
99

April 2019, Volume 7, Issue 2, Number 14

Alireza Baratloo1 , Mohammad-Taghi Talebian2 , Sahar Mirbaha3 , Shahram Bagheri-Hariri2*  

Review Article:
Reducing Unnecessary CT Scanning in Head Trauma of 
Pediatric Patients: A Narrative Review

Context: The current review article considered the latest published papers on reducing 
unnecessary head Computed Tomography (CT) scans in pediatric patients, to pave the way for 
further surveys. 

Evidence Acquisition: The papers were selected through Google Scholar and PubMed.  We 
searched “reducing unnecessary head CT scan in pediatric patients” with related keywords 
compatible with MeSH system in accordance with the search strategy. Original articles and 
systematic reviews published after 2010 were included. Other types of manuscripts such as a 
letter to editor, editorial reviews, case series, etc. were excluded. The title and abstract of the 
eligible articles were assessed in terms of 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 it and make it applicable.

Results: The extracted manuscripts have addressed this issue by various strategies. The findings 
could be categorized as follows: observation period, focused history taking, protocol and 
guideline development, implementation of validated clinical prediction rules, and blood-based 
decision making by assessing neuro-biomarker levels.

Conclusions: Most of the reviewed articles were focused on clinical findings to discover  the 
minimum or low risk category of the pediatric patients with blunt head trauma. Other articles 
attempted on facilitating the use of available clinical prediction rules in this regard. Also, the 
measurement of serum biomarker levels has been considered; however, their widely application 
in practice is not well supported by evidence yet.
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1. Context

rauma is definitely among the most frequent 
reasons for admission to Emergency Depart-
ment (ED). Pediatric patients consist a signifi-

cant part of ED trauma patients, with special and differ-
ent needs from adults. Physical examination is rather 
difficult in this age group, and decision making depends 
on the use of radiology. Head Computed Tomography T
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(CT) scan is frequently used in this regard, but  various 
physicians assessed its interpretation accuracy (1, 2). 

CT scan is regularly used as a high sensitive test to rule 
out the intracranial and skull injuries following trauma in 
children. Its rate of use varies in different countries and 
even different health centers within a country (3-5). Con-
sidering the high rate of normal imaging, it is necessary to 
conduct studies to reduce unnecessary head CT scanning 
and excessive radiation exposure, in this population. This 
topic has also drawn much attention, because of many 
known or even unknown short- or long-term side effects 
of imaging (6, 7). The current study  aimed to review the 
latest published papers on this subject to develop a basic 
structure for improving surveys.

2. Evidence Acquisition

The relevant papers were selected searching Google 
Scholar and PubMed. We searched papers on “reducing 
unnecessary head CT scan in traumatic pediatric patients” 
with related keywords compatible with MeSH system in ac-
cordance with the search strategy. The selected keywords 
were tomography, X-ray computed, pediatrics, unneces-
sary procedures, head injuries, and closed.

Papers with the main aim of reducing the number 
of head CT scan in trauma pediatric patients were 
considered eligible. Original articles and systematic 
reviews, published after 2010 were included. Other 
types of manuscripts such as letter to the editor, edi-
torial reviews, case series, etc. were excluded. Papers 
in languages other than English were also excluded. By 
reviewing the articles, duplicates were omitted using 
Endnote software. 

The title and abstract of the eligible articles were as-
sessed in respect of 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 it and make it applicable. 
Finally, the extracted subjects were categorized in the 
following section and the manuscript was prepared.  
Then, the complete manuscript was reviewed, revised 
and approved by all of the authors.

3. Results

Researchers are trying to implement different strategies to 
reduce the number of unnecessary head CT scans in pedi-
atric patients. Their findings are categorized and discussed 
in the following subheadings. There were specific answers 
to the main question of this review article. The extracted 

manuscripts have addressed this issue with various strate-
gies that are summarized below.

3.1. Observations and reassessment before decision making

Nigrovic et al. conducted a prospective multicenter 
observational study to evaluate an observation period 
prior to make decision on the necessity of head CT scan 
in pediatric patients with minor blunt head trauma. 
They reported that their mentioned strategy was asso-
ciated with reduced number of head CT scanning (8).

Most Emergency Department (ED) physicians prefer to 
perform head CT scans in response to the worried par-
ents and decide on the patient’s condition, at the soon-
est possible. Overcrowded EDs, and lack of proper and 
specific place for pediatric observation can also influence 
such preference. However, considering a period for ob-
servation and reassessment could be effective in reduc-
ing unnecessary head CT scans in pediatric patients (8).

3.2. Medical history, suggestive but not conclusive

Palchak et al. examined whether an isolated history of 
Loss of Consciousness (LOC) and or amnesia is predic-
tive of TBI (Traumatic Brain Injury) in pediatrics affected 
by blunt head trauma. They concluded that such history, 
without other clinical findings, was not accompanied 
with either pathologic findings in head CT scan or with 
any TBI (9). Another study by Palchak et al. examined 
the history of posttraumatic vomiting in a child as a con-
siderable risk factor for TBI and concluded that such his-
tory could not prevent the risk for TBI (10).

3.3. Guideline or protocol development

Astrand et al. published the Scandinavian guideline 
for primary management of children affected by head 
trauma. The guideline categorized the head trauma pe-
diatric patients into minimal, mild and moderate. They 
also divided the mild group into 3 subcategories includ-
ing high-risk, medium-risk and low-risk groups. Based 
on this guideline, we can refrain from performing head 
CT scan in children with minimal risk, mild low-risk and 
mild moderate-risk head trauma (11).

Protocols were commonly used as a local solution in 
response to the needs of specific centers, especially the 
educational ones, in which the physicians in charge in-
cluding residents’ shifts are changed regularly. The pro-
tocols were modified by the physicians of the related 
center, despite being evidence-based. Guidelines are 
usually prepared by national or international scientific 
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forums and are constructed using high levels of evi-
dence from an accurate literature review.

3.4. Implementation of clinical prediction rules

Osmond et al. (2010) developed a clinical decision rule 
for the management of pediatric patients with blunt 
head trauma. Failure to reach score 15 on the Glasgow 
Coma Scale (GCS) within 2 hours, suspected open skull 
fracture, worsening headache and irritability were con-
sidered as high-risk factors with a 100% sensitivity for 
the necessity of further investigations. Large, boggy 
hematoma of the scalp, signs of basal skull fracture, 
dangerous mechanism of injury were considered as me-
dium risk factors with 98.1% sensitivity for the predic-
tion of TBI by head CT scan. This clinical prediction rule 
is called “CATCH” (Canadian Assessment of Tomography 
for Childhood Head Injury) (12). Jennings et al. evalu-
ated the impact 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 de-
creased 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, patients 
at low risk or very low risk were identified following a 
prospective high power cohort study, to be excluded 
from further unnecessary diagnostic services. The Na-
tional Institute for Health and Care Excellence (NICE) in 
2004, The Royal College of Surgeons of England (RCS) 
in 2005, Children’s Head injury Algorithm for the pre-
diction of Important Clinical Events (CHALICE) in 2006, 
and Canadian Assessment of Tomography for Childhood 
Head injury (CATCH) in 2010, developed their guidelines 
for an optimal management of pediatric population 
referring to ED due to head trauma (12, 14-16). How-
ever, the PECAREN (Pediatric Emergency Care Applied 
Research Network) study was a valuable study on re-
ducing unnecessary pediatric head CT scan, which de-
veloped and validated an age-specific clinical prediction 
rule for the children younger and  older than 2 years of 
age, separately (17). 

Normal mental status, no presence of scalp hema-
toma (except frontal), no loss of consciousness or loss 
of consciousness for less than 5 seconds, non-severe 
injury mechanisms, no palpable skull fracture, and nor-
mal behavior according to the parents obviate the need 
for performing head CT in children younger than 2 years 
old, with Negative Predictive Value (NPV) of 100%. Also, 
normal mental status, no loss of consciousness, no vom-
iting, non-severe injury mechanisms, no signs of basilar 

skull fracture, and no severe headache obviate the need 
for performing head CT in children older than 2 years 
with NPV of 99.95% (17). There is no consensus on the 
most valuable clinical prediction rules, and research in 
this area is still on-going (18).

Ghizoni et al. performed a critical appraisal on the 
literature and their final conclusion was in favor of ac-
cepting the PECARN guidelines. This guideline suggests 
head CT scans for children with GCS of 14, altered level 
of consciousness and palpable skull fracture, or when 
warranted by the physician experience, the presence of 
multiple findings or worsening symptoms (19).

3.5. Gadgets for ease of use

Atabaki et al. reported that despite introducing the 
validated evidence-based clinical prediction rules, the 
rate of unnecessary head CT scans had not decreased. 
Thus, they designed an electronic health record (EHR) 
for easier application (20). Using computerized clinical 
decision support systems, web-based calculator, or mo-
bile applications facilitate the use of clinical prediction 
rules (21, 22).

3.6. Blood-based decision making: Neuro-biomarkers

Langness et al. investigated the role of measurement 
of plasma D-dimer level to decrease unnecessary head 
CT scans 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. investigated the possible role of serum lev-
els of Ubiquitin C-terminal Hydrolase (UCH-L1) in pre-
dicting pathologic findings on head CT scan in children 
with mild and moderate TBI with GCS of 15. They re-
ported a sensitivity and NPV of 100%, but specificity of 
47% for a UCH-L1 cut-off level of 0.18 ng/mL (24).

Manzano et al. evaluated the possible role of serum 
S100B level in predicting the TBI in pediatrics popula-
tion affected by mild blunt head trauma. They conclud-
ed that serum S100B level measurement in the first 6 
hours of trauma with a cut-off point of 0.14 µg/L would 
have a sensitivity of 95%. Therefore, it could be used to 
reduce unnecessary head CT scans (25).

Numerous researchers recommend the measurement 
of some biomarkers in blood sample, as a reliable meth-
od to predict possible TBI (26). S100B protein has been 
frequently assessed in different studies to find its best 
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cut-off point. However, there is no consensus on the 
best time period for sampling S100B protein. Consider-
ing the available literature, S100B has a high sensitivity 
but low specificity for predicting TBI in children (25, 27). 
UCH-L1, D-dimer, Myelin Basic Protein (MBP), Neu-
ron-Specific Enolase (NSE), Glial Fibrillary Acid Protein 
(GFAP), interleukin-6 and interleukin-8 have also been 
investigated to some extent in this regard. However, fur-
ther evaluations are required before practicing their ap-
plication (23, 24, 28). Such biomarkers have been inves-
tigated solely, and it may be logical to investigate them 
in combination in this regard.

4. Conclusions

 We mostly reviewed studies focused on clinical find-
ings to discover the very low risk or low risk category 
of the pediatric patients with blunt head trauma. Other 
articles attempted on facilitating the use of available 
clinical prediction rules in this regards. Furthermore, the 
measurement of serum biomarker levels has been  con-
sidered; however, their widely application in practice is 
not well supported by evidence yet.
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