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Chapter 10

does Ct scan for blunt abdominal trauma 
in children amount to a lot of radiation 

for little yield?
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ABstrACt

Blunt abdominal trauma in children occurs fairly frequently. Although computed to-

mography scanning is considered by many to be the gold standard, in children who are 

hemodynamically stable, CT images do not usually result in new perspectives that lead to 

changes in management. However, the burden of radiation for the child is considerable. 

CT scanning for blunt abdominal trauma should therefore be avoided in children who are 

hemodynamically stable. Novel algorithms, using parameters from the patient’s history, 

physical examination, and possibly ultrasound and laboratory tests, seem to be sufficient 

for ruling out intra-abdominal injury in more than 95% of cases.
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IntroduCtIon

Blunt abdominal trauma in children is relatively common. Although many consider CT scan 

as golden standard, it rarely provides new perspectives that lead to a change in manage-

ment in the hemodynamically stable child. However, the radiation exposure is considerable. 

In hemodynamically stable children with blunt abdominal trauma, a CT scan should be 

avoided as much as possible. New algorithms that make use of parameters obtained from 

the patients history, physical examination and possible ultrasound and or lab findings, 

can predict the presence or absence of intra abdominal injuries in more than 95% of the 

patients.

Computed Tomography (CT) is seen by many as the gold standard for diagnosing traumatic 

intra -abdominal injury in children. However CT scan is not without risks: in particular in 

children, the risk of radiation-induced malignancy is much higher than in adults. In a recent 

commentary in the Dutch Journal of Medicine the risk of CT scans in children has been 

discussed.1 In this current paper, we discuss the increasingly prominent role of CT in the 

diagnosis of intra -abdominal injury in children.

Primary survey

The care of the child with suspected abdominal injury requires a systematic approach. As 

soon as the first survey focused on airway, breathing, circulation and neurological status 

is completed and the child is stable, a complete physical examination is performed. Subtle 

abnormalities such minor abrasions due to a handlebar in the abdomen can be a sign of 

significant internal injuries.2 Clearly visible defects such as the “seatbelt sign” are almost 

pathognomonic of serious internal injuries. An initial normal physical examination does not 

rule out internal injuries. Preferably, the same physician repeats the physical examination 

after a few hours, as changes in physical examination may be an important clue in ab-

dominal injury. Adequate and constant monitoring is essential so changes, in for example 

hemodynamics, can be detected.

Imaging

Ultrasound

Ultrasound, mainly focused on the detection of free fluid, is a rapid, non -invasive way 

to detect intra-abdominal injury. Also, pericardial and pleural fluid can be excluded. The 

ultrasound can be performed during the initial survey and can easily be repeated when 

necessary, which makes the ultrasound a very valuable asset and diagnostic tool. In the 

hemodynamically unstable child an ultrasound can confirm the need for emergency lapa-

rotomy.



112 Chapter 10

However, the reliability of an ultrasound is dependent on the experience of the sonographer. 

Ultrasound is not reliable for the assessment of the severity of the injury of parenchymal 

organs, such as liver and spleen, nor for the presence of a hollow viscus perforation. Also 

the retroperitoneum is difficult to assess by ultrasound. In children, ‘Focused Assessment 

with Sonography in Trauma’ (FAST) has a high specificity for the presence of hemoperito-

neum ( 83-98 % ), but a low sensitivity. Where the positive predictive value is >0.85, the 

negative predictive value is around 0.5. Repeating the examination may possibly improve 

these outcomes.3 In light of the initial low sensitivity and low negative predictive value of 

ultrasound, it is essential to evaluate the trauma mechanism, the laboratory results and to 

repeat physical examination and ultrasound in order to assess a child properly.

CT

In adults, a contrast enhanced CT scan is considered the gold standard for a suspected 

intra -abdominal injury. Even in children, who are hemodynamically stable, many doctors 

in the Netherlands consider CT with intravenous and/or oral contrast the examination of 

choice.4 on a CT scan, free fluid can be identified and it is frequently possible to determine 

the location and extent of injury. Active bleeding can also be visualized using intravenous 

contrast. The negative predictive value of abdominal CT is > 99 %5

The American Pediatric Surgical Association (APSA) issued guidelines in 2000 for the non - 

operative treatment of hemodynamically stable children with isolated spleen or liver injury. 

These guidelines provide guidelines for nonoperative treatment based on the grading of 

the severity of the injury as revealed by a CT scan.6 To be able to abide these rules, often a 

CT is performed to determine the severity of the injury. However, there is a large inter- and 

intra- observer variability in the assessment of the grade of liver injury in children.7 CT im-

ages also often do not correspond to the intra-operative findings, nor does grading based 

on CT scan predict the success rate of non-operative management.8,9

Moreover, it appears that a CT scan in hemodynamically stable children with abdominal 

injury does not alter management in more than 95 %. Non-surgical treatment for intra 

-abdominal parenchymal lesions are safe and successful for more than 90 % of hemody-

namically stable children, regardless of the age of the child and the severity of the injury. In 

case of failure of the non-surgical treatment, a late laparotomy does not increase morbidity 

and mortality. The admission time in the ICU and length of hospital stay are not increased 

by non surgical treatment.10

Additional to intra -abdominal haemorrhage, a perforation of a hollow organ forms the 

main operation indication in children. The sensitivity of CT for perforation of a hollow or-

gan, such as the duodenum, is only about 50%.11 This low sensitivity also applies to other 
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bowel lesions. Therefore, the value of a CT scan appears to be limited for the diagnosis 

of perforation of a hollow organ. In a review of the APSA, 90% of children who had to 

undergo surgery because of duodenal injury showed abnormalities on physical examina-

tion, such as the seatbelt sign or rebound tenderness.11

The presence of free fluid on a CT scan is not a direct indication for surgical or radio-

logical intervention. More than 95% of children with intra -abdominal free fluid due to 

parenchymatous organs and without obvious bowel perforation, can be managed without 

operation. If bowel perforation is present, peritonitis symptoms will develop within 24 

hours.12 For this reason repeated physical examination by the same, preferably experienced 

physician, is considered the most reliable diagnostic test. In experienced hands, laparos-

copy may be considered in a hemodynamically stable child, as diagnostic tool or to localise 

a previously proven or expected injury. A low threshold for conversion to laparotomy must 

be however obtained.

A ‘negative’ laparotomy, during which with no injury is found and which on hindsight can 

be unnecessary, leads to early morbidity in 20-43% of trauma cases. The incidence of long-

term complications such as severe ileus after a negative laparotomy ranges from 0.5-4%.12

An advantage of CT is the ability to localize an arterial blush. If hemodynamically stable or 

responding well to resuscitation a selective embolization of the injured vessel is possible. 

However, embolization is not without risks, especially given the relatively small femoral 

artery and the substantial risk of necrosis of liver or gallbladder with embolization of the 

hepatic artery or one of its branches. Moreover, a non-surgical treatment is successful in 

72% of hemodynamically stable children with liver or spleen injury and a visible arterial 

bleeding (‘blush’) on the CT scan.13 Expectant management is defensible.

The main risk of a CT scan is the relative high doses of ionizing radiation to which children 

are exposed. Young children are more susceptible to radiation-induced tumours by ionizing 

radiation than adults because they have a longer life expectancy, there is on average more 

time in which these tumours may develop, and the tissues are more susceptible to radiation 

damage. Although little direct evidence has been found for the relationship between the 

setting of CT scans on the child’s age and an increased risk for the development of a 

malignancy, it is estimated that roughly 1 in 1000 children will develop cancer as a result 

of a CT-scan later in life.14,15

As an example, we collected data that come from the University Medical Center Groningen. 

The average radiation dose in children who underwent CT for suspected abdominal injury 

was 11.4 mSv, with a range of 1.2 to 23.8 mSv. This bandwidth is the result of differences 
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in type CT (for example, with or without contrast, thoracic or pelvis included or not). Using 

the ‘Biological Effects of Ionizing Radiation (BEIR) VII model leads to an estimated absolute 

increase in tumour risk of 0.26% on 40-years of age.16 As the risk of malignancy before 

the age of 40 is 1.7% in a normal population, this means an increase in the relative risk by 

about 15% based on these figures.17 in other words, 1:500 children who undergo a CT for 

suspected abdominal injuries in our series will develop radiation-related malignancy, during 

the rest of his or her life and 1:1000 will subsequently die due to that tumor.

The above figures are in line with recent data from Australia and the United States, al-

though the way in which the radiation risk is calculated is still heavily under discussion14,15 

In the United States the majority of CT scans take place in non-children’s hospitals using 

higher dose of radiation., More often multiple body regions are scanned simultaneously in 

non pediatric centers, significantly increasing the additional radiation exposure.18. To what 

extent this is also holds true for the Netherlands, is unknown.

MRI

MRI produces non-ionising, harmless, magnetical radiation. This technique is not suitable 

for the acute care facilities yet. With the current logistics the MRI is not always available 

and although the duration of the studies are still further reduced, it takes much longer for 

an MRI than a CT scan to perform a scan., Especially if multiple parts of the body need to 

be scanned.. Because of the long duration of the study with children anaesthesia is often 

necessary. Also, interventions during the MRI are virtually impossible.

Alternatives

Given the limitations of the imaging studies a scoring system that makes use of a combina-

tion of parameters of a physical examination, laboratory tests and ultrasound would be 

a valuable addition to children with blunt abdominal injury. Such algorithms might be 

able to identify children with a high risk of abdominal injuries, which can then undergo 

a CT scan or, conversely, identify children with a very low risk of injury not needing CT 

imaging. In 2009, Swiss researchers developed the “Blunt abdominal trauma in children 

(BATiC) score” that uses parameters that are obtained with standard trauma assessment: 

physical examination, laboratory values   and ultrasound results.19 Table 1 lists the variables 

of BATiC. With the help of this score, a negative predictive value of 97% can be achieved. 

Other studies reported similar predictions based on history and physical examination for 

children with a very low risk of blunt abdominal injury.20,21 In these studies a negative 

predictive value > 95% could also be reached. The use of such algorithms reduces the 

number of unnecessary scans thus further reducing radiation and should be studied more 

extensively.
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ConClusIon

Although CT examination is considered by many to be the gold standard in the diagnosis 

of children with blunt abdominal trauma, clinicians should be aware of the possible con-

sequences of radiation exposure from CT scans in children, especially since the results of 

the CT scans typically do not alter management. The radiation exposure by the latest CT 

scanners may reduce radiation slightly, but we will need to stay thinking critically about 

potentially dangerous diagnostics.

Ultrasound combined with repeated physical examination and repeated laboratory tests is 

probably the best diagnostic tool. The policy should be based primarily on the physiological 

response to injury, more than the radiological image of it. Performing a CT scan should be 

avoided in the hemodynamically stable child with suspected abdominal injury. Research is 

needed to determine whether new algorithms such as BATiC score, can identify high risk 

of abdominal injury thereby reducing unnecessary harmful investigations.
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