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Abstract

Background: The role of diffusion-weighted magnetic resonance imaging (DW-MRI) in the diagnosis of acute
pancreatitis is assessed in this study by measuring the apparent diffusion coefficient (ADC) values in acute
pancreatitis and comparing them with a control group. The aim of this study is to compare those two
groups thus supporting the diagnosis of this disease.
Sixteen patients with acute pancreatitis and 16 control participants underwent diffusion-weighted imaging
with b values of 0, 200, and 800. ADC maps were generated from the DW-MRI and ADC values, which were
calculated for the pancreas, and the results of the two groups of patients were compared.

Results: The mean pancreatic ADC value in the acute pancreatitis group (1.15 × 10(−3) mm(2)/s ± 0.28) was
significantly lower than in the normal group (1.6 × 10−3 mm(2)/s ± 0.2). A threshold ADC value of 1.38 × 10−3

mm(2)/s yielded 81.25%, specificity of 93.75%, positive predictive value of 92.9%, negative predictive value of
83.3%, and accuracy of 91.8%. Pancreatic ADC values were significantly lower in patients with acute
pancreatitis than in the control group.

Conclusion: Diffusion-weighted magnetic resonance imaging could be an important supportive tool in the
diagnosis of acute pancreatitis.

Keywords: Diffusion-weighted magnetic resonance imaging, DW-MRI, Apparent diffusion coefficient, ADC,
Pancreas, Acute pancreatitis

Background
Acute pancreatitis is an acute non-infectious pancre-
atic inflammatory disorder. It occurs due to the acti-
vation of the pancreatic digestive enzymes and is
normally a self-limited disease. About 20 to 30% of
patients develop severe pancreatic necrosis, with
morbidity and mortality rates of up to 20 to 45% [1].
Treatment of acute pancreatitis depends on the se-
verity of the disease. In clinical practice, many la-
boratory findings and scoring systems have been
used to predict the disease’s course. Clinical signs,
like epigastric pain, are non-specific and can be ab-
sent in up to 10% of patients. Serum lipase and
amylase levels are also used to diagnose pancreatitis;
however, they are within normal range in up to 20%

of cases. It is therefore essential to grade acute pan-
creatitis radiologically [2].
Among the radiological studies, CT with contrast is

the most prevalent modality used for disease staging
and for determining severity. It is used in evaluation
of the pancreatic parenchyma and detecting pancre-
atic and extra pancreatic inflammation, which is
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Table 1 Demographic data of the control and patient group

Control group Patient group

No. = 16 No. = 16

Sex Mean ± SD 38.56 ± 16.22 34.88 ± 20.54

Range 18–66 13–85

Age Female 12 (75%) 13 (81.3%)

Male 4 (25%) 3 (18.8%)
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closely linked to the severity of the course of the dis-
ease [3]. However, CT cannot be used in patients
who have contraindications for iodinated contrast
media, as it has been found to aggravate the disease
and worsen the renal failure often caused by acute
pancreatitis. MRI is also used, and it outweighs CT in
diagnosis of the mild form of the disease, of peri-
pancreatic fat infiltration, and of the pancreatic and
biliary ducts’ characterization. Using MRI is limited in
emergency departments, however, because of its cost,
limited availability, and long exam duration [4].
Diffusion-weighted magnetic resonance imaging

(DW-MRI) is the best sequence that can be used
during emergency settings because of its short acqui-
sition time, the absence of radiation, and its high
resolution [5, 6]. The pancreas is both an exocrine
and endocrine organ, and it therefore has a rich
blood supply and is expected to have good diffusion
characteristics. Acute pancreatitis can therefore be
assessed by diffusion changes [7].
Studies reveal that DW-MRI restriction and low

ADC values have the ability to assess pancreatic tis-
sue inflammatory changes even in patients who do
not have radiological findings using CT imaging. In
DW-MRI, ADC values are used as a quantitative par-
ameter, which reflects the microenvironment of dif-
fusing water molecules [8].
In the current study, the main goal was to meas-

ure pancreatic ADC values in acute pancreatitis
and to compare the results with a healthy control
group.

Methods
This case-control study included 16 patients with acute
pancreatitis referred from the emergency department of
a university hospital, and 16 patients in a control group
who were in the radiodiagnosis department for MRI
examination. The cases were age- and sex-matched.

Inclusion criteria

� Patients with clinically and laboratory diagnosed
acute pancreatitis.

� Both sexes included.
� No age predilection.

Exclusion criteria

� Patients known to have contraindications for MRI,
e.g., an implanted magnetic device, pacemakers, or
claustrophobia.

� Patients in a bad general condition needing life
support.

Procedure
At the MRI unit, both groups were subject to: the
following

� A full history-taking and clinical examination.
� An MRI examination, carried out at the MRI unit at

the university hospital.

Patient preparation

� Prior to MRI examination, informed consent was
obtained from the patient or the patient’s parents or
caregivers.

� No previous preparations were required.
� Detailed explanation of the imaging procedure was

provided.
� The patient was positioned supine on the MRI table.

Method of MRI examination
The MRI study was performed using a 1.5T machine
(Achieva, Philips medical system, Eindhoven,
Netherlands). A standard body coil was used for
both conventional imaging and diffusion-weighted
imaging.

Examination protocol
Morphological sequences were performed in multiple
projections, including the following:

1. Axial, sagittal, and coronal T2-weighted turbo
spin echo (T2 W TSE) images.

2. Axial and sagittal (STIR) images.

Table 2 Causes of pancreatitis in patient group by percentage

Cause Idiopathic 3 (18.8%)

Gallstones 11 (68.8%)

Congenital (divisum) 1 (6.3%)

Iatrogenic after ERCP 1 (6.3%)

Table 3 Relationship between mean ADC values of both
groups

Control
group

Patient
group

Test
value•

p value Sig.

No. = 16 No. = 16

ADC values
(×10−3 mm2/s)

Mean ±
SD

1.60 ± 0.21 1.15 ± 0.28 5.070 0.001 HS

Range 1.25–1.94 0.57–1.64

p value > 0.05: non-significant (NS); p value < 0.05: significant (S); p value <
0.01: highly significant (HS)
• Independent t test
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3. Axial T1-weighted turbo spin echo (T1W TSE)
images.

4. Axial DWI using a multi-slice single-shot echo-
planar imaging (EPI) sequence with different b
values.

5. ADC maps in grayscale were automatically
produced, with the applied mono-exponential decay
model including all b values (0, 200, and 800).

Duration of the examination
The MRI took about 15–20 min.

Image analysis
In the control group, mean ADC values from each
sector (head, body, and tail) with a minimum area of
80 mm2 were calculated for each patient directly
from the ADC map data on the workstation. In the
acute pancreatitis group, the ADC from a single (re-
gion of interest) ROI with the highest signal

intensity in the head, body, or tail with a minimum
area of 90 mm2 was measured. Areas with pancreatic
fluid, pancreatic duct, pseudocysts, cystic lesions,
and artifacts were excluded from the region of
interest.
The images were analyzed by a senior radiologist who

has 4 years of body MRI experience and who was not
blinded to clinical data.
The diagnosis was confirmed by the clinical picture

and the laboratory tests.

Statistical analysis
Data were coded using IBM SPSS (version 23). The
quantitative data were expressed as mean, SD, and
ranges when their distribution found parametric. The
qualitative data were expressed as numbers and
percentages.
The comparison between the quantitative data and

parametric distribution of the two groups was done
using the independent t test; the comparison between
groups regarding qualitative data was done by using
the chi-square test; and the comparison between
more than two groups was done using one-way
ANOVA.
Spearman’s rank correlation coefficient was used to as-

sess the correlation between two quantitative parameters
in the same group.
A receiver operating characteristic (ROC) curve was

used in the quantitative form to determine sensitivity,

Table 4 Relationship between sex/cause and mean ADC value in the patient group

ADC values (× 10−3mm2/s) Test
value

p
value

Sig.

Mean ± SD Range

Sex Female 1.20 ± 0.26 0.57–1.64 1.526• 0.149 NS

Male 0.93 ± 0.32 0.57–1.16

Cause Idiopathic 1.36 ± 0.18 1.16–1.50 8.438•• 0.003 HS

Gallstones 1.19 ± 0.18 0.97–1.64

Congenital (divisum) 0.57 ± 0.00 0.57–0.57

Iatrogenic after ERCP 0.57 ± 0.00 0.57–0.57

p value > 0.05: non-significant (NS); p value < 0.05: significant (S); p value < 0.01: highly significant (HS)
•Independent t test
••One-way ANOVA test

Fig. 1 Relationship between causes and mean ADC value

Table 5 Diagnostic performance of ADC value x 10-3 in
discrimination of acute pancreatitis and normal

Parameter AUC Cut-off
Point

Sensitivity Specificity PPV NPV

Mean ADC (× 10−3

mm2/s)
0.918 ≤ 1.32 81.25 93.75 92.9 83.3

p value > 0.05: non-significant (NS); p value < 0.05: significant (S); p value <
0.01: highly significant (HS)
•Independent t test
••One-way ANOVA test
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specificity, positive predictive value (PPV), negative
predictive value (NPV), and the cut-off point of mean
ADC. The confidence interval was set to 95% and the
margin of error accepted was set to 5%. The signifi-
cance of p values was established as follows:
p value > 0.05: non-significant (NS)
p value < 0.05: significant (S)
p value < 0.01: highly significant (HS)

Results
This case-control study was conducted on 16 patients
who had presented with acute pancreatitis and had been
referred to an MRI unit at a university hospital. The
most restricted pancreatic area was assessed in each pa-
tient. We included a total of 16 patients and compared
them to 16 control cases who had an abdominal path-
ology that was not pancreatic.
The data was collected, analyzed, and tabulated as

follows:

Demographic distribution of study population
The control group ranged in age from 18 to 66 years
old with a mean of 38.56 ± 16.2 years. Men made up
25% of the control group and women 75%. Patients

were aged between 13 and 85 years old with a mean
of 34.88 ± 20.54 years; men made up 19% of the pa-
tient group and women 81% (Table 1).

Distribution of study population according to causes
In the 16 patients with acute pancreatitis, the etiology
was biliary in 68.8% (11/16), congenital in 6.3% (1/
16), and iatrogenic in 6.3% (1/16), while 18.8% (3/16)
of the patients did not have a specified etiology
(Table 2).

Distribution of study population according to ADC results
The mean pancreatic ADC value in the acute pan-
creatitis group (1.15 × 10(−3)mm(2)/s ± 0.28) was sig-
nificantly lower than in the normal group (1.6 ×
10(−3) mm(2)/s ± 0.2) (Table 3). There was no signifi-
cant difference between sex and mean ADC value of
pancreatitis in the patient group (Table 4, Fig. 1).
The receiver operating characteristics (ROC) curve

was used to define the best cut-off ADC value × 10−3

for differentiation of acute pancreatitis and normal
pancreas, which was ≤ 1.32, with sensitivity of
81.25%, specificity of 93.75%, positive predictive value

Fig. 2 ROC curve between control and patient group regarding mean ADC value
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of 92.9%, negative predictive value of 83.3%, and ac-
curacy of 91.8% (Table 5, Fig. 2).
These are all well-demonstrated in Figs. 3, 4, 5, 6, and

7.
Table 1 shows the demographic data of both control

and patient groups.
Table 2 shows the causes of pancreatitis in the patient

group. Gallstones were the most common cause in our
patient group.
Table 3 shows the relationship between mean ADC

values between both groups, showing significant differ-
ence between both groups being much lower in acute
pancreatitis than the control group.
Table 4 shows that there is no significant differ-

ence between sex and mean ADC value of pancrea-
titis in the patient group. It also shows a strong
relationship between the cause of pancreatitis and
the mean ADC value; mean ADC values are signifi-
cantly lower in cases with congenital and iatrogenic
causes, but not in the case of gallstones, as illus-
trated in Fig. 1.
Table 5 and Fig. 2 show a receiver operating character-

istics (ROC) curve that was used to define the best cut-
off ADC value × 10−3 for differentiation of acute
pancreatitis and normal pancreas, which was ≤ 1.32,
with sensitivity of 81.25%, specificity of 93.75%, positive
predictive value of 92.9%, negative predictive value of
83.3%, and accuracy of 91.8%

Discussion
As discussed above, MRI is considered to be the mo-
dality of choice to assess pancreatic necrosis and se-
verity as a result of severe pancreatitis, which has a
high mortality rate [9]. The pathogenesis of acute
pancreatitis is likely due to acinar cell death, infiltra-
tion of acinar spaces by polymorphonuclear leuco-
cytes, deposition of fibrin in intercellular spaces, and
microthrombi in blood vessels. The areas of re-
stricted diffusion show higher signal intensity on
DW-MRI with low ADC values [10]. DW-MRI has
been suggested as a helpful tool for detecting acute
pancreatitis since inflammatory processes are related
to restricted water diffusion [11]. CT imaging with
IV contrast medium in severe acute pancreatitis pa-
tients who have renal failure may increase the sever-
ity of the disease [12]. In addition, CT is usually
delayed until the third and the fourth day after the
onset of the disease, while DW-MRI can be used in
the first 3 days to detect early changes in the disease
[13, 14]. DW-MRI is also an outstanding imaging
tool for patients with a history of allergy to IV con-
trast medium [15, 16].
This study included 16 patients with acute pancreatitis

and 16 healthy controls. The mean pancreatic ADC in

Fig. 3 DWI showing no restriction of pancreatic parenchyma and
high ADC value of pancreas on ADC map
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the pancreatitis group (1.15 × 10(−3) mm(2)/s ± 0.28) was
significantly lower than in the control group (1.6 ×
10(−3) mm(2)/s ± 0.21). In the control group, the average
ADC values in the tail were lower than in the head and
body.
The study showed the cut-off value to be 1.32 ×

10(−3) mm2/s, quite similar to those in the study
done by Salik et al. [17], who showed the threshold
total ADC value that best separated the acute
pancreatitis and control groups was 1.60 × 10−3

mm2/s.
The cases studied showed that MRI is also benefi-

cial in evaluating numerous findings such as gall-
stones, peripancreatic fluid, necrosis, and
lymphadenopathy. Diffusion also differentiates be-
tween normal and abnormal pancreatic tissue and
thus is well-correlated to clinical and laboratory find-
ings. This was also proved in the research by Wigger-
mann et al. [18].
The pancreatic mean ADC value in the acute pan-

creatitis group was significantly lower than in the
control group, at 1.15 × 10(−3) mm(2)/s in the former
compared to 1.6 × 10(−3) mm(2)/s in the latter. This is
also similar to the results of a study done by Xinghui
et al. [19].
The best ADC threshold value for distinguishing

acute pancreatitis from a healthy pancreas was 1.32
× 10-3 mm2/s, with a sensitivity of 81.25%, specificity
of 93.75%, positive predictive value of 92.9%,

negative predictive value of 83.3%, and accuracy of
91.8%.
This study has some limitations, including the fact

that it is a small case-control study. Despite care be-
ing taken to avoid artifacts and optimizing the proto-
col to reduce imaging time and motion, MR artifacts
introduce unavoidable ADC measurement errors, es-
pecially in body imaging applications. Sampling errors
were reduced by increasing the area of the ROI in
the pancreatitis group. A second limitation was in-
creasing the b value in order to improve the sensitiv-
ity of diffusion, leading to the reduction of the signal
to noise ratio (SNR), which affects ADC measure-
ment. In the current study, a maximum b value of
800 mm2/s was used. We also had a limitation of
having just one radiologist reviewing the images. Two
readers with analysis of agreement and discrepancy
will be used in future studies with greater numbers of
patients.

Conclusion
An acutely inflamed pancreas demonstrates restricted
diffusion and can be differentiated from a normal
pancreas based on DW-MRI findings through in-
creased signal in DW-MRI and decreased ADC
values. Future studies for evaluating the diagnostic ac-
curacy of DW-MRI and investigating the role of
ADCs as a prognostic indicator in acute pancreatitis
may be helpful.

Fig. 4 Axial T2WI shows calcular gallbladder (red arrow) with dilated CBD (yellow arrow)
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Fig. 5 DWI showing restricted pancreas and low ADC value 1.01 ×
10−3 mm2/s of pancreatic body on ADC map
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Fig. 6 Axial T2WI shows edematous pancreas (yellow arrow) with minimal peripancreatic fluid

Fig. 7 DWI showing restricted pancreas and low ADC value of pancreatic body on ADC map 0.87 × 10−3 mm2/s
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