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Rationale and Objectives: To assess the characteristics of pancreatic perfusion in normal pancreas and acute pancreatitis (AP) by using
dynamic contrast-enhanced (DCE) magnetic resonance imaging (MRI).

Method and Materials: Eighty-One AP patients and 26 normal subjects underwent DCE-MRI. The Omitk-Tool was used to analyze perfu-
sion parameters such as Ktrans, Vp

, and AUC. The parameters of pancreas between AP and control groups were compared. In AP patients,
the parameters were compared between edematous and necrotizing pancreatitis and among different grades of AP as determined by MR
severity index (MRSI) and the 2012 Revised Atlanta Classification of AP.

Results: The Ktrans, Vp
, and AUC values of AP were lower than those of the control group (p = 0.007, 0.000, and 0.025). According to MRSI,

the Ktrans and AUC values were significantly different between mild and moderate (p = 0.000, 0.000) and between mild and severe
(p = 0.008, 0.016) AP but not between moderate and severe AP (p = 0.218, 0.217). Based on the 2012 Revised Atlanta Classification, the
Ktrans values were significantly different between mild and moderately severe (p = 0.000) and between mild and severe (p = 0.005) AP, but
not between moderately severe and severe AP (p = 0.619). The Ktrans values were significantly different between edematous and necrotiz-
ing pancreatitis (p = 0.03).

Conclusion: The application of DCE-MRI to evaluate pancreatic perfusion contributes to the diagnosis of AP and its severity grade. Pan-
creatic perfusion is lower in AP patients than in patients with a normal pancreas, and pancreatic perfusion tends to decrease as the sever-
ity of AP increases.
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INTRODUCTION
A cute pancreatitis (AP) is an inflammatory disease
caused by autodigestion of the peripancreatic tissues
and pancreatic parenchyma (1). Abnormal changes

in the microcirculation can be found in AP, which make a
significant difference to the early development and progres-
sion of AP (2). Previous studies have shown that perfusion
CT can be used to determine the status of pancreatic
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perfusion to estimate AP severity at an early stage and to eval-
uate pancreatic ischemic damage to predict the progression of
pancreatic necrosis in patients with early-stage AP (3�4).
However, perfusion CT involves exposure to irradiation and
requires intravenous injection of a potentially nephrotoxic
iodinated medium. Moreover, it has been reported that the
radiographic contrast medium, as used in contrast-enhanced
CT, can reduce pancreatic perfusion and increase pancreatic
necrosis in experimentally induced AP (5). And it has not
been found the related reports on MRI contrast medium yet.

Recently, dynamic contrast-enhanced (DCE) magnetic
resonance imaging (MRI) has emerged as a tool that can be
used to assess the target tissue. DCE-MRI depends on acquir-
ing a rapid sequence of images with high temporal resolution
to analyze the relaxation effects of the contrast agent over the
dynamic data-acquisition timeframe and to provide quantita-
tive estimates of the physiological parameters associated with
perfusion and/or permeability in vivo (6). Based on the phar-
macokinetic model applied to fit the contrast-enhanced
1641
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curves, quantitative parameters can be derived that reflect the
vascular and structural characteristics of the target tissue
(7�8). Currently, DCE-MRI has been widely used in the
diagnosis and therapeutic evaluation of pancreatic tumors.
Nevertheless, the feasibility of DCE-MRI to evaluate pan-
creatic perfusion between AP and normal pancreas has not
been investigated.

A number of scoring systems can be used to assess the
severity of AP. There are two main categories: clinical assess-
ment methods, including APACHE II score, Ranson’s score
and the 2012 Revised Atlanta Classification of AP; and radio-
logical assessment methods, including the CT severity index
(CTSI) and the MR severity index (MRSI) (9�12).
Although the APACHE II scoring system reflects the severity
of AP at admission, the scoring system is complex and mainly
evaluates systemic complications without considering changes
in the pancreas or evaluating organ failure (13). The Ranson’s
scoring system is usually calculated 48 hours after admission,
which may delay treatment of the disease (9). Compared
with the APACHE II score and Ranson’s score, the 2012
Revised Atlanta Classification of AP is relatively simple and
can evaluate the presence of organ failure as well as complica-
tions. In addition, according to the 2012 Revised Atlanta
Classification of AP, the severity of AP can be graded as mild,
moderately severe or severe, and acute pancreatitis includes
edematous and necrotizing AP. Further, necrotizing AP can
be classified as pancreatic parenchyma necrosis, peripancreatic
tissue necrosis and combined necrosis, which contains pan-
creatic parenchyma and peripancreatic tissue necrosis. Among
all the clinical evaluation methods, the 2012 Revised Atlanta
Classification of AP provides clear definitions to classify AP
using the identified radiologic and clinical assessments (12).
CTSI is used to evaluate inflammation and pancreatic paren-
chyma necrosis in AP, and is considered the gold standard for
assessing AP severity, pancreatic necrosis, local complications
and clinical prognosis (14). It has been reported that MRSI is
similar in quality to CTSI for assessing AP severity (15�16).
Therefore, MRSI and the 2012 Revised Atlanta Classifica-
tion of AP were selected as the criteria for AP severity grading
in this study.

DCE-MRI has been used to evaluate the vascular and
structural features of normal pancreas and pancreatic
lesions (17�20). Akisik MF et al. applied DCE-MRI to
assess antiangiogenic therapy in patients with locally-
advanced pancreatic cancer (21). They established that
DCE-MRI can characterize normal pancreatic microcircu-
lation. However, the feasibility of DCE-MRI to evaluate
pancreatic perfusion between an AP and a normal pan-
creas and the relationship between pancreatic perfusion
parameters and AP severity has not been investigated.
Therefore, we conducted this study using DCE-MRI to
(1) measure the pancreatic perfusion parameters in patients
with AP; (2) measure the pancreatic perfusion parameters
in normal subjects; (3) compare the pancreatic perfusion
parameters between AP and normal subjects; and (4)
study the relationships in AP patients among the
1642
pancreatic perfusion parameters, MRSI and the Revised
Atlanta Classification of AP in the early stages.
MATERIALS ANDMETHODS

Our institutional review board approved this study, and all
participants signed the informed consent form.
Patients

AP patients who underwent DCE-MRI from September
2017 to December 2018 were recruited. The inclusion crite-
ria were as follows: (1) typical acute abdominal pain; (2) the
first occurrence of pancreatitis; (3) the level of serum amylase
had increased to more than three times the normal value,
excluding other causes of enzyme elevation; (4) upper
abdominal DCE-MRI examinations within 14 days of the
onset of AP; and (5) inpatient. We excluded 39 patients,
including 15 for whom they could not hold breath during
the coronal and axial SSFSE T2-weighted sequences and
axial 3D LAVA-Flex sequence, or the patients were uncom-
fortable during the MRI examination so that they cannot
complete the examination, 11 with chronic pancreatitis, 6
with pancreatic cancer, 4 for whom the examination was not
performed within 14 days of the onset of pancreatitis, and 3
with liver disease. In total, 81 AP patients were enrolled in
the AP group, including 46 men and 35 women, with a
median age of 50.5 years (20�86 years).

Patients in the control group who underwent DCE-MRI
were recruited from September 2017 to August 2018 from
patients who underwent physical examinations for other dis-
ease assessments. The inclusion criteria were as follows: (1)
no history of abdominal disorders; (2) sectional imaging
showing a normal pancreas, with only liver cysts, hepatic
hemangioma or renal cysts; and (3) no significant medical his-
tory of disease, including diabetes or other pancreatic disor-
ders. We excluded 25 patients, including 9 with biliary
diseases, 6 with cirrhosis, 6 with pancreatic diseases, and 4
with poor imaging results due to respiratory factors. Finally,
26 patients were enrolled in the control group, including 11
men and 15 women, with a median age of 46 years (20�67
years).
MRI Technique

DCE-MRI was performed within 14 days after the initial
pancreatitis symptoms occurred. Patients were fasted for 6 to
8 hours before the DCE-MRI scan. A cummerbund was
used to reduce respiratory motion artifacts. All DCE-MRI
was performed with a 3.0 T MRI (US GE Discovery 750) in
the supine position and equipped with a 32-channel phased-
array surface coil.

The scanning sequences included axial fast-recovery fast
spin-echo (FRFSE) T2-weighted imaging with fat suppres-
sion, two-dimensional coronal and axial single-shot fast spin-
echo (SSFSE) T2-weighted imaging, an axial 3D LAVA-Flex



TABLE 1. MR Severity Index Scoring System

Prognostic
Indicator

Characteristic Points

Inflammation Normal pancreas 0
Focal or diffuse enlargement of the
pancreas

1

Intrinsic pancreatic abnormalities
with inflammatory changes in the
peripancreatic fat

2

Single, poorly defined fluid
collection or phlegmon

3

Two or more poorly defined
collection or presence of gas in or
adjacent to the pancreas

4

Necrosis No necrosis 0
<30% 2
30%»50% 4
>50% 6
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(axial three-dimensional liver acquisition with volume accel-
eration-flexible) sequence, and an axial 3D LAVA-Flex
dynamic contrast-enhanced scan sequence.
Axial FRFSE T2-weighted images with fat suppression

were obtained with the following parameters: TR, 10000-
12000; TE,90-100; flip angle: 9°, thickness, 5 mm; matrix,
256£ 192; FOV, 36£ 34cm.
Coronal SSFSE T2-weighted images were obtained in two

or more breath-holds. The parameters were following: TR,
2500-3500; TE,80-100; flip angle: 90°, thickness, 5 mm;
matrix, 384£ 256; FOV, 39£ 33cm.
Axial SSFSE T2-weighted images were obtained in two or

more breath-holds. The parameters were following: TR,
2500-3500; TE,80-100; flip angle: 90°, thickness, 5 mm;
matrix, 320£ 256; FOV, 39£ 33cm.
Axial 3D LAVA-Flex MR images were obtained in one

breath hold. The parameters used were following: repetition
time (TR), 3.3; echo time (TE):1.5; flip angle: 3°, 6°, 9°, 12°
and 15°(imaged five times with varying flip angles before the
contrast material was injected); thickness, 6 mm; matrix,
360£ 280; field of view (FOV), 256£ 192cm.
Axial 3D LAVA-Flex dynamic contrast-enhanced scan

sequence was obtained with the following parameters:
TR,;3.3 TE, 1.5; flip angle: 15°, thickness, 6 mm; matrix,
360£ 280; FOV, 256£ 192cm, and the sequence continu-
ously imaged for 304 seconds with the contrast material
injected after imaging the third full-frame set.
Gadolinium chelate (Gadodiamide injection, General

Electric Healthcare, Ireland) was administered intrave-
nously (0.2 mmol/L per kg of body weight) at 2.5 mL/s
using a double-tube high-pressure injector (Spectris MR
Injection System, Medrad, Pittsburgh, PA) and was fol-
lowed by a 20 mL saline solution flush at the same speed.
All patients were instructed to breathe slowly during the
examination.
Image Analysis

Three observers, having 5 to 6 years of experience interpret-
ing pancreatic MR images, used a workstation (ICNRIS Sys-
tem) to review the original MR imaging data. They were
blinded to the laboratory data and clinical outcomes.
The MRSI was derived from the CTSI (16), and the sever-

ity of AP was graded as mild (0�3 points), moderate (4�6
points), or severe (7�10 points) (Table 1).
According to the 2012 Revised Atlanta Classification of

AP, the severity of AP was graded as mild, moderately severe
and severe, which were respectively defined as no organ fail-
ure and no local or systemic complications; organ failure that
resolves within 48 hours (transient organ failure) and/or local
or systemic complications without persistent organ failure;
and persistent organ failure (>48 h) including single or multi-
ple organ failure (12).
DCE-MRI postprocessing software program (Omni-

Kinetics Version V2.0.10, General Electric Healthcare)
was used to generate the voxelwise perfusion maps of the
volume transfer coefficient (Ktrans), plasma volume (Vp)
and area under the curve (AUC). First, T1 mapping was
computed from the T1-weighted acquisitions with differ-
ent flip angles (a = 3°, 6°, 9°, 12° and 15). A region of
interest (ROI) was manually drawn on the abdominal
aorta to obtain an arterial input function (AIF). Three
ROIs covering the pancreatic head, body, and tail were
selected on the slice containing the maximum amount of
pancreatic parenchyma. The area of each ROI was 20
mm2 to 40 mm2. The mean perfusion values of these
ROIs were calculated and used. In necrotizing AP, a sim-
ilar procedure was used to measure the perfusion parame-
ters in the non-necrotic areas of the pancreas. That is, if
the necrosis was in the head of the pancreas, the average
of the perfusion parameters in the body and tail were
used as the parameters of the whole pancreas. The visible
vessels, pancreatic duct, necrotic areas, and cysts were not
included in the ROIs.

The Ktrans depends on a balance between the capillary
permeability and blood flow in the tissue of interest. In
high-permeability situations, the Ktrans mainly reflects the
blood plasma flow per unit volume of tissue. In low-
permeability situations, the Ktrans mainly reflects the per-
meable surface area product between the blood plasma
and the extravascular extracellular space (EES) per unit
volume of tissue. Vp represents the total blood plasma
volume. AUC mainly reflects the blood flow in the tissue
of interest (8,22).
Statistical Analysis

Data were analyzed by using Statistical Package for Social Sci-
ences (SPSS) for Windows (Version 13.0, Chicago, IL). Data
derived from the MR images were averaged over the results
of the three observers, and the perfusion values were averaged
over multiple measurements. Any discrepancies would be
1643
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discussed by the three observers until a consensus was
reached. The chi-square test was used to assess the interrater
reliability of the MRSI and the 2012 Revised Atlanta Classi-
fication.

The median (interquartile) is used to present continuous
variables. The number of cases or the percentage is used to
present categorical data. The Wilcoxon signed-rank test was
performed to compare the perfusion parameters among the
head, body, and tail of normal pancreas. The Wilcoxon rank-
sum test was performed to compare the perfusion parameters
of the pancreas between the AP group and the control group,
and the edematous and necrotizing AP group. The Kruskal-
Wallis H rank-sum test was performed to compare the perfu-
sion parameters of the pancreas among the different grades of
AP as determined from MRSI and the 2012 Revised Atlanta
Classification. The p values are 2-sided, and p values <0.05
were considered statistically significant.
RESULTS

Patient Sample

In the 81 patients with AP, the etiology of AP was biliary in
44.44% (36/81), alcoholic in 22.22% (18/81), hyperlipidemia
in 17.28% (14/81), and unspecified in 16.05% (13/81) of the
patients.

In the control group, the 26 total subjects included 15 sub-
jects with no abnormalities, 5 subjects with hepatic cysts, 2
subjects with hepatic hemangiomas, and 4 subjects with renal
cysts, according to their abdominal MRIs.
Perfusion Parameters of a Normal Pancreas

In the 26 subjects with a normal pancreas, the Ktrans, Vp, and
AUC values of the pancreas were (0.783, 0.416-1.073) mL/
min, (0.299, 0.12-0.477), and (6.793, 5.486-9.397), respec-
tively. The Ktrans and AUC values of the normal pancreas
were significantly different between the head and body
(p= 0.014, 0.002) and between the head and tail (p= 0.002,
0.000), but not between the body and tail of the pancreas
(p= 0.17, 0.253). The Vp values of the normal pancreas were
not statistically significant among the different parts of the
pancreas (p = 0.431, 0.082, and 0.298). Details regarding all p
values are summarized in Table 2 and Figure 1.
TABLE 2. Comparison of the DCE-MRI Perfusion Parameters in the

Ktrans (mL/min) Vp

Head (0.92,0.478�1.424) (0.
Body (0.71, 0.405�0.992) (0.
Tail (0.652, 0.382�0.778) (0.
Z value ¡2.464*, 3.06**, 1.372*** ¡0
p value 0.014*, 0.002**, 0.17*** 0.4

Note: *represents head vs. body; **represents head vs. tail; ***represents
AUC, area under the concentration curve; DCE-MRI, dynamic contrast-e
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Perfusion Parameters of a Pancreas with AP

In the 81 AP patients, the Ktrans, Vp, AUC values of the pancreas
were (0.505, 0.26�0.721) mL/min, (0.078, 0.037�0.201), and
(5.256, 3.902�8.013), respectively. The inflammation of AP
may be limited to the head, body or tail of the pancreas,
thus the perfusion parameters in different parts of the pan-
creas with AP were not compared. The results are shown
in Figures 2-4.
Comparison of the Perfusion Parameters Between AP
and Normal Pancreas

The Ktrans, Vp, and AUC values in AP patients were lower
than those in patients with a normal pancreas, and these dif-
ferences were statically significant (Z=¡2.688, ¡3.763, and
¡2.237; and p = 0.007, 0.000, and 0.025, respectively).
Perfusion Parameters and the Grading Severity of AP
According to MRSI

According to MRSI, the 81 patients with AP included
53.09% (43/81) with mild AP, 40.74% (33/81) with moder-
ate AP, and 6.17% (5/81) with severe AP. The agreement
among the three observers for the MRSI grading severity was
very good (X2 = 1.436, p = 0.838).

The Ktrans and AUC values were significantly different
between mild and moderate grades of AP (p = 0.000 and
0.000), and between mild and severe grades of AP (p = 0.008
and 0.016), but not between moderate and severe grades of
AP (p = 0.218, and 0.271). However, the Vp value was not
significantly different between the different severity grades of
AP (p = 0.444, 0.161, and 0.252) (Table 3).
Perfusion Parameters and the Grading Severity of AP
based on the 2012 Revised Atlanta Classification of AP

According to the 2012 Revised Atlanta Classification of AP,
the 81 patients with AP included 41.98% (34/81) with mild
AP, 53.09% (43/81) with moderately severe AP, and 4.94%
(4/81) with severe AP. The agreement among the three
observers for the 2012 Revised Atlanta Classification was
very good (X2 = 1.256, p = 0.869).

The Ktrans value was significantly different between mild
and moderately severe grades of AP (p = 0.000), and between
Different Parts of the Pancreas (Median, Interquartile, n = 26)

AUC

349,0.098�0.47) (9.599,5.553�12.927)
22, 0.093�0.458) (6.814, 4.361�8.594)
236, 0.064�0.435) (5.257, 4.8�7.321)
.787*, 1.74**, -1.041*** ¡3.137*, 3.492**, 1.143***
31*, 0.082**, 0.298*** 0.002*, 0.000**, 0.253***

body vs. tail.
nhanced magnetic resonance imaging.



Figure 1. A 42-year-old male with a normal pancreas. (a) T1 WI; (b) Fat suppression T2 WI; (c)MRI-enhanced map; (d) Ktrans map; (e) Vp map;
and (f) AUCmap. AP, acute pancreatitis; AUC, area under the concentration curve; MRI, magnetic resonance imaging.

Figure 2. A 53-year-old male with edematous AP. The pancreas shows swelling and homogeneous enlargement (a,c), and inflammatory exu-
dation can be seen in the peripancreatic fat and the left renal anterior space (b); (d) Ktrans map; (e) Vp map; and (f) AUC map. AP, acute pancre-
atitis; AUC, area under the concentration curve.

Academic Radiology, Vol 26, No 12, December 2019 DYNAMIC CONTRAST-ENHANCEDMRI FOR ACUTE PANCREATITIS
mild and severe grades of AP (p = 0.005), but not between
moderately severe, and severe grades of AP (p = 0.619)
(Table 4).
Comparison of the Perfusion Parameters Between
Edematous AP and Necrotizing AP

In the 81 patients with AP, 80.25% (65/81) and 19.75% (16/
81) of the patients were classified as having edematous and
necrotizing pancreatitis, respectively, based on MR images.
In the 16 patients with acute necrotizing pancreatitis, 56.25%
(9/16) and 43.75% (7/16) of the patients had peripancreatic
tissue necrosis and combined necrosis, respectively.

The Ktrans values between edematous and necrotizing AP
were (0.598, 0.333�0.881) and (0.421, 0.241�0.51) mL/
min, respectively, with a significant difference between the
two groups (Z = ¡2.171, p = 0.03). However, the Vp and
AUC values were not significantly different between edema-
tous and necrotizing AP (Z =¡0.107 and 0.937; and
p = 0.915 and 0.349, respectively).
1645



Figure 3. A 39-year-old male with peripancreatic tissue necrotic AP. T1 WI and the enhancement images show a swollen and homo-
geneously enlarged pancreas (a,c). T1 WI, fat suppression T2 WI and the enhancement images show the nonliquid (arrows) and liquid peri-
pancreatic components around the pancreas with no enhancement of the nonliquid peripancreatic components (b, d-f). (g) Ktrans map; (h) Vp

map; and (i) AUC map. AP, acute pancreatitis; AUC, area under the concentration curve.
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DISCUSSION

In this study, DCE-MRI can be applied to differentiate
between an AP and a normal pancreas, and the Ktrans, Vp and
AUC values can be used as indicators to predict the severity
of AP, which makes a significant difference in promoting
timely treatment and improving patient prognosis.

In this study, the Ktrans and AUC values in the head of nor-
mal pancreas were higher than those in the body and tail. The
results were similar to those of previous studies applying DWI
and gradient-echo T2�-weighted imaging to research the
ADC and T2� values in the different parts of normal pancreas
(23�25). The difference in the values may be explained by
the differences in the blood supply to the different parts of
normal pancreas (26). Another potential explanation is the
difference in tissue compositions between different parts of
the pancreas. In other words, the number of Langerhans islets
and the density of the fatty components are different between
the pancreatic head, body and tail (25).

In this study, the Ktrans, Vp and AUC values of AP were
lower than those of normal pancreas. These results are similar
1646
to those of the CT perfusion parameters (blood flow and
blood volume) used in a previous CT study, with the excep-
tion being that patients with AP showed higher permeable
surface area products than did patients with normal pancreas
(3). In this study, Ktrans can reflect the capillary permeability,
but Ktrans depends on a balance between the capillary perme-
ability and blood flow in the tissue of interest. In high-per-
meability situations, Ktrans mainly reflects the blood plasma
flow per unit volume of tissue (7). Investigators have reported
that the capillary permeability of AP is high, with a tendency
to increase with increasing severity of AP (27). In this case,
the Ktrans mainly reflects the blood flow in the target tissue,
which is similar to the CT perfusion parameters (blood flow).
During the development of AP, pancreatic acinar cells are the
primarily affected cells, and inflammatory mediators are
released into the pancreas, which can damage the endothe-
lium and induce pancreatic microcirculation dysfunction,
leading to poor pancreatic perfusion, pancreatic edema, and
pancreatic necrosis (28�29). Therefore, our results clearly
reveal the pathological characteristics of AP. Pancreatic



Figure 4. A 60-year-old male with combined necrotic AP. T1 WI, fat suppression T2 WI and the enhancement images show irregular necrosis
in the pancreatic neck (triangle) and peripancreatic necrosis (arrows) (a-f). (g) Ktrans map; (h) Vp map; and (i) AUC map. AP, acute pancreatitis;
AUC, area under the concentration curve.
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perfusion in the AP patients is poorer than that in the control
patients, and the Ktrans, Vp and AUC values obtained by
DCE-MRI can potentially be used as diagnostic indicators
for AP.
MRSI originates from the CTSI developed by Balthazar,

which mainly evaluates the inflammation and necrosis of the
pancreas (14). In this study, the Ktrans and AUC values
decreased as the severity of AP increased based on MRSI,
while the values between moderate and severe AP were not
significantly different. Ktrans and AUC mainly reflect the
blood flow in the tissue of interest. A previous CT perfusion
TABLE 3. The Perfusion Parameters Among the Different Severities

Group Ktrans (mL/min)

Mild (n = 43) (0.662, 0.417�0.833)
Moderate (n = 33) (0.465, 0.158�0.56)
Severe (n = 5) (0.18, 0.072�0.447)
Z value ¡3.605a,¡2.649b, 1.231c

p value 0.000a, 0.008b, 0.218c

Note: “a” represents mild vs.moderate; “b” represents mild vs. severe; “c

AUC, area under the concentration curve; AP, acute pancreatitis; MRSI,
study has reported that pancreatic perfusion is worse in severe
pancreatitis than in mild pancreatitis, according to Balthazar’s
criteria (30). In addition, investigators have reported that as
the severity of MRSI increases, the conditions of AP patients
become more serious (23,31). Therefore, we can speculate
that the higher the severity of AP, the poorer the pancreatic
perfusion, according to MRSI. The failure of pancreatic
microcirculation can lead to acinar cell necrosis and edema
level increases (32). Both the moderate and severe AP groups
included patients with necrotizing AP, which may result in
the Ktrans and AUC values showing no statistically significant
of AP Based on MRSI (Median, Interquartile)

Vp AUC

(0.092, 0.038�0.213) (5.665, 4.599�8.432)
(0.089, 0.038�0.134) (3.892, 3.094�5.961)
(0.026, 0.022�0.155) (3.302, 1.05�8.008)
¡0.765a, 1.401b, 1.145c ¡4.234a, 2.413b, 1.101c

0.444a, 0.161b, 0.252c 0.000a, 0.016b, 0.271c

” represents moderate vs. severe.
magnetic resonance severity index.
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TABLE 4. The Perfusion Parameters of the Different Severities of AP Based on the 2012 Revised Atlanta Classification of AP
(Median, Interquartile)

Group Ktrans(mL/min) Vp AUC

Mild (n = 34) (0.712, 0.556�0.928) (0.117, 0.036�0.209) (6.134, 4.933�7.89)
Moderately severe (n = 43) (0.381, 0.11�0.583) (0.068, 0.042�0.135) (4.453, 3.463�6.026)
Severe (n = 4) (0.285, 0.129�0.437) (0.05, 0.025�0.205) (4.428, 3.417�6.901)
Z value ¡4.524a, 2.806b, 0.534c ¡1.067a, 0.785b, 0.400c ¡3.18a, 1.57b, 0.152c

p value 0.000a, 0.005b, 0.619c 0.286a, 0.432b, 0.699c 0.001a, 0.116b, 0.879c

Note: “a” represents mild vs.moderately severe; “b” represents mild vs. severe; “c” represents moderately severe vs. severe.
AUC, area under the concentration curve; AP, acute pancreatitis.
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difference between the moderate AP and severe AP groups.
However, it is possible that the number of patients with
severe AP was not large enough to attain a significant differ-
ence between the moderate and severe AP groups.

The 2012 Revised Atlanta Classification of AP has the
advantage of reflecting the presence of organ failure and
complications (12). In general, the higher the AP severity is,
the more serious the general condition of the patient. In this
study, the Ktrans value was higher in mild AP than in moder-
ately severe and severe AP. Mild AP was classified as having
no organ failure or complications. Organ failure and compli-
cations can lead to increased morbidity and mortality in AP
patients (33). Therefore, we speculate that pancreatic perfu-
sion is higher in mild AP than in moderately severe and
severe AP.

In the study, 16 AP patients had signs of necrosis,
including peripancreatic tissue necrosis and combined
necrosis, while 65 patients had acute edematous pancreati-
tis. The Ktrans value in acute edematous pancreatitis was
higher than that in acute necrotic pancreatitis. It has been
reported that the severity of peripancreatic tissue necrotic
AP is lower than that of combined necrotic AP, but it is
higher than that of acute edematous pancreatitis (34�36).
In addition, during the development of AP, failure in the
microcirculation can lead to an increase in the level of
acinar cell necrosis and edema (32). We can speculate that
pancreatic perfusion is higher in edematous pancreatitis
than in necrotic pancreatitis.

However, the sample size of the patients with severe
AP was not large enough, which may have led to a slight
bias in our results. A greater number of patients will be
recruited in our future studies. The time interval between
the DCE-MRI examination and the onset of AP was var-
iable, which might have had an effect on the perfusion
parameters and the grading severity of AP. We performed
DCE-MRI examinations within 14 days of the onset of
AP to minimize this variability.

In conclusion, the application of DCE-MRI to evaluate
pancreatic perfusion contributes to AP diagnosis and severity
grading. Pancreatic perfusion is significantly lower in AP
patients than in patients with a normal pancreas, and pancreatic
perfusion tends to decrease as the severity of AP increases.
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