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Abstract

Blunt pancreatic trauma is an uncommon injury but has
high morbidity and mortality. In modern era of trauma
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care, pancreatic trauma remains a persistent challenge
to radiologists and surgeons alike. Early detection of
pancreatic trauma is essential to prevent subsequent
complications. However early pancreatic injury is often
subtle on computed tomography (CT) and can be missed
unless specifically looked for. Signs of pancreatic injury
on CT include laceration, transection, bulky pancreas,
heterogeneous enhancement, peripancreatic fluid
and signs of pancreatitis. Pan-creatic ductal injury is a
vital decision-making parameter as ductal injury is an
indication for laparotomy. While lacerations involving
more than half of pancreatic parenchyma are suggestive
of ductal injury on CT, ductal injuries can be directly
assessed on magnetic resonance imaging (MRI) or enco-
scopic retrograde cholangio-pancreatography. Pancreatic
trauma also shows temporal evolution with increase in
extent of injury with time. Hence early CT scans may
underestimate the extent of injures and sequential imag-
ing with CT or MRI is important in pancreatic trauma.
Sequential imaging is also needed for successful non-
operative management of pancreatic injury. Accurate
early detection on initial CT and adopting a multimodality
and sequential imaging strategy can improve outcome in
pancreatic trauma.
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imaging; Pancreatic trauma; Complications; Magnetic
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Core tip: Pancreatic trauma is an uncommon injury
in blunt trauma abdomen. Despite improved multide-
tector computed tomography (CT) technology, early
diagnosis of pancreatic trauma remains difficult.
Moreover, pancreatic injury shows evolution with time
which affects CT performance in early stages after
injury. Diagnosis of pancreatic ductal injury is vital
to decide operative vs non-operative management.
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Magnetic resonance imaging (MRI) with magnetic
resonance cholangiopancreatography has superseded
encoscopic retrograde cholangio-pancreatography
(ERCP) in evaluation of duct in acute injury. This review
discusses injury mechanisms, laboratory diagnosis,
CT and MRI evaluation, role of ERCP and contrast-
enhanced ultrasound, management and complications
of pancreatic trauma. Evolution of pancreatic injury
has been specifically discussed as it has important
management implications.
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INTRODUCTION

Pancreatic trauma in blunt trauma abdomen is an un-
common injury with an incidence of 2%-5%"". Despite
its relatively uncommon incidence, diagnosis and mana-
gement of pancreatic trauma remains a persistent
challenge and generates continuous debate and search
for new paradigms in trauma literature. While the deep
retroperitoneal location of pancreas protects it from
less severe trauma, it also renders diagnosis of injury
more difficult. In an acute setting, pancreatic injury
produces severe physiologic dysfunction and traumatic
pancreatitis; chiefly due to leakage of enzymes from
pancreatic ductal injury while in the chronic setting,
duct injury leads to pseudocyst and pancreatic fistula
formation®?!, Computed tomography (CT) remains the
mainstay for diagnosis of pancreatic trauma. Recently,
with emphasis on early detection of ductal injury and an
increasing trend towards non-operative management
of low-grade pancreatic injuries, magnetic resonance
imaging (MRI), encoscopic retrograde cholangio-pancrea-
tography (ERCP) and endoscopic stenting have also
been incorporated into pancreatic trauma management
protocols®*®!,

This article provides a review of pancreatic injury
and discusses the mechanisms of injury, clinical and
laboratory diagnosis, classification, imaging techniques,
management, outcome and complications of blunt
pancreatic trauma.

MECHANISMS OF INJURY

The common mechanisms of blunt pancreatic trauma
are motor vehicle accidents (steering wheel and seat-
belt impact injuries) in adults and impact due to bicycle
handlebar injuries in children®*!!. Other mechanisms
include fall of heavy objects over abdomen, fall from
height and direct blunt assault to abdomen. Injury
occurs due to the anteroposterior force compressing
the pancreas against the spine with injury most com-
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monly occurring just left to the mesenteric vessels at
the junction of neck and body"?. A slightly left-sided
force of impact directed at left upper quadrant causes
injury to distal pancreas along with spleen, left kidney
and stomach. Similarly right sided forces injure the
head or uncinate process of pancreas along with liver,
gall bladder and duodenum™*?, Hence concomitant
injuries of adjacent organs are not uncommon in blunt
pancreatic trauma and should be actively sought for
while analysing CT scans. Children are more susceptible
to pancreatic injury because of the minimal protective
retroperitoneal fat mantle unlike adults™".

CLINICAL AND LABORATORY
DIAGNOSIS

Pancreatic injury should be suspected in all polytrauma
patients or in patients with history of any high-risk
mechanism of injury. Due to the deep retroperitoneal
location of pancreas, early diagnosis of pancreatic
injury may be missed. Isolated pancreatic trauma may
be clinically occult initially and can present later with
complications while in polytrauma patients, pancreatic
trauma may be masked by signs of more severe
other organ injuries™. Clinically, patients may present
with diffuse abdominal or epigastric pain, epigastric
ecchymosis , abdominal guarding, tenderness and absent
bowel sounds and along with metabolic acidosis and
leucocytosis secondary to the inflammatory response
induced by leakage of pancreatic enzymes™*'¥,

Both serum amylase and lipase are unreliable
markers for pancreatic trauma. While serum amylase is
usually elevated after pancreatic trauma, it can also be
normal in up to 40% of patients™. Thus initial serum
amylase levels are neither sensitive nor specific for
diagnosis of pancreatic trauma and can also be elevated
in non-pancreatic abdominal and bowel injuries®*”, In
a retrospective study of 1821 pediatric trauma patients
by Adamson et af*®, 116 (23%) had elevated amylase
or lipase levels while only eight patients had pancreatic
injury. Seventy-four of 116 (64%) patients with elevated
amylase/lipase levels underwent abdominal and pelvic
CT scanning, yet 38 (51%) of these had completely
normal scans. Many patients with elevated levels under-
went screening CT scans based on amylase/lipase levels
alone and had no evidence of pancreatic injury. Hence
serum amylase determinations may support clinical
suspicion in the diagnosis of pancreatic trauma but are
not reliable or cost effective as screening tools. Moreover,
serum amylase levels are also time-dependent and
in two studies by Matsuno et al'*®! and Takishima et
al'?! statistically significant increased serum amylase
levels were seen only two and three hours after trauma
respectively.

Determination of pancreatic amylase isoenzyme
also does not add to the diagnosis as demonstrated
by Bouwman et al®®, The major concern raised by
an elevated amylase level is differentiation between
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Table 1 The American Association of Surgery for Trauma-

organ injury scale pancreatic injury scale”!

Grade Description
I Hematoma: Minor contusion without duct injury
Laceration: Superficial laceration without duct injury

I Hematoma: Major contusion without duct injury or tissue loss
Laceration: Major laceration without duct injury or tissue loss

m Laceration: Distal transection or parenchymal injury with duct

injury
v Laceration: Proximal transection' or parenchymal injury
involving ampulla or bile duct
\Y Laceration: Massive disruption of pancreatic head

'Proximal injury is defined as lying to the right of the superior mesenteric
vein.

pancreatic trauma and small bowel injury, which cannot
be differentiated by measurement of amylase isoenzyme
also™.

While absolute values of serum amylase do not
correspond to the grade and severity of injury, hypera-
mylasemia in general, is an indicator of development
of complications, pancreatic fistula and pseudocyst
formation®®'. Also while initial amylase may be normal,
repeat amylase measurements at later intervals,
persistent or significant hyperamylasemia (more than
three times baseline) are suggestive. Thus the trend
of serum amylase/lipase levels (increase/decrease)
rather than any absolute value are helpful indicators of
pancreatic involvement and development of subsequent
complications!*®*,

CLASSIFICATION OF PANCREATIC
INJURY

The classification of pancreatic trauma has evolved over
the years. The earlier used clinical (grade I -IV) and
CT based grading systems®*?* have given way to an
universally accepted American Association of Surgery
for Trauma (AAST)-organ injury scale (OIS) grading of
pancreatic trauma (Table 1). This is a surgical grading
and has management implications. First proposed by
Moore et af*>* in 1990, the grading system has stood
the test of time and remains unchanged in the latest
revision.

IMAGING IN PANCREATIC TRAUMA

The objectives of imaging are: (1) to detect pancreatic
trauma as early as possible to mitigate the consequences
of delayed diagnosis; (2) to identify ductal injury; i.e.,
identify grade 3 and above injuries as ductal involvement
has higher morbidity and mortality; (3) to evaluate
evolution of pancreatic trauma; and (4) to diagnose
complications and facilitate image-guided interventions.
With these objectives in mind, CT is the workhorse
of imaging in pancreatic trauma. MRI with magnetic
resonance cholangiopancreatography (MRCP) and ERCP
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are useful in definitive diagnosis of ductal injury both in
early and late cases while a newer modality like contrast-
enhanced ultrasound (CEUS) has also been evaluated in
pancreatic trauma.

CT

CT is the modality of choice for evaluating pancreatic
injury in polytrauma patients. CT has a reportedly
variable sensitivity (65%-80%) and specificity for
detecting pancreatic trauma®*?®, With older generation
single slice and helical CT scanners, diagnosis of pan-
creatic trauma was unreliable and detection of subtle
signs of early pancreatic injury was difficult">*”. Newer
multidetector CT (MDCT) scanners allow volumetric
data acquisition and isovoxel reconstruction, thereby
improving the sensitivity and the standard of diagno-
sis®* 3, Applications such as curved multiplanar recon-
struction (MPR) reconstruction are helpful in evaluating
an anatomically curved and obliquely located organ
like the pancreas™. Improved ductal visualisation has
also been noted by MPR and minimum intensity pro-
jectionst**,

Teh et al®® were the first ones to publish data
regarding evaluation of blunt pancreatic injuries with
modern-era high resolution CT scanners. In a cohort of
50 patients with pancreatic trauma, operative correlation
was available in 33 patients. CT findings corresponded
precisely to the operative findings in 18 patients (55%).
In the subset of 11 patients with confirmed pancreatic
ductal injury (PDI), CT scan was truly positive in 10
patients, falsely positive in 2 patients, and falsely
negative in 1 patient. Thus while CT was 55% sensitive
for pancreatic injury, it was 91% sensitive and 91%
specific for pancreatic ductal injury™®.

A multicentre study by Phelan et ai* involving 20
centres and both 16 detector and 64 detector scanners
found that sensitivity of CT in detecting pancreatic
injury varied between 47%-60% (depending on type of
scanner used). For PDI, the sensitivity was 52%-54%
and specificity was 90%-95%.

In a study published by us”*, operative correlation
was available in 24 patients and MDCT correctly
identified the surgical grade in 22 out of 24 patients
(91.7%). In the subset of 19 patients with PDI, CT
correctly identified ductal injury in 18/19 patients
(true positives) and correctly ruled out ductal injury
in all 5/5 patients (true negatives) giving a sensitivity,
specificity and accuracy of 94.7%, 100.0% and 95.8%
respectively for PDI. The one patient, in whom CT did
not identify ductal injury, had imaging appearances of
contusion (grade II) on CT while MRI performed 15 h
later showed laceration (grade Il injury). Discrepancy
in CT and operative findings in this patient was more
likely due to evolution of injury rather than failure of
MDCT technology®..

Thus, MDCT scanners have improved accuracy
for detecting pancreatic injury as compared to older

[33]
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[9,10,12,27,38-41]

Table 2 Computed tomography signs of pancreatic injury’

"Hard" signs/specific signs
Fracture of the pancreas
Pancreatic laceration
Focal or diffuse pancreatic enlargement/edema
Pancreatic hematoma
Active bleeding/extravasation of intravenous contrast

"Soft" signs/suggestive signs
Fluid separating the splenic vein from posterior aspect of pancreas
Fluid surrounding the superior mesenteric artery/(SMV cuff sign)
Fluid in the anterior and posterior pararenal spaces
Fluid in transverse mesocolon and lesser sac
Inflammatory changes in peripancreatic fat and mesentery

Thickening of the left anterior renal fascia

Delayed signs

Pancreatic ductal dilatation

Pseudocyst formation/ peripancreatic fluid collection

SMV: Superior mesenteric vein.

Figure 1 A 3-year-old girl with history of fall of heavy object over abdomen.
CECT axial image shows full thickness laceration (grade 1N injury) of neck of
pancreas at level of splenoportal confluence (white arrow). Also note peripancreatic
fluid (arrowhead) and fluid between splenic vein and body of pancreas (black
arrow). Patient underwent a distal pancreatectomy. CECT: Contrast enhanced
computed tomography.

generation scanners.

CT imaging technique

Wong et al*"! assessed overall accuracies of multiphasic
CT in detecting main duct injuries and found that
accuracies were 97.9% (pancreatic parenchymal phase),
100.0% (portal venous phase), and 96.8% (equilibrium
phase) respectively. Thus the portal venous phase CT
was the most accurate scan to detect pancreatic duct
injurie.

In our level 1 apex trauma centre, we currently
perform dual-phase protocol (arterial and venous phase)
in all adult patients with focussed abdominal sonography
for trauma (FAST) positive status and a portal venous
phase scan in pediatric patients or patients with FAST
negative status. Thus, pancreas is primarily assessed in
portal venous phase. Both thin-section axial images and
MPR images in sagittal, coronal and oblique planes are
routinely viewed on 3D workstation. We also generate
curved MPR images to estimate depth of laceration in
equivocal cases to comment on ductal injury. As gen-
erally accepted in trauma CT protocols™® oral contrast
is not administered prior to initial CT scanning while oral
contrast is given in patients come for routine follow-up
CT scans.
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Figure 2 A 27-year-old woman with road traffic accident. CECT axial (A)
and coronal (B) images show full thickness laceration in the head of pancreas
(white arrows). The laceration is located to the right of splenoportal confluence
suggestive of grade 1V injury. There is also fluid around the superior mesenteric
vein (black arrow) and adjacent superior mesentery artery; the so-called “SMV
cuff” sign seen in proximal injuries of pancreas. CECT: Contrast enhanced
computed tomography; SMV: Superior mesenteric vein.

CT signs of pancreatic trauma

Signs of pancreatic trauma can be divided into “hard”
signs and “soft” signs (Table 2). “Hard” signs are
specific and definitive CT evidence of pancreatic injury.
“soft” signs are basically due to associated pancreatitis
and, though non-specific, are supportive and should
make one raise a possibility of pancreatic involvement
in a patient with an appropriate mechanism of injury
and associated injuries.

Hard signs (for grading pancreatic injuries)

Pancreatic laceration (AAST grade Il and above) is
seen as a low-attenuating line oriented perpendicular
to the long-axis of pancreas. The line ideally represents
separation of fragments with fluid or blood within the
fragments (Figures 1 and 2). However in early stage, a
laceration may only be seen as a low-attenuation band
without separation of fragments and may be undere-
stimated as a contusion (Figure 3). Also a laceration may
be seen on only one or two sections and can be missed
if not carefully looked for. Pancreatic lacerations should
also be differentiated from clefts. Usually the presence
of fluid within the gap along with associated signs of
inflammation favours laceration while a cleft is lined by
fat with clear surrounding area!®**2# 37411,
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Figure 3 A 35-year-old truck driver with history of steering wheel impact injury. CECT axial (A) and coronal oblique (B) images show a full thickness
hypoattenuating band involving neck and body of pancreas (white arrow). On imaging, it was considered as a major contusion/grade II injury. Intraoperatively, full
thickness laceration with duct injury was found suggestive of grade III injury and distal pancreatectomy was done. CECT: Contrast enhanced computed tomography.

Figure 4 A 30-year-old man with road traffic accident. CECT axial (A) and coronal MPR (B) images show the hypoattenuating and bulky head of pancreas
suggestive of major contusion with fluid in pancreaticoduodenal groove (arrow). Intra-operatively a hematoma was found in head and neck of pancreas (grade I
injury). No active surgical intervention was done for pancreatic injury. CECT: Contrast enhanced computed tomography; MPR: Multiplanar reconstruction.

Lacerations can be divided into superficial or deep.
Superficial lacerations involve less than 50% of the
gland thickness and imply non-involvement of the duct.
Deep lacerations involve more than 50% of the gland
and imply duct disruption. This 50% depth of laceration
is used as a substitute marker for ductal involvement as
the duct often cannot be made out or traced on CT. A
full thickness laceration involves the whole thickness of
gland and is termed as transection or fracture (Figure 1).

Pancreatic contusion (AAST grade I and 1I injury)
is characterised by: (1) diffuse or focal enlargement;
(2) heterogeneously attenuating pancreas; or (3) focal
area of hypoattenuation against the background of
normally enhancing pancreas (Figure 4). Usually less
than involvement of one anatomical division of pancreas
(head, neck, body or tail) is considered as minor con-
tusion (AAST grade I ) or more than one anatomical
division is considered a major contusion (AAST Grade
).

An area of hyperattenuation within the substance of
the gland is suggestive of pancreatic hematoma which
is a very specific sign of pancreatic trauma (Figure
5). Similarly active extravasation within the gland,
i.e., contrast leak which increases on delayed scan, is
specific for pancreatic injury™ (Figure 6).
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Soft signs (reflective of pancreatic injury-associated
inflammatory changes)

Fluid between distal pancreas and splenic vein was first
described by Lane et ai*® and was found in 90% of
cases of pancreatic injury in their study. Normally the
splenic vein is closely apposed to the posterior aspect
of the pancreas or is separated from the pancreas by
a thin layer of fat. In a patient with fluid insinuating
between the splenic vein and the pancreas and a history
of abdominal trauma, a pancreatic injury should be
suspected. The fluid is believed to represent either
a leak from transected duct or blood tracking into
peripancreatic tissues and is more commonly seen in
distal pancreatic injuries (Figures 1 and 5). Similarly,
SMV cuff sign may be seen in more proximal injuries
involving neck region (Figure 2).

Peripancreatic fat stranding and fluid collections
around the pancreas in combination with one or more
signs to be strongly predictive of pancreatic injury.
Peripancreatic fluid collections in lesser sac, pararenal
spaces and transverse mesocolon are seen in 70%-90%
in patients with pancreatic injury®®®*?. Similarly inflam-
matory changes such as thickening of anterior renal facia
was seen in 44% of patients with pancreatic trauma'*”
(Figures 1 and 5).
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Figure 5 A 35-year-old man with road traffic accident. CECT axial image at time of trauma (A) shows distal transection with fragments that separated by
hyperattenuating fluid suggestive of hematoma (long white arrow). The left anterior renal fascia is also thickened (arrowhead). Patient underwent distal pancreatectomy
and 4 wk follow up CECT axial image (B) show a post-operative collection in lesser sac (black arrow). CECT: Contrast enhanced computed tomography.

Figure 6 A 40-year-old man with history of fall of heavy object over abdomen. CECT axial images, initial scan (A) and delayed scan (B) show complete
disruption of head of pancreas with a large retroperitoneal hematoma replacing the head region. There is active extravasation of contrast (arrows). On coronal oblique
image (C), the disrupted head of pancreas (arrow) with active contrast extravasation can be seen. Surgically, a crush injury (grade V) was confirmed and patient
underwent Whipple’s procedure. The patient eventually died due to sepsis and multiorgan failure. CECT: Contrast enhanced computed tomography.

While in isolation, soft signs may not be diagnostic
of pancreatic injury, they are often found in combination
with each other or with a hard sign such as pancreatic
laceration/transection. Patients with only soft signs on
CT should be closely monitored clinically, biochemically
and radiologically with follow-up CT scan or MRI for
confirmation of pancreatic injury.

MAGNETIC RESONANCE IMAGING

MRI with MRCP serves as a problem solving tool in
pancreatic trauma. In acute pancreatic trauma wherein
diagnosis of ductal injury is imperative, MRI is a non-
invasive alternative to ERCP to evaluate pancreatic duct.
The other advantages of MRI over ERCP include its
ability to demonstrate the status of the duct upstream
of the laceration, better definition of parenchymal injury
and the extent and location of peripancreatic fluid
collections.

MRI also has good correlation with CT and can
well demonstrate features of pancreatic parenchymal
injuries such as pancreatic contusion, lacerations and
hematomas™**®. Pancreatic contusions are seen as focal
T2 hyperintense areas (Figure 7) while lacerations are
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seen as linear T2 hyperintense areas within the gland
(Figure 8). On MRI, the lacerations can be seen directly
extending to the duct unlike CT. Pancreatic hematoma
is seen as intrapancreatic T1 hyperintense area which
has variablesignal intensity on T2 weighted images'™.
Apart from confirming ductal injury, MRI is useful in
confirming ductal integrity so that surgeons can safely
proceed with conservative management (Figure 9).
MRI is also useful in evaluating evolution of pancreatic
injury as described later. Thus in our institution, MRI is
performed if CT findings are equivocal or if conservative
management is planned to evaluate the MPD. The
MRI protocol in our institution include axial T1 and T2
weighted images, axial and coronal fast spoiled gradient
echo imaging with steady state precession (TRUFISP)
and single shot fast spin-echo (SSFSE) T2-weighted
MR imaging (T2 HASTE) sequences and heavily T2-
weighted 3D sequences for MRCP.

MRI is useful in follow-up of conservatively managed
cases or to diagnose sequelae of pancreatic trauma
such as pseudocysts, pancreatic strictures and chronic
pancreatitis®****. MRI is also useful for follow-up
evaluation in children as it provides a non-radiation
alternative to CT.
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Figure 7 A 25-year-old man with history of blunt trauma abdomen. CECT axial image (A) shows injury of distal pancreas (white arrow). MRl T2 HASTE axial
image show T2 weighted hyperintensity in pancreatic body suggestive of contusion/edema with a small laceration (black arrow). CECT: Contrast enhanced computed

tomography; MRI: Magnetic resonance imaging.

Figure 8 Magnetic resonance imaging T2 HASTE axial image of a 23-year-
old man with road traffic accident show linear full thickness laceration in
proximal body (arrow) suggestive of grade I injury.

Secretin-enhanced MRCP, i.e., MRCP obtained after
intravenous injection of secretin may be helpful to
further characterise pancreatic ductal injury. Secretin
increases the output of pancreatic secretions and can
be used to actively demonstrate leak from the disrupted
pancreatic duct™*”,

CEUS

CEUS using SonoVue® (sulphur hexafluoride, Bracco,
Milan, Italy) has also been described for pancreatic
trauma™®. Unlike conventional US which performs poorly
in detecting pancreatic injuries, CEUS provides better
contrast between normal and contused pancreas due
to differential blood supply. Pancreatic injuries appear
as anechoic or hypoechoic irregular perfusion defects in
both arterial and parenchymal phases. In a study by Lv
et a*®, in comparison to CT, CEUS detected pancreatic
injuries in 21/22 patients with a detection rate of 95.5%.
Because of its portability, CEUS can be employed as a
part of initial US protocol during resuscitation to detect
solid organ injuries. CEUS may also serve as a non-
radiation alternative to CT for follow-up in known cases
of pancreatic trauma to assess pancreatic disruptions,
peripancreatic collections and pseudocysts. The dis-
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advantages include cost, learning curve, short window
time to obtain useful information and limited information
regarding extent of other injuries sustained by the
patients compared to CT! %%,

ERCP

ERCP is considered the traditional gold standard for
pancreatic ductal injury but has been superseded by
MRCP in acute pancreatic trauma. While ERCP can
directly visualise ductal injury, disadvantages include its
invasive nature, high rate of complications (5%-15%)
such as pancreatitis, cholangitis and duodenal perforation
and the lack of availability of the technique or trained
personnel to do this procedure on emergent basis™>".
Because of its tendency to induce iatrogenic pancreatitis,
most trauma surgeons are wary of subjecting critical
polytrauma patients to ERCP in an acute setting. However,
in subacute cases and in chronic follow-up cases, ERCP
provides therapeutic options such as duct stenting
and pancreatic sphincterotomies for pancreatic fistula,
pseudocysts and strictures®**, Also with recent em-
phasis on non-operative management, endoscopic trans
papillary drainage and ERCP guided stenting can also be
done for partial duct disruptions and in isolated grade 3

injuries respectively to avoid laparotomy".

EVOLUTION OF PANCREATIC INJURY

Another factor affecting diagnostic performance in
pancreatic trauma is the evolution of pancreatic injury.
Findings can be subtle in early cases leading to a low CT
sensitivity. In the study by Arkovitz et af™”!, CT had an
85% sensitivity within the initial 24 h after pancreatic
injury while overall sensitivity was 90%. The pancreas
can appear normal in 20%-40% of patients with acute
blunt pancreatic injuries, especially when imaging is
done within the first 12 h after injury. This is due to the
obscuration of the fracture plane, hemorrhage, and
close apposition of the pancreatic fragments. On repeat
scanning at 12 to 24 h; an abnormality which was
initially ambiguous or subtle becomes more evident.
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Figure 9 A 25-year-old man was involved in road traffic accident. CECT axial image (A) shows ill-defined hypoattenuating area in neck of pancreas suggestive of
contusion (arrow). MRI done 10 h after CT shows extent of contusion better with wider area of involvement on both T2 HASTE (B) and TRUFISP (C) images. MRCP
thick MPR (D) image shows ductal integrity. Patient was conservatively managed and follow-up imaging showed decrease in area of contusion. CECT: Contrast
enhanced computed tomography; MPR: Multiplanar reconstruction; TRUFISP: True fast imaging with steady-state free precession; MRI: Magnetic resonance imaging;
MRCP: Magnetic resonance pancreatography; CT: Computed tomography.

Figure 10 A 23-year-old woman with history of road traffic accident. Day 1 CECT axial image (A) shows ill-defined contusion in pancreatic neck (arrow). No
obvious laceration was seen. Day 3 CECT axial (B) and coronal oblique (C) images show a full-thickness laceration in neck of pancreas s/o grade II injury with ductal
involvement. Patient was operated and distal pancreatectomy was done. Thus there was evolution of injury from contusion to laceration. CECT: Contrast enhanced
computed tomography.

Findings become more radiologically apparent over time ~ phenomenon™ (Figure 10). Thus, the inability to detect
with the development of post-traumatic pancreatitis, early pancreatic trauma even with advanced multi-
edema, leakage of pancreatic enzymes, and subsequent detector CT technology is not a reflection of failure of
auto-digestion of the surrounding parenchyma®®’!. The  technology but due to the natural history and evolution
delay in CT findings of pancreatic injury is especially  of trauma®”.

pronounced in pediatric or thin patients who often lack Delayed diagnosis or the missed early diagnosis is
the contrast provided by surrounding adipose tissue more likely in patients with isolated pancreatic injuries,
to appreciate pancreatic injuries™'**), CT can either  absent or minimal other associated abdominal injuries or
miss or underestimate depth of laceration too in very in those undergoing non-operative management without
early stage because accumulation of fluid within the  any follow-up imaging®®®. Thus it is recommended to
gap and separation of fragments is a time-dependent do a sequential imaging along with correlation with
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Figure 11 A 22-year-old man with history of fall of heavy object over abdomen. CECT axial image (A) shows bulky heterogeneously attenuating head of
pancreas (arrow). MRI done 28 h after CT (B) shows similar findings with bulky head and altered signal intensity with adjacent fluid (arrow B). No definite laceration
seen. Follow-up MRI on day 6 (C) shows a Y shaped laceration in inferior part of head and uncinate process. However the main pancreatic duct was normal (arrow D).
Since the MPD was not involved, conservative management was continued. CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; CT:

Computed tomography.

clinical and laboratory parameters to avoid a missed
diagnosis™”’.

Another scenario where sequential imaging plays
a role is in non-operative management of pancreatic
injury. The key factor in non-operative management
is identification of low grade pancreatic injury (grade
2 or less) like contusion and superficial laceration
not involving duct as these injuries can be managed
conservatively. An inability to correctly estimate the
grade of injury on first day imaging and absence of
follow-up imaging with either CT, MRI, MRCP or ERCP
is associated with higher incidence of failure of non-
operative management in pancreatic injury[gl. Thus,
once a pancreatic trauma is identified and the patient is
considered for non-operative management, follow-up
imaging with either CT or MRI should be done again to
look for evolution of findings and guide management®™®,
Follow-up imaging with MRI is preferred because of its
superior soft tissue resolution, lack of radiation exposure
and its ability to directly evaluate the duct. If a follow-
up MRI reveals ductal integrity, then conservative
management can be continued while evidence of ductal
involvement on follow-up would necessitate surgical
intervention (Figures 11 and 12).

MANAGEMENT

Management of pancreatic trauma depends on: (1)
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grade/ severity of injury; (2) location of injury; (3) other
associated abdominal injuries; and (4) time elapsed after
injury®®®*, If CT shows ductal involvement (more than
50% depth of laceration), the operative management
is preferred. If CT is equivocal, MRI (or ERCP) should
be done to look for ductal involvement followed by
laparotomy in presence of ductal involvement.

Low grade pancreatic injuries are usually managed
conservatively. If laparotomy is indicated in these
patients for other associated abdominal injuries, then
simple external drainage of pancreatic bed can be done
concomitantly. The management options based on
grade of pancreatic injury have been summarised in
Table 3.

For grade I and II injuries, placement of suction
drain suffices to promote external drainage of pancreatic
secretions and promote natural healing of minor ductal
injuries. Omental pancreatorrhaphy may be done
after repair of superficial lacerations and placement of
omental graft over site of injury to promote healing™.

For grade Il injuries, distal pancreatectomy is the
standard surgery of choice. Associated splenic injuries
may necessitateconcomitant splenectomy. If the injury
occurs at the neck, then pancreaticojejunostomy may
be done as an alternative to distal pancreatectomy to
preserve the intact entire distal pancreas®™.

For grade IV injuries, currently pancreatic drainage
is recommended as part of damage control surgery.
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Figure 12 A 35-year-old man with history of road traffic accident. CECT axial image (A) shows bulky hypoattenuating pancreas (black arrow) with peripancreatic
fluid. No definite laceration was seen on CT and patient was kept on conservative management. MRI done 4 d later show hematomalcollection in neck of pancreas (long
white arrows B and C). The duct was seen to communicate with the hematoma and MRCP showed cut off of duct at site of injury (short white arrow D). The patient
subsequently underwent distal pancreatectomy. CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance

pancreatography; CT: Computed tomography.

Table 3 Treatment options for isolated pancreatic injuries

based on the American Association of Surgery for Trauma
[2,14,60]

pancreas organ injury scale

AAST grade Treatment options

I Observation/conservative management
Simple external drainage
Omental pancreatorrhaphy and drainage
I Observation/conservative management
Simple external drainage
Omental pancreatorrhaphy and drainage
Distal pancreatectomy +/- splenectomy
Roux-en-Y distal pancreatojejunostomy
Simple drainage in damage control situations
Pancreatoduodenectomy (Whipple procedure)
Distal Roux-en-Y pancreatojejunostomy
Anterior Roux-en-Y pancreatojejunostomy
Endoscopically placed stent
Pancreatoduodenectomy
Drainage in damage control situations

AAST: American Association of Surgery for Trauma.

When clinical condition improves, then either resection
or reconstruction with pancreatic enteric anastomosis
may be done®®®",

For grade V injuries, Whipple’s procedure (pancr-
eaticoduodenectomy) may be done at first stage'®.
However since most patients with grade V injuries are
poor candidates to withstand extensive surgeries, initial
damage control with drainage followed by resection-
anastomosis may be done®**¥, Grade IV and V injuries
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are often associated with duodenal injuries which
may be subjected to primary repair and diversion or
duodenum is resected along with pancreas.

Non-operative management

Literature on non operative management of injuries
(NOMI) mostly pertains to pediatric patients with
reported outcomes similar to operative management!®>®,
However this approach can also be extended to adults'®.,
Proper patient selection (patients with low-grade
injuries, isolated pancreatic injuries and absence of
ductal involvement on MRI or ERCP), continuous patient
monitoring and radiological follow-up and availability of
radiological or endoscopic interventions for management
of local/pancreatic complications are keystones to
successful NOMI®®”), In case of clinical and radiological
progression of injury, subsequent surgical management
is preferred over endoscopy as the laparotomy has better
outcomes with lesser complications'>?.

COMPLICATIONS, MORBIDITY AND
MORTALITY

Despite the relatively low incidence of pancreatic
trauma, morbidity and mortality are high. While isolated
pancreatic trauma has an incidence of less than 30%
and a lower mortality of 3%-10%"%, the overall mor-
bidity is 30%-50% and mortality is 10%-30%. There
is a proportionately direct increase in adverse outcome
with: (1) increasing grade of injury; (2) associated organ
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Figure 13 A 22-year-old man with history of road traffic accident, presenting
on day 17 after trauma. CECT axial image shows injury to distal body and tail of
pancreas with peripancreatic collection (arrow). No imaging was done at time of
trauma. Features are suggestive of traumatic pancreatitis following initial missed
injury. Patient was conservatively managed with percutaneous drainage. CECT:
Contrast enhanced computed tomography.

injuries; and (3) delay in diagnosis with failure to identify
ductal injuriest®32+2%69.701,

Approximately, one-third of the patients survive
the first 48 h develop complications due to pancreatic
injury. Complications include traumatic pancreatitis,
pancreatitis induced vascular complications such as
pseudoaneurysms, pseudocysts, pancreatic fistulas,
intraabdominal abscesses, pancreatic strictures and
chronic obstructive pancreatitis, wound complications,
septicaemia and multiorgan failuret****7*73,

Post-traumatic pancreatitis occurs due to missed
or delayed diagnosis of ductal injury. The incidence of
pancreatitis is 17% after pancreatic injury”’*. Patients
present with abdominal pain and hyperamylasemia. CT
demonstrates typical imaging features of pancreatitis
with bulky, heterogeneously enhancing pancreas, intra-
pancreatic and peripancreatic collections and can lead
to sepsis and multiorgan failure (Figure 13). Treatment
is usually conservative while pancreatectomy, debri-
dement and drainage may be done for failure of con-
servative treatment. Patients may also present with
recurrent episodes of pancreatitis months after trauma
due to persistent duct leak. This may require surgical
intervention or endoscopic stenting!”*..

Pancreatic fistula is one of the commonest com-
plications after pancreatic trauma. Its incidence varies
from 20% in isolated pancreatic trauma to 35% in
combined pancreaticoduodenal injuries®®”>”®, Fistula
output more than 200 mL/d is a low output fistula while
output more than 500 mL/d is a high output fistula.
Conservative management with CT guided drainage
of fistula over weeks is the treatment of choice’””. In
case of persistently high output drainage or internal
communication with a hollow viscus or pleural cavity,
ERCP may be done to delineate the fistulous anatomy
followed by surgery or endoscopic stenting™. Proximal
fistulas are better treated by stenting or Roux-en-Y
procedures while distal fistulas are treated by pancrea-
tectomy™*,
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Pancreatic pseudocysts more commonly occur after
missed injuries to distal pancreas or as a sequelae of
NOMI!"*®!, These are commonly located anterior to
body and tail of pancreas. MRCP or ERCP should be
done to look for communication with pancreatic duct.
If communication is present, endoscopic stenting along
with CT guided percutaneous drainage is done”®”,
If there is no communication with pancreatic duct,
drainage alone is sufficient. If closely apposing stomach
or bowel walls, surgical or endoscopic cystogastostomy
or cystoenterosotmy are other therapeutic options'”".

Peripancreatic abscess/infected walled-off collections
usually occur secondary to contamination from hollow
viscus or from skin flora through the external drain.
These increase morbidity and mortality due to ensuing
sepsis'®*®. On imaging, air foci within peripancreatic
collections are suggestive of infection (Figure 14). How-
ever, if external drainage is maintained, presence of air
foci may be normal. In such cases MRI can show debris
within the collections while positive culture of fluid in
the presence of fever, leucocytosis and acidosis are
diagnostic.

Vascular complications such as pseudoaneurysms
either occur due to complications of surgery or secondary
to erosion of vessel wall by pancreatic enzymes!®®,
Post-pancreatitis and post-traumatic pancreatic pseu-
doaneurysms commonly involve splenic, gastroduodenal
and common hepatic arteries. Pseudoaneurysms are
potentially life threatening events and if untreated can
rupture leading to haemorrhagic death. Imminent rupture
or bleeding pseudoaneuryms manifest as upper gastro-
intestinal bleed (hematemesis/melena) or hemobilia.
If patient is hemodynamically stable, CT angiography
is the modality of choice to diagnose site and size of
pseudoaneurysms followed by angio-embolization with
coils, glue or thrombin. If hemodynamically unstable,
patients can directed be taken for embolization™®!, In
cases of failure of embolization or in cases non-amenable
to embolization, surgical management is done (Figure
15).

Pancreatic duct strictures and chronic obstructive
pancreatitis can occur as sequelae of NOMI wherein
fibrosis at injury site can lead to pancreatic duct
strictures. Chronic obstruction and raised intraductal
pressure leads to chronic obstructive pancreatitis,
presenting months to years after trauma"? (Figure 16).
MRI is useful in diagnosis while ERCP and endoscopic
stenting are therapeutic. Other options include surgical
pancreaticojejunostomy and distal pancreatectomy for
distal stricturest””.

SUMMARY

Pancreatic trauma remains a difficult diagnosis with high
morbidity and mortality. While MDCT is the mainstay
for diagnosing pancreatic injury, early scans may miss
pancreatic trauma, especially if not carefully looked
for. Thus radiologists should have a very high index
of suspicion for pancreatic injury and should carefully
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Figure 14 A 45-year-old man with missed pancreatic injury. CECT coronal (A) and axial (B) image done weeks after injury shows an ill-defined walled off
necrosis (arrow A) with air foci within (arrow B). CT guided pigtail drainage of collection was done (C) with antibiotic coverage. CECT: Contrast enhanced computed
tomography; CT: Computed tomography.

Figure 15 Post-traumatic common hepatic artery pseudoaneurysm 22 years old man with blunt trauma abdomen. CECT axial image shows injury to head
of pancreas (arrow A). MRI done 3 d later showed well defined lesion in head of pancreas with heterogeneous signal intensity on T1 weighted image (arrow B) and
hyperintense on TRUFISP image (arrow C). A possibility of pseudoaneurysm was given. Angiogram showed pseudoaneurysm arising from proximal common hepatic
artery (arrow D) which was embolised with Nester coils (arrow E). CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; TRUFISP:
True fast imaging with steady-state free precession.

Figure 16 A 40-year-old male with previous history of pancreatic trauma. Injury was missed at time of presentation. Follow up MRI T2 HASTE images (A and
B) and MRCP image (C) show dilated main pancreatic duct and side branches (arrows A and B) with cut off in proximal body region (arrow C) suggestive of post-
traumatic pancreatic stricture. MRI: Magnetic resonance imaging; MRCP: Magnetic resonance pancreatography.
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evaluate all CT scans for signs of pancreatic involvement.
Early diagnosis of ductal injury is essential to improve
outcomes. If ductal involvement is equivocal on CT, MRI
should be done to comment on ductal injury vs integrity
and guide management. ERCP has selective role in
management of complications of pancreatic trauma and
its complications. Since pancreatic injury is an evolving
process, serial imaging with CT or MRI should be done
to look for temporal evolution and for follow-up in non-
operative management of pancreatic trauma. Radiology
also plays a crucial role in follow-up and management of
complications in pancreatic trauma.
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