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IntroduCtIon

A recent search (april 2014) in PubMed demonstrated 30565 hits for ‘abdominal trauma’. 

When the search was narrowed to ‘pediatric abdominal trauma’ there were 1394 hits 

left, 370 of which were published in the last 5 years. Most of these were retrospective 

case series; prospective trials are few and far between. When the search was narrowed to 

‘clinical trials’ in the last 5 years, only 17 studies remained. This apparent lack of clinical 

trials contrasts sharply with the enormous impact pediatric trauma can have on both the 

individual as on society as a whole.

Worldwide pediatric trauma is the most important cause of death and/or permanent 

disability in children.1 While this might be different in other parts of the worlds, in the 

Netherlands some form of blunt force trauma is usually involved (>90%). Abdominal 

trauma accounts for some 10% of trauma in children but is the leading cause of initially 

unrecognized fatal injury.

While the mechanisms of injury and injury patterns may vary widely, the initial treatment 

of the severely injured child is always the same. Just as in adults, the Airway-Breathing- 

Circulation-Disability-Exposure sequence is followed, according to the Advanced Trauma 

Life Support (ATLS) and Advanced Pediatric Life Support (APLS) standards.1-5

When vital functions have been stabilized and the primary survey has been completed, a 

thorough physical examination is carried out. An important paradigm in pediatric surgery, 

so eloquently and frequently advocated by Adrian Bianchi, is “just look at the child”. A 

child can be crying, agitated, but also be quiet, subdued. This manifold of emotions can 

be a sign of severe injury, but also of fear. This phenomenon is also present in adults yet in 

children it is magnified to a large extent. The physician treating the child should therefore 

be aware of this, and preferably have experience with severely injured children.

Even the smallest excoriations can be an indication for severe injury. Most (in)famous is the 

small offprint of the bicycle handlebar in the upper abdomen. Although this might seem a 

minor injury to the inexperienced, in fact it is highly suggestive for severe intra-abdominal 

parenchymatous injury. Any visible injury should therefore trigger the physician to look 

even more closely for severe injury. Look, and look again.

Of course, physical examination of the abdomen of a child is an art in itself. Muscular 

rigidity or other signs of peritonitis, are a sign of intra-abdominal injury. However, the 

discriminatory power of the initial examination can be questioned, especially in an agitated 

child.
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Recently it has been demonstrated that there is an acceptable interobserver agreement 

for most of the parameters obtained during physical examination, such as (location of) 

abdominal tenderness or abdominal distention.6 However, this did not hold true for perito-

neal irritation and abnormal chest auscultation findings, which are important signs during 

physical examination.6 Repeated examinations at regular intervals by the same experienced 

physician might be a highly sensitive tool for detecting intra-abdominal injury. It might be 

the change in abdominal examination and not the initial examination itself that points the 

way to intra-abdominal injury.7

As injuries to the abdominal organs are common in children, efforts should be made to im-

prove the diagnostic and therapeutic process for children with suspected intra-abdominal 

injury. While doing so, one should keep in mind that children are a different population 

when compared to adults; psychologically but also physically and physiologically. Dif-

ferences in anatomy but also in hemodynamic response and physiologic compensation 

mechanisms can turn the treatment of pediatric trauma patients into a challenge for the 

surgeon. As life expectancy is long, the long-term effects of all diagnostic and therapeutic 

procedures should be taken into account. This implies a thorough analysis of the current 

practices, with emphasis on the diagnostic work-up and the role of non-operative treat-

ment. While ‘treat first what kills first’ is one of the most important paradigms in trauma 

surgery, in pediatric surgery ‘do no further harm’ certainly equals this. Pediatric trauma 

can have significant long-term effects, both psychologically and physically, and all efforts 

should be made to minimize both short and long-term effects.

The present thesis adds to the body of knowledge regarding intra-abdominal injury by 

assessing the outcome of recent diagnostic and therapeutic strategies for children with 

(suspected) intra-abdominal injury. Although most of the studies are retrospective series, 

they describe the current practice in one of the largest pediatric traumacenters in the Neth-

erlands. This provides insight in the daily care for this vulnerable patient group in a dedicated 

center. While lessons learned from this thesis may not be applicable universally, especially not 

in smaller or third-world hospitals, most of the results can be of use for dedicated centers. 

Although not set out as an audit, results obtained from this thesis have led to considerable 

changes in management in our hospital, especially regarding diagnostic workup and admis-

sion times. In the paragraphs below we will discuss the findings of this thesis.

I. dIAGnostICs In PedIAtrIC ABdoMInAl InJury

In the first part of the thesis we have investigated several aspects of the diagnostic workup 

in children with suspected intra-abdominal injury. We have demonstrated that inter- and 

intraobserver variation for grading liver injury on Computed Tomography (CT) scan is 
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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 score8,9, as well as serum 

markers such as Fatty Acid Binding Proteins, might aid in the decision to perform a CT scan. 

In the following paragraphs we will discuss these findings and some of the problems we 

have encountered. We will also outline future perspectives.

hemodynamic stability

Treatment algorithms in trauma patients are mostly based on hemodynamic parameters 

and the concept of hemodynamic stability. However, there is no clear-cut definition of 

hemodynamic (in)stability. The definition of hemodynamic stability is subjective to multiple 

variable parameters. In children it also differs to age and size of the patient. Therefore 

assessing hemodynamic stability can be treacherous.

This is reflected in the literature, in which hemodynamical instability is not described 

unequivocally if at all. For instance: the APLS defines hemodynamic instability as the need 

for over 2x20 ml/kg resuscitation fluids. While this seems rather well defined, there is no 

indication of the time frame wherein patient should be stabilized or remain stable. Also, 

more subtle signs – such as a persistent drop in haemoglobin levels – which may or may 

not necessitate surgical or radiological intervention are not discussed at all.

There may be guidelines when certain interventions might be necessary, but this does not 

equal an unequivocal definition of hemodynamic instability or shock. This also holds true 

the other way around: while criteria for shock can be classified, this classification does not 

necessarily offer guidelines for treatment. The hemodynamic status of a patient therefore 

remains in part dependant on subjective judgement by attending physicians. This makes 

comparison of literature difficult, even more so as most authors refrain from a clear defini-

tion of what they consider hemodynamically stable.

Compensatory mechanisms for blood loss in children can maintain hemodynamic stability 

for a long time, followed by a rapid and sometimes irreversible deterioration of the infant. 

This is why it is so important to be informed on the severity of the injury as soon as 

possible. Swift and reliable diagnostics therefore are of the utmost importance. Several 

investigations, such as laboratory analyses, ultrasound and CT, might provide us with 

information in addition to physical examination. However, the benefits of each diagnostic 

modality should be weighed against its risks.
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the role of Computed tomography

Doctors have a remarkable low tolerance for ambiguity. If a diagnostic test can improve 

their confidence level from 90% to 95%, it will usually be performed. One could also 

argue that a doctor needs to be informed of the extent of an injury, even if treatment is 

not affected. In some countries medico-legal considerations might lead to such a strategy. 

We must however bear in mind that these investigations can carry risks, so a risk-benefit 

analysis should be made before ordering these tests.

To maximize patient safety and assure efficient, cost-effective utilization of hospital re-

sources, the American Pediatric Surgical Association (APSA) developed guidelines for the 

management of hemodynamically stable children with isolated hepatic or splenic injury, 

based on grades of injury on CT scan.11 This grading follows the Organ Injury Scale as 

issued by the American Association for the Surgery of Trauma.12 However, as we have 

demonstrated there is a significant intra- and interobserver variation in the grading of 

pediatric liver injury using CT-scan alone.13 Most likely these figures are similarly inaccurate 

for other organ injury grading scores in abdominal injury, especially in children. Therefore 

the value of the AAST OIS as a solid basis for a clinical treatment guideline, as issued by 

the APSA, is doubtful. Decision-making should be dictated by clinical parameters, not 

by radiological images. Otherwise one might be as the prisoners stuck in Plato’s cave: as 

shadows are all they see, they mistake these shadows for reality.14

CT imaging is not going to help us in grading injury, and the APSA guidelines may there-

fore not be applicable. As CT is known to be a possibly harmful examination due to the 

radiation risks involved, especially in children, we have investigated the diagnostic yield of 

CT in children with suspected abdominal injury. Based on our results, CT scanning in the 

workup for abdominally injured child holds very limited diagnostic yield in the treatment 

of abdominal injury. Although a few novel diagnoses were established, treatment was 

not altered in 96% of cases. This has also been demonstrated for e.g. CT scans for chest 

trauma, in which management was also not altered.15 While in the present series the 

presence of an arterial blush was rare, this might be an important sign which changes 

management. However, also in the presence of an arterial blush, there might not be a need 

for surgical or radiological intervention.16

Even more worrisome was the computed risk for radiation-induced malignancy. 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 with 15%, as the 

absolute tumor risk in the average Dutch population at the age of forty is 1.7%. 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. While we have used BEIR VII methodology, which 
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might be a point for discussion, these numbers are in accordance with recent observational 

studies from Australia and the United States.17,18

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.19,20 The results of our data suggest that the use of CT scans can largely be 

avoided in hemodynamically stable children with blunt abdominal injury.

While CT scan should be avoided in hemodynamically stable children, it might be an impor-

tant adjunct in ‘responders’, i.e. children who can be stabilized by fluid resuscitation alone, 

or in children with a slow but persistent drop in hemoglobin levels. Responders might not 

be considered as hemodynamically stable as fluid rescuscitation is needed to normalize 

hemodynamic status. A persistent hemoglobin drop is also suggestive for persistent bleed-

ing. For both categories CT scan can offer insight in the location and severity of bleeding. 

It can also aid in the decision to attempt (selective) angioembolization.

We are convinced that in hemodynamically stable children the CT scan holds little diagnos-

tic yield and with our results, we intend to increase the awareness of the risks associated 

with radiation exposure in children. The fear to miss an injury should not lead the attending 

surgeon to perform CT scan. The induced risk by performing an abdominal CT sometimes 

outweighs the benefits and is therefore not consistent with the “primum non nocere” 

principle. This also holds true for children undergoing CT scan of other body parts such 

as the head: performing an abdominal CT because the child is in the CT scanner anyway 

and there might be some free fluid on ultrasound doubles the radiation dose. Diagnosing 

and treatment of pediatric blunt abdominal trauma should be focussing on the child rather 

than a quest for diagnostic imaging. Look at the child, look and look again before you leap 

to the CT scanner!

Even more worrisome is the repeating of investigations involving ionizing radiation after 

transfer of a child with suspected intra-abdominal injury to specialist centers. Apparently 

the decision to obtain a repeat CT scan is dependent of the interpretation of the original 

scans by the treating physician and is highly subjective. While the indications to do so – like 

obtaining a multiphase CT from the liver – might seem sound, the repeat CT does add high 

dose radiation but rarely alters management.

In non-specialized centers radiation exposure during the work up of abdominally injured 

children is significantly higher when compared to specialized pediatric trauma centers.22 

In the United States it has been demonstrated that in non-specialized centers, organ-
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preserving therapy is less frequently used leading to a higher incidence of splenectomies.21 

This suggest that centralization of care for severely injured children is beneficial. While 

there are no known data on this subject regarding the Netherlands, there is no reason to 

assume that this is different. Centralization of specialist care, such as pediatric abdominal 

injury, both operative and non-operative, should be encouraged. As to be expected, initial 

management and diagnostics of paediatric abdominal trauma does not always take place 

in a specialists centre but will frequently take place in a peripheral hospital. In a stable child, 

one should refrain from CT scans in community hospitals. This might lead to a decrease in 

referrals to the pediatric trauma centers as small intra-abodminal injuries will not be found 

and thus patient will not be referred. There is also no consensus to underpin a protocol 

for obtaining repeat CT scans in pediatric abdominal trauma after referral to a specialist 

centers.

Although the exact risk of radiation due to medical imaging is still topic of discussion it is 

safe to say radiation is potentially harmful. CT imaging in abdominal injury with children 

should be seen as a potential killer rather than an eminent lifesaver. Currently the use 

of CT scans seems decreased in daily practice, although numbers are still lacking. While 

previously during morning rounds results from the CT scan were asked for, nowadays it is 

asked why the scan was performed in the first place. This might reflect a change in attitude 

towards imaging techniques with ionizing radiation in children.

Alternatives for Ct scan: the BAtiC score and serum markers

Workup programs like the Blunt Abdominal Trauma in Children (BATiC) score are proven to 

be accurate.8,9 The BATIC score has demonstrated to be an extremely reliable tool. When 

the score is used with a cut-off point of 7, the sensitivity was 89% and the specificity 

was 94%. The negative and positive predictive values were 99% and 59%, respectively 

for predicting the presence of intra-abdominal injuries. As it only uses data from physical 

examination, laboratory results and ultrasonography results, which are obtained in every 

trauma case, the BATIC score should be prospectively tested in a multicenter trial of both 

secondary and tertiary care hospitals. This way, children with a low risk of intra-abdominal 

injury could be detected. In these children CT scans could therefore be avoided. The main 

advantage of the BATIC score is that it comprises hemodynamic parameters, lab results and 

ultrasound imaging. These are all easily obtainable parameters and are concurrent with 

the ATLS concept. It is therefore an objective measurement that correlates strongly with 

common clinical reasoning.

Biomarkers

A specific blood plasma marker for the presence abdominal injury would be a valuable 

addition to the diagnostic workup. It could save valuable time, and reduce costs and 
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unwarranted medical examinations. Based on preliminary results in adults, Liver Fatty Acid 

Binding Protein (L-FABP) can be seen as early marker for severity of injury and possibly 

specifically for the presence of abdominal injury.23 L-FABP levels rise quickly after the injury 

to rapidly decrease afterward. A large number of patients will be necessary to determine 

the diagnostic accuracy of L-FABP for the presence of intra-abdominal injury. This prospec-

tive trial is currently underway in the University Medical Center Groningen.

The biological availability of FABPs in urine makes it a potentially valuable marker specifi-

cally for the presence of abdominal injury in children. While the current ELISA is available 

only in research setting, a point-of-care test will become available this year. This will allow 

the physician to test e.g. Liver or Intestinal Fatty Acid Binding Protein on the spot in the 

emergency room. This technique might also become available for other centres after a 

prospective trial has been conducted. This could evolve into a clinical urine or blood test to 

indicate the presence or absence of intra abdominal injury.

One of the main legal problems in the Netherlands is the impossibility to perform observa-

tional studies without direct (possible) therapeutic benefit in children. We have attempted 

to perform an observational study using urine L-FABP as biomarker for the presence of 

intra-abdominal injury in children. However, the Institutional Review Board of the Uni-

versity Medical Center Groningen did not grant permission for that trial, as the individual 

child did not possibly benefit because all ELISA’s were to be done in batch analysis when 

inclusion was completed. Until this law has changed – and there are many efforts in place 

to do so – this kind of observational research leading to an improvement in management 

is impossible in children.

II. IntrA-ABdoMInAl InJury

This thesis started with the simple question why a child with liver injury should be in bed 

for one week. In the second part of the thesis we investigated daily practice in our hospital 

for patients with intra-abdominal injury, and compared our results with the literature. We 

focused mainly on the results of non-operative management (NOT) and we tried to identify 

areas for further improvement in clinical management for these patients.

In our hospital the observation of splenic and hepatic injuries consisted of one-week bed 

rest, independent of injury severity. This was based on the theory that a thrombus needs 

time and rest to become be organised and prevent re-bleeding. For neither this observation 

period nor for the APSA protocol, conclusive evidence exists. Independent of observation 

schemes late bleeding does occur.
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liver

Regarding pediatric blunt liver injury, we have found incidence and injury mechanism to 

be age-related. Most cases of liver injury are caused by traffic crashes, with bicycle injuries 

especially prevalent in the 6-10 year old patients. The high incidence of bicycle injuries 

seems to be a typically Dutch phenomenon compared to international data.2

Concerning treatment, fluid resuscitation alone is often sufficient to stabilize children he-

modynamically, which is different from the adult patient who is hemodynamically instable. 

Therefore NOT might be more appropriate in the pediatric population. Historically the 

treatment of paediatric blunt hepatic injury has changed from conservative treatment to 

aggressive operative treatment in the beginning of last century to return to non operative 

treatment if possible by the end of the century.24,25,26,27

We also have found a shift to non-operative treatment over time in our hospital, paralleled 

by a decrease in the mean ICU stay. This is in line with the literature. However the total 

admission time has not decreased significantly. The avoidance of risks is the most probable 

explanation for the fact that total admission time has not decreased in our hospital.

spleen

The management of splenic injury used to be an aggressive approach of mandatory op-

erative repair based on the concept that a significant injury will not heal spontaneously. 

In retrospect, the often unnecessary and sometimes technically difficult surgery led to 

increased morbidity and mortality.

The recognition of overwhelming post splenectomy infections (OPSI) resulted in the wish 

for spleen preserving therapies specifically for children in the sixties. After splenectomy the 

lifetime risk for OPSI is around 5% with a mortality rate of about 50%, which makes it a 

substantial risk specifically for children.28 Pediatric surgeons were among the first to realize 

this potential threat. Spleen preserving therapies such as splenic nets became popular to 

maintain splenic function. Subsequently pediatric/ traumasurgeons surgeons developed 

even more conservative regimen by adopting a entire non-operative approach.25,30,31

Splenic injury in children is associated with substantial mortality. This mortality is mainly 

due to concomitant injuries but not to the splenic injury itself. For splenic injuries in hemo-

dynamically stable children, ICU and hospital stay have, despite the change from opera-

tive treatment to non-operative treatment, remained the same. Although they are well 

described in literature, we did not observe severe late onset complications in children with 

hepatic or splenic injury treated non-operatively. As the incidence of complications is low 

and success rates are over 95%, non-operative management is the preferred treatment for 

the hemodynamically stable patient. Although the conservative approach towards splenic 
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and hepatic injury is now the treatment of choice, treatment protocols tend to err on 

the safe side.10 The total admission time for liver and splenic injury should further be 

shortened, as late complications are rare.

Pancreas

Pancreatic injury in children is often difficult to diagnose but should always be in the 

differential diagnose in the abdominally injured child, even in the absence of physical or 

biochemical suspicious signs. Repeated evaluation and specific blood and urine analysis for 

amylase after 6 hours is advised. This implies that in case of early discharge the child has 

to be followed up in the outpatient clinic, and general practitioners should readily refer 

patients with a suspicion of pancreatic injury (trauma mechanism and upper abdominal 

pain) to a (pediatric or trauma) surgeon. In case of a raised suspicion for pancreatic injury 

imaging techniques such as CT, MRI or MRCP are indicated. Imaging techniques should 

specifically focus on injury to the pancreatic duct. Injury to the pancreatic duct is and 

remains a challenge to diagnose.

Even higher grades of injury, including transsection of the pancreatic duct, can sometimes 

be treated non-operatively.16,17,30 A complete transsection of the pancreatic duct can –when 

discovered within hours after the injury – be an indication for pancreatic tail resection.1 

However, less invasive measures such as ERCP with stenting should be considered before 

embarking on resection, especially in the bigger child. The complexity of diagnosis and 

treatment of pancreatic injury implies that early referral to or consultation of specialists at 

pediatric trauma centers with experience in pediatric pancreatic injury is advised.

ConClusIons

I. diagnosis

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 limited 

diagnostic yield in the hemodynamically stable child, and should be avoided if possible, 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 

make 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 refrain from CT scan in the hemodynamically stable 

child – even in the presence of free fluid on ultrasound. Not performing a CT scan implies 
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that the physician is not aware of the extent of injury. However, as others and we have 

demonstrated: a CT scan often only offers a false sense of security. This is something doc-

tors should learn to live with, as the alternative is probably more detrimental to the patient.

It might be that in the absence of CT scan - and thus in relative doubt about the extent of 

injury - we will have a lower threshold for admission of children for observation or keep 

them in observation 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.

Also, a nationwide study aiming to prospectively evaluate the BATIC score is under review 

in the different pediatric trauma centers in the country, while we eagerly await first results 

from the FABP trial to see whether these results could be applicable to children as well. 

A multi-center trial investigating circulating L-FABP levels in children should provide a 

subsequent answer to that.

II. treatment.

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. A critical review of the 

admission protocols for pediatric abdominal injuries is therefore advised.

Based on the findings in this thesis we could argue that when there have not been 

complications within the first two days, patients can be discharged the third or fourth 

day post injury. When there is no clear organ damage on ultrasound, patients might be 

discharged the second day after the accident. For patients with limited injury to liver or 

spleen, discharge the third day post injury might be a good option. One might argue that 

the child is (subconsciously) capable of determining the need for bed rest and hospital 

admission: we all too often observed children jumping around in their hospital beds or 

on the wards. These kids could probably be discharged the moment they are able to walk 

around. This relies on thorough instructions for both patients and parent/caretakers, as 

late complications can never be ruled out. Just as new diagnostic algorithms, these new 

guidelines for monitoring hemodynamically stable children with hepatic or splenic injuries 

should be investigated prospectively

To answer the question, which formed the basis of this thesis: there was no evidence for 

adhering to 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 



General discussion and future perspectives 131

11

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 Dutch law. From such collaboration all injured children will benefit.

In the long run, a small country like the Netherlands will benefit from concentration of 

specialised care. This implies that, ideally, severely injured children should be referred to 

one or two dedicated pediatric traumacenters, which might even have a supranational 

function. Accreditation of these centers, including key performance indicators and formal 

national guidelines, may contribute significantly to the care of the possibly injured child.
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