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Abstract 

Context: The current review article considered the latest published papers on reducing 

unnecessary head computed tomography (CT) scans in pediatrics, so that a better basic structure 

can be made for further surveys.  

Evidence acquisition: The papers were selected using Google scholar and Pubmed to search 

“reducing unnecessary head CT scan in pediatrics” with related keywords compatible with Mesh 

system in search strategy. Original articles and systematic reviews published after 2010 were 

included; but other types of manuscripts such letter to editor, editorial, case series, etc. were 

excluded. The eligible articles’ title and abstract were assessed for relevance to our topic. The full-

text of final selected papers were studied by the investigators. Furthermore, a critical appraisal was 

performed in an expert panel to summarize and make it applicable. 

Results: The extracted manuscripts have addressed this issue with various strategies. To simplify 

discussion, the findings could be categorized as followed: observation period, focused history 

taking; protocol and guideline development; implementation of validated clinical prediction rules; 

and finally blood-based decision making by assessing neuro-biomarkers level. 

Conclusion: Most of reviewed articles are focused on clinical findings so that we can find the very 

low risk or low risk category of the pediatrics with blunt head trauma. Some other also tried to 

ease the use of available clinical prediction rules in this regards. On the other hand, measurement 

of serum biomarkers level has been taken into account, but their widely application in practice is 

not well supported by evidence yet. 

Keywords: Child; Decision Support Techniques; Head Injuries, Closed; Pediatrics; Tomography, 

X-Ray Computed; Unnecessary Procedures 

 

 

 



 

 

1. Context 

Trauma is definitely, if not the most, one of the most frequent reason for visiting emergency 

department (ED); and pediatric patients are consisting a significant part of ED traumatic patients, 

with special and different needs from adults. The physical examination in this age category is 

almost difficult, and results in lower threshold of decision making regarding use of radiology. 

Among the available radiologic modalities, head computed tomography (CT) scan is the modality 

that is frequently used, and studies have been performed to assess its interpretation accuracy by 

various physician (1, 2). It is regularly used as a high sensitive test to rule out the intracranial and 

skull injuries following traumatic events in pediatrics, with highly variated rate in various centers 

and countries (3-5). But, it seems that the rate of normal imaging is so high which lead to 

conducting researches in this era, so can reduce unnecessary head CT and excessive radiation 

exposure in this population. This topic has been taken into account, because of lots of known or 

even unknown side effects in near or far future (6, 7). The current review article, aimed to review 

the latest published papers on this subject, so that a basic structure can be made for better upcoming 

surveys. 

2. Evidence acquisition 

For conducting this simple review article, the papers were selected using Google scholar and 

Pubmed to search “reducing unnecessary head CT scan in traumatic pediatrics” with related 

keywords compatible with Mesh system in search strategy. The selected keywords were as bellow: 

“Tomography, X-Ray Computed”, “Pediatrics”, “Unnecessary Procedures” and “Head Injuries, 

Closed”. 



 

 

Those paper that performed a survey with the main aim of reducing the number of head CT in 

traumatic pediatrics were eligible.  Just Original articles and systematic reviews, published after 

2010 were included; but other types of manuscripts such letter to editor, editorial, case series, etc. 

were excluded. Papers in other language other than English were also excluded. By reviewing the 

articles, using Endnote software, duplicated findings were omitted.  

The eligible articles’ title and abstract were assessed for their relevance to our topic. The full- text 

of selected papers were studied by the investigators. Furthermore, a critical appraisal was 

performed in an expert panel to summarize and make it applicable.  

Finally, the extracted subjects were categorized in subheadings and the article was written. 

Thereafter whole manuscript was reviewed, revised and approved by all the authors. 

3. Results 

Researchers from all around the world are trying to implement different strategies to reduce the 

number of unnecessary head CT scans in pediatric population. The findings have been categorized 

and are discussed in the following subheadings. There were some specific answers to the main 

question of this review article. The extracted manuscripts have addressed this issue with various 

strategies that were summarized below. 

3.1. Observation and reassessment before decision making 

Nigrovic et al in 2011 conducted a prospective multicenter observational study to evaluate the 

influence of an observation period prior to decision making regarding whether to perform head CT 

scan in pediatrics with minor blunt head trauma or not. They found out the mentioned strategy was 

associated with reduced number of head CT (8). 



 

 

Most ED physicians in response to the worried parents, prefer to perform head CT scans in order 

to decide on disposition as soon as possible. Overcrowded EDs, and lack of proper and specific 

place for pediatric observation can also be effective on such preference. But it was reported that 

considering a period for observation and reassessment could be valuable for reducing unnecessary 

head CT in pediatrics (8). 

3.2. History suggestive but not determinative 

Palchak et al tried to find whether an isolated history of loss of consciousness (LOC) and/or 

amnesia is predictive of TBI in pediatrics affected by blunt head trauma. They concluded that such 

history, without other clinical findings, was not accompanied with neither pathologic findings in 

head CT nor with any TBI (9). In another study conducted by Palchak et al, history of post 

traumatic vomiting in a child is a considerable risk factor for TBI and in presence of such a history 

could not preclude the risk of TBI (10). 

3.3. Guideline or protocol development 

Astrand et al in 2016, published Scandinavian guideline for primary management of children 

affected by head trauma. The guideline divided the head trauma pediatric patients into minimal, 

mild and moderate, and also the mild group into 3 categories including high-, medium- and low-

risk. Based on this guideline, we can refrain from performing head CT scan in children with 

minimal-risk, mild-low-risk and mild-moderate-risk (11). 

Protocols were commonly used as local solution in response to the needs of specific center, 

especially the educational one, in which the in-charge physicians including residents were changed 

regularly. Although the protocols were prepared based on the evidence, they were modified by the 



 

 

physicians of the related center. Guidelines are usually prepared by national or internationa l 

scientific forums, and are constructed using high level of evidence from better literature review. 

3.4. Implementation of clinical prediction rules 

Osmond et al in 2010, derived a clinical decision rule for dealing with pediatrics affected by blunt 

head trauma. “Failure to reach score of 15 on the Glasgow coma scale (GCS) within two hours, 

suspicion of open skull fracture, worsening headache and irritability” were considered as high-risk 

factors that have 100.0% sensitivity for expecting the necessity of further investigation. “Large, 

boggy hematoma of the scalp, signs of basal skull fracture, dangerous mechanism of injury” were 

considered as medium-risk factors with 98.1% sensitivity for the prediction of TBI by head CT 

scan. This clinical prediction rule is known as “CATCH”, abbreviation for “Canadian Assessment 

of Tomography for Childhood Head Injury” (12). 

Jennings et al in 2017, evaluated the impact of implementing of a validated clinical prediction rule 

on decreasing the use of head CT scan in children. They reported that the rate of performing head 

CT scan decreased significantly from 29.2% to 17.4% when using this prediction rule (13). 

Derivation of clinical prediction rules has attracted a lot of attention in recent years. In such 

surveys, following a prospective high power cohort study, the low risk or very low risk patients 

were defined, so excluded from further unnecessary diagnostic test. National Institute of Clinica l 

Excellence (NICE) in 2004, The Royal College of Surgeons of England (RCS) in 2005, Children's 

Head Injury Algorithm for the Prediction of Important Clinical Events (CHALICE) in 2006, and 

Canadian Assessment of Tomography for Childhood Head Injury (CATCH) in 2010 derivate their 

guidelines for favorable management of pediatric population presenting ED due to head trauma 

(12, 14-16). However, when it comes to “reducing unnecessary head CT scan in pediatrics”, the 



 

 

PECAREN study was one of the valuable studies which derivate and validate an age-specific 

clinical prediction rule for pediatrics younger and also older than 2-year-old separately (17). 

“Normal mental status, no scalp hematoma except frontal, no loss of consciousness or loss of 

consciousness for less than 5 seconds, non-severe injury mechanism, no palpable skull fracture, 

and acting normally according to the parents” with NPV of 100% obviate the need for performing 

head CT in children younger than 2 years. As well, “normal mental status, no loss of consciousness, 

no vomiting, non-severe injury mechanism, no signs of basilar skull fracture, and no severe 

headache” with NPV of 99.95% obviate the need for performing head CT in children older than 2 

years (17). It should be mentioned that the controversies are still present regarding the most 

valuable clinical prediction rules and research in this era is still on (18). 

Ghizoni et al in 2013, performed a critical appraisal on the literatures and their final conclusion 

was in favor of accepting the Pediatric Emergency Care Applied Research Network (PECARN) 

guidelines, suggesting head CT scans for “children with GCS of 14, altered level of consciousness 

and palpable skull fracture, or when warranted by the physician experience, multiple findings or 

worsening symptoms” (19). 

3.5. Gadgets for ease of use 

Atabaki et al in 2017, published a paper and reported that despite introducing the validated 

evidence-based clinical prediction rules, the rate of unnecessary head CT had not decreased. So 

they designed an electronic health record (EHR) for easier application (20). Using computerized 

clinical decision support systems, web-based calculator, or mobile applications make the clinica l 

prediction rules easier and more convenient to use (21, 22). 

3.6. Blood-based decision making: neuro-biomarkers 



 

 

Langness et al in 2017, published a paper regarding the role of plasma D-dimer level measurement 

to decrease unnecessary head CT scan in children affected by blunt head trauma. They reported 

that plasma D-dimer level less than 750 pg/μL could significantly preclude the number of 

unnecessary head CT scans (23). 

Papa et al in 2017, investigated the possible role of serum ubiquitin C-terminal hydrolase (UCH-

L1) level in predicting pathologic findings on head CT scan in children with mild and moderate 

TBI with GCS of 15. They reported that UCH-L1 cut-off level of 0.18 ng/mL has a sensitivity and 

negative predictive value (NPV) of 100%, but specificity of 47% (24). 

Manzano et al in 2016, evaluated the possible role of serum S100B level in predicting the TBI in 

pediatrics population affected by mild blunt head trauma. They concluded that, with a 0.14 µg/L 

cut-off point, its measurement during the first 6 hours of traumatic event has a sensitivity of 95%, 

so would be valuable in terms of reducing unnecessary head CT (25). 

Lastly, numerous researchers recommend that measurement of some biomarkers in blood sample 

could be considered as a reliable method to predict possible TBI (26). S100B protein is the one 

that has been assessed in major number of surveys to find its best cut-off point and also the best 

period for sampling and controversies are yet present. Considering the available resource, it seems 

that S100B has a high sensitivity but low specificity for predicting TBI in pediatrics (25, 27). 

UCH-L1, D-dimer, myelin basic protein (MBP), neuron-specific enolase (NSE), glial fibrillary 

acid protein (GFAP), interleukin-6 and interleukin-8 were also, to some extent, investigated in this 

regard, but still need further evaluation before application (23, 24, 28). Such biomarkers have been 

investigated lonely, and it may be logical to use paired or multiple biomarkers in this regard. 

https://www.sciencedirect.com/science/article/pii/S0022346817305134#!


 

 

4. Conclusion 

Most of reviewed articles are focused on clinical findings so that we can find the very low risk or 

low risk category of the pediatrics with blunt head trauma. Some other also tried to ease the use of 

available clinical prediction rules in this regards. On the other hand, measurement of serum 

biomarkers level has been taken into account, but their widely application in practice is not well 

supported by evidence yet. 
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