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Abstract

Background Hypotension and intestinal mucosal ische-
mia lead to bacterial translocation from the gut lumen into
systemic circulation.

Aim The purpose of this study was to determine the
strength of association between different types of organ
failure (OF): hypotension (cardiovascular system failure),
renal failure, respiratory failure, CNS failure and coagulopa-
thy in the first week of acute pancreatitis (AP) and the sub-
sequent development of infected pancreatic necrosis (IN).
Methods Consecutive patients with AP were evaluated
for OF and its severity in the first week of hospital
admission. Modified multiple organ failure score (MOFS)
was used to identify and grade severity of OF. MOFS of
>2, lasting for more than 48 h was defined as OF.
Occurrence of IN (isolation of bacteria in necrosectomy
specimen or image guided fine needle aspiration of pan-
creatic necrosis) was compared between groups with and
without OF.

Results  Ofthe 81 patients, mean age was 40.1 £ 14.4 years
and 55 were males; 60 (74 %) patients had OF and 13 (16 %)
patients had IN. Occurrence of IN was not significantly
different between patients with OF (18.3 %) and without OF
(14.3 %), p = 0.48. However IN occurred in 10 % of
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patients without and 33.7 % patients with hypotension,
p = 0.01. The rest of the organ systems analyzed did not
show any significant difference in occurrence of infected
necrosis. On multivariate analysis independent predictors of
occurrence of IN were hypotension (odds ratio, OR 2.5,
p <0.001) and APACHE II score at 24 h of hospital
admission (OR 4.77, p < 0.001).

Conclusion Hypotension in the first week of AP and
APACHE II score predict development of IN.

Keywords Acute pancreatitis - Infected pancreatic
necrosis - Hypotension - Organ failure

Introduction

In spite of better understanding of pathogenesis of acute
pancreatitis (AP) and development of multidisciplinary
management protocols, AP remains as important medical
and surgical problem. Mild AP has a low mortality rate of
<1 % [1, 2], whereas the death rate for severe AP can vary
from 10 to 30 % depending on the presence or absence of
organ failure (OF) and infected pancreatic necrosis (IN)
[3]. Early evaluation and risk stratification of patients with
AP are important to identify patients with predicted severe
disease. AP is a disease with bimodal course, the first phase
characterized by systemic inflammatory response syn-
drome (SIRS) and the second phase characterized by
infection of pancreatic/peripancreatic necrosis. Several
studies over the last decade have reported that patients with
IN develop OF more often than those with sterile pancre-
atic necrosis [4-8]. These studies suggested that infection
of pancreatic necrosis is a major determinant of severity in
AP [4-8]. In contrast, some studies have found that OF is a
risk factor for development of IN and a major determinant

@ Springer



538

Dig Dis Sci (2015) 60:537-542

of severity [9-11]. Among patients with OF, identifying the
subset of patients who are at an increased risk of IN can
help us to tailor appropriate therapy. Aggressive therapy
can include organ system support and possible use of
antibiotics. Use of antibiotics is a double-edged sword as it
can help patients with actual infection on the one hand or
lead to infection with resistant organisms and fungi on the
other hand. Therefore identification of patients with OF
who are at an increased risk of IN can be helpful in
devising appropriate therapeutic strategy.

Pancreatic necrosis, defined as diffuse or focal areas of
nonviable pancreatic parenchyma, is an important com-
plication that develops during the first few days of pan-
creatitis [12]. Development of necrosis is associated with
pancreatic inflammation, hypovolemia, and hypotension
resulting from circulatory pathway changes, vascular
spasm, hemoconcentration and microthrombi formation
[13]. It is associated with late complications and death if
the necrotic tissue becomes infected [3]. Infection of the
pancreatic necrosis is believed to occur from translocation
of bacteria from the colon [14-16]. It has been suggested
that intestinal barrier dysfunction occurs as a result of
intestinal hypoperfusion [17] which can lead to bacterial
translocation and sepsis [15]. Products and toxins from
intestinal flora enter blood stream across the damaged
intestinal barrier leading to sepsis and IN [18]. We
hypothesized that hypotension in the early course of AP
could be contributing to development of IN. The aim of
this study was to test this hypothesis by studying the
association between different types of organ failure (OF):
hypotension, renal failure and respiratory failure in the first
week of AP with subsequent development of IN.

Methods

This prospective study was conducted in the departments
of Gastroenterology and General Surgery in our Institute, a
tertiary care referral centre, between January 2009 and
December 2010. Eighty-one consecutive patients with AP
were included after an informed consent. The study was
approved by the institute’s ethics committee and Indian
Council of Medical Research (ICMR) guidelines for con-
ducting a research were followed. The inclusion criteria
were (1) patients more than 12 years of age, (2) AP as
defined by (any two of the three) (a) acute abdominal pain,
(b) elevated serum amylase (more than thrice upper limit of
normal range) and (c) typical appearance on ultrasound
(USG) and/or contrast-enhanced computed tomography
(CECT) and (3) patients presenting within 7 days of onset
of abdominal pain. Severe acute pancreatitis (SAP) was
diagnosed if patients had any of the following: (1) OF, (2)
local complications (necrosis, abscess, pseudocyst) or (3)
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APACHE II >8 [19]. Patients known to have chronic
pancreatitis were excluded from the study.

All patients underwent detailed clinical examination and
relevant investigations. APACHE II score and hematocrit
levels were calculated for all patients within 24 h of hos-
pital admission and C-reactive protein (CRP) levels were
measured at 48 h. Patients were monitored for presence
and severity of OF (as per modified multiple organ failure
score, MOFS; Table 1), every day during the first week
[20]. Patients with MOFS of >2 and lasting for >48 h in
any organ system were recorded as having OF. As per
MOFS, hypotension (cardiovascular system failure) was
defined as systolic blood pressure <90 mmHg, despite
adequate fluid resuscitation, lasting for >48 h. This defi-
nition was used to test the hypothesis we had proposed.

All patients were managed according to a standard
protocol in a high dependency unit which included inten-
sive resuscitation, fluid (up to 200-250 ml/h of normal
saline in the initial 24 h followed by the volume dictated
by clinical and hemodynamic parameters) and electrolyte
monitoring, nutritional support (nasojejunal feeding or total
parenteral nutrition) and supportive care. No prophylactic
antibiotics were used. IN was diagnosed if image-guided
(USG/CECT) fine needle aspiration of necrotic pancreatic
tissue (considered when persistent fever and/or leucocyto-
sis were present and after excluding other causes) or the
operative specimen of pancreatic tissue showed isolates on
bacterial culture and/or Gram staining. Blood cultures were
sent periodically if the patient had persistent fever or
leucocytosis. Patients with large or infected fluid collec-
tion(s) were subjected to endoscopic drainage or radio-
logically-guided percutaneous catheter drainage (PCD) as
per the technique described earlier [21]. PCD size was
upgraded when there was residual collection that was not
freely drained by small bore catheters. Surgery in the form
of necrosectomy and closed lesser sac drainage was offered
on evidence of IN or worsening OF not responding to the
above-mentioned minimally invasive modalities. The
clinical course of these patients was followed until the
completion of their hospital stay. Parameters evaluated for
the hospital course and outcome included occurrence of IN,
blood stream infection, need for PCD insertion, need for
surgery, total hospital stay and mortality. Data were ana-
lyzed to correlate occurrence of IN in patients with and
without different types of OF.

Statistical Analysis

The data was analyzed using SPSS software (version 21).
Data was explored for any outliers, errors and missing
values. When data was normally distributed, continuous
variables were compared using Student ¢ test. For more
than two groups one-way ANOVA was used. For skewed
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Table 1 Modified multiple organ failure score [20]
Measure Score

0 1 3 4
Cardiovascular system (SBP, mmHg) >90 <90 <90, fluid nonresponsive <90, pH <7.3 >7.2 <90, pH < 7.2
Respiratory system FiO,/PO, >400 301-400 201-300 101-200 <101
Glasgow coma scale 15 13-14 10-12 6-9 <6
Platelet count (10°/1) >120 81-120 51-80 21-50 <21
Creatinine (pg/1) <1.5 1.5-1.9 2.0-3.4 3.5-4.9 >5

SBP systolic blood pressure, FiO, fraction of inspired oxygen, PO, partial pressure of oxygen

Table 2 Baseline characteristics of all patients on admission

Characteristic Value
Age (years)* 40.1 + 144
Gender (m/f) 55726
DBA? (days) 36 +£2.1
Etiology (alcohol/gallstone/others) 40/29/12

N (%) (49.3/35.8/14.9 %)
APACHE 1I (24 h)* 8.1 £4.6
Hematocrit (24 h)* 3341 £ 4.0
CRP (48 h) (mg/dl)* 21.9 + 241
BMI (kg/m?)* 23.08 £+ 1.9
MOFS (dayl)* 4.02 £ 441
CTSI* 591 £ 2.76
Pancreatic necrosis N (%) 64 (79 %)
OF (first week of admission) N (%) 60 (74.1 %)
Blood stream infection N (%) 28 (34.6 %)
Infected pancreatic necrosis N (%) 13 (16.1 %)

BMI body mass index, CRP C-reactive protein, CTSI computerized
tomography severity index, DBA duration between onset of pain and
hospital admission, MOFS modified multiple organ failure score,
N number of patients, OF organ failure

% Mean £ SD

data Mann—Whitney test was used. Quantitative data was
described as mean and standard deviation with 95 % con-
fidence intervals. Categorical data was shown as propor-
tions. Comparison of OF and no OF groups was carried out
for various categorical variables using chi-square test of
association to find out any statistical association between
these.

Results

We analysed 81 patients (55 males, mean age of
40.1 £ 14.4 years) presenting with AP (mean duration of
pain before admission in our hospital, 3.6 £ 2.1 days)
(Table 2). Alcohol (49.3 %) was the most common etiol-
ogy of AP followed by gall stones (35.8 %) and others
(14.9 %; idiopathic pancreatitis, n =5; traumatic

Table 3 Severity of different types of organ failure and its severity
(as per modified multiple organ failure score)

Type of organ failure Grade 2 Grade 3 Grade 4

Renal (n = 57) 34 15
Respiratory (36) 20
Cardiovascular (hypotension) 12

(n=21)
Coagulation (n = 20) 12 4 4
CNS (n = 3) 2 1 0

pancreatitis, n = 3; post-endoscopic retrograde cholangi-
opancreatography pancreatitis, n = 3; and hyperparathy-
roidism associated pancreatitis, n = 1). As per the
modified multiple organ failure score [20] for defining and
grading severity of OF, 21 (25.9 %) patients had no OF,
while 60 (74.1 %) had OF (Table 3).

Renal failure was the most common type of OF (n = 57;
70.4 %) followed by respiratory failure (n = 36; 44.5 %),
cardiovascular failure (n = 21; 26 %), coagulation failure
(n = 20; 24.7 %) and central nervous system failure
(n = 3; 3.7 %). Twenty-one patients had two organ fail-
ures and 16 patients had >2 organ failures. Thirteen of 81
(16 %) patients had IN, of which six were proven by Gram
stain/culture sensitivity of image-guided aspiration and
seven by culture of necrosectomy specimen. IN was diag-
nosed in four patients in week 3, seven patients in week 4
and one patient each in weeks 6 and 7. IN developed in
3/21 (14.3 %) patients without OF and 10/60 (16.7 %) with
OF, p = 0.79. Six of 60 (10.0 %) patients without hypo-
tension and 7/21 (33.3 %) with hypotension developed IN,
p = 0.01 (Table 4). However there was no difference in
the occurrence of IN among those with and without renal
failure (p = 0.57), respiratory failure (p = 0.09), coagu-
lation failure (p = 0.58) and central nervous system failure
(p = 0.41). In addition, there was a significant correlation
between hypotension and blood stream infection, five
(20 %) patients without hypotension and 20 (76.2 %)
patients with hypotension developed blood stream infec-
tion, p < 0.001. There was no difference in the occurrence
of blood stream infection among those with and without
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Table 4 Comparison of organ failure with infected necrosis (IN) and
blood stream infection (BSI)

Organ failure IN absent (%) IN present (%) p value
Renal 47 (82.5) 10 (17.5) 0.57
Respiratory 33 (91.3) 3@8.7) 0.09
Cardiovascular 14 (66.7) 7 (33.3) 0.01
Coagulation 16 (70) 4 (30) 0.58
CNS 2 (66.7) 1 (33.3) 0.41
Organ failure BSI absent (%) BSI present (%)

Renal 35 (61.4) 22 (38.6) 0.24
Respiratory 21 (58.3) 15 (41.7) 0.23
Cardiovascular 5 (23.8) 16 (76.2) <0.001
Coagulation 10 (50) 10 (50) 0.09
CNS 1(33.3) 2 (66.7) 0.23

BSI blood stream infection, IN infected pancreatic necrosis, CNS
central nervous system

Table 5 Spectrum of organisms grown from different sites

Organism Blood Infected
pancreatic necrosis
1. E. coli 8 5
2. Klebsiella pneumoniae 4 2
3. Acinetobacter sp. 4 3
4. Pseudomonas aeruginosa 4 4
5. Staphylococcus aureus 4 0
6. Enterococcus sp. 9 7

renal failure (p = 0.24), respiratory failure (p = 0.23),
coagulation failure (p = 0.09) and central nervous system
failure (p = 0.23). Body mass index (BMI), CRP levels,
APACHE 1I score, MOFS (dayl), computerized tomogra-
phy severity index (CTSI), and hypotension were predic-
tors of IN by univariate analysis. On multivariate analysis
the independent predictors for occurrence of IN were
APACHE 1I score with an odds ratio of 4.77, 95 % CI
3.14-7.24, p < 0.001 and hypotension with an odds ratio of
2.5,95 % CI 1.7-24.7, p = 0.01.

The most common organism isolated from IN was
Enterococcus species (n =1, 34 %) followed by Esche-
richia coli (n =5, 23 %). Most of the isolates from IN
were enteric in origin (Table 5). Antibiotic sensitivity
pattern showed that most bacteria were sensitive to quin-
olones and third generation cephalosporins: ceftriaxone
and ceftazidime.

Sixteen (19.8 %) patients underwent surgery. The mean
duration of hospitalization before surgical necrosectomy
was 32.4 £ 14.6 days. Indications for surgery included
failure of conservative management (n = 7), sepsis and
MODS (n = 6), pseudoaneurysmal bleed (n = 2) and
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emphysematous pancreatitis with sepsis (n = 1). The
requirement of surgery was significantly higher in patients
with IN, p = 0.01. The overall mortality was 19.8 %.
Causes of death included sepsis and/or multiple organ
dysfunction syndrome (MODS) in 13 patients, postopera-
tive bleed in two and unrelated causes (acute myocardial
infarction) in one. Only 6 (8.8 %) patients without IN died
whereas 10 (76.9 %) patients with IN died, p = 0.01. The
mean duration of illness before death was 24.1 & 8.4 days.
Five patients with hypotension died early in the course of
illness (the mean duration of illness before death was
12.4 £+ 6.7 days) due to SIRS and MODS. Of the patients
with hypotension who survived the initial phase of SIRS
and then developed IN (n = 7), five succumbed to illness
(the mean duration before death was 24.3 + 8.2 days,
p = 0.04). Two patients died of postoperative bleed (fourth
week) and one patient had acute onset myocardial infarc-
tion (second week). Three patients died due to sepsis and
late onset multiorgan dysfunction (died in fourth, fifth and
ninth weeks, respectively). The early mortality observed in
our study was mostly due to MODS and SIRS and those
with IN succumbed to illness later.

Discussion

We prospectively studied 81 patients of AP of which 74 %
had OF in the first week. Renal failure was the most
common(70.4 %) type of OF, followed by respiratory
failure (44.5 %) and cardiovascular failure (26 %). IN
developed in 16 % of them. We hypothesized that hypo-
tension during the early phase of AP could predispose to IN
and blood stream infections. A significantly greater number
of patients with hypotension in the first week developed IN
as compared to those without hypotension (p = 0.01).
There was no difference in the occurrence of IN among
those with and without renal failure, respiratory failure,
coagulation failure and central nervous system failure.
Patients with hypotension in the first week also had higher
incidence of blood stream infections. APACHE II score
was also found to be a predictor of IN. Mean arterial
pressure was a component of APACHE II score, but even
as a single parameter hypotension could suggest sub-
sequent occurrence of IN.

A number of reports have suggested an association
between OF and IN. Isenmann et al. [6] in a retrospective
review of 273 patients with severe AP found that OF
occurred more often (89 %) in patients with IN than in
those with sterile necrosis (73 %), p = 0.002. In a study by
Wig et al. [21] on 276 patients, IN was seen more often
(51.3 %) in patients with OF than in those without OF
(16.4 %), p <0.001. However there are some studies
suggesting a lack of association between OF and IN [22].
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As to the relationship between specific single OF and
sterile and infected necrosis, previous studies have shown
contradictory results. Isenmann et al. showed that the
incidence of pulmonary failure was increased in patients
with IN compared to those with sterile necrosis, but there
was no difference in the prevalence of renal and cardio-
vascular failure in IN versus sterile necrosis [6]. Zhu et al.
[22], in a study of 74 patients with SAP, reported that there
was no difference in the prevalence of specific single OF in
IN versus sterile necrosis. In the present study, though
there was no correlation between OF in general and IN, we
found a significant correlation between hypotension in the
first week and development of IN. We also observed higher
blood stream infections in patients with hypotension in the
first week of hospitalization.

In the natural history of AP, IN occurs with increasing
frequency as the disease duration increases [22, 23]. Enteric
organisms are documented to be the most common organ-
isms causing IN and altered intestinal permeability is
incriminated to be responsible for this phenomenon [15].
Impairment of colonic perfusion [14, 15] and cytotoxic
oxygen free radicals [14] are the possible factors causing
increased intestinal permeability. Apart from bacterial
translocation in the gut, other sources of infection in AP are
intravenous lines, urinary and other catheters, endotracheal
intubation and radiological or surgical intervention. Our data
shows that patients with hypotension in the first week of
illness are more likely to develop IN. Hypotension leads to
decreased splanchnic blood supply, thus compromising
intestinal integrity. Compounded by cytotoxic oxygen free
radical storm, this could lead to bacterial translocation and
infection of the devitalized pancreatic tissue. Indeed a
majority of the isolates from IN in our study were enteric in
origin.

It has recently been shown that patients with severe AP
have increased levels of serum diamine oxidase (DAO),
endotoxin, and increased epithelial permeability when
compared with normal controls, and that this increase was
more pronounced in patients with organ dysfunction
(» < 0.01) [24, 25]. The authors showed that 24 h of
continuous  veno-venous  hemofiltration  improved
APACHE 1II score and SOFA (Sequential OF Assessment)
score significantly and levels of serum DAO, endotoxin,
and epithelial permeability decreased (p < 0.05). This
study not only signifies the role of impaired bowel mucosal
permeability but also suggests the role of therapeutic
options targeted at countering mucosal translocation in AP
and subsequent complications. We postulate that aggres-
sive treatment of hypotension in early stages of AP should
decrease development of IN and subsequent complications.

There are a few limitations to our study. As our centre is
a referral centre, most of the patients were managed briefly
(referral delay of 3.6 & 2.1 days) at other hospitals. We

have not correlated IN with any objective measures of
bacterial translocation. Future studies correlating intestinal
bacterial translocation and IN and hypotension can validate
our observations. Future studies that can improve the
understanding of hypotension, bacterial translocation and
IN can be directed towards (a) studying an association
between markers of intestinal permeability and IN, and
(b) monitor the change in levels of these biomarkers with
progression of OF (hypotension).

To conclude, we found significant correlation between
APACHE 1I score (24 h) and hypotension in the first week
of AP and development of IN. Hypotension in the first
week is a harbinger of IN, which in turn leads to increased
morbidity and mortality. We propose that this subgroup of
patients may benefit from more aggressive fluid replace-
ment and prophylactic administration of antibiotics.
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