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Background: Acute necrotizing pancreatitis is potentially lethal inflammatory process.
Recent researches established that presences of multiorgan failure together with
pancreatic infection are major determinants of its mortality. But significance of different
organs failure, especially intestinal dysfunction in course of acute necrotizing pancreatitis
is still remaining unclear.
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Objective: To determine frequency of multiorgan failure occurrence during acute
necrotizing pancreatitis and estimate significance of intestinal failure on mortality of
disease.
Methods: We performed a prospective observational cohort study of 113 patients with
necrotizing pancreatitis which were admitted to single intensive care department.
Patients were included in the current study if they fulfilled the inclusion criteria of signs
of pancreatic necrosis and/or peripancreatic necrosis. The following parameters were
collected for each episode of acute pancreatitis: length of hospital stay, in-hospital
mortality, presence of organ failure and local complications.
Results: Persistent organ failure was diagnosed in 50 (44%) and transient – in 63 (56%)
observations. Death appeared at 31 (27.4%) of patients: 28 (56%) with persistent and 3
(4.8%) with transient organ failure and system complications. Respiratory failure (67%)
has been dominated in mortality structure, cardio-vascular (59%), renal (56%) and
intestinal (54%) failures were met with equal frequency. Serum citrulline concentration
reflected the level of intestinal injury.
Conclusions: Amount of organs in multi organ failure syndrome, respiratory, cardiovascular,
renal and intestinal failures are independent factors of mortality in patients with acute
necrotizing pancreatitis. Plasma citrulline concentration is simple and reliable marker for
diagnosing of intestinal failure.
Keywords: Acute necrotizing pancreatitis; Organ failure; Intestinal failure; Hospital mortality.

Introduction
An increasing incidence of acute pancreatitis has been reported recently, with an
estimated 21,000 new cases per year in the United States [1]. On the one hand, most of
these cases are the mild form of pancreatitis, without severe gland injury and characterized
with complete recovery. On the other hand, acute necrotizing pancreatitisis associated
with increased morbidity and mortality. Assessment of the severity of the attack and
predicting the course of the disease are important when determining the allocation of
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care for these patients or the need for transfer to a higher level
care early in the disease process. Recent researches established
that presences of multiorgan failure together with pancreatic
infection are major determinants of mortality during acute
necrotizing pancreatitis [2, 3]. The mortality rates in the absence
of organ failure, in the presence of one organ failure, and in
patients with multiorgan failure are 0%, 3%, and 47%,
respectively [4, 5, 6]. The gastrointestinal system is considered
critical to the development of organ failures, with bacterial
translocation in intensive care unit patients supporting the
concept of the gut having a role in multiorgan failure [7, 8].
According to the gut hypothesis of organ failure, the
multisystemic disorders defining this syndrome could be the
late consequences of a previous small bowel ischemia. Currently
there is no validated marker of acute intestinal dysfunction in
critically ill patients [9], where as initial determination of severity
in acute necrotizing pancreatitis to evaluate organ failure and
the complications of pancreatic necrosis as soon as possible is
critical for the appropriate management and risk assessment in
a clinical setting.

Materials and Methods
This prospective observational cohort study was performed
at Regional Emergency Hospital, Chernivtsi, Ukraine, between
March 2010 and September 2015. The study was conducted in
accordance with the principles of the Declaration of Helsinki.
The ethics review board of each participating hospital
approved the study. Patients or their legal representatives
gave written informed consent. During this period 708 patients
with acute pancreatitis were admitted to clinic. Acute
pancreatitis was diagnosed if a patient had more than two of
the three following findings: typical abdominal pain (acute
onset of a persistent and severe epigastric pain often radiating
to the back), elevation of serum amylase and/or lipase levels
above three times upper normal limit, and findings of imaging
studies. Most of them had moderate interstitial form of disease
and were successfully treated at general surgical departments.
Patients were included in the current prospective study if they
fulfilled the inclusion criteria of signs of pancreatic necrosis on
contrast-enhanced computed tomography. Necrosis was
diagnosed by lack of pancreas enhancement on contrast
computed tomography, which was a sign of impaired or
absent tissue perfusion. There were 132 cases of acute
necrotizing pancreatitis. Patients were not enrolled to the
study if any of the following criteria were present: a) age < 18
and > 80 years; b) recent surgical interventions; c) psychoses;
d) pregnancy; e) previously history of chronic pancreatitis.
After exclusion of abovementioned cases we enrolled to
current study 113 patients with acute necrotizing pancreatitis.
All of them were admitted to single intensive care department.

Severity of acute necrotizing pancreatitis was determined
according to the recently revised Atlanta Classification [10].
Moderately severe acute necrotizing pancreatitis was defined
by the presence of transient organ failure, local complications
such as acute peripancreatic fluid collections and acute necrotic
collections, or exacerbation of comorbid diseases. Severe acute
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necrotizing pancreatitis was diagnosed in case lasting of
persistent organ failure for more than 48 h. Organ failure was
defined for respiratory, cardiovascular, and renal system by
modified Marshall scoring system [10]. Besides above organs
dysfunction of neurological system, liver and intestine were
estimated. Neurological failure was established by
Glasgowcoma score. Hepaticdys function was evaluated
according to Child-Pugh classification [11], grade B or C were
criteria for diagnosis of liver failure. Intestinal injury was
estimated by modified gastrointestinal failure score [12]. Three
level of severity were defined: 1st -intolerance of enteralfeeding
more than 3 days, depressed intestinal peristalsis, preserved
intestinalgas evacuationability; 2nd–intestinal dysfunction:
clinical and roentgenological signs of distended intestine with
intraabdominal pressure 12-15 mm Hg, suppressed gas
evacuation; 3rd–intestinal failure: clinic of paralyticintestinal
obstruction with intraabdominal hypertension over 15 mm Hg,
acute gastric and duodenal erosions with hemorrhage. Only 3rd
grade of gastrointestinal injury was recognized as intestinal
failure. Intra-abdominal pressure was measured via the bladder,
with patients in the supine position, using the closed loop
system repeated measurements technique [13]. Additionally,
venous blood citrulline concentration was determined as
indicator of intestinal epitheliocytes functional activity [14, 15].

After admission, patients received fluid resuscitation, and
full laboratory investigations were performed on the first 3 days
and in the 24 hours before any intervention. Nasojejunal enteral
feeding was initiated if an oral diet was not tolerated after 48-72
hours after admission. If there were problems with nasojejunal
intubation nasogastric tube feeding was started. Parenteral
nutrition was only initiated when oral route was not tolerated or
sufficient, but at least small amount of enteral feeding was
present in all patients. In line with international guidelines,
intervention was generally only performed in case of suspected
or confirmed infection of pancreatic necrosis or peripancreatic
necrosis alone. There was no routine fine-needle aspiration of
peripancreatic collections. The decision to intervene was mostly
based on clinical grounds (i.e., deterioration). Whenever
possible, intervention was postponed until approximately four
weeks after the onset of disease. In case of proven or suspected
infection of pancreatic necrosis within four weeks after onset of
disease, antibiotics were administered and intervention was
postponed as long as possible. Some patients underwent
emergency laparotomy early in the course of disease. The
indication was severe clinical deterioration suspected to be
caused by abdominal compartment syndrome, bowel ischemia,
or perforation of a visceral organ. All patients were randomized
on moderately severe and severe acute necrotizing pancreatitis
groups. The following parameters were collected for each
episode of acute necrotizing pancreatitis: length of hospital
stay, in-hospital mortality, presence of organ failure, and local
complications such as acute peritoneal fluid collection,
pseudocyst, acute necrotic collection and walled-off pancreatic
necrosis. Acute Physiology and Chronic Health Evaluation
(APACHE)-II, Marshall scores, presence of organ failures and
systemic inflammatory response syndrome (SIRS) were
calculated daily during period of ICU treatment.
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Results and Discussion
All patients with acute necrotizing pancreatitis were
belonged to two groups (table 1). According to recent revision
of Atlanta classification [10] severe form (1st group) was
established in 50 (44%) patients with persistent organ failure
and local complication, moderate severe form (2nd group) was
diagnosed in 63 (56%) persons with transient organ failure or
local complications. APACHE-II and Marshall scores, hematocrit
and creatinine level were significantly higher in patients of 1st
group (p<0.05). There were no differences between groups
according to age and frequency of local complications.
Table 1. Patients with acute necrotizing pancreatitis characteristic

Factors
1st group (n=50) 2nd group (n=63) Total (n=113)
Age, years
46±2.4
48±5.6
47±4.1
Sex, male/female
8/42*
17/46
25/88
APACHE II score
18.4±0.6*
7.6±0.8
12.4±0.6
Marshall score
5.86±0.75*
1.75±0.32
3.72±0.43
Local complications, n (%)
21 (42%)
18 (29%)
39 (34%)
Hematocrit, %
52.1±0.8*
44±1.1
45.9±0.37
Citrulline, µmol/l
12.1±0.34*
20.7±0.67
16.7±0.32
Mortality, n (%)
28 (56%)*
3 (9.1%)
31 (27.4%)

* р<0.05 in comparison with 2nd group
Death appeared at 31 (27.4%) cases from 113 patients.
High hospital mortality was observed only among persons with
severe form of acute necrotizing pancreatitis. Persistent organ
failure occurred in 50 patients from 1st group, 28 (56%) of them
died (table 2). Transient organ dysfunction appeared in 33
patients from 2nd group, there were 3 (4.76%) lethal cases.
Intensive therapy, which included rigorous fluids resuscitation,
hemodynamic and respiratory support, was ineffective in 17
patients, who have died at early phase of acute necrotizing
pancreatitis (during first or second week of disease) due to
pancreatic shock with multiple organ failure. During late phase
of acute necrotizing pancreatitis (after two weeks from onset)
there were 14 lethal cases as result of infection of pancreatic
necrosis with development of sepsis and multiorgan failure.
Amount of organs with dysfunction were significantly higher in
deceased patients compared with survivors (3.48±0.81 and
1.33±0.44, respectively, р<0.05) as well as APACHE II score,
age, hematocrit and creatinine level (table 2). Multivariate
logistic regression analysis revealed that amount of organs in
multiorgan failure were the main prognostic factor of death in
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patients with acute necrotizing pancreatitis (p<0.01), wherein
each organ failure development significantly worsened
outcome too. Respiratory failure had been dominated in
mortality structure. Isolated respiratory failure was identified in
8 cases, 2 (25%) of them died. In patients with respiratory
dysfunction accompanied by other organ failure mortality rate
increased till 66.7-85.6%. Cardio-vascular (59%), renal (56%)
and intestinal (54%) failures were met with equal frequency.
Neurological and liver failures did not influence on patients
survival. Intestinal failure(3rd level of intestinal injury score) was
diagnosed in 21 (75%) among 28 deceased patients of 1st
group, lasted more than 5 days and presented by signs of
paralytic ileus, intra-abdominal compartment syndrome, acute
gastric erosions and ulcers with bleeding. There venous
citrulline concentration felt to 10.31±0.42 µmol/l during 48
hours after admission and was significantly lower (p<0.001)
than in survived persons. In control group citrulline venous
concentration was 36.8±0.43 µmol/l, in patients with moderate
acute necrotizing pancreatitis it decreased till 20.7±0.67 µmol/l
and in persons with severe acute necrotizing pancreatitis –felt
almost three time (p<0.001, table2). Citrulline level below 12.5
µmol/l discriminated intestinal failure with sensitivity 0.904 and
specificity 0.846 (AUC 0.905±0.0179, p=0.001, fig. 1). There was
significant invert correlation (r= -0.643, р<0.05, fig. 2) between
gastrointestinal injury score and citrulline concentration.
Table 2. Influence of organs failure on survival of patients with
acute necrotizing pancreatitis

Deceased Survived Univariateanalysis,
(n=31) (n=82)
OR (95% CI), P
Respiratory failure, n
28
10.90 (6.52-29.3),
14 (17%)
(%)
(90.4%)
0.001
Cardio-vascular
8.20 (3.33-20.31),
23 (74%) 16 (19%)
failure, n (%)
0.001
Neurological failure,
1.24(0.52-2.96),
11 (35%) 24 (29%)
n (%)
0.797
5.62 (2.34-13.51),
Renal
20 (64%) 16 (19.5%)
failure, n (%)
0.001
Liver
1.48 (0.49-4.46),
6 (19%) 10 (12%)
failure, n (%)
0.687
Intestinal
5.47 (2.30-13.05),
21 (67%) 18 (22%)
failure, n (%)
0.001
Amount of failured
9.72 (6.7-25.5),
3.48±0.81 1.33±0.48
organs
0.001
Factors

Multivariateanalysis,
OR (95% CI), P
28.4 (0.98-535.10),
0.01
12.3 (1.01-232.6),
0.049
16.53 (1.10-248.2),
0.039
21.97 (0,99-486,3),
0.028
32.3(0.88-559.12),
0.01

1,0

0,8

Sensitivity

Statistics data were collected in a Microsoft Excel database.
After completion of data collection, the database was imported
into SPSS for Windows (SPSS 16.0., Chicago, IL, USA). Continuous
variables were expressed as mean with standard deviation and
compared using Student’s t- test or Mann – Whitney test.
Categorical variables were expressed as absolute numbers and
proportions. Pearson’s χ2test or Fisher’s exact test was used for
comparison of categorical variables. Logistic regression models
were created to analyze the independent effects of organ
failures on mortality. To define predisposing factors, the odds
ratio and its 95% confidence interval were used as a binary
parameter. Receiver operator curve (ROC) was generated to
determine cutoff value of citrulline for estimation of intestinal
failure. A P-value of < 0.05 was considered statistically significant.
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Fig 1. ROC Curve of intestinal failure diagnosis by citrulline
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Fig 2. Correlation between citrulline level and intestinal injury score

Our study supports the validity of main agenda of the
2012 revised Atlanta classification – importance of duration of
organ failure for patient’s prognosis. Mortality rate was more
than ten times higher in patients with persistent organ failure
(56%) comparing with transient (4.76%). Such relation was
reliable as during early period of acute necrotizing pancreatitis
either late phase. APACHE II score, age, hematocrit and
creatinine levels were significantly higher in deceased patients
but only organ failure amount has prognostic power on
survival rate according to multivariate logistic regression.
Besides validation of 2012 revised Atlanta classification we
analyzed the influence of different organ failure on disease
severity. Respiratory dysfunction occurred most frequently in
patients with severe acute necrotizing pancreatitis and was
followed by cardio-vascular (59%), renal (56%) and intestinal
(54%) failures, which have similar impact on mortality rate.
Recommended by 2012 Atlanta classification committee
modified Marshall score as well as other widely accepted
organ failure scores like SOFA, MODS, APACHE II are dealing
with respiratory, cardio-vascular and renal failures but missing
IF. Evaluating the intestine is difficult for two reasons: it is a
deep organ, far from the mouth, anus, and abdominal wall,
and critically ill patients are frequently not able to inform
clinicians about a digestive complaint. This explains why its
dysfunction may sometimes be occult or misdiagnosed, and
the fact that it is not clearly integrated into the overall
approach used to treat intensive care unit patients. However,
even occult small bowel dysfunction may have clinical
consequences on patient prognosis. The gut hypothesis of
multiple organ failure was first put forward more than 20
years ago [7]. According to this hypothesis, the multisystemic
disorders defining this syndrome could be the late
consequences of a previous small bowel injury. If the intestinal
failure could be evaluated and protected on admission, gutrelated sepsis will be reduced, and the mortality rate will fall
down. Reintam et al. [12] found that 59% of critically ill
patients have at least one gastrointestinal symptom during
their stay in the intensive care unit and introduced
gastrointestinal dysfunction score which was based on
presence of feeding intolerance and intra abdominal
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hypertension. However, despite a welcome contribution to
assessing intestinal failure, it was noted that feeding
intolerance was a subjective measurement, and that intra
abdominal hypertension was not specific to gastrointestinal
dysfunction [13]. Although the gastrointestinal failure score
proposed by Reintam et al. appeared to be a new prognostic
tool to evaluate critically ill patients, it was not based on a
pathophysiological model of gastrointestinal dysfunction. We
chose to examine changes of citrulline concentration as a
marker of enterocyte mass in patients with acute necrotizing
pancreatitis. This amino acid is synthesized exclusively by
small intestinal mucosal epitheliocytes thus it may serve as a
measure of intestinal mucosal functional activity [15]. Recently
it was established that plasma citrulline concentrations were
able to reflect enterocyte mass in various small intestinal
diseases including coeliac disease [16], short bowel syndrome
[17], radiation enteritis [18] and Crohn disease [19]. In our
research citrulline level decreased 1.5 times in patients with
moderately severe pancreatitis and 3 times (p<0.05)–in
patients with severe form, which was highly inverse correlated
(r=-0.643, р<0.05) with clinical gastrointestinal failure score.
In deceased persons its concentration dropped less than
10.31±0.42 µmol/l indicating critical level of intestinal failure
due to deep injury of mucosal villi, desquamation of intestinal
epithelia and high rate of bacterial and endotoxin translocation.

Conclusions
Amount of organs in multiorgan failure syndrome,
respiratory, cardiovascular, renal and intestinal failures are
independent factors of mortality in patients with acute
necrotizing pancreatitis. Serum citrulline concentration below
12.5 µmol/l is simple and reliable marker for diagnosing of
intestinal failure.
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