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Chapter 3

the use of Ct scan in hemodynamically 
stable children with blunt abdominal 

trauma: look before you leap
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IntroduCtIon

The initial evaluation of the injured child, following ATLS/APLS principles, is similar to that 

of the adult: plain x-rays of chest, and pelvis combined with the primary survey, subse-

quently followed by abdominal ultrasound and/or abdominal CT imaging.

Many consider CT scanning the imaging modality of choice for evaluation of severity of in-

jury, especially in hemodynamically stable children. It is non-invasive, quick and considered 

the most accurate method, readily available in most hospitals1.

Non Operative Management (NOM) of solid organ injuries in hemodynamically stable 

children is now generally accepted as the standard of care. However, previous studies 

suggest a poor correlation between the grade of injury and the outcome of NOM in hemo-

dynamically stable children2. This raises the question whether CT is helpful for establishing 

criteria for non-operative management or predicting outcome of NOM. Furthermore, to 

our knowledge, CT imaging has never been validated for grading abdominal injuries and 

in majority of cases ultrasound in combination with abdominal examination is reliable3. A 

recent paper suggests a CT scan only has moderate inter and intra- observer agreement for 

the grading of hepatic injuries in children4. Therefore the value of CT scanning in children 

with blunt abdominal injury can be questioned.

For a given radiation dose, there is a difference in cancer risk from radiation exposure for 

children compared to adults for several reasons: tissues and organs that are growing and 

developing are more sensitive to radiation effects, an infant has a longer life expectancy 

in which to manifest the potential oncogenic effects of radiation, and finally the radiation 

exposure from a fixed set of CT parameters results in a dose that is higher for a child 

compared to an adult.

Despite the evolution of modern CT scanners and the As Low As Reasonably Achievable 

(ALARA) principle, radiation dosage and associated risks are still substantial, especially in 

the paediatric population.

We set out to determine the diagnostic value of CT scans in relation to the radiation dose, 

tumour incidence and tumour mortality by radiation for hemodynamically stable paediatric 

patients with blunt abdominal injury. We focussed on the changes in management due to 

new information obtained by CT.

PAtIents And Methods

The University Medical Centre Groningen is a level 1 trauma centre, assessing around 150 

paediatric patients in the accident and emergency shock room annually.
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In our hospital, regular diagnostic ultrasounds on admission are performed on all patients 

that potentially have sustained abdominal injury. CT imaging is performed based on the 

ultrasound results combined with clinical findings. In several cases extensive concomitant 

injuries to chest, pelvis or head was seen as an indication to perform abdominal CT. The 

decision to perform a CT is ultimately made by the attending surgeon.

All CT scans for suspected paediatric abdominal injury performed in our accident and 

emergency department between 2005 and 2010 were retrieved from the radiology regis-

try. Subsequently the notes of these patients were analysed for: injury and hemodynamic 

parameters, (changes in) therapy and radiological interventions. Patients who were hemo-

dynamically unstable were excluded.

Scans were performed using a Siemens Sensation-64-Slice MSCT with a maximum of 3 mm 

slices and with early and late (arterial and venous phase) intravenous contrast. As intrave-

nous contrast, Visipaque™ (Amersham health) was used (2,5 ml/kg body weight). Arterial 

phase was usually scanned around 20 seconds and venous phase around 60 seconds after 

injection.

From the original scans we used the Dose Length Product (DLP) to calculate the Effective 

Dose (ED) and extrapolated radiation exposure data from atomic bomb explosions, the 

BEIR VII report, to calculate the estimated induced life time tumour and mortality risk5.

Injury severity was calculated using the Injury Severity Score system. In our hospital, the 

APSA classification for the grading of hepatic or splenic injuries was not used for decid-

ing upon e.g. ICU or hospital stay. Patients with proven hepatic or splenic injury were 

routinely admitted to a high care unit for hemodynamic monitoring for 24 hours, and then 

discharged to the regular ward. During the years of the study bed rest was subsequently 

prescribed for 4 days.

results

Seventy-two patients underwent abdominal CT scanning for suspicion of abdominal injury, 

all shortly after admission. Specifically for persistent hemodynamic instability, six patients 

underwent surgery by means of an explorative laparotomy; two underwent radiological 

interventions by means of Selective Arterial Embolization (SAE) for transient responding. 

These eight patients were therefore excluded from this study, thus leaving 64 hemody-

namically stable patients for further analysis.

There were 39 boys and 25 girls with a median age of 10, range 1-18 years. The median 

systolic blood pressure on admission was 120 with a range of 75-144 mmHg. The median 

diastolic blood pressure was 65 with a range of 30-87 mmHg. The median heart rate on 

admission was 87 with a range of 65-144 Bpm. The median Injury Severity Score (ISS) was 
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10 with a range of 1-75. The median abdominal Abbreviated Injury Score (AIS) was 1 with 

a range of 0-5. The median length of hospital stay (LOS) was 10 days with a range of 0-59 

days. The median length of ICU stay was 1 day with a range of 0-11 days. (See table 1)

Four patients died (6%); one succumbed as result of chest injury and three due to neuro-

logical injury, among them the patient with an ISS score of 75 (massive destruction of both 

cranium and brain).

On the remaining 60 patients, only one laparotomy was performed, for suspicion of duo-

denal perforation. These 60 patients developed no major abdominal complications during 

admission and none was readmitted after discharge from hospital.

In 44 out of 64 (69%) patients, free fluid or intra-abdominal organ injury was found 

on ultrasound. CT imaging brought forward 49 injuries in 47 of 64 patients (73%). The 

abdominal injuries as found on CT are described in table 2.

The three additional diagnoses CT brought forward compared to ultrasound consisted 

of one grade I pancreas injury, one grade I liver injury and one grade I renal injury. Ret-

rospectively, the raised amylase combined with a seatbelt sign, high transaminase levels, 

and macroscopic haemoglobin in the urine sample could all have raised suspicion of the 

aforementioned injuries also without CT scan. These telltales could have made an inclina-

tion for further examination including CT imaging.

table 1: Demographic and clinical data of hemodynamically stable children that were scanned for ab-
dominal injury. (median/(range))

Total 64

Male/female 39/25

Systolic BP on admission
Diastolic BP on admission
Heart rate on admission
ISS

120 (75-144)
65 (30-87)
87 (65-144)
10 (1-75)

AIS 1 (0-5)

LOS (days) 10 (0-59)

ICU (days) 1 (0-11)

table 2. Injuries found on CT imaging ranged by organs inflicted.

Organ n

No injuries found 19

Liver 26 

Spleen 10 

Pancreas 4 

Kidney 5 

other 4 
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Only in three out of the sixty-four hemodynamically stable cases (5%) a CT scan brought 

forward an indication for intervention or change in management. One patient was sus-

pected of a duodenal perforation and underwent a laparotomy. A grade II hepatic lacera-

tion, but no duodenal, injury was found during the explorative laparotomy.

The other two patients were underwent SAE of the splenic artery. One for an arterial blush 

observed on the contrast enhanced CT due to splenic laceration. Patient remained stable, 

and during the angiogram the blush had disappeared. The second patient underwent 

(prophylactic) SAE for having sustained a grade V splenic injury.

The LOS of these 3 patients was 6, 9 and 25 days. The ICU stay was 0, 2 and 5 days, and is 

not significantly different from the patients without intervention (p=0,84 and 0,83)

The median radiation dosage was 11,43 mSv (range 1,19-23,76 mSv) in our patients.

Using the BEIR VII methodology, this results in an estimated increase of the lifetime tumour 

incidence of 0,17% (range 0.05-0.67%) and an estimated increase in lifetime tumour 

mortality of 0,08% (0.02-0.28%)5.

dIsCussIon

This study was undertaken to establish the diagnostic yield of CT scanning in relation to 

the associated radiation risk in the hemodynamically stable paediatric patient suspected of 

blunt abdominal trauma. Although it is retrospectively analysed in a single institute and 

has a limited patient group, it demonstrates that in 95% of cases, results from the CT scan 

did not alter management. It does add an estimated 0,17% lifetime tumour and a 0,08% 

lifetime mortality risk, due to this single CT-scan.

On the three patients where CT did alter management one can even argue whether CT 

has not actually done extra harm, for the laparotomy and both of the SAE’s may have been 

unnecessary. As in our hospital length of (ICU and hospital) stay and days of bed rest were 

not decided upon by CT, management was also not altered otherwise by CT.

Non-operative management of injury to the parenchymatous organs in children with ab-

dominal injury has proven to be a safe approach7,1. This also holds true for the more severe 

grades of injury. The keystone to this treatment is hemodynamic stability. No imaging 

technique so far has a solid predictive value for the outcome of NOM. Even the correlation 

of contrast extravasation on CT images and the success rate of NOM remain unclear8-10.

CT imaging has several advantages over other types of imaging studies such as accuracy 

and speed, but it also has its downsides. CT imaging has never been validated for the use 
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of the AAST organ injury score, nor has it ever been validated or corrected for the use on 

paediatric patients. It is only proven to be moderately accurate on inter and intra observer 

agreement for paediatric hepatic injury4.

Although the ALARA principle (As Low As Reasonably Achievable) counts for the use of 

CT imaging using ionising radiation, patients are still exposed to considerable amounts of 

radiation11. When abdominal injury is suspected and/or free fluid is present on ultrasound, 

a multi phase intravenous contrast enhanced CT is generally performed in our centre. 

The multi phase contrast enhancement leads to a double to quadruple radiation exposure 

compared to a plain abdominal CT, plus the risk of contrast reactions. In children, some 

form of general anaesthesia is often necessary just to be able to perform the scan, as it can 

be very threatening for a child resulting in unwanted movement and poor quality imaging.

Although the level of the risk is open for discussion, it is generally accepted that radia-

tion adds lifetime risk in development of malignancies11. In our study, using the BEIR VII 

methodology, we calculated an added lifetime tumour risk of 0,17% and a mortality risk 

of 0,08% due to the exposed radiation. However, these values are crude estimates since 

risks of medical imaging at effective doses below 50 mSv for single procedures are too low 

to be detected12. These figures may appear high but may well be even higher since these 

numbers are only based on the single initial CT scan on admission. In reality some patients 

even underwent more radiological imaging, e.g. for follow up, angiography, or CT scans 

performed in referral hospitals prior to referral to our centre.

Conservative management regarding CT imaging of blunt abdominal trauma may increase 

the risk of delay in the diagnosis of hollow viscus injuries. Despite the clinical suspicion, 

diagnosis of hollow viscus injury is often delayed in children13. However, serial abdominal 

examination is the most sensitive indicator of occult bowel injury, and the consequences 

of a delayed diagnosis are unclear14. In combination with the limited sensitivity of CT scan 

for hollow-viscus injury, the fear to miss such injury should not lead the attending surgeon 

to perform CT scan unless suspicion persists on repeated physical examinations combined 

with laboratory findings15,16.

Algorithms such as the Blunt Abdominal Trauma in Children score (BATIC), using only 

readily available serum markers and ultrasonography, produce a negative predictive value 

for intra abdominal lesions of 97% resulting in a reduction of CT imaging and hospital 

admission of 67%17. However, this scoring system has not been validated prospectively in 

a large series yet.
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Although the present series is a relatively small, retrospective single centre study, the results 

emphasise the need for development of new diagnostic algorithms for blunt paediatric 

abdominal injury. We strongly suspect that careful monitoring of hemodynamic parameters 

combined with repeated physical examination, (repeated) ultrasound imaging and blood 

analysis can postpone and thereby reduce the need for CT imaging. This will lead to lower 

radiation exposure and eventually to lower radiation associated morbidity and mortality. 

The benefits of early injury diagnosing by CT scan probably do not outweigh the risks of 

radiation exposure. The results of our data suggest that the use of CT scans can largely be 

avoided in hemodynamically stable children with blunt abdominal injury.

The purpose of this paper is to increase the awareness of the risks associated with radiation 

exposure in children. We realize that the numbers in the present series are estimations, but 

with these data in mind our message can be summarized in: look before you leap (to the 

CT scanner).
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