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Background. The aim of the study was to evaluate the prognostic properties of perfusion parameters of liver parenchyma based on
computed tomography (CT) of patients with acute pancreatitis (AP) made on the first day of onset of symptoms, to assess their
usefulness in identifying patients with increased risk of the development of severe AP. Methods. 79 patients with clinical
symptoms and biochemical criteria indicative of AP underwent perfusion computed tomography (p-CT) within 24 hours after
onset of the symptoms. Perfusion parameters in 41 people who developed a severe form of AP were compared with parameters
in 38 patients in whom the course of AP was mild. Results. Statistical differences in the liver perfusion parameters between the
group of patients with mild and severe AP were shown. The permeability-surface area product was significantly lower, and the
hepatic arterial fraction was significantly higher in the group of patients with progression of AP. Conclusions. Based on the
results, it seems that p-CT performed on the first day from the onset of AP is a method that, by revealing disturbances in
hepatic perfusion, can help in identifying patients with increased risk of the development of severe AP.

1. Background

Acute pancreatitis (AP) is an inflammatory process, which,
apart from the pancreas itself, can also involve the peripan-
creatic tissues or even other organs—if the inflammatory
response is generalized [1–7].

In the majority of patients (approximately 75-80% of all
cases), acute pancreatitis has a mild self-limiting course.
The inflammatory reaction in such cases is local, and there
is no multiple organ dysfunction syndrome (MODS) or
concomitant systemic symptoms [3–5, 8–17]. However, in
approximately 20-25% of patients, the course of AP can be
severe; the mechanisms suppressing the local inflammatory
reaction fail, which results in local tissue damage, pancreatic

necrosis, infectious complications, and systemic inflamma-
tory response syndrome (SIRS) [3, 18–24].

Local activation of inflammatory cells in AP triggers
release of numerous mediators of systemic inflammatory
response. They play a key role in the pathogenesis of the
severe form of AP (SAP) and SAP-dependent MODS causing
thromboembolic and ischemic complications leading to
pancreatic necrosis [10]. Release of inflammatory mediators
results in increased vascular permeability, which makes
intravascular fluids enter the extravascular space, causing
hypoperfusion and damage to many organs. Liver damage
in acute pancreatitis confirmed histopathologically by exper-
imental studies is also associated with abnormal perfusion
during the systemic inflammatory process [10, 25–42].
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Mortality rates in patients with organ failure in the course of
SAP remain very high. It is estimated that the highest is asso-
ciated with hepatic and renal failures (up to 83% and 63%,
respectively) and the case of multiorgan failure is the highest
for combined of hepatic and renal failures [18].

Perfusion CT is characterized by the high potential in
the assessment of liver blood flow. It provides information
on microcirculation in organ parenchyma and allows for
the quantitative evaluation of the hemodynamic changes
[43–49].

Since prognosis in liver damage remains poor, it seems
very important to anticipate changes as early as possible.
We believe that perfusion CT by detecting liver perfusion
disorders could serve as a clinical helpful tool, enabling early
diagnosis of the possible dysfunction of liver perfusion in the
course of AP.

The aim of the study was to assess the prognostic proper-
ties of perfusion parameters of liver parenchyma, such as
blood flow (BF), blood volume (BV), mean transit time
(MTT), permeability-surface area product (PS), and hepatic
arterial fraction (HAF). It was based on CT scans of patients
with acute pancreatitis made on the first day of the onset of
symptoms. The obtained perfusion values were analyzed to
assess their usefulness in identifying patients with increased
risk of the development of severe AP that can lead to multi-
organ failure.

2. Material and Methods

The study protocol was approved by Independent Bioeth-
ics Commission for Research at the Medical University of
Gdansk. All participants provided informed written con-
sent for CT examination with intravenous contrast
administration.

2.1. Patients. The final study material comprised of a group of
patients aged 25–86 years (mean 47 years), including 32
women and 47 men with suspected acute pancreatitis who
underwent p-CT scanning on the first day of onset of symp-
toms (Table 1). AP was diagnosed based on symptoms such
as acute abdominal pain, nausea, vomiting, and increased
levels of amylase and lipase in laboratory tests. On admission
and on days 4-6 from AP onset, all patients had disease
severity assessed with the use of the APACHE II scoring sys-
tem. Laboratory parameters such as C-reactive protein
(CRP), serum amylase and lipase levels, urine amylase levels,
aspartate transaminase (AST), alanine transaminase (ALT),
gamma-glutamyl transferase (GGT), alkaline phosphatase
(ALP), and bilirubin levels were analyzed. The data were
collected prospectively and then analyzed retrospectively.

Patients’ recruitment criteria in this study were the same
as in our previously published work on pancreatic perfusion
[50]. All 41 patients, who after control CT carried out of the
pancreas after 4-6 days from the onset of symptoms revealed
progression of the disease, were included in the study. The
control group was made up of the first 41 of all the patients
in whom no progression of the disease was discovered. How-
ever, three of them had to be excluded from the study as in
one of them, AP was related to pancreatic adenocarcinoma

and in two others, exclusion was related to significant breath-
ing/motion artifacts, which made it impossible to measure
the perfusion in the optimal way. The remaining 38 patients
without progression of AP were included in the final study.

The general exclusion criteria were as follows: history of
allergy to iodine-containing contrast medium, renal failure,
age below 18 years, pregnancy, and lack of consent to partic-
ipate in the study.

2.2. CT Examinations. CT scans were performed on the first
day of symptoms of acute pancreatitis (in accordance with
the perfusion protocol) and on 4-6 days of the disease (stan-
dard method), using a 64-row GE CT scanner. In all patients,
the first CT scanning involved assessment of the local perfu-
sion with the measurement of the following parameters: BV,
BF, MTT, PS, and HAF.

In the liver, 4 oval or round fields were manually
selected to form regions of interest (ROI), in which perfu-
sion measurements were performed, avoiding large vessels
and dilated bile ducts. Our point of reference was consti-
tuted by ROIs located manually in the lumen of the
abdominal aorta and portal vein. The curve presenting arte-
rial and portal enhancement and the colorful perfusion maps
were generated automatically for each pixel representing a
value of the analyzed parameter with the use of the dual-
compartment Johnson-Wilson model (Figure 1).

The patients were divided into two groups according to
the results of a follow-up CT scan: without progression of
acute pancreatitis (patients with a mild form of pancreati-
tis—group I) and with progression of AP and occurrence of
necrotic changes (subjects with severe acute pancreati-
tis—group II). Each of the groups was then divided into
two subgroups. Patients with no progression were divided
into a subgroup of subjects in whom none of the two scans
(p-CT and control CT) revealed morphological changes
(group IA) and another in whom mild pancreatic edema or
the presence of free peripancreatic fluid was detected, which
on the follow-up examination was shown to have completely
regressed (group IB). Patients with progression of necrotic
lesions were also divided into two subgroups: those with
necrosis of the peripancreatic tissues only (group IIA) and
those in whom necrosis involved pancreatic parenchyma or

Table 1: Characteristics of enrolled patients.

Total number of enrolled patients 79

Age (years) 47, 2 ± 16, 0
Gender (male/female) 47/32

Etiology (%)

Alcoholic 38 (48,1)

Biliary 23 (29,1)

Idiopathic 4 (5,1)

Acute on chronic 8 (10,1)

ERCP related 4 (5,1)

Hypertriglyceridemia 2 (2,5)

APACHE II (group I) 1-8, mean 3,6

APACHE II (group II) 1-8, mean 4,1
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both the pancreatic parenchyma and the peripancreatic tis-
sues (group IIB). We have divided the patients into sub-
groups based on the revised Atlanta classification [2], which
distinguishes three subtypes of necrotizing pancreatitis
depending on the anatomic area of necrotic involvement:
pancreatic only, peripancreatic only, and combined pancre-
atic and peripancreatic.

2.3. Statistical Analysis. All statistical calculations were made
with the use of StatSoft Inc. STATISTICA data analysis soft-
ware system version 10.0 and Excel spreadsheet.

Quantitative variables were presented using the arith-
metic mean, standard deviation, median, min. and max.
values (range), and 95% CI (confidence interval). Qualita-
tive variables were presented in numerical values and as
percentages. For checking whether a quantitative variable
came from a population of a standard distribution,
Shapiro-Wilk W test was used. The significance of the dif-
ferences between two groups was measured with the use of
Student’s t-test or Mann-Whitney U test. The significance
of the differences between more than two groups was mea-
sured with the F test (ANOVA) or the Kruskal-Wallis test.
Chi-square independence tests were applied for qualitative
variables (Yates’ correction for a cell count below 10,
Cochran test, and Fisher’s exact test).

3. Results

3.1. Patients. In a follow-up CT examination performed 4-6
days after onset of symptoms, 41 patients developed progres-
sion of AP with pancreatic and/or peripancreatic necrosis,
while 38 other patients were diagnosed with a mild form of
pancreatitis (group with no progression). Among 41 patients
with progression of necrotic lesions, there were 19 in whom
necrosis involved the peripancreatic tissues only (peripan-

creatic progression—group IIA) and 22 in whom it involved
pancreatic parenchyma or both the pancreatic parenchyma
and the peripancreatic tissues (pancreatic progres-
sion—group IIB). Thirty-eight patients with no progression
of AP were divided into a subgroup of 25 subjects in whom
none of the examinations revealed morphological changes
(subgroup with no progression and no changes—IA) and a
subgroup of 13 subjects in whom mild pancreatic edema
and/or the presence of free peripancreatic fluid was detected,
which on the follow-up examination showed to have
completely regressed (subgroup with no progression and
with changes—IB).

Transient organ dysfunction (respiratory or renal failure)
developed in 4 patients. Significant complications in the form
of infected necrosis occurred in 3 patients. There were no
mortality cases in the study group.

In the assessed group, 74 people were admitted to
hospital and their stay at the Department of Gastroenterol-
ogy and Hepatology of the University Clinical Center in
Gdansk, Poland, lasted between 5 and 24 days, on an average
of 11 days. 4 of them were transferred to the intensive
care unit. 5 patients with mild acute pancreatitis were
released home after a short stay in the emergency ward
(average 2 days).

Among patients with liver perfusion changes who devel-
oped a severe, necrotizing form of acute pancreatitis, 4 later
required intervention in the form of endoscopic drainage of
walled-off pancreatic necrosis.

Comparison of laboratory parameters (serum amylase
and lipase levels, urine amylase levels, aspartate transami-
nase, alanine aminotransferase, gamma-glutamyl transferase,
alkaline phosphatase, and bilirubin) and assessment of AP
severity based on the APACHE II scoring system, conducted
on both day 1 and then days 4-6, did not reveal statistically
significant differences between the groups of patients with

Figure 1: Point of reference located in the lumen of the abdominal aorta and portal vein and color perfusion maps for blood flow (BF), blood
volume (BV), permeability-surface area product (PS), mean transit time (MTT), and hepatic arterial fraction (HAF).
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and without progression on a follow-up CT. Out of all
laboratory tests performed on admission, only CRP values
were significantly higher (p = 0 0001) in the group with
progression, with a mean value of 113.17mg/L (range
2.4-397.3), compared to 19.83mg/L (range 0.6-227.2) in
the group with no progression (Table 2).

3.2. Perfusion CT. In order to assess the effect of an inflam-
matory process on liver perfusion, 4 oval or round fields were
manually selected and then comparative analysis was con-
ducted between the groups with and without AP progression.

Manually selected ROIs in the liver were between
615.75mm2 and 806.5mm2. Since there were no statistically

Table 2: Laboratory test value of enrolled patients.

Group I (n = 38) Group II (n = 41) Total (n = 79) p

CRP

Mean (SD) 19,83 (37,52) 113,17 (98,37) 68,27 (88,51)

95% CI (7,50; 32,16) (82,12; 144,22) (48,45; 88,10)

Range (min-max) 0,60-227,20 2,40-397,30 0,60-397,30

Median 8,25 112,50 18,70 0,0001

Serum lipase

Mean (SD) 2685,55 (3136,28) 1358,34 (1807,69) 1996,75 (2605,19)

95% CI (1654,68; 3716,42) (787,77; 1928,92) (1413,22; 2580,28)

Range (min-max) 38,00-12596,00 26,00-7197,00 26,00-12596,00

Median 1344,00 568,00 720,00 0,0609

Serum amylase

Mean (SD) 1092,26 (970,36) 693,07 (768,50) 885,09 (888,71)

95% CI (773,31; 1411,21) (450,50; 935,64) (686,03; 1084,15)

Range (min-max) 107,00-3956,00 27,00-3429,00 27,00-3956,00

Median 678,50 295,00 571,00 0,0095

Urine amylase

Mean (SD) 5883,68 (5828,18) 6324,71 (10772,69) 6112,57 (8699,16)

95% CI (3968,01; 7799,36) (2924,43; 9724,99) (4164,06; 8061,07)

Range (min-max) 265,00-18675,00 220,00-41395,00 220,00-41395,00

Median 3142,00 2155,00 2778,00 0,1187

AST

Mean (SD) 168,68 (183,72) 124,39 (139,79) 145,70 (162,87)

95% CI (108,30; 229,07) (80,27; 168,51) (109,21; 182,18)

Range (min-max) 15,00-839,00 5,00-581,00 5,00-839,00

Median 93,50 57,00 76,00 0,1130

GGT

Mean (SD) 326,32 (279,93) 398,29 (450,41) 363,67 (377,51)

95% CI (234,30; 418,33) (256,13; 540,46) (279,11; 448,23)

Range (min-max) 17,00-867,00 10,00-2055,00 10,00-2055,00

Median 285,00 203,00 235,00 0,5300

ALP

Mean (SD) 209,61 (282,13) 114,56 (70,30) 160,28 (206,34)

95% CI (116,87; 302,34) (92,37; 136,75) (114,06; 206,50)

Range (min-max) 36,00-1445,00 37,00-306,00 36,00-1445,00

Median 124,00 79,00 102,00 0,0583

Bilirubin

Mean (SD) 2,89 (2,81) 2,90 (3,36) 2,90 (3,09)

95% CI (1,97; 3,82) (1,84; 3,96) (2,21; 3,59)

Range (min-max) 0,23-10,97 0,42-13,75 0,23-13,75

Median 1,90 1,11 1,37 0,8830

CRP: C-reactive protein; AST: aspartate transaminase; ALT: alanine transaminase; GGT: gamma-glutamyl transpeptidase; ALP: alkaline phosphatase; group I:
mild form of acute pancreatitis; group II: severe form of acute pancreatitis.
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significant differences between perfusion values depending
on the size of ROIs, they were presented as mean values
(709.25mm2).

In each of the four measurements of perfusion parame-
ters in the liver, significantly lower PS values and significantly
higher HAF values were observed in the whole group with
progression, compared to the whole group of patients with-
out progression. For this reason, the results are presented as
mean values.

Mean values of PS for the liver were significantly lower
(p = 0 0001) in the group of patients with progression com-
pared to patients without progression and amounted to a
mean value of 84.5mL/100 g/min (±13.3) in patients with
progression compared to a mean value of 94.8mL/100 g/min
(±8.2) in patients in whom there was no necrosis (Figure 2).

A comparison of four subgroups (IA, IB, IIA, and IIB)
showed significantly higher values (p = 0 0001) in the sub-
groups without progression on a follow-up scan, compared
to patients with progression and with the development of
necrotic changes (Figure 3 and Table 3).

Comparative analysis of HAF between groups with and
without progression in the course of AP showed that HAF
was significantly higher in the group of patients with
necrotic progression, compared to patients without progres-
sion (p = 0 0004). Mean HAF values were 0.23 (±0.11) in the
group with progression (group II), compared to 0.15 (±0.10)
in the group without progression (group I) (Figure 4).

Based on a comparison of the four subgroups, it was
observed that HAF was also significantly higher in both
subgroups of patients with progression of the disease
(p = 0 0040) (Table 4 and Figure 5).

There were no statistically significant differences
observed between the values of other measured perfusion
parameters for the liver: BF (p = 0 1246), BV (p = 0 0853),
and MTT (p = 0 9335) neither between the main two groups
nor between all four subgroups.

4. Discussion

Despite diagnostic and therapeutic progress, the mortality
rate for severe acute pancreatitis remains high and
amounts to as much as 15–25% [19, 29, 51–53]. In most
cases, it is associated with multiorgan failure which occurs
in as many as 70% of patients with SAP. The number of
deaths in this group of patients is almost 10 times higher
compared to patients without multiple organ dysfunction
syndrome [4, 18, 19, 27–29, 54]. Due to the high mortality
rate of patients with severe AP, attempts have been made
to identify patients in whom multiple organ dysfunction
syndrome can be predicted in order to intensify therapeutic
management.

Various prognostic scales are used to predict the severity
of the course of AP, the development of organ failure, and the
appearance of pancreatic necrosis. Most clinical scoring

No progression Progression
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84

82

80

78

Mean
Mean +/− std error
Mean +/− 1.96⁎ std error

Figure 2: Mean PS values for the liver (groups I and II).
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systems are calculated 24 to 48 hours after disease onset.
APACHE II allows prediction of organ failure after 24 hours
and Ranson’s scale after 48 hours. It seems that for predicting
organ failure, CT perfusion has lower efficacy compared to
the clinical scoring system. On the other hand, p-CT allows
early prediction of a severe form of AP which predisposes
to infected necrosis and organ failure, both of which are the
main factors determining mortality. Considering the limited
value of the clinical scales, it is worth taking into account the
precise method which is p-CT as it may provide important
information on the probability of developing necrotizing
pancreatitis earlier than 24-48 hours and thus indirectly indi-
cate a threat of multiorgan failure. Of course, it might be
questioned whether this prediction method would change
clinical management. It seems, however, that the evidence
of early microcirculation changes in AP can be translated

into clinical decisions and may be important, for example,
to allowmanagement resolutions that may include aggressive
hydration, anticoagulation therapy, or referral to an intensive
care unit.

The study material comprised a group of 79 patients
diagnosed with AP made on the basis of the overall clinical
picture and laboratory tests. In our material, all patients
underwent p-CT scan on the first day of the onset of symp-
toms of acute pancreatitis. We assessed the parameters of
hepatic perfusion and then compared the obtained results
between groups of patients with and without AP progression
(mild or severe form of pancreatitis), diagnosed on the basis
of a follow-up CT scan performed 4-6 days later.

The increased risk of liver dysfunction in the course
of acute pancreatitis was confirmed in experiment con-
ducted on rats which had AP induced by intraperitoneal

No progression,
no changes

No progression,
with changes

Peripancreatic
progression

Pancreatic
progression
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96
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82

80

78

76

74

Mean
Mean +/− std error
Mean +/− 1.96⁎ std error

Figure 3: Mean PS for the liver (4 subgroups).

Table 3: Comparison of 4 subgroups with regard to mean PS.

Liver PS
No progression with

no changes
No progression
with changes

Peripancreatic
progression

Pancreatic
progression

p

Mean (SD) 95.8 (3.5) 93.0 (13.4) 87.4 (10.0) 82.0 (15.4)

p = 0 000195% CI (94.3; 97.2) (84.9; 101.0) (82.6; 92.2) (75.2; 88.9)

Range (min-max) 86.6-101.1 49.9-100.6 54.3-96.0 46.1-98.6

Median 95.11,2 98.23,4 90.91,3 84.72,4

6 Gastroenterology Research and Practice



administration of caerulein. At the end of the experiment,
the rats were sacrificed; their livers were excised, and the
hepatic tissue was sent for histopathological analysis,
which showed hepatocyte destruction, sinusoidal dilata-
tion, focal necrosis, Kupffer cell proliferation, and central
vein congestion [34].

Despite the proven effect of AP on the liver, the problem
of liver perfusion disturbances is rarely raised. One of the
very few reports pertaining exclusively to this issue, pre-
sented by Koyasu et al., described 67 patients with severe
AP who underwent p-CT scanning within 72 hours from
the onset of the first symptoms [35]. Also, Tsuji et al. and
Yadav et al., who assessed not only pancreatic perfusion but
also liver perfusion, conducted the examinations during the
first three days following the onset of AP symptoms [51, 52].

In our study, we have correlated the values of the param-
eters indicating liver perfusion disturbances with the severity

of acute pancreatitis, due to the fact that the severe form of
AP predisposes to infected necrosis and organ failure, both
of which are the main factors determining mortality.

As it is well known, in the course of acute pancreatitis, a
renal failure and respiratory failure are the most common.
Hepatic failure is rare, which is associated with its large func-
tional reserve. Based on this, it seems that the degree of liver
perfusion disorders, which, as we have shown, is greater in
cases of a severe form of pancreatitis, may indicate the possi-
bility of multiorgan failure development.

The volume of hepatic blood is estimated to be at 1/4 of
the cardiac output and is significant for maintaining nor-
mal liver function. Decrease in perfusion values in the liver
impairs its functions by suppressing the blood/hepatocyte
replacement process. In the presented material, 4 oval or
round fields (ROIs) were manually selected in the liver
and perfusion measurements were performed there. The

No progression Progression

H
A

F

0.28

0.26

0.24

0.22

0.20

0.18

0.16

0.14

0.10

0.12

Mean
Mean +/− std error
Mean +/− 1.96⁎ std error

Figure 4: Mean HAF for the liver (groups I and II).

Table 4: Comparison of 4 subgroups with regard to mean HAF.

Liver HAF
No progression
with no changes

No progression
with changes

Peripancreatic
progression

Pancreatic
progression

p

Mean (SD) 0.13 (0.08) 0.18 (0.13) 0.22 (0.11) 0.23 (0.11)

p = 0 004095% CI (0.10; 0.16) (0.10; 0.26) (0.17; 0.28) (0.19; 0.28)

Range (min-max) 0.03-0.26 0.06-0.38 0.09-0.46 0.13-0.42

Median 0.121,2 0.10 0.191 0.202
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dual-compartment Johnson-Wilson model was applied for
the assessment of perfusion, and statistically significant dif-
ferences in the PS and HAF values were observed for the
group of patients without progression of acute pancreatitis
vs patients with progression. However, there were no sta-
tistically significant differences observed for the values of
all other investigated perfusion parameters (BF, BV, and
MTT).

In our study, mean values of the permeability-surface
area product for the contrast medium passing from the intra-
vascular to the extravascular space for the liver were signifi-
cantly lower (p = 0 0001) in the group and both subgroups
of patients with progression compared to the patients with-
out progression. Since the permeability-surface area product
reflects the rate at which contrast medium passes from the
capillary endothelium to the intercellular space, it seems that
the decrease in the values of this parameter in patients with
AP progression can result from the disturbances in the
organ’s function and impaired blood/hepatocyte replace-
ment process. At the later stages of the disease, the decrease
in PS values can be associated with the decreased stroke vol-
ume in patients with MODS and decreased volume of hepatic
blood. Due to the fact that there are no study reports available
referring to this issue, the results obtained by us should be
confirmed in other experiments.

Hepatic arterial fraction represents the share of blood
entering the liver through the hepatic artery in relation to

the total amount of blood entering it. In this article, compar-
ative analysis of HAF between both groups and four sub-
groups showed that HAF was significantly higher in the
whole group and both subgroups of patients with necrotic
progression (p = 0 0004) and that HAF values increased with
progression of the inflammatory process. In a normally func-
tioning liver, approximately 3/4 of the blood supply comes
from the portal vein and only about 1/4 is from the hepatic
artery. Higher HAF values in patients with AP progression
indicate higher blood supply to the liver through the
hepatic artery, which was also observed in studies by other
authors. It was concluded that the inflammatory process
can increase the arterial supply and decrease the venous
one, not only in the course of AP but also in cholecystitis,
hepatic abscess, or cholangitis [34, 55]. In the study by
Koyasu et al., the authors observed that patients with
SAP had significantly higher arterial blood flow compared
to the control group with the healthy pancreas [35]. The
results obtained by us confirmed the increased supply in
arterial blood in the liver as early as on day one of AP
and showed significant differences between the volume of
arterial inflow in relation to the further course of the dis-
ease—the values were the highest in patients who later
developed pancreatic necrosis. Due to the connection
between SAP and organ failure, it seems that this parameter
can prove useful in the prediction of the further course of
the disease.

H
A

F

0.30

0.28

0.26

0.24

0.22

0.20

0.18

0.16

0.14

0.12

0.10

0.08

Mean
Mean +/− std error
Mean +/− 1.96⁎ std error

No progression,
no changes

No progression,
with changes

Peripancreatic
progression

Pancreatic
progression

Figure 5: Mean HAF for the liver (4 subgroups).
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In the presented material, there were no statistically
significant differences observed between the values of other
measured perfusion parameters for the liver—BF
(p = 0 1246), BV (p = 0 0853), and MTT (p = 0 9335), nei-
ther between the main two groups nor between all four
subgroups. Several authors of available reports observed
that BF and BV values differ between groups of patients
with and without AP progression. However, it should be
remembered that all these examinations were conducted
within up to 72 hours and not up to 24 hours from the
onset of clinical symptoms as in the case of our study,
which can explain the differences in the obtained results.
Another explanation for why we did not observe any
statistically significant differences may be the possibility
that the increase of the arterial supply in the liver was
compensated by a decrease in the venous supply.

The current clinical guidelines state that early CT
imaging is not required in all patients with acute pancrea-
titis. The main reason for the recommendation against the
routine use of the early cross-sectional imaging is the fact
that pancreatic necrosis develops in the course of severe
AP usually within 72 hours of the onset of the disease.
Therefore, in the first 24-48 hours of the disease, the CT
images may be ambiguous. Hence, according to the cur-
rent guidelines, if the patient meets the criteria for acute
pancreatitis on the basis of symptoms and laboratory tests,
early CT is not required to confirm the diagnosis.

There are, however, publications that indicate the benefit
of an early CT imaging, but not by the standard method but
by using the CT perfusion option [56, 57]. CT perfusion
allows the detection and quantification of early microvascu-
lar changes in tissues and may be a promising technique for
predicting tissue viability. As we have shown in our previous
work [50], the extent of microcirculation derangements
correlates well with the disease severity and with the necrotic
areas on follow-up computed tomography. Perfusion CT is
therefore a method that has the potential to select a group
of patients at an earlier stage of the disease who are at risk
of developing a severe form of AP in the course of which
organ failure occurs more frequently. Considering the con-
stant development of imaging techniques and the use of
low-dose CT scans, which are beneficial to patients due to
the reduction of their exposure to radiation, perhaps, perfu-
sion CT is a method that over time will be used in the early
diagnosis of acute pancreatitis and will be included in the
guidelines.

The results presented in our report must obviously be
confirmed in other examinations performed within the first
24 hours from the onset of the clinical symptoms of AP,
along with assessment of all other perfusion parameters that
we measured.

The disadvantages of the study include the fact that dur-
ing the observation, based on the laboratory tests performed
after 4-6 days following the onset of the disease, in the group
of evaluated patients, there were no direct symptoms of mul-
tiple organ failure but only progression of AP in some of
them. Nevertheless, patients with AP progression are threat-
ened with MOF complications. We believe that the changes
that we noticed may also be the early markers of reversible

disorders, which may either completely withdraw or lead to
a multiple organ failure unless modification of the treatment,
influenced by p-CT images, is applied.

5. Conclusion

To conclude, based on the obtained results, it seems that p-
CT performed within the first 24 hours from the onset of
AP is a method which, by revealing disturbances in hepatic
perfusion, may predict the possible evolution of pancreatitis
to SAP and MOF and allow to isolate groups of patients in
whom we can expect an unfavorable course of the disease.

Abbreviations

CT: Computed tomography
AP: Acute pancreatitis
p-CT: Perfusion computed tomography
MODS: Multiple organ dysfunction syndrome
SIRS: Systemic inflammatory response syndrome
SAP: Severe acute pancreatitis
BF: Blood flow
BV: Blood volume
MTT: Mean transit time
PS: Permeability-surface area product
HAP: Hepatic arterial fraction
ROI: Regions of interest.

Data Availability

The imaging and statistical data used to support the find-
ings of this study may be released upon application to
Joanna Pienkowska (jpienkowska@gumed.edu.pl) of the
Department of Radiology, Medical University of Gdansk,
Poland, who can be contacted at the 2nd Department of
Radiology, Medical University of Gdansk, Smoluchowskiego
17, 80-952 Gdansk, Poland.

Disclosure

The earlier version of the study has been presented as a poster
in RSNA 2017 Posters and Exhibits.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

The authors wish to thank Mr. Dariusz Świetlik, who
performed statistical analysis, and Mrs. Wioletta Lemieszko,
who was the proofreader of the translated text. The study
was financially supported by the National Science Centre,
Poland (grant no. G-86).

9Gastroenterology Research and Practice



References

[1] R. F. Thoeni, “The revised Atlanta classification of acute
pancreatitis: its importance for the radiologist and its effect
on treatment,” Radiology, vol. 262, no. 3, pp. 751–764, 2012.

[2] P. A. Banks, T. L. Bollen, C. Dervenis et al., “Classification of
acute pancreatitis – 2012: revision of the Atlanta clessification
and defintions by international consensus,” Gut, vol. 62, no. 1,
pp. 102–111, 2013.

[3] A. Zaheer, V. K. Singh, R. O. Qureshi, and E. K. Fishman, “The
revised Atlanta classification for acute pancreatitis: updates in
imaging terminology and guidelines,” Abdominal Imaging,
vol. 38, no. 1, pp. 125–136, 2013.

[4] M. Piaścik and G. Rydzewska, “Acute pancreatitis treatment,”
Terapia, vol. 5, pp. 35–40, 2011.

[5] A. Türkvatan, A. Erden, M. A. Türkoğlu, M. Seçil, and
Ö. Yener, “Imaging of acute pancreatitis and its complications.
Part 1: acute pancreatitis,” Diagnostic and Interventional
Imaging, vol. 96, no. 2, pp. 151–160, 2015.

[6] M. A. Bali, T. Metens, V. Denolin, V. De Maertelaer,
J. Deviere, and C. Matos, “Pancreatic perfusion: noninvasive
quantitative assessment with dynamic contrast-enhanced MR
imaging without and with secretin stimulation in healthy
volunteers – initial results,” Radiology, vol. 247, no. 1,
pp. 115–121, 2008.

[7] E. J. Balthazar, “Acute pancreatitis: assessment of severity
with clinical and CT evaluation,” Radiology, vol. 223,
no. 3, pp. 603–613, 2002.

[8] D. K. Lenhart and E. J. Balthazar, “MDCT of acute mild (non-
necrotizing) pancreatitis: abdominal complications and fate of
fluid collections,” American Journal of Roentgenology, vol. 190,
no. 3, pp. 643–649, 2008.

[9] E. Zerem, “Treatment of severe acute pancreatitis and its
complications,” World Journal of Gastroenterology, vol. 20,
no. 38, pp. 13879–13892, 2014.

[10] M. L. Malmstrøm, M. B. Hansen, A. M. Andersen et al., “Cyto-
kines and organ failure in acute pancreatitis: inflammatory
response in acute pancreatitis,” Pancreas, vol. 41, no. 2,
pp. 271–277, 2012.

[11] A. B. Shinagare, I. K. Ip, A. S. Raja, V. A. Sahni, P. Banks, and
R. Khorasani, “Use of CT and MRI in emergency department
patients with acute pancreatitis,” Abdominal Imaging, vol. 40,
no. 2, pp. 272–277, 2015.

[12] B. W. M. Spanier, Y. Nio, R. W. M. van der Hulst, H. A. R. E.
Tuynman, M. G. W. Dijkgraaf, and M. J. Bruno, “Practice and
yield of early CT scan in acute pancreatitis: a Dutch observa-
tional multicenter study,” Pancreatology, vol. 10, no. 2-3,
pp. 222–228, 2010.

[13] L. Delrue, P. Blanckaert, D. Mertens, S. Van Meerbeeck,
W. Ceelen, and P. Duyck, “Tissue perfusion in pathologies
of the pancreas: assessment using 128-slice computed
tomography,” Abdominal Imaging, vol. 37, no. 4, pp. 595–
601, 2012.

[14] Y. Tsuji, K. Hamaguchi, Y. Watanabe et al., “Perfusion CT is
superior to angiography in predicting pancreatic necrosis in
patients with severe acute pancreatitis,” Journal of Gastroenter-
ology, vol. 45, no. 11, pp. 1155–1162, 2010.

[15] A. Türkvatan, A. Erden, M. A. Türkoğlu, M. Seçil, and G. Yüce,
“Imaging of acute pancreatitis and its complications. Part 2:
complications of acute pancreatitis,” Diagnostic and Interven-
tional Imaging, vol. 96, no. 2, pp. 161–169, 2015.

[16] A.-S. Knoepfli, K. Kinkel, T. Berney, P. Morel, C. D. Becker,
and P. . A. Poletti, “Prospective study of 310 patients: can early
CT predict the severity of acute pancreatitis?,” Abdominal
Imaging, vol. 32, no. 1, pp. 111–115, 2007.

[17] O. J. O’Connor, S. McWilliams, andM. M. Maher, “Imaging of
acute pancreatitis,” American Journal of Roentgenology,
vol. 197, no. 2, pp. W221–W225, 2011.

[18] K. I. Halonen, V. Pettilä, A. K. Leppäniemi, E. A. Kemp-
painen, P. A. Puolakkainen, and R. K. Haapiainen, “Multi-
ple organ dysfunction associated with severe acute
pancreatitis,” Critical Care Medicine, vol. 30, no. 6, pp. 1274–
1279, 2002.

[19] P. K. Garg, K. Madan, G. K. Pande et al., “Association of
extent and infection of pancreatic necrosis with organ fail-
ure and death in acute necrotizing pancreatitis,” Clinical
Gastroenterology and Hepatology, vol. 3, no. 2, pp. 159–166,
2005.

[20] S. Tenner, J. Baillie, J. DeWitt, and S. S. Vege, “American
College of Gastroenterology guideline: management of acute
pancreatitis,” The American Journal of Gastroenterology,
vol. 108, no. 9, pp. 1400–1415, 2013.

[21] R. B. Thandassery, T. D. Yadav, U. Dutta, S. Appasani,
K. Singh, and R. Kochhar, “Dynamic nature of organ failure
in severe acute pancreatitis: the impact of persistent and
deteriorating organ failure,” HPB, vol. 15, no. 7, pp. 523–528,
2013.

[22] T. L. Bollen, M. G. H. Besselink, H. C. van Santvoort, H. G.
Gooszen, and M. S. van Leeuwen, “Toward an update of the
Atlanta classification on acute pancreatitis,” Pancreas,
vol. 35, no. 2, pp. 107–113, 2007.

[23] J. D. Casas, R. Diaz, G. Valderas, A. Mariscal, and P. Cuadras,
“Prognostic value of CT in the early assessment of patients
with acute pancreatitis,” American Journal of Roentgenology,
vol. 182, no. 3, pp. 569–574, 2004.

[24] J. D. Wig, K. G. Bharathy, R. Kochhar et al., “Correlates of
organ failure in severe acute pancreatitis,” Journal of the Pan-
creas, vol. 10, no. 3, pp. 271–275, 2008.

[25] P. Wang, J. G. Haputman, and I. H. Chaudry, “Hepatocellular
dysfunction occurs early after hemorrhage and persists despite
fluid resuscitation,” The Journal of Surgical Research, vol. 48,
no. 5, pp. 464–470, 1990.

[26] X. P. Zhang, Z. J. Li, and J. Zhang, “Inflammatory mediators
and microcirculatory disturbance in acute pancreatitis,”Hepa-
tobiliary & Pancreatic Diseases International, vol. 8, no. 4,
pp. 351–357, 2009.

[27] S. Wang, X. Feng, S. Li et al., “The ability of current scoring
systems in differentiating transient and persistent organ failure
in patients with acute pancreatitis,” Journal of Critical Care,
vol. 29, no. 4, pp. 693.e7–693.e11, 2014.

[28] C. D. Johnson andM. Abu-Hilal, “Persistent organ failure dur-
ing the first week as a marker of fatal outcome in acute pancre-
atitis,” Gut, vol. 53, no. 9, pp. 1340–1344, 2004.

[29] Y. Tsuji, N. Takahashi, and C. Tsutomu, “Pancreatic perfusion
CT in early stage of severe acute pancreatitis,” International
Journal of Inflammation, vol. 2012, Article ID 497386, 5 pages,
2012.

[30] A. Kamal, V. K. Singh, and A. Zaheer, “Severe acute pancrea-
titis: is organ failure enough?,” Radiology, vol. 277, no. 1,
pp. 304–306, 2015.

[31] N. J. Schepers, M. G. H. Besselink, H. C. van Santvoort, O. J.
Bakker, and M. J. Bruno, “Early management of acute

10 Gastroenterology Research and Practice



pancreatitis,” Best Practice & Research Clinical Gastroenterol-
ogy, vol. 27, no. 5, pp. 727–743, 2013.

[32] W.-S. Lee, J.-F. Huang, and W.-L. Chuang, “Outcome assess-
ment in acute pancreatitis patients,” The Kaohsiung Journal
of Medical Sciences, vol. 29, no. 9, pp. 469–477, 2013.

[33] S. S. Vege, T. B. Gardner, S. T. Chari et al., “Low mortality
and high morbidity in severe acute pancreatitis without
organ failure: a case for revising the Atlanta classification
to include “moderately severe acute pancreatitis”,” The Amer-
ican Journal of Gastroenterology, vol. 104, no. 3, pp. 710–715,
2009.

[34] S. Tutcu, S. Serter, Y. Kaya et al., “Hepatic perfusion changes in
an experimental model of acute pancreatitis: evaluation by
perfusion CT,” European Journal of Radiology, vol. 75, no. 2,
pp. 203–206, 2010.

[35] S. Koyasu, H. Isoda, Y. Tsuji et al., “Hepatic arterial perfusion
increases in the early stage of severe acute pancreatitis patients:
evaluation by perfusion computed tomography,” European
Journal of Radiology, vol. 81, no. 1, pp. 43–46, 2012.

[36] M. Eşrefoğlu, M. Gül, B. Ates, K. Batçioğlu, and M. A. Seli-
moğlu, “Antioxidative effect of melatonin, ascorbic acid and
N-acetylcysteine on caerulein-induced pancreatitis and asso-
ciated liver injury in rats,” World Journal of Gastroenterol-
ogy, vol. 12, no. 2, pp. 259–264, 2006.

[37] A. M. Coelho, M. C. Machado, S. N. Sampietre, K. R. Leite,
N. A. Molan, and H. W. Pinotti, “Hepatic lesion in experimen-
tal acute pancreatitis. Influence of pancreatic enzyme storage
reduction,” Revista do Hospital das Clinicas; Faculdade de
Medicina da Universidade de Sao Paulo, vol. 53, no. 3,
pp. 104–109, 1998.

[38] J. Yang, A. Fier, Y. Carter et al., “Liver injury during acute
pancreatitis: the role of pancreatitis-associated ascitic fluid
(PAAF), p38-MAPK, and caspase-3 in inducing hepatocyte
apoptosis,” Journal of Gastrointestinal Surgery, vol. 7, no. 2,
pp. 200–208, 2003.

[39] H. S. Ho, T. Ueda, and H. Liu, “The impacts of experimental
necrotizing pancreatitis on hepatocellular ion homeostasis
and energetics: an in vivo nuclear magnetic resonance study,”
Surgery, vol. 124, no. 2, pp. 372–380, 1998.

[40] K. J. Mortele, W. Wiesner, L. Intriere et al., “A modified CT
severiti index for evaluating acute pancreatitis: improved
correlation with patient outcome,” American Journal of
Roentgenology, vol. 183, no. 5, pp. 1261–1265, 2004.

[41] C. Triantopoulou, D. Lytras, P. Maniatis et al., “Computed
tomography versus acute physiology and chronic health
evaluation II score in predicting severity of acute pancreatitis,”
Pancreas, vol. 35, no. 3, pp. 238–242, 2007.

[42] C. Chatzicostas, M. Roussomoustakaki, E. Vardas, J. Romanos,
and E. A. Kouroumalis, “Balthazar computed tomography
severity index is superior to Ranson criteria and APACHE II
and III scoring systems in predicting acute pancreatitis out-
come,” Journal of Clinical Gastroenterology, vol. 36, no. 3,
pp. 253–260, 2003.

[43] H. Oğul, M. Kantarcı, B. Genç et al., “Perfusion CT imag-
ing of the liver: review of clinical applications,” Diagnostic
and Interventional Radiology, vol. 20, no. 5, pp. 379–389,
2014.

[44] P. V. Pandharipande, G. A. Krinsky, H. Rusinek, and V. S. Lee,
“Perfusion imaging of the liver: current challenges and future
goals,” Radiology, vol. 234, no. 3, pp. 661–673, 2005.

[45] C. S. Ng, A. G. Chandler, W. Wei et al., “Reproducibility of CT
perfusion parameters in liver tumors and Normal liver,”
Radiology, vol. 260, no. 3, pp. 262–270, 2011.

[46] S. H. Kim, A. Kamaya, and J. K. Willmann, “CT perfusion of
the liver: principles and applications in oncology,” Radiology,
vol. 272, no. 2, pp. 322–344, 2014.

[47] K. A. Miles and M. R. Griffiths, “Perfusion CT: a worthwhile
enhancement?,” The British Journal of Radiology, vol. 76,
no. 904, pp. 220–231, 2003.

[48] U. Motosugi, T. Ichikawa, H. Sou, H. Morisaka, K. Sano, and
T. Araki, “Multi-organ perfusion CT in the abdomen using a
320-detector row CT scanner: preliminary results of perfusion
changes in the liver, spleen, and pancreas of cirrhotic patients,”
European Journal of Radiology, vol. 81, no. 10, pp. 2533–2537,
2012.

[49] S. Guan, W. D. Zhao, K. R. Zhou, W. J. Peng, J. Mao, and
F. Tang, “CT perfusion at early stage of hepatic diffuse dis-
ease,” World Journal of Gastroenterology, vol. 11, no. 22,
pp. 3465–3467, 2005.

[50] J. Pieńkowska, K. Gwoździewicz, K. Skrobisz-Balandowska
et al., “Perfusion-CT – can we predict acute pancreatitis out-
come within the first 24 hours from the onset of symptoms?,”
PLoS One, vol. 11, no. 1, article e0146965, 2016.

[51] Y. Tsuji, H. Yamamoto, S. Yazumi et al., “Perfusion computer-
ized tomography can predict pancreatic necrosis in early stages
of severe acute pancreatitis,” Clinical Gastroenterology and
Hepatology, vol. 5, no. 12, pp. 1484–1492, 2007.

[52] A. K. Yadav, R. Sharma, D. Kandasamy et al., “Perfusion CT:
can it predict the development of pancreatic necrosis in early
stage of severe acute pancreatitis?,” Abdominal Imaging,
vol. 40, no. 3, pp. 488–499, 2015.

[53] N. Bharwani, S. Patel, S. Prabhudesai, T. Fotheringham, and
N. Power, “Acute pancreatitis: the role of imaging in diagnosis
and management,” Clinical Radiology, vol. 66, no. 2, pp. 164–
175, 2011.

[54] X. Wang, Y. Xu, Y. Qiao et al., “An evidence-based proposal
for predicting organ failure in severe acute pancreatitis,” Pan-
creas, vol. 42, no. 8, pp. 1255–1261, 2013.

[55] T. Arita, N. Matsunaga, K. Takano, A. Hara, T. Fujita, and
K. Honjo, “Hepatic perfusion abnormalities in acute pancrea-
titis: CT appearance and clinical importance,” Abdominal
Imaging, vol. 24, no. 2, pp. 157–162, 1999.

[56] X. J. N. M. Smeets, G. Litjens, K. Gijsbers et al., “The accuracy
of pancreatic perfusion computed tomography and angiogra-
phy in predicting necrotizing pancreatitis: a systematic
review,” Pancreas, vol. 47, no. 6, pp. 667–674, 2018.

[57] Y. Tsuji, N. Takahashi, H. Isoda et al., “Early diagnosis of pan-
creatic necrosis based on perfusion CT to predict the severity
of acute pancreatitis,” Journal of Gastroenterology, vol. 52,
no. 10, pp. 1130–1139, 2017.

11Gastroenterology Research and Practice



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

