
Comparison of contrast-enhanced CT with diffusion -weighted 
MRI in the Evaluation of patients with acute biliary pancreatitis

INTRODUCTION

Acute pancreatitis progresses on an instable course that has exacerbations and remissions. The mortal-

ity rate is between 2.1% and 7.8%. Development of necrosis increases mortality in pancreatitis. In pa-

tients with necrosis, the mortality rate increases up to 25% (1, 2). Contrast-enhanced computed tomog-

raphy (CT) is the most important imaging technique to determine the severity of pancreatitis. However, 

recent studies suggest that the contrast agent for CT aggravates pancreatitis and provokes organ failure. 

In addition, the inability to administer contrast to patients with renal dysfunction and contrast allergy 

causes the disease to be assessed insufficiently (3). 

Limitations of CT have canalized clinicians to consider different imaging studies. It is believed that dif-

fusion-weighted magnetic resonance imaging (DW MRI) may be compared to and may even replace CT. 

The severity of acute biliary pancreatitis was evaluated with contrast-enhanced CT and it was compared 

with DW MRI. 

 

MATERIAL AND METHODS

Patients

The patients diagnosed with acute biliary pancreatitis in the Department of General Surgery of İstanbul 

University by the School of Medicine using DW MRI and MRCP when cholestasis enzyme levels or bilirubin 

levels were elevated at the time of initial diagnosis were taken for a CT scan within 8 h. The results of two 

imaging techniques were compared. None of the patients had imaging contraindications such as metallic 

implant or claustrophobia for DW MRI. The patients’ questionnaire included history of hepatic or biliary op-

erations, hepatotoxic drug use, chronic alcohol use, hepatitis B or C carrier status, and suspicion of periam-
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Objective: The aim of this study was to compare contrast-enhanced computed tomography with diffusion-weighted 

magnetic resonance imaging in the evaluation of patients with acute biliary pancreatitis.

Material and Methods: Fifty-three patients diagnosed with acute biliary pancreatitis, between February 2012 and July 

2015, were evaluated using diffusion-weighted magnetic resonance imaging and magnetic resonance cholangiopan-

creatography to explain the elevation of cholestasis enzymes and bilirubin levels at İstanbul University. Contrast-en-

hanced computed tomography imaging was applied within 8 h following first evaluation. Demographic data, severity 

of pancreatitis, pancreatic apparent diffusion coefficient, and computed tomography severity index were compared. 

The significance of the results was evaluated using Statistical Package for the Social Sciences 21.0 program.  

Results: Median age was 53.39 (22-90) years in these 53 patients (26 were males and 27 were females). The mean 

Ranson criterion was 0.96 (0-4) and mean hospitalization duration was 16.02 (3-100) days. Twenty-eight patients 

were evaluated to have mild acute pancreatitis, whereas 16 were moderately severe and nine were severe based 

on the Revised Atlanta Classification. Mild pancreatitis score was 0.89, moderately severe pancreatitis score was 

3.50, and severe pancreatitis score was 5.78 using the Balthazar score. Elevated C-reactive protein levels were not 

correlated with necrosis and the clinical severity score (p>0.05). There was no significant difference among the 

Balthazar score, magnetic resonance cholangiopancreatography-apparent diffusion coefficient score, and Revised 

Atlanta score in the evaluation of the severity of pancreatitis when the two techniques were compared. A statistically 

insignificant difference was found between the Balthazar score and magnetic resonance imaging results of clinically 

confirmed necrosis and non-necrosis patients.

Conclusion: It can be concluded that diffusion-weighted magnetic resonance imaging might be better than contrast-

enhanced computed tomography in the diagnosis of acute pancreatitis as it avoids radiation exposure as well as 

the development of renal failure and pancreatitis aggravation due to the use of contrast for computed tomography. 

These results need to be confirmed with randomized prospective controlled studies.
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pullary tumor. The patients were excluded from the study in the 
presence of above conditions. Informed consent was obtained 
from all participants, and the study followed the guidelines of 
the Declaration of Helsinki. As this study was retrospectively 
performed by scanning patient files and imaging methods, it 
was exempt from institutional ethics committee approval.

The diagnosis of acute biliary pancreatitis was confirmed with 
increased serum and urine amylase levels. The biochemical 
parameters such as aspartate transaminase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), lactate dehydrogenase (LDH), to-
tal bilirubin (TBIL), and direct bilirubin (DBIL) were evaluated at 
the initial time of admission to the hospital. Ranson value and 
Balthazar score were also assessed at the initial time of diagno-
sis and within 24 h. C-reactive protein (CRP) levels at the time 
of first admission and the highest levels of CRP were recorded. 

The cases were classified as having mild, moderate, and severe 
pancreatitis according to the Revised Atlanta classification. CT 
scan was performed when the general condition worsened 
and acute-phase reactants increased. Ultrasound- or CT-guid-
ed percutaneous drainage was performed when there was a 
necessity to drain the collection according to results of imag-
ing techniques. Endoscopic retroperitoneal drainage was also 
performed when percutaneous drainage was evaluated as in-
sufficient. Cholecystectomy was performed in patients when 
the pancreatitis regressed prior to discharge. 

CT Protocol

Computed tomography was performed in supine position with 
hands over head, with intravenous contrast using a 16 detector 
PHILIPS device. The images were taken in the 60th second af-
ter the administration of the intravenous contrast. CT severity 
score was assessed (Table 1) (4).

Diffusion-Weighted Magnetic Resonance Imaging Protocol

Gyroscan Intera Master (1.5 T; Philips Medical Systems, Best, 
The Netherlands) was used for MRI. DW MRI was performed in 
the axial plane with a spin-echo echo-planar imaging, single-
shot sequence [repetition time (RT) 3505 ms, echo time (ET) 
68 ms, fl ip angle, 90°], and b values of 0 and 1000 s/mm2 with 
a four-channel sense body coil. A respiratory trigger was not 
used; the scan was performed under free-breathing condi-
tions. Fifty slices were produced with a 7-mm slice thickness 
and a 1-mm interslice gap. Other parameters were field of 
view (FOV), 375 mm; matrix, 124 X100; and double number of 
samples averaged (NSA) sense factor, 3.0. An apparent diffu-
sion coefficient (ADC) map was obtained for each slice posi-
tion (5-7). 

Statistical Analysis

The results of the evaluation techniques and patient character-
istics were compared using statistical methods. The findings 
were evaluated by IBM Statistical Package for the Social Sci-
ences 21 (IBM Corp.; Armonk, NY, USA). Data was presented as 
median, minimum, maximum, standard deviation, and mean. 
The distribution of the variables was analyzed with the Sha-
piro-Wilk test. In comparison between the two groups, the 
Mann-Whitney U test was used. Kruskal-Wallis test was used 
for comparison of more than two groups. Variables of the pa-
tients with and without pancreatic necrosis were compared 

by receiver operator characteristic (ROC) analysis. The results 
were in the 95% confidence interval and the significance was 
assessed at the level of p<0.05.

RESULTS

A total of 53 cases (26 males and 27 females) were included in 
the study; mean age was 55.39 (22-90) years. The median and 
range values of biochemical parameters, such as AST, ALT, ALP, 
GGT, LDH, TBIL, and DBIL, of the cases at the time of admission 
are presented in Table 2.

In our study, mean Ranson values were determined as 1.10 (0-
4). The median and range of CRP values of the cases at the time 
of presentation and when they were the highest were 78.06 
(0.2-436) and 243.16 (3.7-640), respectively. Elevated CRP lev-
els and presence of necrosis were not associated with clinical 
severity. According to the Revised Atlanta Score, 28 cases 
were mild, 16 cases were moderate, and 9 cases were se-

Table 1. CT severity score in patients with pancreatitis

Pancreatitis staging in imaging without contrast Point (A)

Normal pancreas  0

Pancreatic expansion  1

Inflammation of pancreatic or peripancreatic fatty tissue 2

One peripancreatic fluid collection 3

Two or more fluid collections or Retroperitoneal air 4

Pancreatitis staging in contrast enhanced imaging  Point (B)

There is not pancreatic necrosis 0

30% > pancreatic necrosis 2

50%>…> %30 pancreatic necrosis 4

50&< pancreatic necrosis 6

CT severity index (CTSI)  A+B

Mild  pancreatitis  0-2

Moderate pancreatitis  3-6

Severe pancreatitis  7-10

Table 2. Distribution of patients’ biochemical parameters at 
the time of admission

  Standard  

N=53 Mean deviation Median Minimum Maximum

WBC 12714 4571 12100 4900 26200

ALT 193 219 70 11 870

ALP 181 162 117 49 709

GGT 274 256 205 10 1092

LDH 613 235 524 256 1135

TBIL 1.9 2.0 1.0 0.30 7.7

DBIL 1.3 1.7 .4 0.01 6.8

CRP  78 126 11 0 436

WBC: white blood cell count; ALT: alanine aminotransferase aspartate; ALP: alkaline 

phosphatase; GGT: gamma-glutamyl transferase; LDH: lactate dehydrogenase; 

TBIL: total bilirubin; DBIL: direct bilirubin; CRP: C-reactive protein
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vere. Necrosis was observed in all severe cases and in two of 

the moderate cases. The Balthazar score of the mild, moderate, 

and severe cases was 0.7, 3.16, 5.37, respectively. 

There was no significant difference among the Balthazar score, 

MR ADC score and Revised Atlanta Score with regard to the 

evaluation of the severity of pancreatitis when the two tech-
niques were compared. A statistically insignificant difference 
was found between the Balthazar score and MRI results of clin-
ically confirmed necrosis and non-necrosis patients (Table 3).

Necrosis was not detected in 28 patients who had mild pan-
creatitis. Necrosis was detected in three of the moderate pan-
creatitis patients. Necrosis was not detected in one patient 
who had severe pancreatitis (Table 4).

There was a statistically significant difference in ADC measure-
ments between the patients who had necrosis and those who 
did not (p<0.001). There was also a statistically significant dif-
ference between the patients who had a single necrosis zone 
and those who had multiple necrosis zones (Figure 1, 2).

Four cases were monitored in the intensive care unit. Mean 
hospital stay was 16.02 days. Laparoscopic cholecystectomy 
was performed before discharge in 30 cases whose pancre-
atitis regressed. Percutaneous discharge was performed in 
two cases. In two of these cases, endoscopic retroperitoneal 
necrotic debridement was performed because of insufficient 
drainage. Seventeen cases were discharged after recovery and 
an elective cholecystectomy was planned. MRI and CT images 
of two patients are shown in Figure 3, 4.

DISCUSSION

Acute pancreatitis, which is the inflammation of pancreas, 
can present in a large spectrum, from self-limiting disease 
to a serious clinical presentation that can lead to sepsis 
and death. The systemic inflammatory response and com-
plications accompanying pancreatitis cause an increase in 
disease-related mortality rates (8-10). Despite technological 
advances, it is debatable to distinguish the patients at in-
creased risk for severe disease at the time of admission to 
the hospital. For scoring, Ranson criteria, Acute Physiologic 
and Chronic Health Evaluation (APACHE) II criteria, Balthazar 
score, and Bedside Index of Severity in Acute Pancreatitis 
(BISAP) are used (11-14). 

In the Revised Atlanta classification, pancreatitis is classified as 
mild, moderate, and severe. While mortality in mild pancreati-
tis is <1%, mortality can rise up to 10% in cases with sterile 
necrosis and up to 30% in cases with severe necrosis (8, 15). 
The cases in our study were evaluated according to the Ran-
son criteria, Revised Atlanta classification, ADC values, and 
Balthazar score. According to Revised Atlanta Scoring, 28 of 
our cases were evaluated as mild, 16 of our cases were evalu-
ated as moderate, and 9 of our cases were evaluated as severe. 
There was a difference between the Revised Atlanta Score 
and Balthazar score in terms of MRADC measurements, 

Figure 1. Comprasion based on necrosis location

Figure 2. ROC analysis based on necrosis location

Table 3. Comparison of clinical severity according to Ranson Score, Apparent diffusion coefficient (ADC), and Balthazar scores

   Mild   Moderate   Severe

  Standard    Standard   Standard 

 Mean deviation Median Mean deviation Median Mean deviation Median

Ranson 0.68 0.77 0.5 1.31 1.01 1 1.22 0.97 1

Balthazar score 0.89 0.99 0.5 3.5 2.28 3 5.78 2.73 5

ADC 1.33 0.15 1.32 1.38 0.4 1.32 1.57 0.35 1.7

Table 4. Apparent diffusion coefficient (ADC) measurements 
and necrosis frequency according to pancreatitis severity

  Mild (%) Moderate (%) Severe (%)

Necrosis - 28.0 (100) 13.0 (81) 1.0 (11)

 + 0.0 (0) 3.0 (19) 8.0 (89)

ADC 1.33±0.15 1.38±0.40 1.57±0.35

ADC: apparent diffusion coefficient
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which was not statically significant. The mean Ranson value of 

our cases was determined as 1.10 (0-4).

Intravenous contrast-enhanced CT is an imaging option that 

can be used for the diagnosis and determination of the sever-

ity of the disease. It is important to use CT for early diagnosis 

and grading of pancreatitis-related complications. CT at the 

time of first admission is not always necessary, and 15%-30% 

of CT imagings are non-pathological. The real contraindica-

tions for CT are renal insufficiency and contrast allergy. It is 

emphasized that intravenous contrast can impair pancreatic 

microcirculation, increase necrosis, and worsen pancreatitis. 

Despite these factors, CT is necessary to discover other acute 

abdominal problems that are not caused by pancreatitis. 

The mortality rate is 15% in necrotizing pancreatitis. Infected 

necrosis is seen among one-third of cases with necrotizing 

pancreatitis. The mortality rate increases in infected necrosis 

compared with sterile necrosis (16, 17).  Infected necrosis can 

be diagnosed by culture of needle aspiration and presence of 

air within necrosis can be interpreted as infection.

In order to evaluate acute and chronic inflammation of the 

pancreas parenchyma, the utilization of DW MRI has recently 

been established. Decreased ADC values can be due to cellular 

changes observed in acute pancreatitis. Shinya et al. (18) have 

reported DW MRI signal intensity changes in acute pancreati-

tis for the first time. However, their study has not demonstrat-

ed a measurable diffusion contrast appearance. In standard 

T2-weighted imaging, ADC measurement is necessary to dif-

ferentiate from flare phenomenon (18, 19). 

In the study performed by Thomas et al. (19), increased signal 

activity and decreased ADC measurements have been detect-

ed in patients with acute pancreatitis compared with the pa-

tients with a normal pancreatic tissue. In this study, ADC values 

were measured under 1.62×10-3 mm2 that were evaluated as 

pancreatitis. When serum leukocyte, amylase, and CRP levels 

turned back to normal, control imaging was again performed 

to compare ADC values, which also turned back to normal (19). 

In our study, ADC measurement was under 1.62×10-3 mm2 in 

all patients. 

The limitations of our study include its retrospective nature, 

the paucity of cases, especially those that have necrosis, the 

fact that DW MRI was not performed when the patient clini-

cally deteriorated, and so that the comparison of necrotic on 

the CT with DW MRI was also not performed. DW MRI of the 

patients is obtained either at the time of first admission or 

within the first week of admission. However, pancreatic necro-

Figure 3. a, b. CT (a) and  MRI (b) images of a 40-year-old male patient with necrosis

a b

Figure 4. a, b. (a) CT and MRI (b) images of a 48-year-old female patient with acute pancreatitis

a b
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sis generally emerges three to four weeks after inflammation, 
which demonstrates the necessity for randomized prospective 
controlled studies. 

CONCLUSION

Diffusion-weighted magnetic resonance imaging was superior 
to CT scan in the evaluation of cases with suspected pancreati-
tis as there is no radiation and contrast existence that protects 
the pancreas from exacerbation of pancreatitis. Therefore, DW 
MRI can be selected in the diagnosis of pancreatitis, especially 
in patients with organ deficiency, and in differential diagnosis 
of necrosis, and to decrease the complications of pancreatitis. 
Prospective randomized studies are needed for defining the 
definitive role of DW MRI in the evaluation of acute pancre-
atitis.
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