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Abstract The imaging concept in
the acute trauma victim includes ab-
dominal ultrasonography during ini-
tial triage, and contrast-enhanced
computed tomography (CT) for fur-
ther assessment of visceral organ in-
juries and active bleeding sites if
haemodynamic stability can be es-
tablished during initial resuscitation.
Integration of modern multidector
CT (MDCT) scanners in the emer-
gency admission area greatly facili-
tates initial assessment of the extent
of injuries in all body regions, and is
therefore the emerging standard in
all major centres involved in acute
trauma care. Initial assessment of
visceral injuries by means of CT not

only allows determining the presence
and extent of organ injuries and de-
tecting active bleeding sources that
may require transarterial embolisa-
tion for haemostasis, but also serves
as a baseline for monitoring of con-
servative treatment. Specific indica-
tions for CT monitoring of conserva-
tive treatment exist in each individu-
al organ. This concept enables the
vast majority of blunt injuries of the
parenchymal abdominal organs in
the haemodynamically stable trauma
victim to be managed without sur-
gery.
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Introduction

In Europe, blunt trauma resulting from deceleration is
among the leading causes of death in younger adults. Al-
though severe injuries of the head or thoracic aorta may
lead to death at the site of the accident, victims of blunt
abdominal trauma often survive long enough to receive
emergency treatment. Time is one of the most important
factors in the early management of trauma victims, who
often have injuries involving multiple organ systems. Ul-
trasonography, in the hands of an experienced operator,
is a quick, non-invasive and readily available method for
initial assessment of the acute trauma victim, and allows
detection of free intraperitoneal or intrapleural fluid with
very high accuracy. Nonetheless, results regarding the
detection of injuries to the visceral organs have been less
consistent. Because even significant organ injuries may
not be associated with free intraperitoneal fluid in 25%
of cases, exclusion of free intraperitoneal fluid by means

of US alone must be considered insufficient to exclude
visceral injuries reliably. 

The increasing role of contrast-enhanced computed
tomography (CT) in the management of the acute trauma
victim may be explained by its ability to examine all
body regions during a single examination with consistent
quality. The increasing use of multidetector CT (MDCT)
in the acute trauma victim has not only improved the
ability to detect visceral injuries and to identify active
bleeding sources by means of contrast extravasation but
has also influenced the understanding of the spontaneous
course of injuries that can be treated conservatively in
the situation of haemodynamic stability. Although thera-
peutic decisions cannot be based on radiological findings
alone, the information provided by CT at admission and
during conservative treatment may greatly facilitate pa-
tient management [1–3].

Injury severity scores, like the organ injury scaling
system (OIS) of the American Association for the Sur-



gery of Trauma, have been proposed to facilitate clinical
research [4–6]. Since a variety of criteria can be assessed
on the basis of CT, radiologists involved in trauma care
should be familiar with the principles of grading injuries
to the different visceral organs.

Technical aspects

Today, the emerging standard for centres involved in
trauma care is integration of modern MDCT scanners in
the emergency admission area. The time required for im-
age acquisition has thus become secondary as compared
to the time required for patient transfer, positioning and
installation of adequate monitoring during the examina-
tion. The acquisition speed and artefact suppression al-
gorithms as implemented in MDCT scanners have great-
ly improved the overall diagnostic quality of images in
the acute trauma victim. CT scanning is readily per-
formed while continuing resuscitation; and since MDCT
has been implemented in the emergency admission area
of our hospital, even suspected acute intra-abdominal
haemorrhage is no longer considered as a general contra-
indication for the use of CT in the workup of polytrau-
ma. 

Although a standard CT protocol is important in the
setting of trauma, the examination needs to be tailored to
the patient’s condition. The majority of acute trauma
patients is now examined without oral contrast
administration. Only in selected cases, and if the pa-
tient’s condition permits, 250–500 ml of water-soluble
oral contrast material (2–5%) are administered via the
nasogastric tube in the emergency department and an ad-
ditional 250 ml in the CT suite immediately before scan-
ning. Additional administration of rectal contrast materi-
al is an option in patients with pelvic trauma or a sus-
pected colon injury. Scanning parameters may vary ac-
cording to different types of equipment. With our current
16-slice scanners, we typically use a collimation of 16 x
1.5 mm, pitch 1.35 with a reconstruction interval of 3/3
mm. Preliminary scanning before administration of intra-
venous contrast material may sometimes facilitate image
interpretation but is not recommended routinely as it also
increases the radiation dose significantly. An automated
uniphasic bolus injection of 130–180 ml of intravenous
non-ionic iodinated contrast material (60–75%) is given
at 2–4 ml/s. A standard scan delay of 70–90 s may be
used, but a longer delay may be preferable in patients
with significant arterial hypotension in order to avoid
artefacts in the early parenchymal phase or to miss extra-
vasation of contrast material. Repeat, delayed scanning
may be necessary for better demonstration of the distri-
bution of extravasated contrast material from the blood
vessels, parenchymal organs, gastrointestinal tract or uri-
nary system. All images should be viewed immediately
by the radiologist at the workstation with appropriate

window settings. Depending on the questions that need
to be answered, additional acquisitions may then be per-
formed and two- or three-dimensional reconstructions
can be obtained if necessary.

Splenic injuries

Splenic injuries are commonly encountered in severe
blunt abdominal trauma. It is now established that
splenic injuries can be managed conservatively in ap-
proximately 70% of adults and in over 90% of children,
and that transarterial embolisation may be used in ac-
tively bleeding lesions under certain clinical circum-
stances. Surgical intervention with splenectomy is
usually reserved for severe parenchymal destruction and
injuries to the hilar vessels (corresponding to OIS grade
4–5). 

The important role of CT for the detection, character-
isation, and follow-up of blunt splenic injuriesis is now
well established, and it has become recognized that a va-
riety of findings warrant either transarterial embolisation
or surgical repair even if destruction of the splenic pa-
renchyma is only moderate. These include active con-
trast extravasation from the splenic parenchyma, vascu-
lar injuries such as arteriovenous fistula, rupture of hilar
vessels and an intraparenchymal contrast blush which
may lead to a pseudo-aneurysm (Fig. 1). Nonetheless,
predicting the outcome of conservative treatment based
on morphological CT criteria at the time of admission
has remained a challenge. Several investigators have
proposed a variety of CT-based grading systems similar
to the surgical organ injury scale (OIS) or scores that
were based on the extent of capsular or parenchymal lac-
eration and haematoma as well as the degree of
haemoperitoneum at the time of admission. So far, none
of these systems has been found sufficiently reliable to
distinguish those trauma victims who are at risk of de-
veloping delayed splenic rupture from those who are not
[7–9].

Particular diagnostic pitfalls exist in the context of
trauma. In the hypotensive trauma victim, parenchymal
enhancement is often delayed and heterogenous and may
thus prevent detection or even simulate an injury as late
as 70 s after contrast injection. Repeat scanning may be-
come necessary in such a situation. 

Liver injuries

The widespread use of CT over the past decades has
shown that most liver injuries heal spontaneously, even
when involving more than two segments. Unlike in
splenic injuries, secondary rupture of hepatic injuries is
exceedingly rare. CT is well suited to delineate the pres-
ence, extent and location of blunt injuries of the hepatic
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parenchyma and to demonstrate active intra- or extrahe-
patic bleeding. Transarterial embolisation is recommend-
ed for treatment of active haemorrage. Various patterns
of injuries include capsular tear, intraparenchymal lacer-
ation or fracture, subcapsular or intraparenchymal
haematoma and partial devascularisation due to paren-
chymal contusion. In most patients with blunt liver trau-
ma in whom helical CT shows no active haemorrhage,
who are haemodynamically stable, and who do not re-
quire laparotomy because of extrahepatic injuries, even
extensive parenchymal damage due to blunt liver trauma
is now usually managed conservatively [10]. Disruption
of the portal triad may result in the formation of a false
aneurysm or a posttraumatic arterio-portal fistula within
a week after the traumatic event. These lesions can be
readily demonstrated by CT and can then be treated
definitively by transcatheter embolisation. Other compli-

cations observed during conservative treatment of blunt
hepatic injuries include biloma formation due to bile
duct leakage, superinfection and abscess formation. Fol-
low-up CT is thus warranted for monitoring of conserva-
tive treatment of major hepatic injuries in order to enable
early detection and adequate treatment of such complica-
tions.

Gastro-intestinal and diaphragmatic injuries

CT signs of gastro-intestinal injuries are often subtle and
their detection requires images of optimal resolution and
thorough inspection. Direct signs indicating full-thick-
ness bowel perforation include discontinuity of the gas-
tro-intestinal wall and spillage of contrast material or lu-
minal contents into the peritoneal cavity or retroperitone-
um, and free extraluminal, extra- or intraperitoneal air. A
second group of indirect CT signs are a sentinel clot ad-
jacent to a loop of bowel, visualisation of contrast extra-
vasation originating from a mesenteric vessel, focal
thickening of the wall of the small bowel (> 3 cm) and
intramesenteric fluid or haematoma, and a streaky ap-
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Fig. 1a,b Blunt abdominal trauma. a Admission axial CT image
shows a grade-4 splenic laceration (asterisk), without evidence of
vascular lesion. b Control CT, performed 4 days after trauma, re-
veals a focal blush of contrast, in the periphery of the spleen
(arrow), corresponding with a pseudo-aneurysm, requering intra-
arterial embolisation

Fig. 2 Blunt abdominal trauma. Coronal reconstruction showing
large diaphragmatic hernia H following diaphragmatic rupture (ar-
rows)



pearance of the mesenteric fat. Mesenteric vascular inju-
ry may lead to bowel necrosis due to ischemia, which
may become visible due to intramural gas collections
only hours or even days after the initial traumatic event.
The reported overall sensitivity of CT for the detection
of blunt gastrointestinal tract injuries is as high as
85–95% [3, 11–15].

Early diagnosis of diaphragmatic rupture is essential
in order to avoid complications due to intrathoracic her-
niation or even strangulation of gastro-intestinal organs.
When using routine transverse sections, rupture of the
diaphragmatic dome, which usually occurs on the left
side, may be missed in one-third of cases unless 2-D
sagittal or coronal reformatting is used [16, 17] (Fig. 2).

Renal injuries 

Renal injuries are commonly encountered after blunt ab-
dominal trauma. Retroperitoneal haemorrhage is often
self-limited due to spontaneous tamponade by the retro-
peritoneal fasciae. Approximately 80% of renal injuries
may be considered minor and heal spontaneously. Com-
mon CT findings in such injuries include lesions such as
contusions seen as ill-defined perfusion defects, superfi-
cial lacerations, segmental renal ischemic infarcts (seen
as segmental perfusion defects) and subcapsular or peri-
renal hematoma. 

The evaluation of blunt renal trauma requires infor-
mation about the renal hilar vessels as well as morpho-
logical and functional information about the renal pa-
renchyma [18–20]. Multiplanar and 3-D reconstructions
are highly recommendable for optimal display of the
relationship of the parenchyma, the hilar vessels and
the proximal collecting system, or to display the extent
of arterial injury (Fig. 3). During the standard early pa-
renchymal phase, renal enhancement is quite inhomo-
geneous due to intense corticomedullary differentiation.
A second helical acquisition after a 3-min delay may
provide valuable additional information regarding the
renal collecting system, the ureters and the urinary
bladder, and may also help distinguish between contrast
extravasation from the renal pelvis (posttraumatic uri-
noma) and active haemorrhage. In patients undergoing
conservative treatment of renal injuries, follow-up with
CT may be recommended under certain conditions.
These include large retroperitoneal haematoma, large
urinoma, major devascularised or shattered segments
and transarterial embolisation treatment of vascular le-
sions such as pseudo-aneurysm or arterio-venous fistula
[3]. CT–follow up is also indicated whenever there is a
suspicion of a pre-existing cystic or solid renal mass. 
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Fig. 3a,b CT obtained 3 h after blunt abdominal trauma (skiing
accident). a Axial CT image shows a non-enhancing right kidney
(arrows). b 3-D reconstruction shows tapering of the right renal
artery with complete occlusion 1.5 cm from its origin (arrow).
Surgical revascularisation allowed partial functional recovery
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