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Abstract
Purpose Determining the integrity of the pancreatic duct is important in high-grade pancreatic trauma to guide decision 
making for operative vs non-operative management. Computed tomography (CT) is generally an inadequate study for this 
purpose, and magnetic resonance cholangiopancreatography (MRCP) is sometimes obtained to gain additional information 
regarding the duct. The purpose of this multi-institutional study was to directly compare the results from CT and MRCP for 
evaluating pancreatic duct disruption in children with these rare injuries.
Methods Retrospective study of data obtained from eleven pediatric trauma centers from 2010 to 2015. Children up to age 
18 with suspected blunt pancreatic duct injury who had both CT and MRCP within 1 week of injury were included. Imaging 
findings of both studies were directly compared and analyzed using descriptive statistics, Chi square, Wilcoxon rank-sum, 
and McNemar’s tests.
Results Data were collected for 21 patients (mean age 7.8 years). The duct was visualized more often on MRCP than CT (48 
vs 5%, p < 0.05). Duct disruption was confirmed more often on MRCP than CT (24 vs 0%), suspected based on secondary 
findings equally (38 vs 38%), and more often indeterminate on CT (62 vs 38%). Overall, MRCP was not superior to CT for 
determining duct integrity (62 vs 38%, p = 0.28).
Conclusions In children with blunt pancreatic injury, MRCP is more useful than CT for identifying the pancreatic duct but 
may not be superior for confirmation of duct integrity. Endoscopic retrograde cholangiogram (ERCP) may be necessary to 
confirm duct disruption when considering pancreatic resection.
Level of evidence III.
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Introduction

Blunt traumatic pancreatic injuries are uncommon in the 
pediatric population, with a reported incidence ranging 
from 2 to 5% [1]. A critical determinant of the manage-
ment of pancreatic trauma is the presence or absence of 
pancreatic ductal (PD) disruption. Inadequate control of a 
ductal leak increases morbidity and can lead to complica-
tions, including pancreatic pseudocysts and fistulae which 
lead to longer time to diet and longer recovery [2]. Addi-
tionally, some pediatric surgeons prefer operative man-
agement when the duct has been transected [3]. For those 
who prefer operative management, identification of duct 
disruption is the key determinant of the need for operative 
intervention.

The specificity of endoscopic retrograde cholangio-
pancreatography (ERCP) is very high, making it the gold 
standard for diagnosing PD disruption [4].The invasive 
nature of ERCP and lack of wide availability for the pedi-
atric population limit its utility [5]. Cross-sectional diag-
nostic imaging for pancreatic injury is most commonly 
performed by computed tomography (CT) scan. The pan-
creatic duct is often difficult to visualize on CT in chil-
dren, with a laceration involving more than 50% of the 
depth of the pancreas often taken as evidence of ductal 
injury [6–8]. The American Association for the Surgery 
of Trauma (AAST) grading system for pancreatic injury 
requires differentiation of an intact and a disrupted duct 

between a grade II and III injury (Fig. 1); however, the 
sensitivity of CT for diagnosing PD injuries is poor rang-
ing from 47 to 60% (5,6). Magnetic resonance cholan-
giopancreatography (MRCP) is often used when ductal 
disruption is unclear on CT [9]. This modality can allow 
visualization of the pancreatic duct using T2-weighted 
sequences. Evidence supporting the utility of MRCP for 
accurate identification of PD disruption in children is lack-
ing. The purpose of this study was to compare the accu-
racy of CT and MRCP for identification of PD disruption 
in blunt pancreatic trauma in children.

Methods

A study group was established through the Pediatric Trauma 
Society. Institutional Review Board approval for retrospec-
tive chart review was obtained at each center. The medi-
cal records of children 18 years or younger who presented 
between the years 2010–2015 after blunt abdominal trauma 
with a suspected PD injury were reviewed. Only patients 
who had both CT and MRCP within 1 week of injury were 
included. Data collected included demographics, pancreatic 
injury grade, injury mechanism, and findings obtained from 
CT and MRCP reports. The CT and MRCP reports were 
reviewed for documentation of duct visibility, evidence of 
pancreatic parenchymal injury, and secondary findings such 
as peri-pancreatic fluid collections and free intraperitoneal 
fluid. Pre-defined criteria were used to classify whether PD 

Fig. 1  AAST pancreatic grading 
system Grade Descrip�on

I Minor contusion without duct injury

Superficial lacera�on without duct injury

II Major contusion without duct injury or �ssue loss

Major lacera�on without duct injury or �ssue loss

III Distal transec�on or parenchymal injury with duct injury

IV Proximal transec�on or parenchymal injury involving ampulla

V Massive disrup�on of pancrea�c head
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disruption was confirmed, suspected, or indeterminate based 
on the reported findings (Fig. 2). Injury grade as stated by 
the radiologist was not considered for classification of PD 
disruption.

Categorical variables were compared using Chi-square 
and Fisher’s exact tests which are reported as frequencies 
and proportions. Continuous data were compared using 
Wilcoxon rank-sum tests which are reported as median and 
interquartile range [IQR]. CT and MRCP results were com-
pared using the McNemar’s test. p < 0.05 was considered 
statistically significant. All data management and statistical 
analysis was performed using SAS version 9.4 (Statistical 
Analytics Software Institute, Cary, NC, USA).

Results

We identified 21 patients with a pancreatic injury associated 
with a duct disruption. The mean age of these patients was 
7.8 years (range 1–15), and twelve (57%) were male. Eleven 
(52%) presented after bicycle handlebar injuries, 3 (14%) 
after falls, 2 (10%) after non-accidental trauma, 2 (10%) 
after assaults, 2 (10%) after motor vehicle accidents and 
one (5%) after low-velocity abdominal trauma. The median 
injury severity score was 10 (IQR 4–35). Median time from 
injury to CT was 0.5 days (IQR 0–3) and from injury to 
MRCP was 2 days (IQR 0–7).

Common descriptions of the pancreatic lacerations on CT 
scan were “linear lucency”, “hypodense linear defect”, “radi-
otranslucent line”, or a “linear area of low attenuation”. Pan-
creatic lacerations were identified: in the pancreatic body in 
10 patients (48%), neck in 6 patients (29%), tail in 3 patients 
(14%), and head in 1 patient (5%). Peri-pancreatic hematoma 
was observed in 2 patients (10%), peri-pancreatic fluid in 13 
patients (62%) and pancreatic inflammation and stranding in 
9 patients (43%).

Lacerations were noted most commonly in the pan-
creatic body (8 patients, 38%), followed by the neck (6 
patients, 29%), tail (3 patients, 14%), and head (2 patients, 
10%). Additional findings included a peri-pancreatic hema-
toma (one patient, 5%), peri-pancreatic fluid collections 
(15 patients, 71%), and peri-pancreatic inflammation (13 
patients, 62%). The pancreatic duct was identified less fre-
quently on CT (1 patient, 5%) than on MRCP (10 patients, 
48%, p < 0.01). on MRCP, the duct was noted to be partially 
visualized in 2 patients (10%) and was either not visualized 
or not mentioned in 9 patients (42%).

Based on pre-determined criteria for classification of duct 
disruption (Fig. 2), duct disruption was confirmed on MRCP 
in 5 patients (24%) vs CT in 0%, suspected on MRCP in 
8 patients (38%) vs CT (8 patients, 38%), and could not 
be determined based on the imaging reports in MRCP (8 
patients, 38%) or CT (13 patients, 62%). No significant dif-
ferences between groups were observed in any category 
(Fig. 3).

Fig. 2  Criteria for classification 
of pancreatic duct disruption

Confirmed:

- Duct with discon�nuity

- Clear pancrea�c transec�on (gap, not just lucency or hypodensity)

Suspected:

- Hypodensity or linear lucency or lacera�on at transec�on site WITH one secondary finding 

- Loculated fluid collec�on from area of injury (not just peri-pancrea�c edema)

- Large amount of peri-pancrea�c fluid (pancrea�c ascites)

- Transec�on appears to be full-thickness or near full-thickness

- Limited radiology report but radiologist thinks suspected

Indeterminate: 

- Hypodensity of linear lucency without secondary findings 

- Pancrea�c edema

- Some peripancrea�c fluid

- other (not enough informa�on)
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In two patients, CT underestimated the pancreatic injury 
(grade I in one, and no injury mentioned in another). Follow-
up MRCP, however, identified high-grade pancreatic inju-
ries. When stratified by age, the median age of patients with 
successful duct determination on MRCP was 8 vs 7.5 years 
p = 0.78. AAST pancreatic injury grade was only reported 
by the radiologists who read the scans at each center in 24% 
per CT and 29% per MRCP.

Discussion

The management of pediatric patients with pancreatic 
trauma remains controversial, especially for those with pan-
creatic body injuries with PD disruption (AAST grade III). 
We have previously shown that practice variability exists 
across pediatric trauma centers and among pediatric sur-
geons whether these injuries should be managed with distal 
pancreatectomy or observation alone [3]. Most children who 
present with these injuries are hemodynamically stable and 
do not have other indications for laparotomy. For this rea-
son, accurate diagnosis of PD disruption on imaging is an 
important determinant of management. Findings obtained 
from older generation CT scanners poorly correlated with 
the presence or absence of a PD injury confirmed at lapa-
rotomy [10, 11]. Following the development of multidetector 
CT technology (MDCT), more accurate diagnosis for these 
injuries has been described in single-center reports of [12]. 
Phelan et al. studied whether these results were generaliz-
able, reviewed 16- or 64-MDCT reports from 22 centers 
(206 patients) and compared the reports to operative find-
ings. All patients were of age 15 and over. They reported 
that the sensitivity of PD injury for 16-MDCT was only 54% 
and for 64-MDCT was 52%, although the specificities were 
higher at 95 and 90%, respectively [13]. They concluded 
that current CT technology is limited in its ability to identify 

pancreatic ductal injuries and for use as a decision-making 
tool for PD injuries.

One potential reason that CT is a poor imaging modal-
ity for evaluating the pancreas is that this organ has a low 
density compared to other solid organs and is a small, ret-
roperitoneal organ. Pancreatic lacerations often appear as 
linear, low-attenuation areas, but are usually only visualized 
if fluid or blood is present within the laceration. A linear 
hypodensity seen at the injury site may also represent an 
area of devascularization rather than a laceration. Indirect, 
or “soft” signs often have to be used to diagnose pancreatic 
injuries and specifically PD disruption, including transection 
through more than 50% of the gland, free intraperitoneal 
fluid, or a loculated fluid collection indicating leakage of 
pancreatic ductal fluid.

In contrast to CT, MRCP imaging can better visual-
ize the pancreatic parenchyma and duct and more clearly 
allows identification of indirect, or secondary, signs of 
pancreatic injury such as laceration, hematoma and fluid 
(Fig. 4). Since its invention in the early 1990s, MRCP has 
undergone significant enhancements and is today an accu-
rate, non-invasive approach for imaging the hepatobiliary 
system. Recent advancements in technology have allowed 
for improved detection of even small biliary concrements 
[14]. T2-weighted pulse sequences make fluids appear 
bright in relationship to the surrounding soft tissue and aid 
in better identification of the hepatobiliary ductal system 
and ductal leaks [15–17]. For these reasons, MRCP has 
become a widely accepted imaging modality for biliary 
disease [18–20]. Several studies have documented similar 
test performance for MRCP and ERCP for biliary stone 
detection with sensitivities and specificities between 80 
and 100% [21–23]. MRI has been shown to be compara-
ble with CT for imaging acute pancreatitis, and superior 
to CT in the evaluation of early chronic pancreatitis [24, 
25]. A study by Drake et al. comparing ERCP to MRCP for 

Fig. 3  Comparison of CT and 
MRCP for identification of PD 
and PD disruption
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the evaluation of pancreatic duct integrity in 31 patients 
with pancreatitis reported a sensitivity of 91% [26]. For 
trauma, the value of MRCP was first examined by Fulcher 
et al. who showed a correlation between MRCP and ERCP 
findings, however, his series was limited to 2 patients [27].

No studies to our knowledge have reported an approach 
for determining the integrity of the pancreatic duct using 
body imaging in children, likely due to the rarity of this 
injury. Children have smaller pancreatic ducts, making 
identification of PD disruption more difficult in children 
than adults. A prospective, single-center study by Panda 
et al. compared CT and MRCP to intraoperative findings 
among patients with high-grade pancreatic injuries in a 
population consisting of 17% children 15 years old and 
younger. They reported an accuracy of 92.9% for identi-
fying pancreatic duct in injury in 14 patients who had an 
MRCP and 91.7% in 24 patients who had MDCT [12]. The 
authors attributed these results to specific imaging proto-
cols and the use of curved oblique multi-planar reformats 
(MPR) made along the long axis of the pancreas [12]. 
These results show that even in children, both CT and 
MRCP may be accurate modalities to diagnose PD disrup-
tion. However, these results are not generalizable as it was 
a single-center study with a limited number of radiologists 
interpreting the studies.

In our study, we have obtained data from eleven pedi-
atric trauma centers, with imaging performed and inter-
preted by multiple radiologists. Although the PD may be 
identified more often in MRCP, we observed that confir-
mation of PD disruption is still poor with both imaging 
modalities (24% in MRCP and 0% in CT). The addition of 
secondary findings suggesting suspected PD disruption is 
possible using both CT and MRCP. In our series, detec-
tion of secondary findings of pancreatic dust injury was 

equivalent between CT and MRCP. These results suggest 
that MRCP may not be a necessary adjunct to CT for visu-
alization of pancreatic injuries in children.

Notably, only a small proportion of the radiologists 
assigned an AAST grade to the injury based on both imag-
ing modalities, likely due to the difficulty in differentiating 
a grade II (no PD disruption) from a grade III (PD disrup-
tion). Because of this uncertainty, pediatric surgeons often 
have little to base their clinical decisions on. The results of 
our study provide evidence that obtaining MRCP follow-
ing a good quality MDCT may not be necessary. Avoiding 
an MRCP may result in lower cost and avoid the need for 
general anesthesia that is required to obtain an MRCP in 
young patients.

This study has several limitations. We used CT and 
MRCP reports instead of central and blinded review of 
images. A review of the imaging studies by a group of 
experienced pediatric radiologists from all the centers 
would have been ideal, but this level of image sharing 
was not feasible for this multi-center study. It has been 
shown, however, that interrater reliability among radiolo-
gists regarding staging based on PD disruption can be poor 
[27]. Therefore, we chose to use objective criteria based 
on anatomic descriptions. An additional limitation is that 
differences in imaging protocols and types of scanners 
used at the different centers may have affected imaging 
quality. Another limitation is that all patients were treated 
non-operatively, therefore, we do not have confirmation of 
PD disruption. Our study group has previously shown in 
that ERCP is 100% accurate for diagnosing PD disruption 
[28]. Unfortunately, because ERCP was only performed 
on 3 of the 21 patients included in this study, we were 
unable to compare results of MRCP/CT body imaging to 
ERCP findings.

Fig. 4  a CT of a child with blunt pancreatic injury. Arrow points 
to linear hypodensity at site of laceration. b MRCP demonstrating 
slightly more clear laceration (arrow) and a loculated fluid collection 

and site of suspected duct injury. c MRCP reconstruction view with 
more clear demonstration of pancreatic duct with haziness at point of 
discontinuity (arrow)
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Conclusion

Among children with high-grade pancreatic trauma, MRCP 
is better at identifying the pancreatic duct than CT. This 
modality, however, may not provide additional confirmation 
regarding the integrity of the pancreatic duct. ERCP may be 
necessary for definitive diagnosis of duct disruption prior to 
committing patients to pancreatic resection. A larger, pro-
spective study is required to validate these findings.
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