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information but an increased cancer risk
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IntroduCtIon

CT scan is considered the gold standard for abdominal injury. This holds true for both 

adults and children. It is readily available, quick and has a high sensitivity and specificity 

for abdominal injury. However, even when following the As Low As Reasonably Achievable 

(ALARA) principle, CT scans involve a large radiation dose, which is associated with an 

increased cancer risk. Children are more vulnerable for radiation than adults. Reducing the 

amount of radiation is therefore important, especially in the pediatric population.

In the Netherlands, most children who sustain blunt abdominal trauma are admitted to 

a regional hospital. These centers are well capable of diagnosing and treating most non-

life threatening injuries. When more serious injury is suspected, e.g. injury to the liver or 

the pancreas, children are – after being stabilized - subsequently transferred to one of 

the pediatric trauma centers. Often the diagnostic workup has been completed by the 

transferring center, including CT scans. This workup is sometimes considered inadequate, 

for various reasons, leading to repeat CT scans. This doubles the dose of radiation, and 

subsequently increases the cancer risk even further. Aim of the present study was to analyze 

the diagnostic yield of these “repeat CT scans” and to calculate the associated increase in 

cancer risk in hemodynamically stable children with suspected blunt intra-abdominal injury.

PAtIents And Methods

We performed a retrospective analysis of all children transferred to the University Medical 

Center Groningen for blunt intra-abdominal injury. The University Medical Center Gronin-

gen (UMCG) is a Dutch level 1 trauma center covering the north-east of the country. Charts 

of all pediatric patients (<18 years of age) that were transferred to the UMCG between 

2000 and 2009 for treatment of blunt abdominal trauma within 24 hrs after initial pre-

sentation were retrospectively reviewed, using the prospective trauma database. Patients 

who underwent a repeat CT scan upon admission in our center, within 24 hours after the 

accident, were subsequently included in the present study. Patients that underwent surgery 

before transfer were excluded, just as patients that were transferred for other injuries (e.g. 

brain injury)

Main endpoint was diagnosis before and after repeat CT.

Computation of radiation risk

We used the Dose Length Product (DLP) to calculate the Effective Dose (ED) from the 

original CT scans. If no DLP was available the ED was estimated on the basis of the used 

CT protocol and the patient dosimetry calculator CTDosimetry (version 1.0.3.) developed 
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by ImPACT.1 Because hospitals use different CT scanners with different scanning protocols, 

the mean ED from the CT scans made by the transferring hospitals were compared with the 

mean ED from the CT scans made in the UMCG. The associated risk for tumor induction 

was estimated using the BEIR VII methodology on the basis of sex, age at each exposure 

and calculated ED.2

In the UMCG, CT scans were performed using the CT scanners mentioned in table 1. In 

all cases a formal multi-phase CT was performed, with early and late (arterial and venous 

phase) intravenous contrast, using Visipaque 320 (Amersham Health) 2.5 ml/kg body-

weight. Arterial phase was scanned in most cases around 20 seconds and venous phase 

around 60 seconds after injection of the contrast.

table 1: Types of CT scanner used in the present study

Type CT scanner Number of patients

Siemens Sensation 64 slice 8

Philips SR 4000 2

Dual Source Definition 1

Siemens Sensation 16 slice 1

statistics

Continuous variables were compared using Student’s T test or Mann Whitney U test as ap-

propriate. Categorical variables were compared using Chi Square statistics or Fisher Exact 

test. All calculations were performed using the SPSS statistical software package, version 

16.0

results

Between 2000 and 2009, 45 hemodynamically stable patients were transferred to the 

UMCG for abdominal injury after blunt abdominal trauma. There were 27 boys and 18 girls 

with a median age of 10 years, range 2-17 years. 12 of these 45 patients (27%) underwent 

a repeat CT scan after transfer to the UMCG. The population is further described in table 2. 

There were no significant differences between patients who underwent a repeat CT and 

those who did not regarding severity of injury, type of treatment and outcome. (see table 2)

It turned out to be very difficult to retrospectively analyze the indications for repeat CT 

scan. After analysis of the scans from the referral hospital by the radiologist and the at-

tending surgeon, imaging was considered inadequate (e.g. no intravenous contrast) in 
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three patients, one patient underwent a total body scan for multiple injuries, and in eight 

cases the exact reasons could not be retrieved. In eleven cases (92%) there was no change 

in diagnosis or management. In one case (8%) a splenic artery blush was found upon 

review of the scan from the referring center (which had not been noted prior to referral). 

This was confirmed by a repeat CT, and the splenic artery was subsequently embolized. 

There were no additional diagnoses, nor was there any change of management.

The mean ED from the CT scans made in the referring hospitals was 11.21 mSv (range 3.0 

to 26.0 mSv, SD= 7.56). The mean ED from the CT scans made in the UMCG was 11.50 

mSv (range 1.1 to 20.5, SD= 7.10). No significant difference was found in mean ED from 

CT scans between the referring hospitals and the UMCG (p= 0.38). The mean ED from the 

repeat CT scans in the UMCG, 11.50 mSv, range 1.1 to 20.5, correlates with an estimated 

mean risk for tumor induction of 0.28%, range 0.04% to 0.61%.

The onset of a radiation induced malignancy due to exposure in infants will presumably 

present before the age of 40.The risk of developing any form of malignancy before the 

age of 40 in the Netherlands is 1.67%.3 An absolute risk increase of 0.28% due to one CT 

scan therefore implies a relative risk increase of 16,8% to develop any form of malignancy 

before the age of 40.

table 2: Patient and treatment characteristics of hemodynamically stable patients who did not and 
patients who did undergo repeat scan after transfer for abdominal trauma

Descriptive parameters
N= 45

No repeat CT1 (N= 33) Repeat CT (N= 12)

Blood pressure (mmHg): Systolic:
117 (95-145)

Diastolic:
63 (45-88)

Systolic:
115 (84-145)

Diastolic:
65 (40-85)

Pulse rate 108 (71-165) 100 (71-140)

Hemoglobin levels 7.0 (4.4-8.8) 6.8 (6.2-8.5)

ICU3 stay (days) 1 (0-8) 2 (0-6)

Hospital stay (days) 13 (1-59) 10 (1-20)

ISS4 Total 9 (0-21) 9 (4-50)

AIS abdominal 9 (0-16) 4 (0-16)

Mortality 0 (0%) 1 (8%)

Radiologic intervention 
(NOM5, ANOM6, OM7)

NOM: 23 (70%)
ANOM: 5 (15%)
OM: 5 (15%)

NOM: 9 (75%)
ANOM: 1 (8%)
OM: 2 (16%)

1Computed Tomography, 2Standard Deviation, 3Intensive Care Unit, 4Injury Severity Score, 5Non-Oper-
ative Management, 6Assisted Non-Operative Management, 7Operative Management
Non operative management (NOM) combined with radiological (percutaneous) interventions such as 
ERCP or Selective Arterial Embolisation (SAE) or was described as Assisted Non Operative Treatment 
(ANOM)
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dIsCussIon

The present study challenges the use of repeat CT scans in hemodynamically stable children 

transferred for blunt abdominal trauma. While only one quarter of transferred patients un-

dergoes repeat CT scan, diagnosis and treatment is rarely affected or altered. In over 90% 

of patients who undergo repeat CT scan there is no change in management, while there 

is a 17% relative risk increase to develop any form of malignancy before the age of 40.

Despite the use of the As Low As Reasonably Achievable principle, pediatric patients are 

still at a higher risk for the development of radiation associated injuries when compared 

to adults because of several reasons: 1) fast dividing cells are more sensitive for ionizing 

radiation, 2) children have a longer life expectancy resulting in a longer time period to 

develop malignancies due to radiation and 3) children can receive a too high dose when 

settings are not adjusted to weight and age of the child.[3] Therefore, the use of CT scan 

in children should be considered even more carefully than in adults.

The American Pediatric Surgical Association (APSA) guidelines describe a clear role for CT 

grading of hepatic and splenic injuries in the management of these injuries in hemody-

namically stable children, mainly regarding admission times to the ICU and hospital.4

Most hemodynamically stable pediatric patients who have sustained blunt trauma to the 

parenchymatous organs of the abdomen can be managed non-operatively, even in the 

more severe cases.4,5 However, the grading of these injuries by CT scan has never been 

validated.5 Although higher injury grades appear to induce a higher risk of for (surgical or 

radiological) intervention, previous studies have shown a poor correlation between the CT 

grade of injury and the outcome of NOM in hemodynamically stable children.6 A recent 

study from our center suggested only a low to moderate inter- and intra observer variation 

in grading liver and splenic injuries by CT.7 In our center the APSA guidelines are therefore 

abandoned. We feel that more precise grading of injury has no clinical consequences and 

is therefore no indication for a repeat CT scan.

Might there be another reason to perform a (repeat) CT scan besides grading of injury? In 

the present series, the NOM strategy does not change after repeat CT scan and there was 

no difference in ICU and hospital stay between patients that underwent a repeat CT scan 

and those who did not.

Non operative management of blunt abdominal trauma may increase the risk of delay in 

the diagnosis of hollow viscus injuries. Diagnosis of hollow viscus injury is often delayed 

in injured children. However, the consequences of a delayed diagnosis are unclear. Serial 
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abdominal examination is the most sensitive indicator of occult bowel injury and CT scan 

has a relatively low sensitivity for detecting hollow-viscus injury.8,9,10 The fear to miss such 

injury should not lead the surgeon caring for these children to perform a (repeat) CT scan.

One might argue that in the hemodynamically stable child the referring hospital should 

refrain from performing a CT scan. The decision to transfer the patient to a tertiary care 

facility can be made upon the findings of free fluid or suspicion of injury to the parenchy-

matous organs on ultrasound. After transfer, the decision to perform a CT scan should be 

made by the attending trauma-/pediatric surgeon, however this discussion is beyond the 

scope of this article.

The present series has several limitations. It is a small, single center study, ranging over a 

decade. Nonetheless, we strongly feel that the current practice in our institution is a very 

common one, as clinicians caring for injured children always tend to err on the safe side.

The present paper suggests that erring on the safe side is not as safe as it appears: dou-

bling the radiation dose due to repeat CT scans in hemodynamically stable children with 

abdominal trauma offers little novel information yet exposing the patient to a potential 

threat.
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