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Historically, the emphasis of 
imaging in non-accidental 
trauma (NAT) has been geared 

towards assessment of intracranial 
and musculoskeletal injuries, as ab-
dominal and pelvic injuries were con-
sidered to be less common.1 There has 
been an increase in hospitalization of 
children with abdominal and pelvic in-
juries secondary to NAT, as these are 
often severe and may need surgical in-
tervention.2  Recent study has shown 
that more than 25% of all hospitaliza-
tions for abdominal and pelvic trauma 
in children younger than 1 year of age 
and 40% of all hospitalizations in chil-
dren younger than 4 years of age are 
secondary to NAT.3 Roaten et al found 

that children with abdominal and pel-
vic injuries due to NAT were more 
likely to undergo emergent operations 
(46% versus 5%) than those without 
NAT.4  The overall mortality for NAT 
was 9.7% compared to 2.2% for acci-
dental trauma.3, 5  There is no consensus 
regarding specificity of the abdominal 
and pelvic imaging findings in inflicted 
injury versus accidental trauma. Mul-
tiple studies which compared inflicted 
and accidental abdominal injuries in 
young children, found an increased 
rate of pancreatic and bowel injuries in 
NAT.6, 7 A recent study evaluating ab-
dominal injuries in abused pre-school 
age children found that abdominal in-
juries present in a similar pattern to that 
of children with accidental trauma.8 Re-
gardless of etiology, it is imperative for 
radiologists to make a timely diagnosis.  

Imaging techniques and 
recommendations

Imaging evaluation is usually di-
rected by the patient’s clinical presenta-
tion, which may include abdominal wall 
bruising, abdominal pain, distention, 

vomiting, bloody stools and hypoac-
tive or absent bowel sounds. As with 
accidental injuries, the major priority is 
patient stabilization and resuscitation. 
Abnormal laboratory values such as el-
evated liver enzymes (AST, ALT) and 
amylase can be used as guiding tools 
for abdominal imaging utilizing CT of 
the abdomen and pelvis.9 A timely clini-
cal diagnosis cannot always be made, as 
the physical signs may be absent and the 
symptoms are nonspecific, particularly 
with minor injuries. It is important to 
note that abdominal wall bruising is not a 
reliable predictor for underlying abdomi-
nal injury, as it was noted to be absent in 
up to 80% of children with abdominal in-
juries in a recent review.10, 11 According 
to the American College of Radiology 
(ACR) imaging appropriateness criteria, 
CT of the abdomen and pelvis with in-
travenous contrast should be obtained if 
there is suspicion of abdominal injury.12 
There is no utility in performing an un-
enhanced CT in addition to enhanced 
CT. Although oral contrast may im-
prove evaluation in some cases, such as 
suspected duodenal hematoma, it is not 
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routinely utilized due to potential delay 
acquiring the study and surgical manage-
ment, if required.13   

CT permits accurate detection and 
quantification of organ injury, and can 
help in prioritizing optimal manage-
ment by diagnosing life threatening 
injuries and active hemorrhage. Im-
ages are obtained in late arterial or pa-
renchymal phase to best identify solid 
organ injury. Excretory phase imaging 
should be performed in cases of geni-
tourinary tract injury. These phases are 
required to be able to accurately grade 
solid organ injuries as per the American 
Association for the Surgery of Trauma 
(AAST) Organ Injury Scale guide-
lines.14. Additionally, osseous injuries to 
the imaged ribs, spine and pelvis can be 
seen, which may aid in diagnosis. The 
current generation of multi-detector CT 
(MDCT) scanners provides high image 
quality with decreased radiation dose 
when used in pediatric settings. 

Ultrasound (US), although less sen-
sitive than CT, can be useful in urgent 
screening, as it can be rapidly per-
formed at the bedside in a hemody-
namically unstable patient.2 It can also 
be used as a follow-up study to ensure 
resolution or in children with low sus-
picion of injury.1 Studies have shown 

that US can detect fluid collection, solid 
organ injury and other direct or indirect 
evidence for bowel or mesenteric inju-
ries.15, 16 Although whole body imaging 
in children is feasible with MRI, this is 
not utilized routinely in the acute setting 
as younger patients may require seda-
tion or anesthesia. MRI is useful as a 
problem-solving tool. 

Hepatic and splenic injury
The liver is the most commonly in-

jured solid organ in abusive injury.2 
Prior studies have found that elevated 
liver enzymes, aspartate and alanine 
transaminases (AST, ALT) can be used 
as predictors for underlying liver injury 
and positive findings on CT scans.3 Al-
though some studies have shown lack 
of specificity with these laboratory 
markers, these are recommended in 
children under 5 years of age with sus-
pected NAT, but lacking overt physical 
exam findings.2, 8 While the posterior 
segment of the right lobe is the most 

common location for hepatic injuries, 
as it is relatively fixed compared to the 
rest of the liver by the coronary liga-
ments, the left lobe of the liver is more 
prone to injury in NAT, likely second-
ary to direct central blows.17, 18 On US, 
the contusions appear as echogenic 
hypovascularized areas in the acute 
phase which subsequently become hy-
poechoic or sometimes cystic in sub-
acute to chronic phases.1   

On CT, simple lacerations appear as 
hypoenhancing linear areas (Figure 1), 
whereas the complex or stellate lacera-
tions have a branching pattern (Figures 
2, 3). The hepatic lacerations may be 
associated with parenchymal or subcap-
sular hematoma (Figures 2, 4). If the in-
jury extends to the surface of the liver or 
if the hepatic capsule is disrupted, there 
may be an associated hemoperitoneum. 
Periportal low attenuation, from dilated 
lymphatics, is a nonspecific finding that 
can occasionally be seen from injury 
(bleeding along portal triads) or more 

FIGURE 2. Complex liver laceration with 
acute extravasation, no documented his-
tory of trauma. A 4-year-old male pre-
sented to the ED with abdominal distention, 
pain and vomiting. An ultrasound of the 
abdomen was obtained with concern for 
acute appendicitis. Subsequently, addi-
tional imaging studies were performed. (A) 
Transverse image of the right lower-quad-
rant demonstrates large amount of com-
plex free fluid (arrow), concerning for blood 
or pus. (B) Axial image from enhanced CT 
scan of the abdomen and pelvis obtained immediately afterward reveals extensive “bear claw” 
liver laceration involving the right lobe with mixed attenuation subcapsular hematoma and 
focus of increased attenuation which was concerning for active extravasation (arrow). Mod-
erate hemoperitoneum is also noted (arrowhead) corresponding to the findings on the prior 
US. The patient underwent a hepatic arteriogram with coil embolization. (C) Post-emboliza-
tion image shows coils within the proximal branch of right hepatic artery and multiple branches 
of left hepatic artery, with satisfactory hemostasis and no active extravasation. This patient did 
not have any intracranial or skeletal injuries

FIGURE 1. Liver laceration, unsuspected 
clinically. A 22-month-old female presented 
to the ER with fever, vomiting, abdominal 
pain and dehydration. An ultrasound of the 
abdomen was obtained with clinical con-
cern for intussusception. Patient had mul-
tiple healing rib fractures on subsequently 
obtained skeletal survey. Axial image from 
enhanced CT scan of the abdomen and pel-
vis confirmed the presence of liver laceration 
(arrowhead) and showed hemoperitoneum 
(arrow).
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likely from elevated IVC pressure pro-
ducing lymphatic distension.19 Most he-
patic injuries in children can be managed 
nonoperatively regardless of severity. In 
prior studies, authors found that approxi-

mately 1-3% children with hepatic injury 
required surgical hemostasis.20  

Splenic injuries are less common 
than liver injuries in NAT as opposed to 
accidental trauma, although there have 

been some reported cases.6. Imaging ap-
pearances of splenic injuries including 
lacerations and contusions are similar 
to liver injuries. Splenic lacerations can 
be linear or branching in appearance 
and are hypodense areas compared to 
the normally enhancing parenchyma 
(Figures 3, 5). There may be associ-
ated parenchymal or subcapsular he-
matoma, which appears as an area of 
hypoenhancement. In contrast to peris-
plenic fluid, subcapsular hematoma 
will indent the splenic parenchyma.2 

Management is mostly conservative 
as hematomas and lacerations tend to 
gradually decrease in size.4       

Urogenital injuries
Isolated urinary tract injury is less 

frequent with abusive injuries.3, 7 The 

FIGURE 4. Hepatic subcapsular hematoma 
on an unenhanced CT. A 13-month-old female 
presented to the ED with abdominal distention, 
vomiting, and bruises to her face and trunk. The 
study was performed without intravenous con-
trast due to high BUN and creatinine. There 
was clinical suspicion for NAT. After initial stabi-
lization, the patient was emergently transferred 
to a tertiary pediatric hospital with liver trans-
plant facility. 
Axial image from unenhanced CT of the abdo-
men demonstrates a large complex collec-
tion with fluid-fluid level in the right perihepatic 

region which is indenting the liver surface, consistent with a subcapsular hematoma (arrow). 
The attenuation values of this collection were compatible with blood products. This example 
highlights the limited evaluation of the hepatic parenchyma and vasculature in the absence of 
intravenous contrast.

FIGURE 5. Multiple injuries including 
hepatic, splenic lacerations, adrenal hem-
orrhage, and rib fracture. Splenic laceration 
in a 15-month-old male presented to the 
ER with vomiting and burns to legs, clinical 
suspicion of NAT. The patient had multiple 
acute and healing rib fractures on skeletal 
survey. (A)Axial CECT of the upper abdo-
men demonstrates hepatic (arrow) and 
splenic lacerations (double arrows). Small 
amount of complex attenuation fluid is also 
noted in the perihepatic and perisplenic 
regions. (B) Axial image with bone algorithm 
depicts an acute non-displaced rib fracture 
involving the left anterior sixth rib (arrow).
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FIGURE 3. Multisystem injuries. Severe hepatic laceration, splenic laceration, hemoperito-
neum, shock bowel/hypoperfusion syndrome, extraperitoneal free air within the pelvis, right 
lower-lobe pulmonary contusion and associated pneumothorax. 
A 3-year-old female presented to the ER with hematemesis after reportedly “falling over toy 
house.” On physical examination the patient was hypotensive and had vaginal laceration. The 
patient did not have intracranial injury. The patient was aggressively managed conservatively. 
(A) Axial image from CECT of the abdomen and pelvis demonstrates a grade V hepatic lac-
eration involving segments 4A, 4B, 2 and 3 with associated hypoperfusion of the left lobe of 
the liver (double arrows). There is periportal edema and a large amount of hemoperitoneum. 
Focal area of hypoenhancement in the splenic parenchyma is compatible with splenic contu-
sion (arrow). There is complex perisplenic fluid. (B) Diffuse bowel-wall thickening (arrow), slit-
like inferior vena cava (circle) and hyperattenuating adrenal glands (seen in A) are consistent 
with hypovolemic shock. (C) Extraperitoneal free air is seen in the pelvis (arrows), consistent 
with physical examination findings of vaginal laceration. (D) Lung bases demonstrate right 
pneumothorax (arrow) and right basilar contusion (arrowhead).
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FIGURE 8. Pancreatic laceration without additional abusive injuries in a 
2-year-old female who presented with abdominal distention, pain, vomiting 
and elevated amylase and lipase. Pancreatic transection with pseudocyst 
in a 4-year-old male presented with vomiting, abdominal pain and disten-
tion. An US of the abdomen was obtained with concern for pancreatitis. The 

patient did not additional findings of musculoskeletal or intracranial injury. (A) Grayscale US image of the mid abdomen demonstrates a complex, 
avascular, multiloculated cystic lesion in the anterior peripancreatic soft tissues abutting the body and tail of the pancreas (arrows), concerning for 
a pseudocyst. (B)Axial image from CECT of the abdomen re-demonstrates the pseudocyst (arrow) with mass effect on the adjacent contrast-filled 
stomach (double arrows). The pancreatic duct appears mildly dilated in the body and tail with linear hypoattenuation seen anteriorly in the region 
of the pancreatic neck, suspicious for transection (arrowhead). A magnetic resonance cholangiopancreatography (MRCP) was obtained for further 
evaluation. (C) Sxial MRCP image better depicts the known findings of pancreatic pseudocyst (arrow) with mass effect on the collapsed stomach 
(double arrows). The dilated pancreatic duct is also seen (open arrowhead). (D) Axial reformatted image from MRCP clearly shows the contiguity of 
the pseudocyst with the dilated pancreatic duct, which is disrupted at its communication (arrowhead). Note nonvisualization of the pancreatic duct in 
the head. The pseudocyst was drained. 

FIGURE 6. Scrotal edema. A 3-year-old male presented with scrotal swelling 
and footprint on the inner left thigh, suspicious for abuse. The patient also 
had additional musculoskeletal injuries on follow-up skeletal survey.

FIGURE 7. Gray scale image of the scrotum demonstrates dif-
fuse scrotal wall edema (arrows), which is a nonspecific finding. 
The testis appeared normal bilaterally. 
Axial CECT of the abdomen shows a laceration through the dis-
tal pancreatic body (arrow) with moderate hemoperitoneum. The 
patient underwent a partial pancreatectomy.
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incidence of renal injuries in abusive 
abdominal trauma varies from 19-25%, 
more frequently seen in the setting of 
multiple injuries.7, 9 Similar to other 
solid organ injuries, these are classified 
into hematomas, contusions, lacerations 
or vascular injuries and have similar 
imaging appearances which are graded 
as per the AAST organ injury scale.14 

Treatment of renal injuries is largely 
nonoperative.21   

Adrenal hemorrhage has been de-
scribed in abusive injuries and more 
commonly affects the right side and is 
seen in association with other injuries.22 
Imaging appearances vary depending 
on the stage of hemorrhage. Manage-
ment is conservative. 

Genital injuries may occur following 
physical or sexual abuse and are usually 
diagnosed clinically.23 Scrotal hema-
toma can be seen from direct trauma or 
extravasation of blood from intra-ab-
dominal bleeding (Figure 6). 

Pancreatic injury
The pancreas may be injured second-

ary to blunt trauma to the upper abdo-
men, accounting for 8-17% of abusive 

abdominal injuries.6, 24 Pancreatitis 
may develop with disruption of acinar 
and ductal integrity, with seepage of 
enzymes into tissue planes, and activa-
tion of enzymes. In severe cases, there 
may be pancreatic laceration or transec-
tion resulting from compression of the 
pancreas against the spine.25 In younger 
children (average age 27 months) pre-
senting with pancreatitis, there should 
be a high suspicion for NAT.6, 26 Con-
trast-enhanced CT (CECT) is the mo-
dality of choice for imaging pancreatic 
injuries.27 Imaging findings include 
direct signs such as pancreatic lacer-
ation or transection (more than 50% 
of gland involved) and indirect signs 
such as pancreatic gland enlargement 
and ill-defined areas of contusion. 
Laceration, transection and contusion 
appear as linear or ill-defined areas of 
hypoenhancement respectively (Figure 
7). Fluid in the lesser sac is the most 
common finding of traumatic pancre-
atic injury in children on CECT scan.27 
Pancreatic pseudocysts in children are 
frequently seen in the post-traumatic 
setting. Magnetic resonance cholan-
giopancreatography is a useful adjunct 

to CT in delineating the biliary and 
ductal anatomy in addition to the paren-
chymal findings (Figure 8). Although 
US may depict the findings of pancre-
atic injury, such as gland enlargement, 
peripancreatic fluid and altered echo-
genicity, it is not preferred for initial 
diagnosis. Follow-up screening for 
development of post-traumatic pseudo-
cyst and image-guided aspiration can 
be easily performed with US.27 The 
management of pancreatic trauma is 
mostly non-operative, with the excep-
tion of distal duct injuries, which may 
require prompt spleen-sparing distal 
pancreatectomy.29

Hollow-organ injury
Hollow-organ injuries are dispro-

portionately more commonly seen with 
inflicted injury as compared to acciden-
tal trauma.10, 24. The duodenum is the 
most commonly involved hollow organ 
in children with abusive injuries. In a 
child under 5 years of age, the presence 
of non-motor vehicle related duodenal 
trauma raises concern for NAT.10 Intes-
tinal injuries include intramural hema-
toma and, less commonly, perforation. 

FIGURE 10. Duodenal hematoma. A 4-year-old female pre-
sented with intermittent abdominal pain, vomiting and disten-
tion. Spot image from upper GI examination demonstrates 
narrowing in the third portion of the duodenum with upstream 
dilatation and a “coiled spring appearance” (arrow), concern-
ing for duodenal hematoma.

FIGURE 9. Bowel perforation in a 3-year-old male who presented to the ER 
with hematemesis and abdominal distention. Upon arrival, patient was found 
to be tachycardic with a blood pressure of 177/40, and acidotic with peritoneal 
signs. Abdomen was diffusely tender on examination. Left lateral decubitus 
portable abdominal radiograph demonstrates free intraperitoneal air (arrow). 
The patient was emergently taken to the operating room. On exploration, a dis-
tal duodenum perforation with fecal peritonitis and retroperitoneal hematoma 
was found. The patient underwent small bowel resection with the closure of 
the fore portion of the duodenum and VAC placement. There was no additional 
intracranial or musculoskeletal evidence of NAT.
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The radiologic distinction between the 
two is paramount, as management var-
ies. While duodenal hematomas are 
mostly managed conservatively, the 
presence of perforation is a surgical 
emergency.30. The mechanism of in-
jury is compression of the small bowel 
against the spine or shearing forces. The 
duodenum being retroperitoneal in lo-
cation is more susceptible to compres-
sive injury. 

CECT of the abdomen and pelvis 
is the modality of choice to identify 
bowel and mesenteric injuries.30 If 
there is a clinical suspicion of hol-
low-organ injury, water-soluble oral 
contrast can be given for better depic-
tion of findings, as it can assist in dif-
ferentiation of intestinal hematoma 
versus rupture. On CECT, presence of 
free intraperitoneal fluid, mesenteric 
focal fluid and duodenal wall thicken-
ing with or without focal mass suggest 
duodenal hematoma. Intraperitoneal or 
retroperitoneal air and enteric contrast 
extravasation are indicative of bowel 
perforation and necessitate emergent 
surgery (Figure 9).30   

On US, the presence of a focal mass 
in the duodenum and free fluid in the 
abdomen suggest the diagnosis of du-
odenal hematoma.1 Although an upper 
GI series and ultrasound may depict 
the findings of duodenal hematoma, 
they are not as widely applied as CECT 
(Figure 10). There is insufficient ev-
idence regarding utilization of ultra-
sound for initial diagnosis of intestinal 
injury. Ultrasound is more useful in 
follow up to document resolution of 
duodenal hematoma. 

Hypoperfusion complex or  
shock bowel 

Hypoperfusion complex or shock 
bowel is indicative of tenuous hemo-
dynamic instability and requires ag-
gressive resuscitation.31 The imaging 
findings of hypoperfusion complex on 
CECT include diffusely dilated fluid 
filled bowel loops with increased en-

hancement of the bowel wall and mes-
entery, diminished caliber and intense 
enhancement of the abdominal aorta 
and inferior vena cava, increased or less 
commonly absent renal enhancement, 
and intense enhancement of the adrenal 
glands (Figure 3).31 Other variable find-
ings include decreased pancreatic and 
splenic enhancement, periportal low 
attenuation zones, peritoneal and retro-
peritoneal fluid, and bowel wall thick-
ening. 

It is important to recognize these 
findings as they require aggressive 
medical management. 
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