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suMMAry

In chapter 1 we introduced the research topic of this thesis. Being intensively involved in 

the treatment of children sustaining blunt abdominal trauma, we once posed the simple 

question during ward rounds:”what is the evidence for one week bed rest in children with 

liver injury?” Literature search was not very helpful, so we decided to investigate this in our 

own series. This marked the start of the studies resulting in this thesis.

In chapter 2 we have investigated the reliability of a CT based grading system of liver 

injury in paediatric abdominal trauma. To this end we have determined the inter- and intra 

observer agreement for liver injury as graded following the Organ Injury Scale from the 

American Association for the Surgery of Trauma. Several specialists, including radiologists, 

paediatric surgeons, trauma surgeons and hepatobiliary surgeons all independently and 

repeatedly graded hepatic injury on a CT scan and inter- and intra-observer variation was 

computed.

Intra-observer agreement was moderate, with a kappa below 0.7 for all observers except 

for the most senior radiologist. Inter-observer correlation using Cohen’s kappa coefficient 

was also moderate, with a kappa below 0.5. In contrast, inter-observer correlation using 

Spearman ’ s test was good, suggesting that there is agreement on the general severity of 

injury but not on the exact grading of injury using the AAST scoring system. These data 

cast doubt on the use of the AAST liver injury score alone as a decision-making tool when 

assessing haemodynamically stable children with blunt hepatic injury.

In chapter 3 we have investigated the additional radiation risk of abdominal CT and cal-

culated the estimated lifetime risk for malignancy and additional mortality risk in the light 

of novel diagnostic findings that might or might not alter management. This way we have 

determined the diagnostic yield of CT scan in children with suspected intra-abdominal 

injury.

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

ultrasound. CT brought forward three additional diagnoses not discovered previously: one 

grade I pancreas injury, one grade I liver injury and one grade I renal injury. Retrospectively, 

these injuries could have been suspected based on laboratory findings.

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. The other two patients 

were underwent selective angioembolization of the splenic artery.

The median radiation dosage was 11,43 mSv (range 1,19-23,76 mSv). Using BEIR VII 

methodology, the estimated absolute increase in tumor risk at the age of forty is 0.26%. 

While this might not seem impressive, it is an increase in the relative risk of 15%, as the 
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absolute tumor risk in the average Dutch population at the age of forty is 1.67%. In other 

words: 1:500 children who underwent a CT scan will develop a radiation-induced tumor, 

and 1:1000 will die from that tumor.

Since more and more injured children are being referred to specialist centres and sub-

sequently undergo a CT scan in both facilities, we have set out to compute the extra 

radiation dose and associated risks of a repeated abdominal CT after transferral to our 

center. This has been described in chapter 4, again in the light of novel diagnostic findings 

possibly altering management.

27% of referred patients underwent a repeat CT scan after transfer to the UMCG. 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. The indications 

for the repeat CT scan were hard to recover. In 92% there was no change in diagnosis or 

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). This is comparable to the mean ED from the CT scans made in the 

UMCG 11.50 mSv (range 1.1 to 20.5, SD= 7.10) (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%. An absolute risk increase of 0.28% due to one 

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

malignancy before the age of 40.

Combining readily available data into an abdominal injury score might also aid in prevent-

ing unnecessary diagnostic procedures such as CT scan. To this end we have retrospectively 

validated the Blunt Abdominal Trauma in Children score (BATiC). This has been described 

in chapter 5. In a cohort of 216 patients, 18 patients (8%) sustained abdominal injury. 

Median BATiC scores of patients with and without intra-abdominal injury were 9.2 (6.6 

-15.4) and 2.2 (0.0 -10.6) resp. (p < 0.001). When the BATiC score was used with a cut-off 

point of 6, the test showed a sensitivity of 100% and a specificity of 87%. Negative and 

positive predictive values were 100% and 41% resp. The AUC was 0.98.

The BATiC score can thus be a useful adjunct in the assessment of the presence of abdomi-

nal trauma in children, and can help determine which patients might benefit from a CT 

scan and/or further treatment and which might not.

In chapter 6 we have investigated the kinetics of plasma Liver Fatty Acid Binding Protein 

(L-FABP) as a possible marker for intra-abdominal (hepatic) injury. We have measured L-
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FABP in plasma obtained at three hour intervals from adult patients who were administered 

to the Shock Room with (suspicion of) severe trauma.

In 56 patients (46M, 10F, median age 46 years, median ISS of 17) median L-FABP concen-

tration was elevated on admission and decreased to normal levels within 9 hours. Half 

life time was just over three hours. Initial L-FABP levels correlate with ISS, abdominal AIS, 

EMTRAS, shock index, ICU stay and mortality. The five abdominally injured patients had 

higher median L-FABP levels at admission, three hours and six hours after the accident.

Based on these results it is worthwhile to investigate L-FABP as marker for abdominal injury 

in a larger cohort.

In the second part of this thesis we have investigated injury to the intra-abdominal paren-

chymatous organs. In chapter 7 we have described the outcome of patients with liver injury 

in our center. Eighty patients were identified: 52M, 28F with a mean age of 12 years (range 

2 – 18). Most important mechanism of injury was a bicycle accident (25%) Thirty patients 

sustained isolated liver injury. Hemodynamically stable patients underwent non-operative 

treatment (NOT). 25 patients (31 %) underwent a laparotomy, which in 20 cases (80 %) was 

related to the hepatic injury. A shift to NOT was evident: 24 / 37 (63 %) patients underwent 

NOT before 2000 versus 38 / 45 (84 %) after 2000 (p = 0.04). The success rate of NOT 

was 96%. Complications following NOT were rare. Late onset bleeding did not occur. Two 

patients developed an infected biloma, requiring a laparotomy. Mean ICU stay before 2000 

was 4.2 days (range 0 – 25 days) and 2.6 days (range 0 – 17 days) after 2000. Total hospital 

time did not decrease: 14 days (range 1 – 39 days) before 2000 and 14 days (range 1 – 60 

days) after 2000. The overall mortality was 8%. All deaths occurred in the operative group.

Similar data were retrospectively analysed for the children with splenic injury in our hospital, 

as described in chapter 8. Splenic injury in children was associated with substantial mortal-

ity. This was due to concomitant (neurologic) injuries and not to the splenic injury itself. 

Also in the treatment of splenic injuries in hemodynamic stable children non-operative 

treatment is gaining preference above operative treatment. In children with isolated splenic 

injury, NOT is performed in 91% of cases. When surgery was necessary, spleen preserv-

ing techniques also gained popularity. ICU length of stay and length of stay in hospital 

have, despite the change from OT to NOT, remained the same. Complications in the NOT 

group are rare, suggesting that NOT is safe. It can be concluded that we are still observing 

children in hospital for a time period that is longer than necessary.

Paediatric pancreatic injury is an entity on it’s own and has been described in chapter 9. 

It is relatively uncommon, easily missed, and hard to diagnose even in the higher injury 

grades such as transsection of the pancreatic duct that sometimes call for early surgical 

treatment.
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The diagnosis is difficult to establish because shortly after an accident there is frequent 

lack of complaints and the blood test often still normal. Also, additional investigations in 

the initial stage are often not very specific. The treatment of pancreatic lesions without 

involvement of the pancreatic duct (grades 1 and 2) is conservative. With regards to le-

sions involving the pancreatic duct (grade 3 and above) there also seems to be a shift 

to non-surgical treatment, but there is still little evidence for either treatment modality. 

Based on three children’s cases, two with grade 3 and one with a grade 2 pancreatic 

lesion, we provide insight in the difficulty in diagnosis and treatment. A high “index of 

suspicion”, reassessment after six hours, and accessible consultation or preferably referral 

to a pediatric trauma center, is recommended.

Chapter 10 has been written as a discussion paper for Dutch physicians dealing with 

possible intra-abdominal injury in children. It put emphasis on the inter- and intra-observer 

variation of grading hepatic or splenic injury on CT scan, and as such casts doubt on the 

use of the APSA grading system for hemodynamically stable children. We subsequently ar-

gued that CT scan should be used with caution, as the diagnostic yield does not outweigh 

the radiation risk in hemodynamically stable children.

Chapter 11 more profoundly discussed the findings of these thesis and the conclusions 

we have drawn. It also introduced several future perspectives. We have demonstrated 

that inter- and intraobserver variation for grading liver injury on CT scan is significant. This 

makes CT scan not suitable for defining treatment algorithms such as the APSA guideline. 

Subsequently we have demonstrated that CT scan has a very limited diagnostic yield in the 

hemodynamically stable child, and should be avoided, as radiation risks are substantial. 

Injury scoring systems such as the BATiC score, just as serum markers such as Fatty Acid 

Binding Proteins, might aid in the decision whether or not to obtain a CT scan in the 

hemodynamically stable child.

In our hospital, new guidelines are being composed regarding the workup for children 

with (suspected) blunt abdominal injury. There is an increased awareness of the inherent 

dangers of CT scan, and we now often refrain from CT scan in the hemodynamically stable 

child – even in the presence of free fluid on ultrasound. It might be that in the absence 

of CT scan we will admit children relatively easy or for a slightly longer period of time to 

ensure that there is no serious injury. The effects of our changed policies should therefore 

be monitored closely.

In general, non-operative management in pediatric abdominal injury is safe. There should 

be a large index of suspicion for pancreatic injury, which is easily missed in the acute phase, 

and repeat examinations including blood analysis should be performed in every child with 

a possible pancreatic injury. Hospital stay can be shortened for virtually all children with 

intra-abdominal parenchymatous injury – at least in our center.
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To answer the question that formed the basis of this thesis: there was no evidence for 

one-week bed rest in children with splenic or hepatic injury. Updated protocols for primary 

analysis, initial treatment and follow-up, including protocols for transferring of injured 

paediatric patients, should be composed and validated by both specialised and referral 

centres. Such protocols will reduce time, avoid needless investigations and prevent harmful 

radiation exposure. Thereby it will reduce morbidity and mortality, not only at the first 

admission to the shock room but also in the long run. To this end, prospective trials are 

necessary. This implies a stronger collaboration between pediatric trauma centers as well 

as a change in the Dutch law to facilitate research in children. From such collaboration all 

injured children will benefit.




