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Abstract

Background: To investigate the role of dynamic Magnetic
Resonance Imaging (MRI) in diagnosing and assessing the
severity of Acute Pancreatitis (AP) patients and role out
pancreatic necrosis.

Aim of Study: The aim of the study was to determine the
effectiveness of dynamic MRI in the diagnosis of AP and
assessing the severity of AP by detection and delineation of
extension of pancreatic necrosis in comparison to clinical
scoring systems.

Material and Methods: Thirty four patients with clinical
diagnosis of acute pancreatitis underwent magnetic resonance
imaging using 1.5T machine include T1, T2 weighted imaging,
SPAIR and dynamic contrast. Magnetic Resonance Severity
Index (MRSI) was used to assess the severity and correlated
with clinical scoring based on revised Atlanta classification
and Acute Physiology and Chronic Health Evaluation IT
(APACHE II) score.

Results: T2-SPAIR is the best sequence to diagnose AP.
The MRSI significantly correlates with both revised Atlanta
and APACHE II scores in differentiating mild cases of AP

from moderate edematous and severe necrotizing cases (p
<0.001 for revised Atlanta and 0.004 for APACHE II.

Conclusion: Dynamic MRI help to diagnose mild forms
of AP and differentiate it from other causes of abdominal
pain.MRI can be used in combination with clinical scoring
for diagnosis of AP and accurate assessment of disease severity.

Key Words: Acute pancreatitis — MRI — Revised Atlanta —
APACHE 11 score.

Introduction

ACUTE Pancreatitis (AP) is one of the most com-
monly observed pancreatic disorders [1].

AP 1s the most terrible of all the calamities that
occur in connection with the abdominal viscera.
The suddenness of its onset, the illimitable agony
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which accompanies it, and the mortality attendant
all render it most formidable of catastrophes [2].

The incidence of AP has been on the rise world-
wide [3]. AP has a yearly incidence of approximately
13-45 new cases per 100,000 per year [4].

AP is a potentially fatal disease which has to
be accurately diagnosed with a mortality rate of
over 10% [5].

Necrotizing disease and advanced age are as-
sociated with increased mortality risk. Early diag-
nosis is essential for effective and timely treatment
of disease and avoidance of complications [6].

AP is an inflammatory condition caused by
intracellular activation and extravasation of inap-
propriate proteolytic enzymes, leading to autodi-
gestion of the gland, determining destruction of
pancreatic parenchyma and peripancreatic tissues
(7.

The most prevalent etiologic factors in AP are
choledocholithiasis and alcoholism [6].

Less common causes include hypertriglyceri-
demia, hypercalcemia, drugs, and autoimmune
diseases [7].

Imaging plays a vital role in the management
of pancreatitis. It enables diagnosis and differenti-
ation of the severity of this condition. This is
crucial for guiding clinical management and has
prognostic value. In addition, it helps to identify
and manage the associated complications with
image-guided drainage and aspiration [8].

Magnetic Resonance Imaging (MRI) is becom-
ing increasingly important and is often the preferred
imaging modality to evaluate a variety of pancreatic
disease processes [9].
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Patients and M ethods

Thisis aprospective study that was carried out
in the Radiology Department of Assiut University
Hospital during the period from April 2015 to May
2016.

This study was performed on 34 patients re-
ferred to us from General Surgery and Internal
Medicine Departments diagnosed as acute pancre-
atitis based on clinical diagnostic guidelines. Ab-
dominal contrast enhanced MRI was done for all
patients.

Inclusion criteria:

Patients in different ages who have two of the
following three features to make a diagnosis of
AP: Characteristic abdominal pain, an elevated
serum amylase or lipase >_3 times the upper limit
of normal, and characteristic findings of AP on
ultrasound or CECT scan.

Exclusion criteria:
Patients with:
- History of chronic pancredtitis,

- History of pancreatic surgery;

- Any general contraindication of MRI as presence
of any paramagnetic substance as pacemakers or
those with claustrophobia; and

- Severely ill patients or inability of patients to
cooperate when performed MR imaging.

Each patient was subjected to the following:
- Clinical and laboratory assessment: Performed
by the referring physician;
a Clinical history and physical examination:
Including the vital signs.

b- Laboratory investigation including: Arterial
PH, serum sodium, potassium, creatinine,
hematocrite, white blood count, O, saturation.

c- Clinical scoring:

1- Revised Atlanta classification: Patients were
categorized into mild, moderate and severe acute

pancreatitis based on the presence or absence of
local and systemic complications and organ failure.

- Organ failure is defined by the modified Marshall
scoring system.

- Local complications include necrosis (detected
by CECT imaging which was done for all pa-
tients), fluid collections, gastric outlet dysfunc-
tion, splenic and portal vein thrombosi s, and
colonic necrosis.

- Systemic complication is defined as exacerbation
of pre-existing co-morbidity, such as coronary
artery disease or chronic lung disease, precipitated
by the AP.

2- Calculation of the APA CHE Il scores: Within
the first 24 hours of admission based on axillary
temperature, mean arterial blood pressure, heart
rate, respiratory rate, oxygenation, arterial PH,
serum sodium, potassium, creatinine, hematocrite,
white blood count and Glasgow coma scale. All
values were taken from a score from O to 4 points,
with O points being normal and 4 points being the
most abnormal. The sum of the points constituted
the acute physiologic score. A point weighting for
patient age and a point weighting for chronic health
problems are added to acute physiologic score and
constitute the APACHE Il score.

- Radiological assessment: MRI abdomen Dynamic
contrast:

The standard MRI protocol performed for all
patients was as follows:

MRI examination was performed using a 1.5
Teda MR Imager scanner (Achieva; Philips Med-
ical Systems) using abdominal phased array Torso
coil in the supine position with small field of view
and thin sections. The imaging to all patients was
done one week after the onset of the attack.

The following sequences wer e obtained:

- Coronal turbo spin-echo T2-weighted image:
Repetition time (TR) 526ms, Echo time (TE)
80ms, slice thickness 5mm, Field of View (FOV)
425mm, Matrix 304 X 264, Flip Angle (FA) (900)
and Acquisition time 1:06min.

- Axial turbo spin-echo T2- HR weighted image:
TR 1670 ms, TE 100 ms, Slice thickness 5mm,
FOV 375 mm, Matrix 400X 224, FA (900) and
Acquisition time 4:03min.

- Axial T1 FFE-weighted image: TR260ms, TE
46ms, dice thickness 5mm, FOV 375mm, Matrix
240 X 118, FA (800) and Acquisition time 15sec.

- Axial T2-SPAIR weighted sequence: TR 768ms,
TE 80ms, dslice thickness 7mm, FOV 273mm,
Matrix 304 X 209, FA (900) and Acquisition
time 2:36min.

- MRCP was done for 15 cases (to exclude intra
or extra hepatic biliary dilatation), sections were
obtained in axial and coronal TSE T2-weighted
sequence with the use of breathing averaged 3D
fast spin-echo technique or thick single slab 2D
single shot fast spin-echo technique.

- Dynamic contrast-enhanced MRI: Axial pre and
post contrast fat saturated T1 THRIVE images
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were obtained immediately after manually inject-
ed gadolinium chelate at a dose of 0.1mmol/ kg
of body weight; three phases were obtained,
arterial, venous/portal and parenchymal. An ad-
ditional delayed phase was acquired and images
were obtained sequentially at 30, 70, 120 sec
and at 4 minute. Slice thickness 1.3mm, FOV
375mm, Matrix 180 X 142, FA (100) and Acqui-
sition time 11 sec.

Data analysis and image interpretation:
MR imaging analysis:
MR images were analyzed for the following:

- Enlargement of pancreas; the enlarged pancreas
was defined as anterior posterior diameter 23cm
on axial images.

- Signal intensity of the pancreas on different
sequences: T2WI, TIWI and T2-SPAIR.

- Degree of uptake of contrast medium by pancre-
atic parenchyma, extent of necrosis of pancreatic
parenchyma (<30, 30-50, >50%).

- Presence of peripancreatic fluid collection.

- Related extra-pancreatic findings as presence of
biliary stones, extra hepatic biliary dilation, portal
venous thrombosis, splenic vein thrombosis or
arterial (pseudo)aneurysm.

- Presence of pleural effusion or ascites.

Interpretation of DCE-MRI:

The severity of acute pancreatitis was analyzed
using MRSI criteria shown in (Table 1) which were
derived from CTSI criteria and include Balthazar
grades (A-E) and the extent of pancreatic necrosis.

Table (1): MRSI scoring system.

o Characteristics Score Grade
Prognostic indicators
Pancreatic inflammation:
- Normal pancreas 0 A
- Focal or diffuse enlargement of the pancreas 1 B
- Intrinsic pancreatic abnormalities with 2 C
inflammatory changes in the peripancreatic
fat
- Single ill defined fluid collection 3 D
- Two or more poorly defined fluid collections

N
es]

Pancreatic necrosis:
- No necrosis
-<30%

-30-50%
->50%

[ S S )

MRSI: Balthazar score + % of necrosis. The maximum score that can
be obtained is 10.
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» Mild pancreatitis (interstitial): Balthazar B or C,
without pancreatic or extra pancreatic necrosis.

* Moderate pancreatitis (exudative): Balthazar D
or E, without pancreatic necrosis; peripancreatic
collections are due to extra pancreatic necrosis.

* Severe pancreatitis (necrotizing): With pancreatic
Necrosis.

Pancreatic necrosis was defined as well-
marginated areas of signal intensity different from
the signal intensity of the normal pancreas on non
enhanced imaging and the absence of enhancement
on enhanced imaging.

Statistical analysis:

Data were checked, entered and analyzed using
computer programs Microsoft Excel 2010 and
statistical program for social science, Version 15
(SPSS Inc., Chicago, Illinois, USA) as follows:
Description of quantitative variables as range,
mean, Standard Deviation (SD), median, frequen-
cies (number of cases) and percentages when ap-
propriate; description of qualitative variables as
number and percentage, sensitivity, specificity
,accuracy, predictive values of positivity and neg-
ativity of dynamic MRI study were recorded. p-
values £0.05 was considered statistically signifi-
cant.

Results

Thirty four patients (10 male and 24 female
patients with ages ranging from 7 to 74 years and
average age of 41.4£16.9 years) were included in
our study.

The causes of acute pancreatitis in our study
shown in Fig. (1) were as follows: Gall stones in
20 case (58.8%), post ERCP in 3 cases (8.8%),
alcohol in 1 case (2.9%), trauma in 1 case (2.9%),
hypertriglyceridemia in 1 case (2.9%); in the re-
maining 8 cases (23.5%), no cause was found
(idiopathic).
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Fig. (1): Diagram showing different underlying causes of AP.
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Severity of AP based on the revised Atlanta
classification:

In our study, 20 patients (58.8%) had moderate
AP, 10 patients (29.4%) had mild AP and 4 patients
(11.8%) had severe AP.

Severity of AP based on APACHE Il score:

In our study, 20 patients (58.8%) scored on
APACHE 1II score less than 8 (mild to moderate)
and remaining 14 patients (41.2%) scored more
than 8 (severe).

MRI findings:
- Pancreatic size:

In our study, pancreas found to be enlarged in
26 cases (76.5%) and of average size in 8 cases
(23.5%).

- Signal intensity:

Out of 34 patients, most cases 22 (64.7%)
exhibit no signal change (isointense to the liver)
in TIWIL, in 7 cases (20.6%) the signal was hypoin-
tense and in the remaining 5 cases (14.7%) the
signal was hyperintense.

In T2WI, out of 34 patients, 24 case (70.6%)
exhibit hyperintense signal (compared to the liver),
in the remaining 10 cases (29.4%) there was no
signal change (isointense). In T2 SPAIR, out of 34
patients, most cases 32 case (94.1%) exhibit hy-
perintense signal (compared to the liver), in the
remaining 2 cases (5.9%) there was no signal
change (isointense) (Table 2).

Table (2): Signal intensities of the pancreas in different

sequences.
Signal intensity Frequency Percentage
TI WI:
Hypointense 7 20.6
Isointense 22 64.7
Hyperintense 5 14.7
T2WI:
Hyperintense 24 70.6
Isointense 10 29.4
T2-SPAIR:
Hyperintense 32 94.1
Isointense 2 59

- Enhancement after 1V contrast administration:

Out of 34 patients in our study, 29 patients
(85.3%) were diagnosed as interstitial edematous
AP and showed delayed homogenous enhancement,
while 5 patients (14.7%) were diagnosed as necro-
tizing AP and showed areas of no enhancement at

all phases. Among the 5 patients with necrotizing
AP, there were 2 patients (40%) with necrosis less
than 30%, 1 patient (20%) with necrosis between
30% and 50%, and 2 patients (40%) with necrosis
more than 50% of the total pancreatic volume.

- Balthazar MR severity score and index:

Patients were assigned severity index based on
the inflammatory changes and the extent of necrosis
on MRI according to Balthazar MR severity index.

In our patients, the range of the MRI score was
2-9 with mean * SD 3.41£1.62 and grades of AP
according to MRSI was as follows; 11 patients
(32.4%) graded as mild Fig. (1), 18 patients (52.9%)
graded as moderate Fig. (2), and 5 patients (14.7%)
graded as severe (necrotizing) Fig. (3).

- Correlation between severities of AP based on
MR severity index versus revised Atlanta classi-
fication:

From 11 cases diagnosed as mild AP by MRSI,
10 cases diagnosed as mild, 1 case as moderate
and O cases as severe using the revised Atlanta
classification.

From 18 cases diagnosed as moderate AP by
MRSI, 18 cases diagnosed as moderate, 0 cases as
mild and 0 cases as severe using the revised Atlanta
classification.

From 5 cases diagnosed as severe AP by MRSI,
4 cases diagnosed as severe, 1 case as moderate
and O cases as mild using the revised Atlanta
classification (Table 3).

Table (3): Correlation between MRSI and revised Atlanta
classification in predicting the severity of AP.

Grade according to revised Atlanta

MRI Mild Moderate Severe p-

grade value
No. % No. % No. %

Mild 10 100.0 I 5.0 0 00 <0.001 **

Moderate 0 0.0 18 900 0 0.0

Severe 0 0.0 1 5.0 4 100.0

- Correlation between severities of AP based on
MR severity index versus APACHE Il score:
From 29 cases diagnosed as mild to moderate
AP by MRSI, 20 cases diagnosed as mild to mod-
erate and 9 cases as severe using the APACHE II
score.

All 5 cases diagnosed as severe AP by MRSI,
were diagnosed as severe using the APACHE II
score (Table 4).
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Table (4): Correlation between MRS| and APACHE Il score in predicting
the severity of AP.

Grade according to APACHE I

. p-
MRI grade Mild to moderate Severe value
No. % No. %
Mild to moderate 20 100 9 64.3 0.004**
Severe 0 0.0 5 35.7
(A) Axia T2WI. (B) Axia T2-SP AIR.
(C) Axial T1WI. (D) Axial T1 fat sat.post contrast.

Fig. (1): Female patient, 20 years old, presented by diffuse abdominal pain with elevated serum amylase. (A, B, C & D) Images
show diffuse enlargement of the pancreas with signal intensity asfollows: In T2WI & SPAIR (A, B): Diffuse hyperintense
signa (relative to theliver). In TIWI (C): Diffuse hypointense signal (relative to theliver). In T1 fat suppression post

contrast (D): Delayed homogenous enhancement seen in the portal phase. MRSI: Score: 2 Grade: Mild edematous
pancregtitis.

Regarding clinical scoring:
1- Revised Atlanta classification: Mild pancrestitis.
As patient had no local or systemic complication or organ failure.
2- APACHE Il score: 3 so, grade: Mild to moderate.
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(A) Axial T2WI. (B) Axia T2-SPAIR.

(C) Axia T1WI. (D) Axial T1 fat sat.post contrast.

Fig. (2): Male patient, 30 years old, presented by severe epigastric abdominal pain with elevated serum amylase after ERCP.
(A, B, C & D) Images showed diffuse enlargement of the pancreas with signal intensity asfollows: In T2WI & SPAIR
(A, B): Diffuse hyperintense signal relative to the liver with collection seen peripancreatic & at the anterior pararenal
spaces on both sides. In TIWI (C): Isointense to the liver with blurring of pancreatic borders. In T1 fat suppression
Post contrast (D): Delayed homogenous enhancement in portal phase. GB shows small signal void stones. MRSI: Score:
4 grade: Moderate edematous pancredtitis.

Regarding clinical scoring:
1- Revised Atlanta classification: Moderate pancredtitis.
As patient had local complication (acute peripancreatic fluid collection).
2- APACHE Il score: 4 so, grade: Mild to moderate.
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(A) Axia T2WI.

(C) Axial TIWI.
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(B) Axia T2-SPAIR.

(D) Axial T1 fat sat.post contrast.

Fig. (3): Female patient, 50 years old, presented by severe epigastric pain and vomiting with elevated serum amylase. (A, B,
C & D) Images showed diffuse enlargement of the pancreas with signal intensity asfollows: In T2WI & SPAIR
(A, B): Diffuse hyperintense signal with well defined areas of more increase in signal intensity in the body and tail.
In T1IWI (C): Diffuse hypointense signal with more decrease in the signal in the previoudly described areas. In T1 post
contrast (D): Multiple well defined areas of no enhancement at any phase in the body and tail suggesting necrotic areas.

MRSI: Score: 7 grade: Severe necrotizing pancredtitis.

Regarding clinical scoring:
1- Revised Atlanta classification: Severe pancredtitis.

As patient had persistent organ failure (systolic blood pressure was 80 for the first 2 days) and local complication (necrosis

by CECT).
2- APACHE Il score: 8 so, grade: Severe.

Discussion

Early diagnosis, accurate staging, and immedi-
ate treatment may improve the outcome of AP.
However, there is no single method to establish
the diagnosis of AP or grade disease severity.
Clinical signs such as epigastric pain are non
specific and can be absent in up to 10% of patients
with pancreatitis. Although serum lipase and amy-
lase levels have commonly been used to diagnose
pancredtitis, they are normal in up to 20% of cases
(1.

Our study included atotal of 34 patients with
diagnostic criteria of AP who underwent dynamic
contrast MRI.

In our study, all patients were subjected to
clinical and laboratory assessment. For full evalu-
ation of the pancreatic parenchyma we used axial
T2WI, Axial T2-SPAIR, Axial TAWI and Axia T1
fat suppression pre and post contrast. Coronal
T2WI was also done for evaluation of the whole
abdomen. These sequences were also used by Salik
AE & colleagues [10]. We aso used asmall field
of view in T2-SPAIR sequence to increase the
magnification of the pancreas with better image
quality and reduce the artifacts.

In our study, we correlated the MRSI with
revised Atlanta classification and APACHE Il score
in predicting the severity of AP. A study done by
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Tang W, et al., studied the correlation between
established MRS| in AP and the APACHE |1 score
[11] Another study performed by Salik AE, et al.,
studied the correl ation between MRSI, APACHE
Il and also evaluated the association between the
severity and the clinical outcomein AP [10].

The radiologist who analyzed MR images was
blinded to the clinical score of the patients.

In our study, pancreatitis was common in fe-
males (70.6%) than males (29.4%); thisisin agree-
ment with the study done by Salik AE & colleagues
[10].

Also, the mean age + SD was 41.4+ 16.9, this
issimilar to study done by SuvarnaR & colleagues

121,

In the present study, the most frequent cause
was gall stones (58.8%) followed by post ERCP
(8.8%), thisisreported by Salik, et a., and Bollen
& colleagues [10,13] however, thisis disagreed with
a study done by Park J & colleagues, where the
alcohol was the most common cause and accounting
for (49.9%) [14].

On analyzing severity of AP based on revised
Atlanta classification, there were 58.8% moderate
AP, 29.4% mild AP and 11.8% severe AP, this
comes on agreement with a study done by Morap-
panavar & colleagues which reported nearly the
same prevalence of different grades of severity of
AP [15].

On analyzing the MRI findings; the pancreatic
parenchymal changes including changes of signal
intensity, peripancreatic fat stranding and peripan-
creatic fluid collection are best depicted on T2WI
and on T2-SPAIR with sensitivity of 70.6% and
94.1% respectively, 10 out of 11 cases of mild
edematous pancreatitis showed change of signal
intensity in T2-SPAIR so, it had 91% sensitivity
in detecting mild cases, this is agreed with results
of Zhang X-M, et a., and Kim YK, et a., [16,17].
Also, the dynamic contrast could detect 100% of
the necrotic pancreatic segments in the necrotizing
Cases.

In our study, grading of AP according to MRS,
which depends on pancreatic morphological chang-
es and the extent of pancreatic necrosis detected
by dynamic contrast, was 29.4% graded as mild
AP, 55.9% graded as moderate AP and 14.7%
graded as severe (necrotizing) AP, among the 5
patients with necrotizing AP, there were 40% with
necrosis less than 30%, 20% between 30% and
50%, and 40% more than 50% of the total pancre-

atic volume, thisis similar to the results reported
by Li X, eta.,and Tang W, et a., where 36.4%
of the patients had mild AP, 50.5% had moderate
AP and 13.6% had severe AP [11,18].

To our knowledge, there was no previous studies
correlate the MRSI with the revised Atlanta clas-
sification in the prediction of severity of AP. In
our study, we found significant correlation between
the MRSI and the revised Atlanta classification
for AP (p<0.001).

In the present study, we found significant cor-
relation between the MRSI and the APACHE 11
score in predicting mild and moderate grades of
AP while the APACHE |1 score overestimates the
severe (necrotizing) form of AP. Same results were
mentioned by Lankisch PG & colleagues who
reported that the APACHE |1 score of eight or more
points overestimated the disease in 28% of patients
with edematous AP [19] . This could be explained
by the fact that the APACHE Il scoreis based on
the clinical status of the patients and mainly reflects
the systemic complications, while MRI emphasize
on the morphology and extent of pancreatic and
peripancreatic tissue alterations. Other study per-
formed by Tang W & colleagues reported no sig-
nificant correlation between the MRS| and the
APACHE Il score [11].

Conclusion:

Dynamic MRI help to diagnose mild forms of
AP and differentiate it from other causes of abdom-
inal pain. MRI can be used in combination with
clinical scoring for diagnosis of AP and accurate
assessment of disease severity.
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