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Abstract: Trauma is one of the leading causes of death for men and women under the age of 45 years old,

and abdominal injuries contribute to a large number of these deaths. Prompt diagnosis is very important

for treatment decision making and can be life-saving. CT has become an essential imaging modality in

emergency medicine. In this pictorial review, we present our experience of CT in blunt abdominal trauma

and describe CT findings of common injuries, including hemoperitoneum, solid viscera, hollow viscera,

mesenteric and diaphragmatic injuries. Unenhanced CT is routinely used, tailored protocols should be

reserved for patients with questionable or subtle findings at unenhanced CT, especially for bowel and

mesenteric injuries. The decision can be made by radiologists based on initial findings or by referring

clinicians based by clinical presentations or deterioration of patients’ condition.
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Abdominal injuries have contributed to a large number
of trauma-related death, which is the leading cause for
men and women under the age of 45 years in the United
States (1). Imaging examinations are often required, because
clinical examinations are often unreliable and unspecific
in patients with blunt abdominal trauma. In patients with
blunt abdominal trauma, both solid and hollow viscera may
be injured. These injuries may result in persistent bleeding
or peritonitis, which might be lethal. For some injuries,
if correct diagnosis is obtained and proper therapeutic
strategies are carried out in time, the patients will recover
without sequelae, otherwise morbidity and mortality may
increase. Therefore, prompt and accurate diagnosis is
critical. Emergency CT plays an important role in treatment
decision-making. With the installation of CT scanners in
the emergency room or trauma unite, immediate accessible
of CT examination has decreased the usage of diagnostic
peritoneal lavage and increased the success of conservative
nonsurgical treatment. Knowledge of CT manifestations
of viscera injuries can facilitate accurate interpretation
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and clear communication between radiologists and the
referring physicians. In our hospital, a 2,000-bed general
urban hospital, a 16-slice CT scanner was installed in
the emergency unit to provide 7x24 hours service. In the
present pictorial review, CT findings of viscera injuries in
patients with blunt abdominal trauma are described.

CT protocol

In our hospital, if the patient’s hemodynamic status can
sustain, CT is the first line imaging modality to look for or
exclude viscera injuries. According to prompt and simple
rules, scanning from lung base to symphysis pubis without
any oral and intravenous contrast materials is routinely
performed at a 16-slice CT scanner. A collimation of
1.5 mm and a pitch of 1.188 is used with a kilovoltage of
120 kVp and auto-modulated current. 2-mm axial sections
with a gap of 1 mm are reconstructed at first. Axial, coronal
and sagittal reformatted images are obtained at a contiguous
5-mm section. All the images are transported to picture
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Figure 1 A 31-year-old man who was involved in a motor vehicle collision. (A) Axial unenhanced CT image shows peritoneal fluid in the

right subphrenic space (long arrow), splenic hematoma (short arrow) and peritoneal hematoma (star); (B) axial unenhanced CT image

obtained lower than A shows a large peritoneal hematoma (star) of high density.

Figure 2 Axial unenhanced CT image in a 34-year-old man at
a traffic crush shows high dense peritoneal fluid (arrow) in the

hepatorenal recess, which represents clotted blood.

archive and communication system (PACS).

Although intravenous contrast materials are not routinely
used in our hospital, we keep a flexible protocol to be
tailored according to the need of individual patient. The
alternation of scanning protocol is decided by the on-duty
radiologist according to the initial scanning. If necessary, a
bolus of intravenous contrast materials is injected at a rate
of 3-5 mL/sec with a dose of 100 mL and chased by 20 mL
of saline solution. A single phase scanning at a delay of 60
sec from the beginning of injection is acquired to achieve
enhancement of most solid organs. If major vascular
injuries are suspected, arterial phase will be obtained using
auto-trace-trigger. A delay scanning will be performed at
120-180 sec if the urinary tract injuries are suspected. If
equivocal findings of bowel injuries are detected or patients’
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clinical condition deteriorate and bowel injuries are
suspected, oral contrast materials should be administrated at
a repeat CT examination. CT angiography protocol will be
used for patients with suspected vascular injuries.

CT findings of common blunt abdominal trauma
Hemoperitoneum

At trauma, three kinds of blunt force can impact on abdomen
to result in viscera injuries. The three mechanism forces
are deceleration, external compression and crushing (2).
These forces impact on solid or hollow organs and can
cause laceration of solid organs, tear at vascular pedicles and
mesenteric attachments, and burst of hollow viscera. All these
injuries may lead to bleeding. If the bleeding restricts intra-
organ or a space, it may manifest a hematoma (Figure I).
In most situations, non-clotted blood often flows into
peritoneal cavity, hemorrhagic peritoneal fluid can be seen.
Initially, the hemorrhage tends to accumulate in gravity
depended recesses (Figure 2). If the bleeding persists,
blood will fill the peritoneal cavity completely. Therefore,
hemoperitoneum is the most common CT finding of viscera
injuries in patients with blunt abdominal trauma. Radiologists
should look for hemorrhage at anatomic recesses at first.
Focused assessment with sonography in trauma (FAST)
has been used to address hemoperitoneum in real time (3).
Hemorrhage shows higher density than conventional free
peritoneal fluid with a CT value of 30-45 HU. Sometimes,
blood adjacent to the bleeding site may be clotted to form
hyper-attenuation hematoma, which is known as sentinel
clot (Figure 3) (4).
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Figure 3 Axial unenhanced CT image in a 28-year-old man who
was in a motorcycle accident shows retroperitoneal hematoma (long

arrow) and free air (short arrow). A duodenal rupture was found at

surgery.

Figure 4 Axial CT image in a 54-year-old man who was struck by
a bicycle shows linear hypoattenuation (arrow) in the right lobe of

liver.

Solid viscera injuries

The crushing or shearing force at blunt abdominal trauma
due to knocking into abdominal walls or rapid deceleration
can break the solid organs. Spleen is the most commonly
involved organ at blunt abdominal trauma, followed by
liver, kidney and pancreas. Lacerations often appear as
linear or focal low attenuation across the parenchyma
(Figures 4,5). The involvement of large vessels can result in
obvious bleeding. If the laceration is focalized within the
capsular, hematoma within the organ or subcapsular may be
seen (Figures 6,7). Sometimes, hematoma might be subtle,
narrow window width setting can be helpful to visualize it
(Figure 8). Occasionally laceration may be subtle and might
be missed at unenhanced CT. For these cases, contrast
enhanced CT is often indicated to confirm or exclude the
injuries at in our hospital (Figure 9).

Pancreatic injuries often occur at the neck and body for
crushing on the vertebral body, which may result in fracture
of pancreas. The injuries may appear as hypoattenuation
stripe or an area superficial to or extending across the
pancreas, or focal enlargement of pancreas (Figure 10). If
the pancreatic duct is involved, morbidity and mortality will
increase due to the infected pseudocyst, abscess, fistulate,
or sepsis. Laceration of more than 50% of the pancreatic
thickness increases the likelihood of pancreatic duct injury.
MR cholangiopancreatography can facilitate the diagnosis
of duct involvement. Contrast enhanced CT is helpful in
visualizing the pancreatic injuries, but the pancreas may
appear normal within the first 12 hours after the initiation
of trauma (5). Therefore, repeat CT within 24-48 hours

Figure 5 A 31-year-old man who was involved in a severe traffic accident. (A) Axial unenhanced CT shows patch of low dense (long arrow)

and a small amount of peritoneal fluid at the hepatic-renal recess (short arrow); (B) axial unenhanced CT image at lower level than A shows

a hyperattenuating hematoma (arrow) of the right adrenal; (C) axial contrast enhanced CT image at the same level of A reveals an irregular

linear hypoattenuation area (arrow) across the hepatic parenchyma and peritoneal fluid (stars).
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Figure 6 Axial unenhanced CT image in a 34-year-old woman had Figure 7 Axial unenhanced CT image in a 63-year-old man who
collide with a desk corner shows subcapsular hematoma (arrow) of was hit by a motor vehicle shows hematoma (long arrow) and

the spleen and adjacent peritoneal hemorrhage. subcapsular hematoma (short arrow) of the right kidney.

Figure 8 A 19-year-old man who was hit by a stick at the upper abdomen. (A) Axial unenhanced CT image with normal soft tissue window
shows a very subtle hyperattenuating area (arrow) suspected of splenic laceration; (B) axial unenhanced CT image of the same slice with a
narrow window setting reveals the hyperattenuating area (arrow) more clearly; (C) axial contrast enhanced CT image confirms a splenic

laceration (arrow).

Figure 9 A 35-year-old woman who was struck by a motor cycle. (A) Axial unenhanced CT image shows a suspicious low dense line (arrow)
in the right lobe of liver; (B) axial contrast enhanced CT image confirms the laceration as an obvious hypoattenuating line (long arrow)
compared to the enhanced parenchyma. A hypo-perfusion area (short arrow) is found at the right kidney as well, which may represent renal

contusion.
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Figure 10 CT images in a 33-year-old man who had a fall. (A) Axial unenhanced CT image shows a hypoattenuating line (long arrow) across

the head of the pancreas, irregular stranding of mesenteric fat (short arrows) adjacent to the pancreas and small amounts of peritoneal or

retroperitoneal fluid (stars). Contusion (arrowhead) is revolved in the subcutaneous tissues of the right back; (B) axial contrast enhanced CT

image confirms a laceration at the pancreatic head (arrow). Peritoneal and retroperitoneal fluid (stars) and subcutaneous contusion (arrowhead)

are also noted.

Figure 11 Axial unenhanced CT image in a 19-year-old man who
was injured in a motor cycle accident shows a large amount of
extraluminal air (arrows) and a small amount of fluid (star) at the

retroperitoneal space. A laceration of duodenal was confirmed at

surgery.

later is recommended in patients with suspected pancreas
injuries, especially in those with mid-upper abdomen blows
and complain of epigastric or diffuse abdominal pain and
vomiting (6). Several indirect signs, such as fluid in the
peripancreatic fat or in the plane separating the pancreas
from the splenic vein and thickening of the left anterior
renal fascia, may imply the pancreatic injuries.

Hollow viscera and mesenteric injuries

Hollow viscera and mesenteric injuries are rare, occur
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Figure 12 Axial unenhanced CT image in a 33-year-old man with
surgically proven bowel and mesenteric injury after falling from
his bicycle shows small bowel wall thickening (long arrow) and

mesenteric stranding (short arrow).

only in approximately 5% of patients with severe blunt
abdominal trauma (7). The leak of bowel content may
result in peritonitis and sepsis. Delay diagnosis often results
in substantial negative consequences, such as prolonged
hospital stays, increased morbidity and mortality. Surgical
managements are often required to control the damage (8).
Therefore, diagnostic radiologists should bear in mind to
look for subtle C'T signs of bowel and mesenteric injuries
in every patient with blunt abdominal trauma. These signs
include bowel wall transaction discontinuity, extraluminal
air, focal bowel wall thickening, free peritoneal fluid,
mesenteric infiltration or hematoma (Figures 11-14) (9).
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Figure 13 Axial unenhanced CT image in 34-year-old man who
was hit on the steering wheel during a traffic accident without

wearing the seat belt shows a mesenteric hematoma (arrow).

Figure 14 Axial unenhanced CT image in a 21-year-old woman
who was struck by a bicycle handle demonstrates mesenteric
infiltration (long arrow), which appears as increased hazy
attenuation in the mesentery. A small amount of fluid (short arrow)

and a subcutaneous contusion (arrowhead) can be seen.

Unfortunately, these signs have low sensitivity or specificity.

Bowel injuries remain a diagnostic challenge for
radiologists. Contrast enhanced CT may show abnormal
bowel wall enhancement, but its sensitivity is only 10-15% (1).
Oral contrast materials administration can demonstrate leak
of oral contrast materials with a specificity of 100%, but its
sensitivity is only 8-10% (1). Routine administration of oral
contrast materials in patients with blunt abdominal trauma
remains controversial. A meta-analysis shows that there was
no difference in detecting bowel injuries with or without
oral administration of contrast materials (10). When
multiple solid-organ injuries were found, the incidence of
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bowel injury increases substantially. One report describes
that if three abdominal solid organs were injured, the risk
for bowel injury is 34% (11). Pancreatic injuries associated
duodenal injuries in approximately 20% of cases (12). Thus,
when there are multiple solid-organ injuries or pancreatic
injuries, radiologists should look for signs of bowel injuries

carefully.

Diapbragmatic injuries

A sudden increase of intra-abdominal pressure in blunt
trauma can result in diaphragmatic injuries. Herniation
of abdominal organs into thorax can occur immediately
or delayed. CT can reveal diaphragmatic discontinuity
and herniation of abdominal organs into thorax (13).
The herniated organs often drop to posterior chest wall.
This sign is called “dependent viscera sign” (Figure 15A).
Herniated abdominal contents through the diaphragmatic
rent form a waist-like constriction, which is termed as “collar
sign” (Figure 15B). Sometimes, diaphragmatic discontinuity
can be revolved directly (Figure 15C). Multiplanar
reformation of CT images can facilitate depiction of these
signs (Figure 15D).

Conclusions

Emergency CT plays an important role in the management
of blunt abdominal trauma. Although contrast enhanced
CT can facilitate depicting both solid and hollow viscera
injuries, unenhanced CT can detect severe injuries
effectively. As most solid organ injuries can be treated
successfully by nonsurgical conservation therapeutic
stratagem, unenhanced emergency CT scanning is cost-
effective in managing the blunt abdominal trauma. In
order to reduce the radiation dose and contrast-induced
nephropathy, and improve efficiency, contrast enhanced CT
should be reserved as an alternative protocol for patients
in need. Oral contrast materials are also administrated to
confirm questionable findings of bowel injuries. Recently,
FAST (Focused Assessment with Sonography for Trauma)
has been introduced, which may alternate the work flow of
blunt abdominal trauma. Perhaps, after FAST screening,
most patients with blunt abdominal trauma do not need
to undergo CT examination, while contrast enhanced-CT
with tailored protocol may be indicated in a small portion
of patients for special purpose.
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Figure 15 CT images in a 24-year-old man with blunt abdominal trauma. (A) Axial unenhanced CT image at the base of lung shows the

herniation of right liver (arrow) abutting the posterior ribs, which is termed the “dependent viscera sign”; (B) axial unenhanced CT image at

lower level than A demonstrates the “collar sign” (long arrow) and diaphragmatic thickening (short arrow) due to withdrawing and curving

of ruptured diaphragm; (C) axial unenhanced CT image at lower level than B shows shrinking and thickening of diaphragm at the tear point

(arrow) directly; (D) coronary reformation displays the herniation of abdominal viscera (long arrows) into the thorax, the “collar sign” (short

arrows) and the diaphragmatic discontinuity (stars) more clearly.
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