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admitted to the ICU for acute pancreatitis
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Abstract
Objective: The primary objective of this article is to identify risk factors for infected pancreatic necrosis (IPN) in patients

admitted to the intensive care unit (ICU) for severe acute pancreatitis. We also described outcomes of IPN.

Background: Acute pancreatitis is common and associated with multiple, potentially life-threatening complications. Over the

last decade, minimally invasive procedures have been developed to treat IPN.

Methods: We retrospectively studied consecutive patients admitted for severe acute pancreatitis to the ICUs of the Nantes

University Hospital in France, between 2012 and 2015. Logistic regression was used to evaluate potential associations linking

IPN to baseline patient characteristics and outcomes.

Results: Of the 148 included patients, 26 (17.6%) died. IPN developed in 62 (43%) patients and consistently required radio-

logical, endoscopic, and/or surgical intervention. By multivariate analysis, factors associated with IPN were number of organ

failure (OF) (for� 3: OR, 28.67 (6.23–131.96), p< 0.001) and portosplenomesenteric venous thrombosis (OR, 8.16 (3.06–21.76)).

Conclusion: IPN occurred in nearly half our ICU patients with acute pancreatitis and consistently required interventional

therapy. Number of OFs and portosplenomesenteric venous thrombosis were significantly associated with IPN. Early manage-

ment of OF may reduce IPN incidence, and management of portosplenomesenteric venous thrombosis should be investigated.
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Key summary

Infected pancreatic necrosis (IPN) increases the already high morbidity and mortality rates in severe acute pan-
creatitis. Whereas the step-up approach is now advocated for management of IPN, few clinical risk factors are
known.

Half the patients in a retrospective cohort developed IPN. Independent risk factors of IPN were portospleno-
mesenteric venous thrombosis and multiple organ failure. Anticoagulation for portosplenomesenteric venous
thrombosis did not protect from the development of cavernoma.
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Introduction

Severe acute pancreatitis is a common reason for inten-
sive care unit (ICU) admission and is associated with
prolonged hospital stays and high morbidity and mor-
tality rates.1,2 The Atlanta Classification3 differentiates
mild, moderate, and severe acute pancreatitis, and each
of these categories correlates with morbidity and mor-
tality. Mortality has decreased during the last decade
but remains high, between 10% and 39%, in severe and
moderately severe acute pancreatitis.1,4,5 Infected pan-
creatic necrosis (IPN) is a risk factor for mortality.1,6,7

After the first week, about 30% of patients with
necrotising pancreatitis develop IPN.4,5 The treatment
of IPN combines antibiotics with interventions, prefer-
ably using minimally invasive techniques such as per-
cutaneous and endoscopic drainage, which have been
proven beneficial.4,5,8,9 A step-up approach is now
advocated, with percutaneous drainage then minimally
invasive interventions and, finally, surgical necrosect-
omy if required.5,9–12 In several studies13,14 biological
markers such as procalcitonin and interleukin-8 were
effective in predicting IPN. However, few clinical risk
factors for IPN have been reported.3,15 Identifying risk
factors may help to improve standardised strategies for
early diagnosis and treatment and, therefore, patient
outcomes.

Here, our primary objective is to identify risk fac-
tors for IPN in patients admitted to the ICU for acute
pancreatitis. Our secondary objective is to describe
the management of IPN, mortality and outcomes of
severe acute pancreatitis.

Methods

Study design and patients

We retrospectively reviewed the medical charts
of consecutive patients admitted with a diagnosis of
acute pancreatitis to any of the three ICUs of the
University Hospital in Nantes (France) between
January 2012 and December 2015. The three ICUs
were the hepato-gastroenterology ICU, the general
medical ICU, and the surgical ICU. Only the general
medical and surgical ICUs were able to provide life-
sustaining therapies including mechanical ventilation,
vasoactive drugs, and renal replacement therapy.
The three units collaborated closely with one another
and applied similar protocols. Patients included in the
study were initially admitted to any of the three parti-
cipating units, according to disease severity at presen-
tation. Patients were transferred from one ICU to
another as dictated by their clinical course. The patients
were identified by searching the hospital database for
International Statistical Classification of Diseases and
Related Health Problems, 10th revision codes K85.0 to

K85.9. All patients meeting revised Atlanta Classification
criteria3 (Supplemental Digital Content 1) for moder-
ately severe or severe acute pancreatitis were included.
Exclusion criteria were mild acute pancreatitis, defined
as no organ failure (OF) or local complication. The
ethics committee of the French Intensive Care Society
approved the study (#CE SRLF16-09). French legisla-
tion on studies of anonymised retrospective data does
not require informed consent.

Data collection

The following were recorded: demographics, mortality,
hospital and ICU lengths of stay, computed tomography
(CT) findings with the CT Severity Index (CTSI) (por-
tosplenomesenteric venous stenosis or thrombosis
(PSMVT), presence of gas), development of IPN with
the management (percutaneous or endoscopic translum-
inal drainage, endoscopic or surgical necrosectomy, and
antibiotics with the duration of use), and OF, hollow
organ perforation, bowel ischaemia, gastrointestinal
bleeding, and PSMVT). According to the Atlanta
Classification,3 OF was defined as a modified Marshall
score16 (Supplemental Digital Content 2)� 2 for the
renal, respiratory, or cardiovascular system. All CT
images obtained before the first drainage or surgical pro-
cedure were subjected to blind review by a radiologist
who recorded the presence or absence of gas within pan-
creatic collection(s) and/or of PSMVT.

Management of patients with suspected IPN

When IPN was suspected by bedside physicians (usu-
ally defined by the development of fever, leucocytosis,
and increasing abdominal pain), patients underwent
CT-guided drainage and/or open surgery. The choice
between percutaneous and endoscopic drainage was
based on location of the infected collection, which gov-
erned ease of access by either technique. Patients with
persistent sepsis after the first drainage procedure
underwent endoscopic or surgical necrosectomy.
First-line open surgical necrosectomy was performed
when minimally invasive drainage was deemed to
carry a high risk of adverse vascular or bowel events,
as well as in patients with acute abdominal manifest-
ations suggesting bowel perforation and/or ischaemia.

Definition of groups with and without IPN

According to previous studies,4,17 patients who died
within seven days after the beginnings of pancreatitis
were excluded from the comparison between the IPN
group and the non-IPN group. Causes of death were
recorded. Patients alive after the first week were diag-
nosed with IPN if they met criteria similar to those used
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in a large prospective randomised trial (the patients
with acute necrotising pancreatitis (PANTER) trial)
comparing open necrosectomy to a step-up approach
for treating IPN.4 The criteria for definite IPN were CT
evidence of a collection containing extraluminal gas or
a positive culture of pancreatic tissue obtained by fine-
needle aspiration, drainage, or necrosectomy. A strong
suspicion of IPN was defined as negative culture but
persistent sepsis in a patient with pancreatic and/or
peripancreatic necrosis requiring a procedure, in the
absence of any other infection. Patients with definite
or strongly suspected IPN were included in the IPN
group. The other patients were included in the non-
IPN group, which was managed conservatively.

Statistics

Baseline characteristics of the overall population were
expressed as frequencies (percentages) for categorical
variables, as mean� standard deviation (SD) for con-
tinuous data and in the case of abnormal distributions
as median with interquartile range (IQR; 25th–75th
percentile).

For the comparison between IPN and non-IPN
patients, only patients alive after the first week were
analysed. To compare baseline characteristics between
IPN and non-IPN patients, Wilcoxon Mann–Whitney
or Student tests were used for continuous variables, and
Pearson �2 or exact Fisher tests were used for categor-
ical variables. Multivariate logistic regression analysis
was performed to predict possible factors associated
with IPN, (age, gender, body mass index (BMI),
CTSI, PSMVT, and OF). All variables entered into
the model were recorded before the diagnosis of IPN

and had a p value of 0.2 or lower. The final set of pre-
dictors was selected via stepwise variable selection.

All tests were two tailed, and p values lower than
0.05 were considered significant. The data were ana-
lysed using Stata statistical software (Release 13.
College Station, TX, USA: StataCorp LP).

Results

Of 228 patients admitted to our hospital during the
study period with a diagnosis of acute pancreatitis,
148 met our inclusion criteria (Figure 1). Among
them, 13 were referred from local hospitals and 135
were admitted via the emergency department of the
Nantes University Hospital. Table 1 reports their base-
line characteristics and outcomes.

Comparison of patients with and without IPN

Of the 132 patients alive after the first week, 70 did not
have IPN and required no drainage or open surgery.
The other 62 patients had definite or strongly suspected
IPN and required minimally invasive interventions and/
or open surgery.

At baseline, patients who subsequently developed
IPN were older, more often had alcohol abuse, had
greater acute illness severity as assessed by the
Simplified Acute Physiology Score version II,18 and
had higher CTSI values (Table 2). OF (renal, respira-
tory, and/or cardiovascular) and persistent OF were
more common in patients with than without IPN
(Table 2). Late mortality was significantly higher in
the group with than without IPN (14.5% vs. 1.4%
respectively; p¼ 0.001). ICU length of stay and total

Acute pancreatitis (AP) with 
ICU admission

n=228

Excluded n=80

• n=68 for pancreatitis without 
necrosis (CTSI <3)  or peri-pancreatic
collection  

• n=12 for erroneous diagnosis of 
pancreatitis

Severe AP
n=148

Survivors on day 8
n=132

No-IPN, non-interventional treatment 
n=70

IPN, interventional treatment 
n=62

Non-survivors on day 8 
n=16

Survivors
n=53

Non-survivors 
n=9

Survivors 
n=69

Late phase >
 8 days

E
arly phase ≤

 8 days

Non-survivors
n=1

Figure 1. Flowchart of the study patients.

CTSI: Computed Tomography Severity Index; ICU: intensive care unit; IPN: infected pancreatic necrosis.
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hospital length of stay were longer in the group with
than without IPN (34.7� 34.9 days vs. 8.4� 7.3 days;
p< 0.001 and 67.5� 42 days vs. 17.2� 12.7 days,
p< 0.001, respectively). By univariate analysis,

PSMVT was significantly associated with IPN (47/62
(75.8%) patients with IPN vs. 20/70 (28.6%) without
IPN, p< 0.001). Bleeding, hollow organ perforation,
and bowel ischaemia were also more common in the

Table 1. Univariate analysis of baseline characteristics, CTSI values, and complications in survivors and non-survivors.

Totala

n¼ 148

Survivors

n¼ 122

Non-

survivors¼ 26

HRcrude

(95% CI) p-value

Baseline characteristics and CTSI

Age, years, mean (SD) 54.1 (17.5) 50.8 (16.4) 69.5 (14.1) 1.07 (1.04–1.10) <0.001

Males, n (%) 107 (72.3) 91 (74.6) 16 (61.5) 1 0.02

BMI, mean (SD) 26.3 (5.4) 25.8 (5.2) 30.3 (5.9) 1.12 (1.03–1.22) 0.005

Cause of pancreatitis, n (%)

Biliary 48 (32.4) 36 (29.5) 12 (46.2) 1 0.32

Alcohol abuse 64 (43.2) 56 (45.9) 8 (30.8) 0.51 (0.21–1.25)

Otherb 36 (24.3) 30 (24.6) 6 (23.1) 0.65 (0.24–1.73)

Comorbidities, n (%)

Diabetes 20 (13.5) 13 (10.7) 7 (26.9) 2.59 (1.09–6.17) 0.03

Hypertension 58 (39.2) 42 (34.4) 16 (61.5) 2.64 (1.20–5.82) 0.02

Dyslipidaemia 38 (25.7) 32 (26.2) 6 (23.1) 0.87 (0.35–2.17) 0.77

Smoking 54 (36.5) 49 (40.2) 5 (19.2) 0.42 (0.16–1.12) 0.08

Alcohol usec 73 (49.3) 63 (51.6) 10 (38.5) 0.65 (0.29–1.43) 0.28

Chronic pancreatitis 12 (8.1) 12 (9.8) 0 (0) – –

SAPS II, mean (SD) 38.1 (19.7) 33.5 (18.5) 52 (16.7) 1.04 (1.02–1.06) <0.001

CTSI, mean (SD) 5.9 (2.4) 5.5 (2.2) 7.7 (2.2) 30.7 (5.1–183.5) <0.001

Complications, n (%)

No OF 26 (17.6) 26 (21.3) 0 (0) 1

One or two OFs 60 (40.5) 60 (49.2) 0 (0) –

�3 OFs 62 (41.9) 36 (29.5) 26 (100) –

Persistent OF (>48 hours) 63 (42.6) 44 (36.1) 19 (73.1) 3.84 (1.61–9.14) 0.002

Type of persistent OF, n (%):

Respiratory failure 93 (62.8) 68 (55.7) 25 (96.2) 15.92 (2.16–117.48) 0.007

Mechanical ventilation 63 (42.6) 44 (36.1) 19 (73.1) 3.79 (1.59–9.02) 0.003

ARDS 23 (15.5) 13 (10.7) 10 (38.5) 3.81 (1.72–8.40) 0.001

Circulatory failure 62 (41.9) 36 (29.5) 26 (100) – <0.001

Pressor aminesd 49 (33.1) 30 (24.6) 19 (73.1) 6.07 (2.55–14.43) <0.001

Renal failure 66 (44.6) 40 (32.8) 26 (100) – <0.001

RRT 25 (16.9) 12 (9.8) 13 (50) 5.89 (2.72–12.71) <0.001

PSMVT, n (%) 76 (51.7) 59 (48.4) 17 (68) 1.94 (0.84–4.51) 0.12

Perforation of hollow organ, n (%) 5 (3.4) 4 (3.3) 1 (3.8) 1.01 (0.14–7.50) 0.99

Bowel ischaemia, n (%) 7 (4.7) 2 (1.6) 5 (19.2) 6.65 (2.48–17.84) <0.001

Gastrointestinal bleeding, n (%) 13 (8.8) 10 (8.2) 3 (11.5) 1.24 (0.37–4.14) 0.72

Intervention for infected pancreatic necrosise, n (%) 64 (43.2) 53 (43.4) 11 (42.3) 0.84 (0.38–1.83) 0.66

Surgical necrosectomy, n (%) 36 (24.3) 26 (21.3) 10 (38.5) 1.79 (0.81–3.94) 0.15

HR: hazard ratio; 95% CI: 95% confidence interval; BMI: body mass index; IQR: interquartile range; SAPS II: Simplified Acute Physiology Score version II18

determined 24 hours after intensive care unit admission; CTSI: Computed Tomography Severity Index, which can range from 0 to 10 and was� 3 in all study

patients; OF: organ failure; ARDS: acute respiratory distress syndrome; RRT: renal replacement therapy; PSMVT: portosplenomesenteric venous thrombosis.
aOf the 148 study patients, 16 died during the first week; of the remaining 132 patients, 62 did and 70 did not develop infected pancreatic necrosis.
bOther causes of pancreatitis: hypertriglyceridemia, unknown, drug-induced causes, post-endoscopic retrograde cholangiopancreatography, traumatic.
cAlcohol consumption> 20 g/day in women and 30 g/day in men.
dPressor amines: Pressor amines initiate because of persisting hypotension with mean blood pressure <65 mmHg despite adequate fluid resuscitation

>40 ml/kg.
eRadiological, endoscopical and surgical interventions.

Garret et al. 913
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IPN group (Table 2). By multivariate analysis, factors
significantly associated with IPN were acute pancrea-
titis due to causes other than biliary disease and alcohol
abuse, higher number of OFs, and PSMVT (Table 3).

Mortality and outcomes

Overall, 26 (17.6%) patients died, 16 (10.8%) within the
first week and 10 (6.8%) later on (Figure 1). All 26 were

Table 2. Baseline characteristics and incidence of organ failure and other complications in patients with and without

infected pancreatic necrosis (IPN).

Totala

n¼ 132

No-IPN

n¼ 70

IPN

n¼ 62 p-value

Baseline characteristics

Age, years, mean (SD) 51.7 (16.6) 48.6 (16.3) 55.3 (16.3) 0.02

Males, n (%) 99 (75) 48 (68.6) 51 (82.3) 0.07

BMI, mean (SD) 26.1 (5.4) 25.5 (5.4) 26.8 (5.4) 0.19

Cause of pancreatitis, n (%)

Biliary 41 (31.1) 20 (28.6) 21 (33.9) 0,11

Alcohol abuse 59 (44.7) 37 (52.9) 22 (35.5)

Otherb 32 (24.2) 13 (18.6) 19 (30.6)

Comorbidities, n (%)

Diabetes 16 (12.1) 6 (8.6) 10 (16.1) 0.18

Hypertension 46 (34.8) 20 (28.6) 26 (41.9) 0.11

Dyslipidaemia 32 (24.2) 16 (22.9) 16 (25.8) 0.69

Smoking 51 (38.6) 30 (42.9) 21 (33.9) 0.29

Alcohol usec 68 (51.5) 42 (60) 26 (41.9) 0.04

Chronic pancreatitis 12 (9.1) 7 (10) 5 (8.1) 0.7

SAPS II, mean (SD) 35.2 (18.4) 25 (18.2) 40 (16.6) <0.001

CTSI, mean (SD) 5.6 (2.2) 5 (1.8) 6.3 (2.5) 0.01

Complications, n (%)

No OF 26 (19.7) 23 (32.9) 3 (4.8) <0.001

One or two OFs 60 (45.4) 39 (55.7) 21 (33.9) <0.001

�3 OFs 46 (34.8) 8 (11.4) 38 (61.3) <0.001

Persistent OF> 48 hours 53 (40.2) 13 (18.6) 40 (64.5) <0.001

Type of persistent OF, n (%):

Respiratory failure 78 (59.1) 23 (32.9) 55 (88.7) <0.001

Mechanical ventilation 53 (40.2) 10 (14.3) 43 (69.4) <0.001

Circulatory failure 46 (34.8) 14 (20) 32 (51.6) <0.001

Renal failure 50 (37.9) 16 (22.9) 34 (54.8) <0.001

PSMVT, n (%) 67 (50.8) 20 (28.6) 47 (75.8) <0.001

Perforation of hollow organ, n (%) 5 (3.8) 0 (0) 5 (8.1) 0.02

Bowel ischaemia, n (%) 4 (3) 1 (1.4) 3 (4.8) 0.34

Intestinal bleeding, n (%) 13 (9.8) 1 (1.4) 12 (19.4) 0.001

Hospital stay, days, mean (SD) 40.8 (39.3) 17.2 (12.7) 67.5 (42.0) <0.001

ICU stay, days, mean (SD) 25.9 [31.3] 8.4 [7.3] 34.7 (34.9) <0.001

Hospital mortality, n (%) 10 (7.6) 1 (1.4) 9 (14.8) 0.01

ICU: intensive care unit; IPN: infected pancreatic necrosis; BMI: body mass index; IQR: interquartile range; SAPS II: Simplified Acute

Physiology Score version II determined 24 hours after ICU admission;18 CTSI: Computed Tomography Severity Index, which can range

from 0 to 10 and was�3 in all study patients; OF: organ failure; PSMVT: portosplenomesenteric venous thrombosis.
aThese 132 patients were those of the initial cohort of 148 patients who survived the first week; among them 62 did and 70 did not

develop infected pancreatic necrosis.
bOther causes of pancreatitis: hypertriglyceridemia, unknown, drug-induced causes, post-endoscopic retrograde cholangiopancrea-

tography, traumatic.
cAlcohol consumption>20 g/day in women and 30 g/day in men.
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among the subgroup of 62 patients with three or more
OFs. Causes of early death within seven days after
onset of pancreatitis were bowel ischaemia (n¼ 4) and
refractory shock with multiple OF (n¼ 12). Emergency

laparotomy was performed in two of the patients who
died within the first week. Deaths after day 7 were due
to refractory abdominal bleeding (n¼ 2), bowel ischae-
mia (n¼ 3), and refractory shock (n¼ 5). Of the 10
patients who died after the first week, nine had definite
or strongly suspected IPN.

Seventy-six (51.7%) of the 148 patients had PSMVT,
the splenic vein being the most common site of throm-
bosis (62/76) (Table 1). Median time from hospital
admission to PSMVT diagnosis was 11 days (3–35
days). Anticoagulant therapy was given to 39 of the
76 (51.3%) patients with PSMVT, for a median of six
months (3–7.5 months). Cavernoma developed in 25/39
(68%) patients given anticoagulant therapy and in 9/18
(50%) patients not given anticoagulants (p¼ 0.31)
(Table 4). Intra-abdominal bleeding occurred in
13/148 (8.7%) patients (Table 1), including 10 receiving
effective anticoagulation. Of these 13 patients, six had a
peptic ulcer, including one who required intravascular
embolisation. The remaining seven patients had bleed-
ing at sites of pancreatic necrosis or pseudocyst: Four
were treated surgically and three by intravascular
embolisation. Hollow organ perforation occurred in
five patients and bowel ischaemia in four patients.

Management and description of patients with IPN

Mean time from ICU admission to the first drainage
procedure was 29.3� 17 days. The mean number of
percutaneous or endoscopic drainage procedures per
patient was 3� 2; 22 (35%) patients required a single
drainage procedure and no necrosectomy (Figure 2).
Additional necrosectomy was required due to lack of
improvement after drainage in 30 (48%) patients.
Furthermore, 10 patients (17%) were managed with
necrosectomy without prior drainage.

Of the 62 patients with IPN, 49 (79.0%) had sys-
temic antibiotic therapy started before bacteriological

IPN, interventional treatment
n=62

Drainage alone without 
necrosectomy

n=22

Radiological 
drainage (per-

cutaneous)
n=15 

Endoscopic 
drainage 

(transgastric) 
n=6

Radiological + 
Endoscopic 

drainage 
n=1

Drainage + Necrosectomy
n=30

Surgical 
necrosectomy

n=6

Endoscopic 
necrosectomy 

n=4

Radiological 
drainage + 

surgical 
necrosectomy 

n=16

Endoscopic 
drainage + 
endoscopic 

necrosectomy 
n=2

Radiological + 
endoscopic 
drainage:+
Endoscopic
necrosectomy n=4      
+ surgical 
necrosectomy n=1

Radiological + 
endoscopic 
drainage + surgical 
+ Endoscopic 
necrosectomy 

n=7

Necrosectomy alone
n=10

Figure 2. Management strategy and details of interventions for infected pancreatic necrosis (IPN).

Table 3. Multivariate analysis to identify factors associated with

infected pancreatic necrosis.

aOR (95% CI) p-value

Cause of pancreatitis

Alcohol abuse 1 0.02

Biliary 2.43 (0.79–7.45)

Othera 5.36 (1.59–18.12)

Number of OFs

None 1 <0.001

One or two 4.44 (1.07–18.40)

�3 28.67 (6.23–131.96)

PSMVT 8.16 (3.06–21.76) <0.001

aOR: adjusted odds ratio; 95% CI: 95% confidence interval; OF: organ fail-

ure; PSMVT: portosplenomesenteric venous thrombosis.
aOther causes of pancreatitis: hypertriglyceridemia, unknown, drug-

induced causes, post-endoscopic retrograde cholangiopancreatography,

traumatic.

Table 4. Treatment and outcomes of patients with portospleno-

mesenteric venous thrombosis or stenosis.

Total

n¼ 57

No

cavernoma

n¼ 23

Cavernoma

n¼ 34 p-value

No effective sys-

temic

anticoagulation

18 (31.6) 9 (39.1) 9 (26.5) 0.31

Effective systemic

anticoagulation

39 (68.4) 14 (60.9) 25 (73.5)

Garret et al. 915
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sampling and drainage (Supplemental Digital Content
3). Mean antibiotic therapy duration before drainage
was 8.9� 8.5 days. Of the 62 patients with IPN, 50
(78%) had definite IPN (Supplemental Digital
Content 4) and 12 strongly suspected IPN. In the sub-
group with strongly suspected IPN, eight did not have
microbiological studies of pancreatic or peripancreatic
material and the other four had negative cultures but
had been receiving antibiotics for more than four days
at the time of sampling. CT showed gas bubbles within
necrotic collections in 15 (25%) patients, all of whom
had definite IPN.

Discussion

In the modern era of minimally invasive approaches
to infected tissues, the management and outcomes
of severe acute pancreatitis in everyday practice
remain matters of large uncertainty. Our study adds
to the scant data on outcomes and management of
IPN of patients with severe acute pancreatitis. The
main findings are the independent associations linking
number of OFs and PSMVT to IPN. Regarding man-
agement, our study showed that a single minimally
invasive drainage procedure without necrosectomy
was sufficient in one-third of patients. Percutaneous
and endoscopic techniques were combined in one-
fifth of patients.

The overall 17.6% mortality rate in our study is in
accordance with previous work on acute necrotising
pancreatitis.1,3–5 IPN developed in 41.9% of all patients
admitted for (moderately) severe acute pancreatitis
and in 47.0% of those who survived the first week.
These rates are slightly higher than those reported
previously.1,3,4,19 One possible explanation is that we
included not only patients with definite IPN, but also
those with strongly suspected IPN. The rationale for
this strategy is that absence of, or negative results
from, microbiological samples do not rule out IPN in
patients on systemic antibiotics at the time of sampling.
Independent risk factors for IPN in our study were
multiple OF and PSMVT. Thus, the occurrence of per-
sistent OF during the early phase of acute pancreatitis
might be a risk factor of IPN. OF was associated with
impairments in immune function and abnormalities in
inflammatory mediators in earlier studies of acute pan-
creatitis.17,20,21 Whether there is a causal relationship
between OF during the first week of acute pancreatitis
and the subsequent development of IPN deserves
assessment in prospective studies.

PSMVT was also an independent risk factor for
IPN in our study. To our knowledge, a single earlier
study suggests a link between PSMVT and subsequent
IPN.22 PSMVT developed in 51.7% of our patients,
a proportion toward the higher end of the wide

previously reported range of 0.5% to 62.1%.23 This
high rate in our study might be related to the defin-
ition of PSMVT as not only obstruction but also sten-
osis of a splanchnic vein. The potential impact of
PSMVT on the course of acute pancreatitis is
unknown, and whether PSMVT correlates with the
severity of acute pancreatitis has not been reported.
PSMVT was not associated with mortality in our
study, perhaps due to insufficient statistical power.
The potential association of PSMVT with mortality
deserves evaluation in a larger, multicentre cohort
study. Most guidelines refer to PSMVT as a radio-
logical finding. In addition, whether PSMVT is a
severity marker or an event requiring specific treat-
ment remains unclear. There is no evidence supporting
systemic anticoagulation in this situation.22–25 In our
study three-fifths of patients given anticoagulant ther-
apy after PSMVT diagnosis developed cavernoma,
and the frequency of cavernoma was not different
with vs. without anticoagulant therapy, in keeping
with other reports.22,24,26,27 While receiving effective
anticoagulation, ten patients experienced intestinal
bleeding, including one who developed fatal refractory
haemorrhagic shock. Anticoagulation appeared safe in
two earlier studies,27,28 whereas another found a
12.3% rate of gastrointestinal bleeding.29 Our results
suggest that anticoagulation, particularly in patients
with IPN, should be used with caution. However,
the small sample size does not allow conclusions and
larger studies should address this issue specifically.
In particular, the potential consequences of PSMVT
on the course of severe acute pancreatitis, such as
increased bacterial translocation in the event of
portal system obstruction, remain unknown. Last, we
were unable to evaluate the potential impact of pre-
ventive anticoagulation because nearly all the patients
received this treatment at various times during their
hospital stay. The number of patients without prevent-
ive anticoagulation was thus too small for a statistical
comparison.

Mortality after the first week was considerably
higher in the IPN group, in line with previous stu-
dies.1,3,7 The main causes of death in our study were
refractory shock and multiple OF, as previously
described.30 However, bowel ischaemia was responsible
for one-fourth of early deaths and one-third of late
deaths. Bowel ischaemia is rarely reported as a compli-
cation of acute pancreatitis.31 However, in an autopsy
study of 48 patients with acute pancreatitis, bowel
ischaemia was found in 27% of cases.32 Bowel ischae-
mia can be difficult to diagnose and may be associated
to multiple OF even in the absence of vessel occlu-
sion.31 Patients must be closely monitored to ensure
the early diagnosis of this life-threatening complication.
Efforts to improve pathogenic knowledge and the
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treatment of bowel ischaemia might decrease mortality
in severe acute pancreatitis.

The main limitation of this study is the retrospective
observational design, which is a source of bias and pre-
cludes assessments of causal relationships. Another
limitation is the lack of a standardised therapeutic algo-
rithm, which may have induced bias via several mech-
anisms, such as the choice of one method over another
for logistic (i.e. operating room availability) rather than
medical reasons. Also, the procedures and types of
devices were at the discretion of the interventional
physicians. The management of IPN is not standar-
dised and varies widely across centres and physicians.
No data are available for determining the optimal dur-
ation of antibiotic therapy and prospective studies of
this issue are needed to provide a basis for guidelines.7

Laboratory parameters of potential prognostic signifi-
cance were not available for our study, due to the retro-
spective design. C-reactive protein (CRP) has been
reported to have prognostic significance in acute pan-
creatitis.13 However, in critically ill patients, CRP is
known to have very little diagnostic or prognostic rele-
vance. Last, the single-centre design of our study may
limit the general applicability of our findings. However,
our hospital serves a large population of 1.4 million,
and the size of our cohort was substantial compared to
previous studies.15

In conclusion, in this study of everyday practice,
nearly half the patients admitted to the ICU for mod-
erately severe or severe acute pancreatitis developed
IPN, which was associated with higher mortality and
complication rates. In most cases, IPN was treated with
minimally invasive techniques. Finally, PSMVT and
multiple OF were independently associated with the
development of IPN. These data suggest that early
aggressive management of OF might decrease the risk
of IPN and its complications, and early PSMVT detec-
tion and management should be investigate in further
studies.
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