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Abstract From January 2000 to November 2001, five
consccutive, hemodynamically stable trauma  patients
(ige range 8-69 vears. meun age 34 vears) with paren-
chyvmal injurics were evaluated by magnetic resonance
imaging (MRI) with magnetic resonance cholangiopan-
creatography (MRCP). One patient also underwent a
MRCOP-tacilitated secreun test. MRI depicted pancreatic
laceratton in two patients. ductal disruption and & post-
traumatic intraparenchymal pseudocyst in one. migrat-
g puncreatic fluid collection in the mediastinal space
with disruption i another. and mwin pancreatic duct
rupture and dilatation i the patient evaluated with
MRCOP following secretin admunistration. MR1 with
MRCP s an effective noninvasive test tor detecting and
managing pancreatic injuries after blunt trauma. Secre-
tn administration improves ductal visualization. par-
ucularly of nondilated ducts. Finallv, MRIT was useful in
the follow-up studies of parenchymual damage and minor
ductal njuries. providing high-qualitv images of the
pancreatic duct and bibiary tract.

Kevwords Pancreatic duct. mjury - Pancreatic ducts.
MRCP - Abdominal trauma. MRI
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Introduction

The diagnosis of pancreatic injuries after abdominal
trauma 1s often dithcult and 15 rarely mude preopera-
tively [1. 2] Evaluation of pancreatic integrity is im-
portant in order for an appropriate management
approach to be decided. Typrcally. minor parenchymal
injuries  are treated  nonoperatively whercus  main
pancreatic duct injuries and parenchyimal lacerations
usually require surgery or therapeutic endoscopy [30 4],
Endoscopic retrograde pancreatography (ERP)Y s the
well-estabhished standard of reference tor mmaging the
pancreatic ducts in stable patients [0 6. 7. 8] Recently.
magnetic resonance imaging (MR with magnetic res-
onance cholangiopancreatography (MRCP) has come
to be considered a promising nommvasive alternative
imaging technique in the evaluation ol pancreatic
injuries. by virtue of its excellent spatial resolution and
direct visualization of the ¢nure pancreaticobiliary tract
[90 100 1L 120 130 14]0 The object of this study s to
report the capabihities and hmitations off MRIT i the
evaluation of pancreatic imjury evaluation after blunt
trauma based on a retrospeciive analysis,

Materials and methods

From January 2000 through Noccmber 20010 tive conseeative
made. hemodynanncally stable trouma paoents (wee range N 69
Veurs. mean age S4ovears) presentios with paporealic 1njuries were
evaluated at our imstitution with MRTand MROP O within 24 48 h
atter blunt abdomimal traumas pronardy b evaluste the status ot

the pancreate duct. On admissiern Tour patienis underwent phun
film. US. and contrast-enhanced behical CT which detected the
pancreatic mjury. One patient urcerwent MRE 20 davs after the
trauna and was also evaluated weh an MROP-tacihitated searetin

lest.

MR was performed ona Foo-T sostam 18DGEH Belipse Mar-
cont. Ohto). using i body cotl or body flen phased array coil. The
MR protocol meluded fat-suppressed breath-hold T-aeighted
RE fist anial sequence cFR P D37 4050 cequisition. 1 matn.
1252560 scan times 14~ and Tl-weghted 1ast spimecho axal
sequence CPROFE 320 100 acquiseion 1oomatrin, 19222360 ccho



train length. 4: scan ume. 12 s): T2-weighted fast spin-ccho axial
sequence (TR;/TE. 10000 110 ms: acquisition, 3: matrix. 256x256:
echo train length. 64: scan ume. 4 min 40 s).

MRCP was performed with a breath-hold. two-dimensional
single shot RARE (rapid acquisition with relaxation enhancement)
heavily T2-weighted sequence. along the coronal plance. Parameters
employed were: TR TE. 10000 110 ms: slice thickness, 5 mm:
matrix, 236x256: acquisition. 1: echo train length. 140: scan tme,
10 s): maximum intensity projection (MIP) and muluplanar rel-
ormation (MPR) post-processing was performed. In all patients, we
also performed a breath-hold single-slab half-Fourier rapid ac-
quisition with relaxation enhancement sequence (TR TE. finite
285: slab. 6: section thickness. 30-70 mm: acquisitions. . matrix.
236x256: echo tram length. 264: scan time. 8 s).

An MRCP-facilitated secretin test was performed with a dy-
namic, breath-hold. two-dimensional single shot RARE heavily
T2-weighted sequence. along the coronal plane. Parameters em-
ployed were: TR TE. == 800-1100 ms; slice thickness. 25-35 mm:
matrix, 256x256: 0.5 NEX: FOV 26-35 cm. No post-processing
was performed.

To eliminate overlupping Huid-containing organs. a negative
contrast agent consisting ol 130-200 mi superparamagnetic iron
oxide particles (ferumoxsil. Lumirem. Aulnay-sous-Bois. France)
was administered orally before dynamic imaging.

A set of MRCP images was acquired before secretin adminis-
tration to optimally depict the entire main pancreatic duct. After
intravenous administration of secretin  (Sekretolin:  Hoechst.
Frankfurt-am-Main. Germany) at a dosage of one clinical unit per
kilogram of body weight. the optimal MRCP slice was repeuted
every 30 s. The dynamic procedure was conducted over 10 min.

Results

In two patients. MRI confirmed the CT findings of deep
pancreatic laceration at the “isthmus body™ level. as well
as parenchvmal and peripancreatic fluid collection.
Moreover. MRI examination also depicted integrity of
the main duct (Fig. 1).

In the third patient. (Fig. 2). MRCP revealed com-
plete ductal disruption with evidence of 4 post-traumatic
intraparenchymal pseudocyst. In this case. ERCP con-
firmed MR findings. showing a direct communication
between the main duct and the intraparenchymal fluid
collection.

In the fourth patient. (Fig. 3). MRI showed a
migrating pancreatic fluid collection wn the posterior
mediastinal space. previously reported on the contrast-
enhanced helical CT scans. showing disruption of a
secondary pancreatic ductal branch.

In the fifth patient. who was evaluated for two epi-
sodes of acute recurrent pancreatitis 20 days after the
trauma, MRI1 demounstrated dilatation of the main
pancreatic duct at the body-tail level (Fig. 4a). On the
suspicion of ductal mjury. a dynamic MRCP was per-
formed after secretm admiistration that detected the
main pancreatic duct rupture with dilatation (Fig. 4b.¢).

The patient with main ductal disruption was referred
for surgeryv. while the others underwent conservative
management and were assessed by follow-up MR studies.

In the two patients with pancreatic lacerations. an
MR tollow-up study showed a progressive dimimution of
the fluid collections, with residual delaved psceadocysts
at the site of the myury (Fig. 5).

Fig. 1a. b A 32-yeur-old man with pancreatic luceration foilowing
motor vehicle collision. Axial fast spin echo T2-weighted MR
mmage (a) shows peripancreatic and intrapancreatic fluid collections
occupying the space between the gland fragments. MR cholangio-
pancreatogram (b) shows peripancreatic fluid collection and ductad
svstem integrity. Note the origin of the V biliary branch from the
common bile duct

In the patient with mediastinal pseudocyst. a spon-
taneous resolution of the flud collection was observed
on an MR follow-up examination 2 months later.

Discussion

Pancreatic injuries may be related to blunt. penetrat-
me. or tatrogenic trauma [1. 2] Blunt pancreatic
injury 1s most frequently encountered following auto-
mobile or motorcyele accidents. and usually derives
{from compression of the gland against the spine [3. 4].
Treatment is conservative in cases of pancreatic con-
tusion and subcapsular fracture. while surgery is gen-
crallv required when there s rupture of the main
pancreatic duct and duodenal pancreatic mjuries [1.
3.

The prognosis depends on the extent of damage and
1s greatly mfluenced by the presence ol associated organ
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Fig. 2a-¢ The pancreatie duct
entering o post-traunuiug
preudoceyst in 3-vear-old man
who presented clevated serum
am lase and lipase values. Axial
FSEOT2-werghted MR (a) and
NRCP by showimg Larger
calther of the puncreanie duct at
the body tatl Tevel conuguous
with @ 3.3-cm pseudoeyst,
compressing the mam bilian
duct. ERCP (¢} shows rupture
ol the main pancreate duct
with & communicatng
muraparenchymal pseudocyst

Fig. 3a—¢ A Y-vear-oid boy atter
a talt from a bieyele 24 h
previously. Coronal FSE T2-
wetghted MRE (a) shows aclarge
preudoceyst i the posierior
mediastinal space. Axial T2-
wetghted MRI (b) demonstrates
a small fluid collection in the
peripancreatic fat tarrow).
Disruption of a ducte] side
branch at the pancreaue tail
level was suspecied. Sugittal
view (e} al the pancreuue body
demonstrates the continuity of
the mediastnal pseudocyst with
the pancreatic gland vrron)

mjuries {31 Mean mortality rate is 19%. with a range of

5 37% [2).

The diagnosis of pancreatic injury i patients sufler-
ing from abdominad vrauma is diflicult and rarely made
preoperatively: 1t has been postulated that many con-
servatively managed patients may have mild. undetected

pancreatic injuries [13]. Chnical lindings are otten non-
specitic and or of poor diagnostic value [1].
Contrast-cnhanced helical CT s considered the im-
aging method of choice for examiing patients with
suspected  pancreatic trauma [16. 17]. However., CT
cannot directly detect pancreatic duct disruption unless



Duodenal
filling

Distal Santorini
duct

dislocation of transected ductal margins is identified [18.
19]. Since the integnity of the pancreatic duct system 1s
crucial for the appropriate management approach [20.
21). early identification of ductal disruption has been
advocated.

Recently, ERCP has been indicated tor imaging of

the pancreatic duct. plaving a pivotal role m the man-
agement of stable trauma patients [3]. However. ERCP
has the mitations of invasiveness of technigue (3 3%)

<

Fig. 4a—¢ HHigh-grade. post-traumatc stricture of the mam pan-
creatic duct in o 12-vear-old boy who sustaned blunt abdominad
trauma during a motor vehiele erash 20 daxs helore. complaning
of abdominal pain and recorrent pancreatiiis, MROP cay iflustrates
an abrupt transition between normal and dilated duct at the same
fevel, Coronal single shot RARE NMRCOP (b) bertore the adninis-
tration of secretin shows rupture of the main pancreatic dact i the
body ot the pancreas. The upstream duct i the vt s difated as well
as the side brunches. Coronal single ~Bot RARE MRCP (e} alter
secretin administration better depiets the downstream duct i the
head of the gland. and the presence o the disruption, The mamn
pancreatic duct reaches mimor papillas indicaung o dominant dorsal
duct configuration

and dilliculty of performing the procedure i acute
trauma patients [6. 7]. Hence. a potential use for MRTin
the sctting of abdominal trauma has been recently sug-
gested {9. 100 11,120 130 14].

Nirula et al. [14] described ther experience using
MRCP in four trauma patients and concluded that it 1s
an attracuve technique for the evaluation of pancreatic
mjuries. However, their patients did not undergo ERCP
to confirm the MRCP findings.

Soto et al. [10] described their experience with MR
pancreatography for the identfication of main pan-
creatic duct integrity in seven trauma patients. MR
pancreatography accurately depicted the status of the
duct and the site of duct disruption in all patients.

Fig. Sa. b A 25-year-old man with upper abdominal trauma
following a motorevele crash. Fat-suppressed Ti-weighted axial
MR image ) shows the site of pancreate laceration and a thud
collection. An MRCP (not shown) revealed ductal integriny. The
fotlow-up study after 20 davs (b) shows a restdual pseudocvst at the
level of mjury
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Moreover. segments of the duct located bevond the m-
jury site were well displaved on MR pancreatography
but not on ERCP.

In our experience, MRI revealed ductal integrity 1
two patients i whom CT findings were only suggestive,
and varving degrees of ductal damage in the other three
patients. Moreover. MRI findings directed the decision
to proceed with therapeutic ERCP in the patients with
complete ductal disruption and ductal stricture (stent
placement).

Secretin administration improves ductal wvisualiza-
tion, particularly of nondilated ducts. It is therefore
heipful to visualize the normal-sized downstream duct
and the distance between the two extremities, to plan
appropriate therapy.

Finally, MRI was particularly useful in the follow-up
of parenchymal damage and minor ductal injuries.
providing high-quality images of the pancreatic duct and
biliary tract. without the requirement of the contrast
material administration or radiation. To our knowledge.
the capabilitics of MRI in follow-up studies have not
been reported before.

The limitations of our study are the small number of
patients and the absence of surgical confirmation of the
MR findings. Thus. a larger series is advocated to define
the role of MR in the diagnostic algorithm.

Although our conclusions are restricted by the small
number of patients. our data suggest that MRCP is an
cffective noninvasive alternative for determining pan-
creatic ductal integrity in trauma patients. Given the
risks of significant procedure-induced pancreatitis and
other complications that can occur with ERCP, the
noninvasive nature of MRCP makes it an appealing
diagnostic test. useful for diagnosis and for planning
therapcutic surgical or retrograde interventions in such
patients.
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