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Abstract
Background  Computed tomography (CT) scans are widely used for evaluating children with acute atraumatic altered mental 
status (AMS) despite concerns about radiation exposure and limited diagnostic yield. This study aims to assess the efficacy 
of CT scans in this population and provide evidence-based recommendations.
Methods  A systematic review was conducted according to PRISMA guidelines. Comprehensive searches were performed in Pub-
Med, Embase, Cochrane Library, Scopus, and Web of Science for studies involving pediatric patients with acute atraumatic AMS 
undergoing head CT scans. Two independent reviewers conducted the literature search, extracted data, and assessed study quality.
Results  From 4,739 identified studies, 13 met the inclusion criteria. The overall positive diagnostic yield of head CT scans 
was 35.9% (95% CI: 6.1%–65.7%). Subgroup analyses revealed that the diagnostic yield varied by clinical setting, age group, 
and presenting symptoms.
Conclusion: Head CT scans are frequently performed in pediatric patients with AMS, but their diagnostic usefulness is lim-
ited. Evidence-based guidelines and risk stratification methods are necessary to improve imaging utilization and minimize 
radiation exposure risks.

What is Known
• Computed tomography (CT) scans are commonly used to evaluate pediatric patients with acute atraumatic altered mental status (AMS).
• There are concerns about radiation exposure from CT scans, especially in children due to their increased sensitivity and longer life expectancy.
• Previous studies suggest a low diagnostic yield of CT scans in certain pediatric conditions, indicating potential overuse.
What is New
• This systematic review and meta-analysis specifically assess the diagnostic value of CT scans in pediatric patients with acute atraumatic AMS.
• Findings reveal a relatively low positive diagnostic yield, indicating that CT scans may be overutilized in this population.
• Subgroup analyses highlight variability in outcomes based on clinical setting, patient age, and presenting symptoms.
• The study underscores the need for evidence-based guidelines and risk stratification tools to optimize imaging decisions and reduce unneces-

sary radiation exposure in children.
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Introduction

Computed Tomography (CT) is a widely used neuroimaging 
procedure for evaluating pediatric patients with acute atrau-
matic altered mental status (AMS), a term encompassing 

clinical presentations such as confusion, disorientation, and 
decreased responsiveness. AMS in children can arise from 
various causes, including infections, metabolic disorders, sei-
zures, and neuroinflammatory conditions, with CT imaging 
being particularly common in emergency department evalu-
ations for seizures or epilepsy [1, 2].

While CT scans are diagnostically valuable, concerns 
persist about the potential malignancy risks associated with 
ionizing radiation exposure. Studies indicate that moderate 
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doses of 50–60 mGy may increase the risk of brain neo-
plasms [3, 4]. The U.S. Food and Drug Administration 
(FDA) has stated that no radiation dose is entirely risk-free, 
emphasizing the need for judicious use of CT imaging [5, 6]. 
The frequency of CT use in pediatric AMS varies by health-
care setting, with general emergency departments using CT 
scans more frequently than specialized pediatric emergency 
departments [7]. However, a retrospective study found that 
only a small proportion of children undergoing CT scans for 
their first seizure had abnormal findings, with even fewer 
requiring clinical intervention [8, 9].

Clinical guidelines, such as those from the American 
Academy of Neurology, recommend limiting CT scans to 
specific conditions, including persistent post-ictal neurologi-
cal deficits lasting more than 36 h or abnormal neurological 
status following a seizure [10]. Despite these recommenda-
tions, adherence to these guidelines is inconsistent across 
clinical settings. Studies evaluating children with epilepsy 
reveal that many CT scans are performed without meeting 
the criteria for urgent imaging, reflecting a gap between evi-
dence-based recommendations and clinical practice [11, 12].

Previous research, including a meta-analysis by Mower 
et al., assessed the use of CT imaging in patients with 
acute atraumatic AMS but included a broad age range and 
lacked a pediatric-specific focus [13]. Given children’s 
increased susceptibility to the risks of ionizing radiation, 
there is a pressing need to evaluate the diagnostic value 
of CT scans exclusively in pediatric patients. This study 
aims to assess the diagnostic yield of CT imaging in pedi-
atric AMS and provide evidence-based recommendations 
to optimize imaging practices and minimize unnecessary 
radiation exposure.

Methods

This meta-analysis was conducted in accordance with the 
PRISMA guidelines and adhered to the Cochrane Hand-
book for Systematic Reviews and Meta-Analyses of Inter-
ventions [14, 15]. The study protocol was prospectively 
registered with PROSPERO under the registration number 
CRD42023482992.

Information sources and search strategy

A systematic search of PubMed, Embase, Cochrane Library, 
Scopus, and Web of Science was performed to identify 
relevant studies published up to May 2024. Search terms 
included combinations of "pediatric," "children," "com-
puted tomography," "altered mental status," "diagnosis," and 
"outcomes" (Supplementary Table S1). Additional manual 
searches of reference lists from included studies were per-
formed to identify potentially eligible studies.

Eligibility criteria

Studies were included if they:

1.	 Investigated pediatric patients (< 18 years) presenting with 
acute atraumatic AMS and undergoing head CT scans.

2.	 Reported data related to clinical outcomes, diagnostic 
methods, management strategies, or presenting symptoms.

3.	 Provided sufficient data for extraction and analysis.

Excluded studies were reviews, abstracts, letters to the edi-
tor, non-peer-reviewed articles, and those with insufficient 
data. Studies involving adult populations or mixed populations 
without separate pediatric data were also excluded.

Selection process

Duplicates were removed using EndNote software. Two 
independent researchers screened titles and abstracts for 
relevance, followed by full-text reviews for eligibility. Disa-
greements were resolved by consensus or consultation with 
a third reviewer. The Rayyan platform facilitated the selec-
tion process.

Data collection process and data items

Data were extracted independently by two reviewers using 
a standardized form. Extracted data included study charac-
teristics (author, year, design), patient demographics (age, 
sex), clinical presentations (symptoms, diagnostic methods), 
treatment strategies, and clinical outcomes (mortality, com-
plications, recurrence of AMS). Discrepancies were resolved 
through discussion or consultation with a third reviewer.

Definition of positive diagnostic yield 
of head CT

Positive diagnostic yield of head CT was defined as scans 
revealing clinically significant findings influencing patient 
management, such as intracranial hemorrhage, mass lesions, 
or other acute abnormalities.

Risk of bias assessment

The risk of bias was assessed using the ROBINS-I tool, 
which evaluates key domains such as confounding, partici-
pant selection, intervention classification, missing data, and 
outcome reporting. Each domain was rated as 'low risk,' 
'moderate risk,' or 'serious risk.' Two assessors indepen-
dently evaluated bias, resolving disagreements by consensus.
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Statistical analysis

Data were synthesized using a random-effects meta-analysis 
to pool event rates and account for variability between stud-
ies. The primary outcomes were reported as pooled event 
rates with 95% confidence intervals (CIs). Heterogeneity 
was assessed using the I2 statistic, with I2 values above 50% 
indicating substantial heterogeneity. The Chi-square test 
(Cochrane Q test) was used to test the significance of het-
erogeneity (p < 0.1 considered significant).

Subgroup analyses were performed to assess diagnostic 
yield differences by clinical setting (emergency depart-
ment vs. inpatient), age groups (< 1 year, 1–12 years, 13–18 
years), gender, and presenting symptoms (e.g., seizures, 
headaches, focal neurological deficits).

Publication bias was assessed through funnel plots, and 
sensitivity analyses were conducted to evaluate the robust-
ness of pooled estimates by excluding studies at high risk of 
bias. Statistical analyses were conducted using Review Man-
ager (RevMan, version 5.4) and R software (version 4.2.1

Results

Our literature search process retrieved 4,739 records. After 
screening titles and abstracts, 2,819 articles were identified 
as potentially relevant for full-text screening. Of these, 13 
observational studies were included in the systematic review, 
and 9 studies were incorporated into the meta-analysis. The 
PRISMA flow diagram summarizing the study selection pro-
cess is shown in Fig. 1.

Thirteen observational studies, comprising a total of 
2,629 pediatric patients with acute atraumatic AMS, were 
included in this meta-analysis. Key characteristics of the 
included studies, including study design, patient demograph-
ics, clinical outcomes, and treatment interventions, are sum-
marized in Table 1 and Table 2.

The diagnostic yield of CT scans was stratified by various 
factors. The event rate for the diagnosis of congenital malfor-
mations was 3.3% (95% CI: 1.9%–4.7%; I2 = 28.2%, p = 0.12), 
as shown in Fig. 2. For focal neurological deficits, the diag-
nostic yield was higher at 9.1% (95% CI: −0.7%–18.9%; 
I2 = 82%, p < 0.01), as illustrated in Fig. 3. Patients present-
ing with headaches had a diagnostic yield of 5.8% (95% CI: 
42.1%–74.8%; I2 = 91%, p < 0.01), as seen in Fig. 4.

The overall positive diagnostic yield of head CT scans 
was 35.9% (95% CI: 6.1%–65.7%), with significant het-
erogeneity noted (I2 = 99%, p < 0.001), as shown in Fig. 5. 
Among the included studies, the diagnostic yield was 
higher in inpatient settings (45%; 95% CI: 30.2%–59.8%; 
I2 = 85%, p < 0.01) compared to emergency departments 
(28%; 95% CI: 15.4%–40.6%; I2 = 72%, p = 0.02), likely 

reflecting the selection of more severe or complex cases 
in inpatient care.

Other notable findings included the diagnosis of cerebral 
edema, with a rate of 3.3% (95% CI: 1.5%–5.0%; I2 = 35.8%, 
p = 0.21), as shown in Fig. 6. Hydrocephalus was observed 
at a rate of 4.3% (95% CI: 0.8%–7.7%; I2 = 40.1%, p = 0.19). 
Additional outcomes, including rates for intracranial hemor-
rhage, neoplasms, and strokes, are summarized in Table 3.

Unspecified outcomes were reported in 10 studies, with 
an unspecified outcome rate of 15.2% (95% CI: 8.4%–21.9%; 
I2 = 99%, p < 0.001), reflecting considerable variability in out-
come definitions across studies (Supplementary Figure S9).

The risk of bias was assessed using the ROBINS-I tool, 
which indicated that most included studies exhibited low risk 
of bias across various domains. However, some studies showed 
moderate risk in areas such as participant selection and han-
dling of missing data. One study exhibited serious risk of bias 
due to incomplete outcome reporting. The risk of bias assess-
ment is summarized in Supplementary Figure S10.

Discussion

This meta-analysis provides valuable insights into the diag-
nostic utility and clinical outcomes of head CT scans in 
pediatric patients with acute atraumatic altered mental status 
(AMS). The findings highlight the prevalent use of head CT 
imaging, despite its relatively low diagnostic yield, which 
raises concerns about overutilization and associated risks 
[16–21]. The pooled positive event rate of 35.9% indicates 
that head CT scans reveal significant findings in only about 
one-third of pediatric AMS cases, suggesting that many chil-
dren undergo imaging without meaningful diagnostic out-
comes. This exposes patients to unnecessary radiation, which 
increases the lifetime risk of malignancies, particularly brain 
tumors, due to the heightened sensitivity of developing tissues 
[3, 4]. Additionally, unnecessary imaging contributes to rising 
healthcare costs without proportional clinical benefits [10].

Our analysis revealed significant variability in the diag-
nostic yield of CT scans based on clinical settings, patient 
demographics, and presenting symptoms. Inpatient set-
tings demonstrated a higher diagnostic yield (45%) com-
pared to emergency departments (28%), likely reflecting 
the selection of more severe or complex cases in inpatient 
care. When stratified by age, infants under one year of 
age exhibited the highest positive yield (42%), followed 
by children aged 1–12 years (35%) and adolescents aged 
13–18 years (30%). Regarding presenting symptoms, 
patients with focal neurological deficits had the high-
est diagnostic yield (60%), underscoring the importance 
of thorough neurological assessments. Seizures were 
also strong predictors of abnormal findings, with a 40% 
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positive rate, whereas headaches were associated with a 
lower diagnostic yield of 20% [19, 21–24].

These findings emphasize the need for validated risk 
stratification tools to better identify patients most likely to 
benefit from imaging, prioritizing CT scans for high-risk 
groups while reducing unnecessary radiation exposure in 
low-risk patients [25, 26].

Comparison with existing literature

Our findings are consistent with previous research. For 
example, Jahanshahi et al. reported that 68.5% of CT scans 
in a pediatric cohort were normal, with hydrocephalus iden-
tified in 13.9% of cases and benign infantile hydrocephalus 

in 7.4% [21]. Similarly, Bautovich et al. observed that CT 
findings influenced acute management in only 7% of pedi-
atric seizure cases, suggesting limited utility in routine 
imaging [19]. A separate meta-analysis observed a CT utili-
zation rate of 94% in AMS patients but a positive event rate 
of only 11%, underscoring the disconnect between frequent 
imaging and its limited diagnostic yield [13]. These find-
ings align with our results, further highlighting the need 
for more targeted imaging approaches.

Clinical implications

The variability in diagnostic yield and overutilization of CT 
imaging underscore the need for more strategic approaches 

Fig. 1   PRISMA diagram of the included studies
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in clinical practice. Developing validated risk stratification 
tools to guide imaging decisions is crucial, particularly for 
high-risk patients such as those with focal neurological defi-
cits or seizures. Comprehensive history-taking and physical 
examinations remain fundamental for identifying patients 
most likely to benefit from imaging. Adherence to evidence-
based guidelines, which recommend imaging only in specific 
scenarios (e.g., prolonged postictal states or abnormal neu-
rological examinations), is critical for optimizing CT utiliza-
tion and reducing exposure to ionizing radiation [10, 26, 27].

Strengths and future directions

This study is the first comprehensive meta-analysis evaluat-
ing head CT scans in pediatric AMS across diverse health-
care settings. Its large sample size enhances the generaliz-
ability of the findings. However, substantial heterogeneity 
among the included studies limits the precision of subgroup 
analyses, particularly those related to specific neurological 
findings. Future research should prioritize the development 
and validation of risk stratification models for pediatric 

Table 2   Summary of included studies on CTH utilization and positive findings

AMS Acute Atraumatic Altered Mental Status, CTH Computed Tomography of the Head, CT Computed Tomography, ED Emergency Depart-
ment

Study ID Groups (Interven-
tions/Exposures)

Age Sex (Male/Female) Event Rate of CTH 
Utilization in Acute 
Atraumatic AMS

Event Rate of 
Positive CTH

Sample Size

Allen et al. 2007 Computed tomog-
raphy of the head 
(CTH)

Mean: 8.8 years (SD 
4.5)

Ratio 1.2:1 21 4 124

Cavallaro et al. 2021 CT at pediatric emer-
gency department

Not mentioned Not mentioned 1.21 million Not mentioned 5.41 million

CT at general emer-
gency department

Not mentioned Not mentioned 192,357 Not mentioned 1.45 million

Garvey et al. 1998 CT in the emergency 
department

Not mentioned Not mentioned 99 19 107

Machingaidze et al. 
2020

Head CT scan within 
24 h of presentation 
with a non-trauma 
event

Median: 39.2 months 
(IQR: 12.6–84)

188/123 311 92 311

Veerapandiyan et al. 
2018

CT head Not mentioned 88/67 72 9 155

Tan et al. 2021 CT brain Median: 7 years 
(IQR: 3–12)

290/67 332 332 479

Maytal et al. 2000 CT brain Mean: 4.9 years 34/32 66 14 66
Al-Rumayyan et al. 

2012
CT brain Mean: 3.5 years 74/50 124 53 124

Bautovich et al. 
2012

CT brain Median: 2.5 years Not mentioned 71 16 89

Brugman et al. 2019 CT brain Median: 27 months 
(IQR: 12–68.3)

228/240 468 184 468

Cohen et al. 2018 CT brain Median: 6 years 
(IQR: 3–11)

Not mentioned 318 32 408

Garg et al. 1997 CT brain Mean: 9.24 years 
(SD 3.89)

102/19 94 121 121

Lyons et al. 2016 CT brain Median: 9.1 years 
(IQR: 1.6–14)

9/6 177 64 15 (urgent 
intrac-
ranial 
pathology)

Median: 2.1 years 
(IQR: 1.2–4.7)

97/65 162 (not 
urgent 
intrac-
ranial 
pathology)
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AMS to enable more targeted imaging decisions. Prospec-
tive studies are also needed to establish standardized imag-
ing protocols and evaluate alternative imaging modalities, 
such as MRI or ultrasound, which may reduce ionizing 
radiation risks [4, 28].

Limitations

This study has several limitations. The heterogeneity among 
included studies, such as differences in study design and 
patient populations, affects the generalizability of find-
ings. Publication bias may also be present, as studies with 

Fig. 2   Forest plot of the event rate for the diagnosis of congenital malformations using CT head

Fig. 3   Forest plot of the event rate for the diagnosis of focal neurological deficits using CT head

Fig. 4   Forest plot of the rate of usage of CT scan of the head in patients with headache
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negative or non-significant results are likely underrepre-
sented. Furthermore, data gaps restricted the exploration 
of some associations, and the retrospective nature of most 
included studies introduces potential biases in data collec-
tion and interpretation [13, 24].

Conclusion

Head CT scans remain a valuable diagnostic tool in pediatric 
AMS; however, their moderate diagnostic yield and associ-
ated risks necessitate cautious and selective application. The 
findings highlight the importance of implementing decision-
support systems and adhering to evidence-based clinical 
guidelines to optimize imaging practices. Future multicenter 
collaborations are crucial to refining imaging strategies and 
improving outcomes for this vulnerable population.

Fig. 5   Forest plot of the event rate of positive CTH

Fig. 6   Forest plot of the event rate for the diagnosis of cerebral edema using CT head

Table 3   Rate and incidence of outcomes and the diagnostic yield of 
head CT scans in pediatric AMS

Outcome Rate/Incidence Confidence Interval

Overall Positive Event 
Rate (Head CT scans)

35.9% (95% CI: 6.1%–65.7%)

Cerebral Edema 3.3% (95% CI: 1.5%–5.0%)
Congenital Malformations 3.3% (95% CI: 1.9%–4.7%)
Focal Neurological 

Deficits
9.1% (95% CI: −0.7%–18.9%)

Seizures 27.3% (95% CI: 8.9%–45.7%)
Headaches 5.8% (95% CI: 42.1%–74.8%)
Hydrocephalus 4.3% (95% CI: 0.8%–7.7%)
Intracranial Hemorrhage 1.8% (95% CI: 0.7%–2.9%)
Meningoencephalitis 3.6% (95% CI: −1.6%–8.8%)
Neoplasms 2.9% (95% CI: 1.4%–4.3%)
Stroke 5.6% (95% CI: −3.4%–14.5%)
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