disease is estimated to reach 
5%. Unfortunately in the case of severe symptoms of 
AP that develop in 20% of patients on average, the risk 
of treatment failure increases even up to 47% [1, 2].  
A similar failure rate (even 50%) is observed for sur-

gical treatment itself introduced when infected ne-
crosis has been diagnosed [3].

Treatment of mild AP is not under much debate; 
nonetheless, no algorithms that could be used in 
a satisfactory way have been developed so far for pa-
tients with a severe form of this disease. In this case 
treatment of AP complications such as organ failure 
is quite well known, but the problem is associated 
with preparing an individual management strategy 
for local complications in the area of the pancreas 
itself. Surgical treatment including different types 
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A b s t r a c t

Introduction: Acute pancreatitis (AP) consists of an extremely varied complex of pathological symptoms and clinical 
conditions, ranging from mild gastric complaints to multi-organ failure resulting in death. 
Aim: To present the authors’ own experience regarding surgical treatment for pancreatic necrosis complicated by 
infection using different methods, including classic and laparoscopic methods as well as those combined with per-
cutaneous techniques.
Material and methods: In the period 2007–2010, 34 patients with the diagnosis of severe AP were treated at the 
Department of General, Gastroenterological and Oncological Surgery, Collegium Medicum, Nicolaus Copernicus Uni-
versity. In 7 patients classic necrosectomy with repeated peritoneal flushing was performed (type 1), in 5 patients 
laparotomy with active drainage (type 2), in 12 video-assisted retroperitoneal debridement (type 3), and in 10 only 
percutaneous drainage methods (type 4).
Results: Total duration of hospitalisation was from 10 to 192 days. The highest death rate was observed for type 1 
procedures. Significant differences with regard to the absolute number of postoperative complications between dif-
ferent groups were not observed; however, their quality varied. Classic methods were used in patients whose general 
and local condition was more severe.
Conclusions: When AP and its complications are diagnosed, a suitable method of surgical treatment has to be select-
ed extremely precisely and in an individualised way. Minimally invasive methods used in selected patients provide 
better outcomes and higher safety superseding classic, open techniques of surgical treatment.
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of necrosectomy performed laparoscopically is not 
perfect; therefore recently more and more often at-
tempts to use minimally invasive procedures have 
been undertaken.

Aim

This paper presents the authors’ own experience 
regarding surgical treatment of pancreatic necrosis 
complicated by infection using different methods, 
including laparoscopic ones and those combined 
with percutaneous techniques (video-assisted retro-
peritoneal debridement – VARD).

Material and methods

In the period 2007–2010, 34 patients with the 
diagnosis of severe AP based on the Atlanta crite-
ria were treated at the Department of General, Gas-
troenterological and Oncological Surgery, Collegium 
Medicum, Nicolaus Copernicus University, Torun. Ta-
ble I presents characteristics of patients. 

The patients were treated according to the AP 
therapeutic standards from the very beginning. An-
tibiotic therapy was not used as prophylaxis due to 
AP itself. Probe enteral nutrition was used when per-
istalsis was present. When enteral nutrition was not 
tolerated total parenteral nutrition was introduced.

The patients’ condition was monitored according 
to the APACHE II score and the radiological criteria 
(Balthazar scale – computed tomography severity 
index (CTSI) index) (Table II).

A post-inflammatory, infected focus or foci within 
the pancreas and/or peripancreatic region was diag-
nosed in all analysed patients. The diagnosis of ne-
crosis infection was based not only on typical clinical 
symptoms, but also on the computed tomography 
(CT) result and, in 27 cases, results of a microbiology 
examination.

When the diagnosis of infection was made, tar-
geted antibiotic therapy was started and the pa-
tient’s condition was monitored. When the clinical 
status deteriorated and signs of sepsis progressed, 
a decision was made to perform a surgical interven-
tion. In this group of patients 4 types of procedures 
(INTERV) were performed and they are presented Ta-
ble III. A decision regarding the type of surgery was 
made based on the patient’s general condition. In 
the first stage of the analysed period when laparo-
scopic experience did not provide sufficient safety 
to patients, decisions to perform laparoscopic proce-
dures were mainly made, whereas in the second pe-
riod minimally invasive procedures were preferred.

Finally, type 1 procedures were considered appro-
priate for 7 patients in whom clinical symptoms of 
progressive sepsis were predominant; the patient’s 
condition deteriorated despite intensive treatment, 
and X-ray and fine needle aspiration examinations 
confirmed signs of infection of organ necrosis. In 
this case decisions regarding surgical treatment 
were made relatively early, namely on day 17 after 
the first symptoms had developed. In view of the 
fact that at this disease stage it is extremely diffi-
cult to remove ischaemic and necrotic tissue in the 
peripancreatic area (as they are not completely de-
marcated yet) a  decision was made to introduce 
treatment including scheduled relaparotomies re-
peated every 2 days on average and passive drain-
age. Type 2 procedures which are currently recom-

Table I. Characteristics of the studied group of 
patients

Characteristic Results, n (%)

Gender:

M 21 (62)

F 13 (38)

Age, mean (range) [years] 28–78 (52)

BMI, mean [kg/m2] 29

Aetiology:

Biliary 14 (41)

Alcohol 18 (53)

Other 2 (6)

Transfer from another centre 14 (41)

Ranson score:

≤ 3 29

4–6 5

7 0

Table II. Distribution of maximum CTSI indices 
in the studied group

CTSI No.

7 3

8 17

9 10

10 4
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mended were performed for such indications when 
the patient’s clinical condition was satisfactory until 
at least 3 complete weeks of disease had passed. 
Then as early as during the first intervention more 
necrotic tissue was removed from the pancreas, and 
the remainder was flushed out via active drainage 
of the peripancreatic area. Type 3 procedures were 
considered appropriate for patients in whom an at-
tempt of percutaneous drainage to collect fluid or 
foci of pancreatic necrosis had been made, but no 
satisfactory clinical outcomes were observed after 
such a procedure. In general lack of effects indicat-
ed no improvement of the clinical condition within 

the next 48–72 h and further sepsis progression, or 
there were too extensive necrotic lesions combined 
with relative inefficacy of drain(s) (1 or 2) placed, 
namely the infected contents were not released. 
Then, during the second stage VARD was performed. 
Finally, type 4 procedures were considered suitable 
for patients who received only percutaneous drain-
age (12 to 20 F drains) of necrotic and suppurative 
cisterns from the pancreatic area. This group had the 
lowest APACHE II score and included patients in the 
best general condition. Their surgical treatment for 
AP ended with this procedure.

Video-assisted retroperitoneal debridement

The authors’ own procedure technique was pre-
pared based on techniques described in the PANTER 
trial [4, 5]. An approx. 5-cm incision in the left lum-
bar area was made at the site of a drain to be intro-
duced, or after determination during an ultrasound 
examination so that it would not interfere with sig-
nificant anatomical structures (such as large vessels) 
and would be at the lowest distance in relation to 
the target space indicated for drainage. After integu-
ments were dissected, the peripancreatic space was 
reached bluntly, most frequently with a finger and 
under ultrasound supervision, so as to achieve free 
flow of infected, necrotic tissues. Then a laparoscop-
ic camera was introduced and under video supervi-
sion necrotic tissues were flushed out using a suc-
tion-flushing device. No attempt was undertaken to 
remove fragments of necrotic pancreas that were 
not demarcated; they were left for subsequently 
placed active, flushing gravitational drainage cover-
ing the bed after necrosectomy, and including a re-
ception drain of 24–28 F and 1–3 16 F drains used to 
administer saline or Ringer solution (Photo 1).

After the procedure the patient was supervised 
at the ICU, having basic vital signs monitored, with 

Table III. Basic data regarding procedures performed in the analysed group

Type Procedure (INTERV) No. Confirmed infection 
(extrapancreatic indications)

Intervention 
day

APACHE II 
(1 day)

1 Laparotomy + necrosectomy + passive 
drainage (scheduled repeated laparotomies)

7 5 (2) 17 15.4

2 Laparotomy + necrosectomy +  
active drainage

5 5 (0) 23 14.1

3 Percutaneous drainage + VARD 12 12 (0) 33 11.2

4 Percutaneous drainage 10 10 (0) 29 11.6

Photo 1. Flushing drainage after VARD
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compensated nutrition and water-electrolyte bal-
ance. The clinical condition improvement was eval-
uated (APACHE II) as well as evolution of changes in 
the pancreatic area using CT (Photos 2 A and 2 B).

Results

In the period 01.2006 to 12.2010, 34 patients di-
agnosed with severe AP were treated at the depart-
ment. Total duration of hospitalisation was from 10 
to 192 days (median: 62). Depending on how a local 
condition was defined in imaging tests procedures 
presented in Table IV were performed in patients.

The most serious complication was patient’s death  
and it was observed in all groups (Table V). The most 

common cause of fatal complications included mul-
tiorgan failure due to sepsis. When analysing surgi-
cal perioperative complications only those that were 
a  result of surgery performed earlier were referred 
to (Table VI).

As can be observed, in almost half, namely in as 
many as 44% of surgically treated patients different 
types of infection complications were observed in 
wounds (Table VI). This problem was observed only 
in 1 patient who received percutaneous drainage of 
the peripancreatic area. However, unfortunately in 
the latter group there was a  serious complication, 
i.e. iatrogenic damage to the colon in the area of the 
splenic flexure. This patient died 3 weeks later as 

Photo 2. Sample tomograms of the abdominal cavity of a patient who had percutaneous drainage placed (A)  
and after VARD (B)

A B

Table IV. Types of procedures depending on the CTSI index

Type CTSI index Procedure No.

1 10 Laparotomy + necrosectomy + passive drainage (scheduled repeated laparotomies) 5

9 2

2 10 Laparotomy + necrosectomy + active drainage 2

9 3

3 9 Percutaneous drainage + VARD 3

8 8

7 1

4 9 Percutaneous drainage 1

8 6

7 3
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a  result of multi-organ failure and massive pulmo-
nary embolism. Escherichia coli strains were the pre-
dominant aetiological factor responsible for wound 
infection (9/15 cases). Haemorrhagic complications 
in the period immediately after the procedure were 
managed by a  primary surgical approach. In each 
case of VARD the procedure was performed once 
and there was no need to repeat the procedure. Du-
ration of VARD ranged from 85 min to 145 min. Post-
surgical drainage was maintained for 4 to 18 days, 
depending on the contents being drained and the 
patient’s general condition. In 3 cases drains were 

replaced after a  soft guidewire was placed under 
X-ray supervision (an aqueous contrast agent). Pa-
tients left the department when they became inde-
pendent, but they stayed under the care of a hospi-
tal outpatient clinic. Mean hospitalisation duration 
is presented in a table, depending on the procedure 
type (Table VII). Cases of early deaths were excluded.

During long-term post-hospital follow-up until De
cember 2012, 18 patients remained under super-
vision in an outpatient setting. Two deaths were 
documented. All patients complied with a  regimen 
of dietetic treatment enriched with enzymatic me-

Table V. Perioperative complications, including deaths, after individual procedures performed

Type Procedure No. No. of patients with perioperative 
complications, n (%)

Death,
n (%)

1 Laparotomy + necrosectomy + passive drainage 
(scheduled repeated laparotomies)

7 7 (100) 5 (71.4)

2 Laparotomy + necrosectomy + active drainage 5 5 (100) 1 (20.0)

3 Percutaneous drainage + VARD 12 6 (50) 2 (16.6)

4 Percutaneous drainage 10 2 (20) 1 (10.0)

Table VI. Types of complications depending on procedure type

Type Complication No. Percentage of perioperative 
complications 

1 Wound infection 3 42.8

Haemorrhage at a surgical site 2 28.6

Pancreatic fistula 2 28.6

Intestinal fistula 1 14.3

2 Wound infection 4 80.0

Haemorrhage at a surgical site 0 0.0

Pancreatic fistula 2 40.0

Intestinal fistula 0 0.0

3 Wound infection 4 30.0

Haemorrhage at a surgical site 1 8.3

Pancreatic fistula 2 16.6

Intestinal fistula 0 0.0

4 Wound infection 1 8.3

Haemorrhage at a surgical site 0 0.0

Pancreatic fistula 0 0.0

Intestinal fistula 1 8.3
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dicinal products. Among 2 patients in whom a large 
pancreatic cyst was diagnosed, 1 had cystogastros-
tomy performed, whereas the other 1 received con-
servative treatment due to too high a risk associated 
with surgery. In 2 patients due to chronic, severe pain 
associated with chronic pancreatitis in the period of 
approximately 18 months since they had left hospi-
tal thoracoscopic splanchnicectomy was performed 
with very good outcomes.

Tables VIII–XII present differences (intervention 
day, APACHE II Score, hospitalisation duration, CTSI 
Index, complications) between individual groups (in-
tervention type – “Interv”) depending on parameters 
analysed.

Statistical analysis

Characteristics of the studied group were de-
scribed with the following parameters: number (n), 
mean (x), standard deviation (SD), median (Me), bias,  
minimum and maximum of a variable. A normal distri-
bution of quantitative variables was assessed based 
on the results of the Shapiro-Wilk test for normality.

The non-parametric Kruskal-Wallis test was used 
to compare differences in distributions of studied 
parameters between independent groups of proce-
dures. Post hoc comparisons were based on Dunn’s 
test. In all analyses below, a significance level of α = 
= 0.05 was assumed.

Table VII. Duration of hospitalisation with regard to different procedures

Type Procedure Total duration of 
hospitalisation, mean

1 Laparotomy + necrosectomy + passive drainage (scheduled repeated laparotomies) 145

2 Laparotomy + necrosectomy + active drainage 85

3 Percutaneous drainage + VARD 66

4 Percutaneous drainage 41

Table VIII. Statistical differences on the day of in-
tervention between individual intervention groups

Dunn’s multiple  
comparison test

Significant?  
p < 0.05?

Summary

Interv 1 vs. Interv 2 No NS

Interv 1 vs. Interv 3 Yes ***

Interv 1 vs. Interv 4 Yes *

Interv 2 vs. Interv 3 Yes **

Interv 2 vs. Interv 4 No NS

Interv 3 vs. Interv 4 No NS

Table IX. Statistical differences in the APACHE II  
score between individual intervention groups

Dunn’s multiple  
comparison test

Significant?  
p < 0.05?

Summary

Interv 1 vs. Interv 2 No NS

Interv 1 vs. Interv 3 Yes **

Interv 1 vs. Interv 4 Yes **

Interv 2 vs. Interv 3 Yes *

Interv 2 vs. Interv 4 Yes *

Interv 3 vs. Interv 4 No NS

Table X. Statistical differences with regard to 
hospitalisation duration between individual in-
tervention groups

Dunn’s multiple  
comparison test

Significant? 
p < 0.05?

Summary

Interv 1 vs. Interv 2 No NS

Interv 1 vs. Interv 3 No NS

Interv 1 vs. Interv 4 Yes *

Interv 2 vs. Interv 3 No NS

Interv 2 vs. Interv 4 Yes *

Interv 3 vs. Interv 4 No NS

Table XI. Statistical differences with regard to 
the CTSI index between individual intervention 
groups

Dunn’s multiple 
comparison test

Significant? 
p < 0.05?

Summary

Interv 1 vs. Interv 2 No NS

Interv 1 vs. Interv 3 Yes **

Interv 1 vs. Interv 4 Yes ***

Interv 2 vs. Interv 3 No NS

Interv 2 vs. Interv 4 Yes *

Interv 3 vs. Interv 4 No NS
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Discussion

A diagnosis of severe AP is always a great chal-
lenge to an interdisciplinary team of physicians. 
Unfortunately until now no universal management 
standards have been prepared and so far individual-
ised treatment is recommended for each patient suf-
fering from this disease. There are no controversies 
only with regard to the initial management strategy 
applied at the initial disease stage. In such a situa-
tion, under intensive care, detailed monitoring of vi-
tal signs, fluid therapy, electrolyte supplementation, 
appropriate nutrition (currently the predominant role 
of enteral nutrition is emphasised) and prophylaxis 
of local and generalised complications, especially of 
an infective nature, are provided [6].

In the case of severe AP surgical (interventional) 
treatment is allowed when a focus of infected pan-
creatic necrosis, cyst or abscess has been diagnosed, 
as well as in selected cases of acute complications 
associated with this disease, such as gastrointesti-
nal perforation, massive gastrointestinal bleeding 
or symptoms of compartment syndrome [7, 8]. It 
is commonly accepted that a  surgical intervention 
should be delayed as much as possible because 
when it is performed at an early disease stage it 
undoubtedly has a negative effect on the outcomes 
of treatment [9]. The optimum period to perform an 
intervention starts 3–4 weeks after the first symp-
toms of disease [10, 11]. At that time demarcation 
processes in the necrotic tissue are so advanced that 
necrosectomy is not associated with such a high risk 
of complications. It seems to have a critical meaning 
for minimally invasive procedures as in such cases 
monitoring of any intraoperative complications may 
be much more limited. Such complications may for 
example include intraoperative haemorrhage from 

the pancreatic tissue that is not completely necrotic. 
The use of laparoscopy or endoscopy is associated 
with development of additional complications that 
are specific for a given method, and sometimes con-
version to laparotomy is necessary [12]. However, 
with better and better management of laparoscopic 
techniques and appropriate equipment (LigaSure, 
harmonic knife, local haemostatic agents) it is less 
and less troublesome to provide for possible intraop-
erative haemorrhages or other complications.

Video-assisted retroperitoneal debridement used 
in our department appears to have a vital advantage, 
in the end, over classic management, as has been 
reported many times by different research centres in 
the literature. Only one, small incision used to elimi-
nate necrotic tissues is beneficial to patients as they 
are not burdened with an additional, major surgical 
trauma. Moreover, thanks to the application of active 
post-surgical drainage it is in general not necessary 
to perform another intervention at a surgical site. It 
is also possible that the use of percutaneous drain-
age before videosurgical intervention gives some 
control of intra-abdominal infection and may im-
prove the efficiency of AP treatment by reducing the 
reintervention rate. In the comparable material and  
the method lacking this technique, used by Sileikis  
et al., the number of surgical reinterventions was 
significantly higher [13]. The outcomes achieved, al-
though possibly biased with a correlation error, seem 
to be much better; nonetheless, one cannot forget 
that when comparing a classic method with a mini-
mally invasive procedure several aspects have to be 
considered. First of all, treatment methods were not 
randomised. Unfortunately due to severe patient’s 
condition and a  risk associated with using an un-
ascertained method it was not possible to select 
a technique randomly, and an exceptionally individ-
ual, multidisciplinary approach to a patient was re-
quired. Additionally, in the initial period the team did 
not have enough experience with regard to minimal-
ly invasive procedures. Moreover, probably in many 
cases this method was used in patients in a gene
rally better general condition (based on the APACHE II  
score), and classic, well-known methods were re-
served for the most severe cases, with significantly 
higher dynamics. This fact seems to be confirmed by 
statistical calculations within this scale, as well as 
the analysis of the CTSI index in a group of patients 
in whom classic surgical methods were applied com-
pared to VARD (Tables IX, XI). The highest death rate 

Table XII. Statistical differences with regard to ge
neral complications between individual inter-
vention groups

Dunn’s multiple 
comparison test

Significant? 
p < 0.05?

Summary

Interv 1 vs. Interv 2 No NS

Interv 1 vs. Interv 3 No NS

Interv 1 vs. Interv 4 Yes **

Interv 2 vs. Interv 3 No NS

Interv 2 vs. Interv 4 No NS

Interv 3 vs. Interv 4 No NS
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associated with type 1 procedures may therefore be 
a result of an advanced local stage and severity of 
resulting complications.

When analysing the course of hospitalisation in 
patients subject to minimally invasive procedures  
it can be observed that gradual management of  
this disease has additional advantages. In some cas-
es even the stage of percutaneous drainage, with 
a transabdominal or retroperitoneal approach, may 
be a definitive intervention. It is commonly known 
that this is a recognised method of treatment of some 
types of pancreatic necrosis, as well as an excellent 
method to gain control over intra-abdominal infec-
tion [14]. Basic fears associated with VARD including 
lack of complete control over a surgical field can be 
dispersed with advanced surgical skills. A  careful, 
blunt approach to the peripancreatic area under ul-
trasound supervision makes it possible to minimise 
a potential risk of damage to major vessels or organs. 
On the other hand, careful removal of necrotic tissue 
using only a delicate stream of water coming from 
a suction-flushing device is not associated with too 
intense haemorrhage. It is extremely vital to select 
the appropriate time of an intervention when the 
majority of pancreatic necrotic tissues have become 
completely demarcated. Consequently it seems that 
currently open methods should be reserved for the 
most serious conditions requiring interventions for 
indications other than infection (compartment syn-
drome, bleeding, gastrointestinal perforation) that 
appear at an earlier stage than tissue demarcation. 
An attempt to control intra-abdominal infection is 
usually possible the most frequently with the least 
invasive, percutaneous methods. Constantly gained 
experience in the use of minimally invasive methods 
and technological development are the main factors 
supporting their use in such cases. Compared to the 
first reports from the mid-2000s the outcomes have 
become significantly better [15, 16]. Statistical anal-
yses have not proven that VARD would significantly 
shorten the hospitalisation duration with regard to 
classic (open) methods (Table X). Its use is also not 
associated with a numerically lower number of com-
plications; however, their severity is different, which 
undoubtedly supports the superiority of this method 
(Table VI). In this group it was possible to perform 
minimally invasive procedures in 64.7% of patients, 
which confirms previous reports of Horvath et al. [2].

However, medical benefits and economic bene-
fits are not well matched. It turns out that necrosec-

tomy in severe cases of AP is associated with signifi-
cant expenses. They are similar to the ones incurred 
using classic methods of surgical treatment [17].

Summing up, based on the analysed material, 
it cannot be concluded whether it is possible to 
use minimally invasive methods in each case of se-
vere AP. Undoubtedly they can be applied without 
limits, and are beneficial in cases where necrotic 
and inflammatory lesions are less advanced. Al-
though a  lower rate of general complications has 
not been proven, the use of such modern methods 
is associated with less intense complications, and 
therefore they are easier to treat. In selected cases 
these methods have superseded traditional meth-
ods to treat AP complications and as a result they 
provided a chance of significantly better therapeu-
tic outcomes in patients suffering from this severe 
disease.

Conclusions

When AP and its complications are diagnosed, 
a  suitable method of surgical treatment has to be 
selected extremely precisely and in an individualised 
way. Minimally invasive methods used in selected 
patients provide better outcomes and higher safe-
ty superseding classic, open techniques of surgical 
treatment.
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