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he incidence of pancreatic in-

jury in blunt abdominal trauma

ranges from 0.2 to 12%, with
mortality rates as high as 30%.' The
pancreas and duodenum are commonly
injured simultaneously, with an inci-
dence of 50-98%, often also involving
the left hepatic lobe and spleen.>® Iso-
lated pancreatic injuries are rare, oc-
curring with an incidence of less than
30%.%° Mortality and morbidity sig-
nificantly increase when the diagnosis
is not recognized at admission. Thus, a
prompt diagnosis of pancreatic injury
is critical in delivering appropriate and
timely interventions and for minimizing
complications.” Computed tomography
(CT) is the imaging modality of choice
in stable patients and provides an excel-
lent means for detecting and character-
izing solid visceral injuries.’

Mechanism of injury

Blunt pancreatic injury (BPI) oc-
curs with compression of the pancreas
against the first and second lumbar
vertebrae secondary to upper/mid-
abdomen frontal impacts. Pancreatic
injury is more common in children and
adolescents secondary to paucity of in-
tra-abdominal fat and a thinner layer of
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peripancreatic fat, which provide pro-
tection from blunt trauma.?-3 Greater
than 65% of blunt pancreatic injuries
occur in the pancreatic body, to the left
of the superior mesenteric vessels.>>
Due to the retroperitoneal location of
the pancreas and its proximity to other
viscera and major vascular structures,
pancreatic injury is commonly associ-
ated with injury to multiple abdominal
organs and vascular structures (Table 1)
in 50-100% of patients with BP1.>

Clinical presentation

History in the trauma setting may not
be helpful and physical examination is
generally nonspecific, but pancreatic
injury should always be considered in
patients with epigastric tenderness.’
Grey Turner’s sign and Cullen’s sign
may be present, although these are not
sensitive markers of pancreatic trauma.’
Absence of such clinical findings does
not exclude pancreatic injury in a pa-
tient with a typical mechanism of injury
because pancreatic injury often evolves
over time with activation of pancreatic
enzymes and initiation of the inflamma-
tory response.

Complications

Early complications arise primarily
from concurrent injuries to other organs,
predominantly vascular causing hemor-
rhage. Late complications or morbidity
is increased in patients with delayed di-
agnoses of pancreatic injury, especially
those with a missed ductal injury. Dam-
age to the main pancreatic duct occurs
in 15% of cases and is crucial to ascer-
tain before or during laparotomy, as it

necessitates pancreatic reconstruction by
an experienced hepatobiliary surgeon.’
In patients with pancreatic trauma who
have survived the initial 48—72 hours,
leakage of corrosive pancreatic juice
from an undiagnosed injured duct causes
peripancreatic inflammation and may re-
sult in sepsis, which is the major cause of
morbidity and mortality.

A pancreatic fistula develops in 2%
to 15% of patients with pancreatic in-
jury.' Fistulae are especially common
after proximal pancreatic injuries and
combined pancreaticoduodenal inju-
ries.!! Pancreatic abscess occurs in 10%
to 25% of patients following pancreatic
injury.'! Pancreatic ductal injury and
colonic injury are independent predic-
tors of abscess formation following
pancreatic trauma.'? Pancreatic abscess
can be a lethal complication, with mor-
tality rates as high as 20% to 27%."?
Pancreatic pseudocysts occur in 1.6%
to 4% of patients following pancreatic
injury.'>!* Pseudocysts are most likely
to form after missed or inadequately
treated ductal injury (Figure 1). Further-
more, the rate of pseudocyst formation
following nonoperative management
of pancreatic injuries may be as high
as 30% to 44%." Pancreatitis compli-
cates 3% to 8% of pancreatic injuries
and should be suspected in patients
with persistent abdominal pain, nau-
sea, vomiting and hyperamylasemia.'¢
Duodenal hematomas typically occur
in younger patients. Blood accumulates
in the submucosal or subserosal layer
of the otherwise intact duodenal wall.
Gastric outlet obstruction is a common
complication of duodenal hematomas.’
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Mechanism of injury

Location of force exerted

Table 1. Mechanism of injury with possible variations in the type of force exerted
on the upper abdomen and the associated affected anatomic structure 35

Anatomic structures affected

Seat Belt Injury

Deceleration Trauma Midline 2. Duodenum
Handlebar compression 3. Left Hepatic Lobe
Sports Injury
Falls Right Upper Quadrant
Blows to upper abdomen
Child Abuse (infants)

Left Upper Quadrant

1. Pancreatic neck

1. Pancreatic head or uncinate process
2. Descending and transverse duodenum

1. Pancreatic body or tail
2. Transverse and ascending portions of duodenum

FIGURE 1. (A) On axial CT, transection is visible through the pancreatic tail (arrowhead). (B) Duct involvement is confirmed on axial MR (arrow-
head). (C) On follow-up axial MR, the laceration has resolved but a large pseudocyst has developed (arrowhead).

Table 2. Sensitivity and specificity of contrast-enhanced CT
and MRI in the detection of pancreatic duct injuries®

Contrast-enhanced CT MRI
Sensitivity (%) 94.7 91.7
Specificity (%) 100 100
PPV 100 100
NPV 83.3 66.7
Accuracy 95.8 92.9

Imaging of blunt pancreatic injury
Role of imaging

Because of the retroperitoneal loca-
tion of the pancreas, the initial physi-
cal examination, diagnostic peritoneal
lavage (DPL) and ultrasonography are
relatively insensitive in detecting pan-
creatic injury. Furthermore, elevations
in serum amylase and lipase are not re-
liable determinants of early pancreatic
injury. In many cases they are normal
even with high-grade injury.® Sensi-
tivity of multidetector CT (MDCT)
for detection of pancreatic injuries has
been reported between 70% and 95%.'7
Thus, mechanism alone is considered
a strong indication for CT.® With the

evolution in technology, CT now offers
faster scan times and better temporal
and spatial resolution, which is ideal to
evaluate the retroperitoneum and detect
delayed complications of pancreatic
injury.'® In situations when CT is not
available, persistently elevated or rising
serum amylase and lipase 6 hours after
trauma can be a reliable and cost-effec-
tive screening tool. '

Pancreatic duct injury is the main
prognostic indicator of clinical out-
come in patients with blunt traumatic
injury. However, pancreatic duct in-
jury is poorly characterized on CT and
it is often detected during laparotomy.’
Diagnosing a pancreatic duct injury

remains a significant challenge in the
management of pancreatic trauma.
Lacerations less than 50% of the diam-
eter of the pancreas usually indicate no
ductal injury.’ In a recent prospective
study by A. Panda et al, MR performed
equally well in grading pancreatic in-
jury and identifying pancreatic duct
injury when compared to contrast-en-
hanced CT (CECT, Table 2) with
good intermodality agreement.?° Thus,
magnetic resonance cholangiopancre-
aticography (MRCP) or endoscopic
retrograde cholangiopancreaticography
(ERCP) can be used for further assess-
ment if ductal injury is suspected.?%?!
MRCP, however, may demonstrate
pancreatic parenchymal abnormalities
not visualized on ERCP and aid ER-
CP-guided therapy when ductal abnor-
malities are present.*> '8

MRCP, in combination with the in-
travenous administration of secretin,
has been successfully employed to im-
prove characterization of pancreatic
ductal anatomy, demonstrate ductal
disruptions beyond an obstructed duct
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FIGURE 2. A 22-year-old man presented with left abdo-
men pain after being struck by the handle bars in a moun-
tain biking accident. Elevated WBC and lipase were noted.
Complex complete transverse (grade 5) injury to the left
kidney was identified on CT. The patient was then further
evaluated with MRCP and MRCP-secretin study to assess
for pancreatic duct injury. (A) The pancreatic parenchyma
demonstrates normal signal intensity. The proximal pancre-
atic duct is not visualized on the pre-secretin images. (B)
On the post-secretin, the proximal and distal pancreatic
duct (arrowheads) demonstrates improved distention with
excellent visualization. No evidence of pancreatic lacera-

tion or pancreatic duct injury was identified.

Table 3. Sensitivity, specificity, positive predictive value, and negative predictive
value of multiphasic CT in the detection of pancreatic duct injuries®

Phase Timing after IV contrast Sensitivity (%) Specificity (%) PPV (%) NPV (%)
administration (s)

Parenchymal 35 100 75 75 100

Portovenous 70 100 100 100 100

Equilibrium 360 50 100 100 96.7

PPV =positive predictive value; NPV = negative predictive value

(unlike ERCP) and provide dynamic in-
formation about ongoing leakage.???3
An MRCP-facilitated secretin test can
be performed with a dynamic, breath-
hold, two-dimensional single-shot RARE
heavily T2-weighted sequence, along
the coronal plane. No post-processing
is required. Secretin given as a synthetic
agent intravenously, improves visualiza-
tion of the pancreatic duct (Figure 2) by
increasing the caliber of the duct almost
immediately and peaking between 2 and
5 minutes.?*%

For trauma patients already in the
operating room for concomitant inju-
ries, or those not eligible for MRCP or
when ERCP is not available, intraop-
erative US may be performed to assist

with immediate diagnosis of ductal in-
jury.? However, there are no large-scale
studies that compare the sensitivity and
specificity of US for pancreatic ductal
injuries to those of ERCP, MRCP or
cholecystocholangiopancreatography.

Imaging techniques

With the availability of 64-slice and
higher CT scanners, the entire scan can
be acquired in the arterial phase. This
facilitates optimal detection of vascular
injury.?” Wong et al (2008) concluded
that the portal venous phase CT was the
most accurate scan in detecting pancre-
atic duct injuries (Table 3).28 Thin sec-
tions are routinely acquired for better
visualization of the main pancreatic duct

(Table 4), which normally measures
3mm to 4mm.?’ 3D post-processing
techniques, such as curved planar refor-
mats, appear to improve detection and
characterization of pancreatic lacera-
tions.2”?° However, further investigation
is needed to confirm the utility of these
techniques in the trauma setting.

Imaging findings

The injured pancreas may appear nor-
mal on CT images, particularly in the first
12 hours after trauma.”!” Sensitivity of
CT may improve with time after injury, as
tissue damage from activated pancreatic
secretions and peripancreatic inflamma-
tion evolves over time. Therefore, a repeat
CT in 24-48 hours may be warranted for
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Collimation | Pitch

Reconstructions

Table 4. Recommended MDCT protocol

Technique

Optimizing Contrast

0.6mm 1.0-1.8

1) Axial reconstructed at
2.5mm with 40 % overlap

2) Oblique, coronal and sagittal
reformatted at 2.5 mm

3) If question of duct injury then
curved planar reformations
along duct and also thin slices
- 0.6 mm with IR through
the pancreas

traumatic setting

Whole-body protocol

and CTA for polytrauma iodine injected 3-6ml/s
patients with delay of 60-70s
Pancreatic parenchymal in portal venous phase

phase is suggested,
although limited evidence
at this time to validate

the utility in the acute

1) 2ml/kg of body weight

2) Oral contrast optional,
but can be helpful identifying
duodenal injuries

the anterior pararenal space (arrowhead).

FIGURE 3. Grade | injury. Axial CT in a patient

with pancreatic con-
tusion. There is irregularity of pancreatic tail and mild stranding in and stranding in the anterior pararenal space consistent with major pan-

FIGURE 4. Grade Il injury.

. Axial CT with pancreatic head enlargement

creatic contusion (arrowhead).

arrowhead) with peripancreatic fluid (red arrowhead).

patients with persistent symptoms.'”-!8

Published data demonstrates poor sen-
sitivity for pancreatic injury and pancre-
atic ductal injury even with advanced
CT technology.*® Thus, correlating the
mechanism of injury and recognizing the
subtle signs on CT are crucial to early and
accurate diagnosis of pancreatic trauma.

The CT findings of pancreatic trauma can
be categorized into direct (specific) and
indirect (nonspecific) features.

Direct CT findings

The direct findings include 1) lac-
eration; 2) transection; and 3) focal
pancreatic enlargement or hematoma.

FIGURE 6. Grade IV injury. Axial CT
of the head of the pancreas to the right of SMV (arrowhead).

@

¥
shows complete transection

Laceration that extends through the
entire pancreas is termed transection
or fracture. Lacerations can be further
divided into superficial (involving <50%
of parenchymal tissue) and deep (>50%
parenchymal tissue).*° Using this cutoff,
deep lacerations have been associated
with main pancreatic duct injury.*!73!
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Grade CT Findings

Table 5. Summary of CT grading of duodenal injury

| Hematoma or laceration involving a single portion of duodenum

Il Hematoma or laceration of >1 portion, disruption of <50% of circumference
1 Laceration 50-75% of circumference of D2, 50-100% of D1,3 or 4
\Y Laceration of >75% of circumference of D2 or involvement of ampulla or distal common bile duct
\Y Massive laceration or disruption of duodenopancreatic complex or devascularization of duodenum

FIGURE 7. Grade V injury. Axial CT image (A) shows massive disruption (arrowheads) of the pancreatic head. (B) Axial CT image shows hema-

toma adjacent to second and proximal third part of duodenum (arrowheads).

ing free air (red arrowhead) and fluid.

Given their high specificity, direct CT
findings should signal further diagnostic
or therapeutic intervention. Correlation
between grade of injury and morbidity
with complication rates was demon-
strated by Smego et al.’> Grading of
injury allows accurate description and
localization, as well as determination of
surgical versus non-operative treatment.
Modified CT grading system of pancre-
atic injuries by Wong et al (2008) cor-
relates well with AAST grading.?®

Grade I and II injuries indicate con-
tusion and/or superficial laceration
without ductal injury (Figures 3 and 4).
Grade III indicates deep laceration or

transection with duct injury to the left
of SMV (Figure 5). Grade IV injury
indicates deep laceration or transection
with duct injury to the right of SMV
(Figure 6). Grade V injury is the most
severe; it indicates pancreatic head
disruption and is frequently associ-
ated with concomitant duodenal injury
(Figure 7).

Indirect CT findings

The indirect findings on CT that
may indicate pancreatic injury include:
1) peripancreatic fluid in the lesser sac;
2) thickening of the left anterior renal
fascia; and 3) fluid interdigitating be-

tween the pancreas and the spleen. The
indirect CT finding of peripancreatic
fluid is highly sensitive (67-85%) but
nonspecific, as it can be seen in trauma
to other organs.?! However, the pres-
ence of indirect findings necessitates
close examination of the pancreas and
surrounding organs.

Pitfalls in imaging

Despite improved image quality
with MDCT, pitfalls remain in assess-
ing pancreatic injury through imaging.
Concurrent pancreatic atrophy in the
elderly and those with chronic pancre-
atic pathology may make identifying
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FIGURE 9. (A) Wall thickening of D2 segment (arrowhead). (B) Fluid in the right anterior pararenal space (arrowhead) indicating duodenal injury.

ductal injury more difficult.?® False-neg-
ative findings may arise in patients with
minimal retroperitoneal fat, leading to
decreased contrast between abdominal
organs and making subtle defects more
difficult to identify.!?” In addition, hem-
orrhage resulting from concurrent organ
injury can mask pancreatic laceration.'?’
Likewise, a laceration can be obscured
by close apposition of the pancreatic
fragments.’!

On the contrary, false-positives may
result due to normal morphologic varia-
tions of pancreatic architecture that can
be misread on imaging as pancreatic in-
jury. Firstly, the pancreas often contains
numerous clefts that may be difficult to
differentiate from lacerations and may
lead to unnecessary further work-up.3!
Secondly, patients with fatty atrophy of
the pancreas, a relatively common find-
ing in the obese and elderly, have imag-
ing findings that may mimic a pancreatic
laceration.?” Similarly, asymmetric fatty
replacement may mimic contusions.*
Lastly, small amounts of fluid tracking
between lobules, which can arise sec-
ondary to aggressive fluid resuscitation,
can be mistakenly interpreted as small
lacerations.*

Managment

Nonoperative management has be-
come the preferred treatment for hemo-
dynamically stable patients with BPI
largely because MDCT/CT angiogra-
phy is now highly accurate in excluding

surgically important vascular and solid
organ injuries. However, pancreatic in-
juries are still commonly missed with
subsequent delayed diagnosis, which
correlates with increased complications
and adverse outcomes.?’

The location of injury (proximal ver-
sus distal), involvement of the pancre-
atic duct and overall status of the patient
are major determinants of appropriate
management in BPI1.?* Nonoperative
management has been proposed in the
management of Grade I and II pancre-
atic injuries. It consists of bowel rest
with nasogastric drainage and total
parenteral nutrition, serial abdominal
examination, and serial serum amy-
lase determination with laparotomy or
further imaging studies performed for
worsening abdominal examination or
persistent hyperamylasemia. However,
nonoperative management in the setting
of main pancreatic ductal injury leads to
a high incidence of late complications,
in particular pseudocysts and pancreatic
fistula.™

For distal ductal injury (grade III) ,
more conservative management pro-
tocols utilizing external drainage and
distal pancreatectomy has been utilized
more recently with reported lower mor-
tality and morbidity rates compared to
more radical procedures such as pan-
creaticoenteric anastomosis.?%-333¢ On
the other hand, proximal pancreatic
ductal injuries (Grades IV and V) are
more difficult to manage with little data

in the literature to suggest the optimal
approach. Patient with grade IV and
V injuries frequently get a pancreatic
stent and Whipple’s procedure, respec-
tively. Recent trends, however, favor
more conservative management, such
as closed-suction drainage alone.*

Imaging in blunt duodenal injury
CT Findings

CT is used to grade duodenal injury
(Table 5). Duodenal injuries can be di-
vided into minor and major categories.
Minor injuries include duodenal hema-
toma and partial thickness lacerations,
whereas major injuries include transmu-
ral lacerations/perforations and massive
disruption of the duodeno-biliary-pan-
creatic complex.?” Findings suggestive
of duodenal injury include: 1) wall thick-
ening of >4mm; 2) lack of wall continu-
ity; 3) peri-duodenal fluid; 4) fluid in the
right anterior pararenal space; 5) dimin-
ished bowel-wall enhancement; 6) extra-
luminal air or contrast (Figures 8, 9). The
key findings to remember include lack of
wall continuity and extraluminal air or
contrast, which indicate duodenal perfo-
ration (Figure 8B).

Imaging pitfalls

A few causes of false-positive find-
ings in blunt duodenl injury imaging
include: 1) duodenal diverticulum sim-
ulating retroperitoneal air, 2) retroperi-
toneal hematoma from a nonduodenal
source, and 3) unopacified bowel loops

November 2016

www.appliedradiology.com

APPLIED RADIOLOGY m 27



IMAGING BLUNT PANCREATIC AND DUODENAL TRAUMA

adjacent to the duodenum which may
obscure subtle findings.

Management

Isolated duodenal hematomas are
managed conservatively except in pa-
tients with acute abdomen, sepsis or
uncontrolled bleeding.’37 Surgical
management of duodenal lacerations
hinges on the extent and severity of the
duodenal injury, as well as the involve-
ment of the adjacent vasculature, biliary
tree, and pancreas.>%3® Uncomplicated
duodenal lacerations are repaired by
primary surgical closure, known as duo-
denorrhaphy, while more complex inju-
ries require reconstructive procedures.
Pancreaticoduodenectomy is reserved
for patients with severe combined du-
odenal and pancreatic head injuries or
injuries to segments D1 and D2 due to
their common blood supply with the
pancreatic head.’ Lower duodenal (D3
and D4) injuries can be treated similarly
to small-bowel injury (resection and re-
anastomosis).®®

Conclusion

Pancreaticoduodenal injury in blunt
abdominal trauma is uncommon, but
when present is associated with high
mortality. Mortality and morbidity sig-
nificantly increase when this injury is not
recognized at admission. Therefore, an
early diagnosis is critical in delivering
appropriate and timely interventions. CT
is the imaging modality of choice in sta-
ble patients. Radiologists must be aware,
however, of the imaging pitfalls that
may confound CT findings. Moreover,
pancreatic duct injury is poorly charac-
terized on CT and remains a significant
challenge in the management of pancre-
atic trauma. Lately, MRCP in combina-
tion with the intravenous administration
of secretin has been successfully em-
ployed to improve characterization of
pancreatic ductal anatomy. A modified
CT grading system of pancreatic injuries
by Wong et al (2008) allows for determi-
nation of surgical versus nonoperative
treatment. Nonoperative management
of pancreaticoduodenal injuries has

become the preferred treatment for he-
modynamically stable patients due to in-
creased accuracy of MDCT in excluding
other surgically important vascular and
solid organ injuries.
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