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Abstract

Background: Abusive head trauma (AHT), historically referred to as shaken baby syndrome (SBS), is a major cause of severe
traumatic brain injury in infants and young children and is associated with substantial morbidity, mortality, and diagnostic
complexity. Objective: To systematically review current evidence regarding the clinical manifestations, neuroimaging findings,
differential diagnosis, and neurodevelopmental outcomes associated with AHT in pediatric patients. Methods: A systematic
review was conducted in accordance with PRISMA 2020 guidelines. PubMed/MEDLINE, Scopus, and Web of Science were
searched for studies published between January 2020 and March 2026. Eligible studies included observational studies, cohort
studies, case-control studies, imaging-based investigations, clinically relevant review articles, and consensus statements
evaluating clinical, radiological, or neurodevelopmental outcomes in infants and children with AHT. Because of heterogeneity
in study design, outcome reporting, and availability of extractable data, findings were synthesized qualitatively. Results: A total
of 428 records were identified. After removal of duplicates and screening, 25 studies were included in the qualitative synthesis.
The most frequently reported clinical manifestations included seizures, irritability, altered mental status, apnea, vomiting, feeding
difficulties, and developmental impairment. Subdural hematoma, retinal hemorrhage, cerebral edema, and hypoxic-ischemic
injury were the predominant neuroimaging findings. Several studies emphasized the importance of differentiating AHT from
benign enlargement of the subarachnoid spaces, coagulation disorders, accidental trauma, and other non-traumatic conditions.
Long-term sequelae included developmental delay, epilepsy, cognitive impairment, motor dysfunction, visual impairment, and
behavioral abnormalities. Conclusion: AHT remains a complex pediatric condition associated with significant neurological
morbidity and diagnostic challenges. Neuroimaging plays a central role in evaluation, but multidisciplinary assessment and
careful differential diagnosis are essential to avoid misclassification. Long-term neurodevelopmental follow-up is critical for
affected children.
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1. Introduction

Abusive head trauma (AHT), historically referred to as
shaken baby syndrome (SBS), represents one of the leading
causes of severe traumatic brain injury in infants and young
children and remains a major source of morbidity and mortal-
ity worldwide [1]. The condition encompasses a spectrum of
inflicted cranial and intracranial injuries resulting from violent
shaking, blunt impact, or combined mechanisms, frequently
affecting children younger than two years of age [2]. Recent
epidemiological studies have demonstrated that AHT contin-
ues to be associated with substantial healthcare burden, long-
term neurological disability, and significant social and med-
ico-legal implications [1, 2].

The clinical presentation of AHT is often heterogeneous
and nonspecific, which may contribute to delayed diagnosis
and increased risk of adverse neurological outcomes [3].
Common manifestations include irritability, seizures, vomit-
ing, apnea, altered mental status, feeding difficulties, and de-
velopmental regression [3, 4]. In severe cases, patients may
present with respiratory compromise, coma, or sudden neuro-
logical deterioration secondary to intracranial injury [4]. Be-
cause these symptoms frequently overlap with infectious, met-
abolic, accidental, and congenital conditions, the diagnostic
evaluation of suspected AHT remains particularly challenging
in pediatric clinical practice [5].

Neuroimaging plays a central role in the identification and
characterization of intracranial injuries associated with AHT
[6]. Computed tomography (CT) is typically used as the initial
imaging modality in emergency settings because of its rapid
availability and ability to detect acute hemorrhage and frac-
tures [6]. Magnetic resonance imaging (MRI), however, pro-
vides superior evaluation of parenchymal injury, diffuse ax-
onal injury, hypoxic-ischemic changes, and chronic subdural
collections [7]. Among the most frequently reported radiolog-
ical findings are subdural hematomas, cerebral edema, diffuse
hypoxic-ischemic injury, retinal hemorrhage-associated find-
ings, and varying degrees of cerebral atrophy during long-
term follow-up [6, 7].

Recent studies have increasingly emphasized the role of ad-
vanced neuroimaging techniques in improving characteriza-
tion of intracranial injury patterns in AHT [8]. Diffusion-
weighted imaging and susceptibility-weighted imaging may
improve detection of diffuse white matter injury, microhemor-
rhages, and hypoxic-ischemic damage not always evident on
conventional imaging studies [8, 9]. Advanced MRI tech-
niques have additionally demonstrated value in evaluating in-
jury chronicity and identifying repeated traumatic events,
which may contribute to both clinical management and foren-
sic assessment [9, 10].

Retinal hemorrhage remains one of the most frequently re-
ported ophthalmologic findings associated with AHT and is
commonly observed in infants presenting with severe intracra-
nial injury [11]. Extensive multilayer retinal hemorrhages ex-
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tending to the retinal periphery have been reported more fre-
quently in AHT compared with accidental trauma or alterna-
tive medical conditions [11, 12]. Consequently, ophthalmo-
logic examination continues to represent an important compo-
nent of multidisciplinary assessment in suspected cases of
abusive pediatric injury [12].

One of the most controversial and clinically relevant as-
pects of AHT involves the differential diagnosis of subdural
collections in infancy [13]. Several conditions may mimic im-
aging findings commonly associated with AHT, including be-
nign enlargement of the subarachnoid spaces (BESS), coagu-
lation disorders, accidental trauma, metabolic diseases, con-
nective tissue disorders, and congenital abnormalities [13, 14].
In particular, BESS has received increasing attention because
enlarged extra-axial cerebrospinal fluid spaces may coexist
with subdural collections and potentially complicate radiolog-
ical interpretation [14, 15]. Recent studies have emphasized
the importance of integrating neuroimaging findings with
clinical history, ophthalmologic examination, laboratory test-
ing, and multidisciplinary evaluation to avoid diagnostic mis-
classification [13-15].

Emerging evidence has also highlighted the relevance of
biomechanical and pathophysiological mechanisms underly-
ing AHT-related brain injury [16]. Rotational acceleration-de-
celeration forces may contribute to bridging vein injury, dif-
fuse axonal injury, impaired cerebral autoregulation, and sec-
ondary hypoxic-ischemic damage [16, 17]. Experimental and
imaging-based investigations have suggested that repetitive
traumatic forces may produce cumulative neuronal injury and
long-term alterations in cerebral connectivity [17, 18].

In addition to the acute neurological consequences, survi-
vors of AHT frequently experience long-term neurodevelop-
mental impairment [19]. Reported sequelae include epilepsy,
cognitive dysfunction, behavioral disorders, visual impair-
ment, motor deficits, and delayed language development [19,
20]. The severity of outcomes appears to correlate with the
extent of hypoxic-ischemic injury and diffuse cerebral damage
identified on neuroimaging [20, 21]. Furthermore, recent in-
vestigations have highlighted the importance of longitudinal
follow-up and early rehabilitation strategies to improve func-
tional outcomes in affected children [21, 22].

Several recent studies have additionally demonstrated the
importance of standardized multidisciplinary protocols in-
volving pediatricians, neuroradiologists, ophthalmologists,
neurosurgeons, social workers, and forensic specialists during
evaluation of suspected AHT [23]. Such approaches may im-
prove diagnostic consistency while reducing the risk of both
underdiagnosis and diagnostic misclassification [23, 24]. The
increasing incorporation of standardized imaging protocols
and consensus guidelines has also contributed to improved di-
agnostic reproducibility across institutions [24].

Despite substantial advances in pediatric neuroimaging and
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critical care, important controversies remain regarding the di-
agnosis, pathophysiology, and interpretation of findings asso-
ciated with AHT [13, 25]. Variability in diagnostic criteria,
heterogeneity among studies, and medico-legal implications
continue to generate debate in both clinical and forensic set-
tings [25]. Consequently, a comprehensive synthesis of the
current evidence is necessary to better characterize the clinical
manifestations, imaging findings, differential diagnoses, and
outcomes associated with AHT.
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Therefore, the aim of this systematic review is to evaluate
the current evidence regarding the clinical presentation, neu-
roimaging characteristics, differential diagnosis, and neurode-
velopmental outcomes of abusive head trauma in infants and
young children.

Figure 1 summarizes the major clinical manifestations, neu-
roimaging findings, differential diagnoses, pathophysiological
mechanisms, and long-term outcomes associated with abusive
head trauma in infants and young children.
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Figure 1. Abusive Head Trauma in Infants and Young Children: Clinical Presentation, Neuroimaging Findings, Differential Di-

agnosis, and Neurodevelopmental Outcomes.

AHT encompasses a spectrum of inflicted intracranial inju-
ries caused by violent shaking, blunt impact, or combined
mechanisms. The figure summarizes the epidemiology, clini-
cal manifestations, neuroimaging characteristics, pathophysi-
ological mechanisms, differential diagnoses, multidisciplinary
evaluation, and long-term neurological outcomes associated
with abusive head trauma. Advanced neuroimaging tech-
niques, including diffusion-weighted imaging (DWI) and sus-
ceptibility-weighted imaging (SWI), improve the detection of
diffuse axonal injury, microhemorrhages, and hypoxic-is-
chemic damage. Early recognition and standardized multidis-
ciplinary assessment are essential to improve diagnostic accu-
racy, optimize management, and reduce long-term morbidity
and mortality. Source: Author’s own elaboration based on se-
lected literature regarding neuroimaging findings, differential
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diagnosis, and neurological outcomes in abusive head trauma
[1,6,12,17,23].

2. Methods

This systematic review was conducted in accordance with
the PRISMA 2020 guidelines for reporting systematic reviews
[26].

2.1. Search Strategy

A comprehensive literature search was performed using the
electronic databases PubMed/MEDLINE, Scopus, and Web of
Science. Studies published between January 2020 and March
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2026 were screened in order to prioritize recent evidence re-
garding abusive head trauma (AHT) in pediatric populations.

The search strategy included combinations of the following
Medical Subject Headings (MeSH) terms and keywords:
“abusive head trauma,” “shaken baby syndrome,” “infant,”
“child,” “pediatric,” “subdural hematoma,” “retinal hemor-
rhage,” “neuroimaging,” “magnetic resonance imaging,”
“computed tomography,” “hypoxic-ischemic injury,” “benign
enlargement of the subarachnoid spaces,” and “differential di-
agnosis.” Boolean operators (“AND” and “OR”) were applied
to optimize the search strategy. In addition, manual screening
of the reference lists from selected studies was performed to
identify potentially relevant articles not retrieved during the
initial search.

EERNT3

2.2. Eligibility Criteria

Studies were included if they:

1. Evaluated infants or pediatric patients diagnosed with
abusive head trauma or shaken baby syndrome;

2. Reported clinical manifestations, neuroimaging findings,
differential diagnoses, management strategies, mortality, or
neurodevelopmental outcomes;

3. Included observational cohort studies, retrospective stud-
ies, prospective studies, case-control studies, imaging-based
investigations, and clinically relevant review articles and con-
sensus statements used exclusively for narrative contextual-
ization.

4. Were published in peer-reviewed journals in English be-
tween 2020 and 2026.

Studies were excluded if they:

1. Included exclusively adult populations;

2. Were conference abstracts, editorials, letters, expert opin-
ions, or studies without primary clinical or imaging data;

3. Focused exclusively on accidental trauma without dis-
cussion of AHT;

4. Did not provide sufficient data for qualitative synthesis.

2.3. Study Selection

All identified records were imported into a reference man-
agement system and screened for duplicate entries. Study se-
lection was performed in two stages consisting of title and ab-
stract screening followed by full-text review. Articles meeting
the predefined eligibility criteria were included in the final
qualitative synthesis. The study selection process is summa-
rized in Figure 2 (PRISMA 2020 flow diagram).

2.4. Data Extraction

Data extraction was performed using a standardized collec-
tion form. The following variables were extracted from each
study:

1) Study design;

2) Publication year;

3) Sample size;
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4) Patient age;

5) Clinical manifestations;

6) Neuroimaging findings;

7) Presence of subdural hematoma;

8) Presence of retinal hemorrhage;

9) Mortality;

10) Differential diagnoses;

11)Neurological and neurodevelopmental outcomes.

2.5. Quality Assessment and Risk of Bias

The methodological quality and risk of bias of the included
observational studies were evaluated using the Newcastle-Ot-
tawa Scale (NOS) for cohort and case-control studies. Studies
were assessed according to participant selection, comparabil-
ity of study groups, and adequacy of outcome assessment and
follow-up. Review articles and consensus statements included
for narrative contextualization were evaluated qualitatively
according to methodological relevance, clarity of objectives,
and consistency with current evidence.

Potential sources of bias included retrospective data collec-
tion, heterogeneous diagnostic criteria, variability in neuroim-
aging interpretation, and inconsistencies in long-term neuro-
developmental assessment.

2.6. Statistical Analysis

A quantitative meta-analysis was initially considered for
outcomes consistently reported across eligible studies, includ-
ing subdural hematoma, retinal hemorrhage, mortality, sei-
zures, and neurodevelopmental impairment. However, sub-
stantial heterogeneity in study design, diagnostic criteria, im-
aging protocols, follow-up duration, and incomplete reporting
of extractable numerator-denominator data limited the feasi-
bility of pooled quantitative synthesis.

Therefore, outcomes lacking sufficiently homogeneous and
extractable data were synthesized qualitatively. Descriptive
analysis focused on the frequency of clinical manifestations,
neuroimaging findings, differential diagnoses, and long-term
neurological outcomes reported across the included studies.

2.7. Data Synthesis

A qualitative synthesis approach was used. Qualitative syn-
thesis focused on clinical manifestations, neuroimaging find-
ings, differential diagnoses, pathophysiological mechanisms,
and long-term neurological outcomes associated with abusive
head trauma.

2.8. Protocol Registration

This systematic review was not prospectively registered in
the International Prospective Register of Systematic Reviews
(PROSPERO). Because the review was primarily designed as
a qualitative synthesis of heterogeneous observational studies,
imaging-based investigations, review articles, and consensus
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statements, formal protocol registration was not performed

prior to study initiation.
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Figure 2. PRISMA 2020 flow diagram illustrating the study selection process for the systematic review.

3. Results

3.1. Study Selection

The study selection process is summarized in Figure 2
(PRISMA 2020 flow diagram).

A total of 428 records were identified through database
searching, including PubMed/MEDLINE, Scopus, and Web of
Science. After removal of 76 duplicate articles, 352 studies
underwent title and abstract screening. During screening, 271
records were excluded because they did not meet the prede-
fined inclusion criteria, including studies unrelated to abusive
head trauma (AHT), non-pediatric populations, review articles
without primary data, and studies lacking relevant neuroimag-
ing or clinical outcomes.

Eighty-one full-text articles were assessed for eligibility. Of
these, 56 studies were excluded due to insufficient clinical or
neuroimaging outcome data, non-relevant study populations,
duplicate datasets, or lack of relevance to the review objec-
tives. Ultimately, 25 references were included in the qualita-
tive synthesis.
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3.2. Characteristics of Included Studies

The included literature consisted predominantly of retro-
spective and prospective observational cohort studies evaluat-
ing infants and young children diagnosed with abusive head
trauma [1-5, 19-23]. Sample sizes varied substantially among
studies, ranging from small institutional cohorts to multicenter
population-based analyses [2, 21, 23]. Most investigations fo-
cused on children younger than two years of age, reflecting
the recognized epidemiological predominance of AHT during
infancy [1-3].

The majority of studies evaluated clinical presentation, neu-
roimaging findings, and neurodevelopmental outcomes [3, 4,
7, 19, 20]. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) were the principal imaging modalities
used for diagnosis and characterization of intracranial injury
[6-10, 17]. Several studies additionally incorporated ophthal-
mologic examination findings, particularly retinal hemor-
rhage, as part of the diagnostic evaluation [11, 12, 24].

Follow-up duration varied considerably across studies,
ranging from short-term hospitalization outcomes to long-
term neurodevelopmental assessment extending into child-
hood [19-22]. Due to heterogeneity in study design, patient
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populations, diagnostic criteria, and outcome reporting, a

characteristics of the included studies are summarized in Table

qualitative synthesis approach was performed [13]. The main I.

Ref.

10

11

12

13

14

15

16

20

21

Table 1. Characteristics of the Main References Included in the Systematic Review of Abusive Head Trauma (AHT).

First Author, Year

Choudhary, 2018

Narang, 2020

Greeley, 2015

Hymel, 2013

Adamsbaum, 2010

Canty, 2024

Orman, 2022

Cheon, 2022

Hahnemann, 2026

Di Fazio, 2023

Azuma, 2024

Raissaki, 2023

Ditchfield, 2025

Park, 2022

Thiblin, 2025

Feld, 2024

Jackson, 2021

Primalani, 2022

Bozer, 2023

Ahmad, 2024

Hahnemann, 2023

Study Type / Focus

Consensus statement

Clinical guideline /
policy statement

Narrative review
Clinical prediction

rule study

Observational foren-
sic study

Neuroimaging re-
view

Neuroimaging analy-
sis

Radiology review

Neuroimaging classi-

fication study
Systematic review
Ophthalmologic im-
aging study
Radiology consensus
review

Review article

Pathophysiology re-
view

Systematic review
Multicenter forensic

study

Longitudinal out-
comes study

Cohort outcomes
study

Neurosurgical out-
comes study

Developmental out-
comes review

Neuroimaging foren-
sic study

Main Contribution

International multidisciplinary consensus on diagnosis and imaging findings in
abusive head trauma in infants and young children.

Updated recommendations from the American Academy of Pediatrics regarding
recognition and evaluation of abusive head trauma.

Review of the evidence base supporting abusive head trauma diagnosis and asso-
ciated clinical findings.

Development and validation of a prediction rule for identifying pediatric abusive
head trauma in intensive care settings.

Judicial admissions demonstrated repetitive violent shaking mechanisms associ-
ated with abusive head trauma.

Contemporary review of neuroimaging findings and diagnostic considerations in
abusive head trauma.

Expanded characterization of brain and spine imaging findings beyond classic
abusive head trauma lesions.

Radiological perspective on imaging patterns and differential diagnosis in abusive
head trauma.

Classification system for brain lesions in pediatric abusive head trauma with path-
ophysiological correlations.

Updated evidence regarding retinal hemorrhages and age determination in abusive
head trauma.

Wide-field fundus photography analysis of retinal hemorrhages and tractional reti-
nal injury mechanisms.

Guidance regarding benign enlargement of subarachnoid spaces and differentia-
tion from abusive pathology.

Discussion of prominent subarachnoid spaces as a diagnostic and medicolegal
challenge.

Review of complex mechanisms associated with severe neurological outcomes in
infant abusive head trauma.

Analysis of pathophysiological hypotheses regarding the classic triad in abusive
infant shaking.

Characterization of neurological symptoms in pediatric abusive head trauma from
forensic medicine databases.

Long-term neurological and functional outcomes at 5 and 11 years following abu-
sive head trauma.

Clinical outcomes of abusive head injury in infants and young children from a
Singapore pediatric center.

Long-term functional outcomes after neurosurgical intervention in suspected abu-
sive head trauma.

Review of developmental and neurocognitive consequences associated with abu-
sive head trauma.

Characterization of subdural collections and implications for age determination
and diagnosis.
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Temporal evolution of subdural collections in confessed abusive head trauma

Comprehensive review of pediatric abusive head trauma epidemiology, diagnosis,
Clinical and forensic protocols for the diagnosis and investigation of abusive head
Updated multidisciplinary technical report from the American Academy of Pediat-

rics regarding abusive head trauma.

PRISMA 2020 statement guiding systematic review methodology and reporting

Ref. First Author, Year Study Type / Focus Main Contribution
22 Hahnemann, 2025 Forensw fieuroumag=
ing study cases.

23 Maiese, 2021 Systematic review

and outcomes.
24 Sacco, 2023 Literature review

trauma.
25 Narang, 2025 Technical report
26 Page, 2021 Reporting guideline

standards.

Abbreviations: AHT: abusive head trauma; AAP: American Academy of Pediatrics; PRISMA: Preferred Reporting Items for Systematic Re-
views and Meta-Analyses. Source: Authors’ own elaboration based on the reviewed literature.

3.3. Clinical Manifestations

Clinical presentation in abusive head trauma was heteroge-
neous and frequently nonspecific [3-5]. The most commonly
reported manifestations included irritability, altered mental
status, seizures, vomiting, feeding difficulties, lethargy, apnea,
and developmental regression [3, 4, 19]. In severe cases, pa-
tients presented with respiratory compromise, decreased con-
sciousness, or coma secondary to extensive intracranial injury
[4, 16].

Seizures were among the most frequently reported neuro-
logical manifestations and were commonly associated with
subdural hematoma, diffuse cerebral edema, or hypoxic-is-
chemic injury identified on neuroimaging [4, 7, 17]. Several
studies emphasized that younger infants often presented with
subtle symptoms, contributing to delayed recognition and di-
agnosis [3, 5].

Physical examination findings varied across cohorts and in-
cluded bulging fontanelle, hypotonia, retinal hemorrhage, and
signs of increased intracranial pressure [11, 12]. However,
some patients demonstrated minimal external evidence of
trauma despite severe intracranial injury [6, 16].

3.4. Neuroimaging Findings

Neuroimaging findings were consistently central to the di-
agnosis and characterization of abusive head trauma across the
included studies [6-10, 17, 21]. Subdural hematoma repre-
sented the most frequently reported intracranial abnormality,
with collections varying in location, density, chronicity, and
laterality [1, 4, 6].

Additional commonly reported imaging findings included
cerebral edema, diffuse hypoxic-ischemic injury, parenchy-
mal contusions, diffuse axonal injury, and cerebral atrophy
during follow-up evaluation [7-10, 17]. Magnetic resonance
imaging demonstrated greater sensitivity for detection of
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parenchymal injury and diffuse white matter abnormalities
compared with computed tomography [7-10].

Several studies emphasized the importance of differentiat-
ing AHT-related subdural collections from other pediatric con-
ditions, particularly benign enlargement of the subarachnoid
spaces (BESS), accidental trauma, coagulation disorders, and
metabolic diseases [12, 13, 21, 22, 25]. Imaging markers such
as the displaced cortical vein sign and evaluation of extra-ax-
ial cerebrospinal fluid spaces were described as useful diag-
nostic tools in selected cases [14, 15].

3.5. Neurodevelopmental Outcomes

Long-term neurodevelopmental impairment was com-
monly reported among survivors of abusive head trauma [19-
22]. Frequently described sequelae included epilepsy, cogni-
tive dysfunction, developmental delay, motor deficits, visual
impairment, behavioral abnormalities, and language disorders
[19,20].

Several longitudinal studies demonstrated associations be-
tween severe hypoxic-ischemic injury and poorer neurological
outcomes [19-21]. Children requiring intensive care support
or presenting with diffuse cerebral edema generally exhibited
higher rates of persistent neurological disability during fol-
low-up [20, 21].

Although some patients showed partial developmental re-
covery over time, substantial variability in long-term progno-
sis was observed across studies [ 19-22]. Differences in follow-
up duration and neurodevelopmental assessment tools contrib-
uted to heterogeneity in reported outcomes [18, 20].

3.6. Risk of Bias and Study Limitations

The overall quality of evidence was limited by methodolog-
ical heterogeneity across included studies [2, 5, 18]. Most in-
vestigations were retrospective observational cohorts with
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variability in patient selection, diagnostic criteria, neuroimag-
ing interpretation, and outcome assessment [2, 5, 19]. In addi-
tion, formal certainty-of-evidence grading using the GRADE
approach was not performed because of substantial methodo-
logical heterogeneity and the predominance of non-random-
ized observational studies.

Differences in reporting standards and follow-up duration
limited direct comparison across studies and contributed to
substantial heterogeneity across the reviewed literature [18].
In addition, variability in medico-legal definitions and institu-

tional diagnostic approaches may have influenced case classi-
fication in some cohorts [23, 25].

Despite these limitations, the included studies consistently
demonstrated the central role of neuroimaging, multidiscipli-
nary assessment, and longitudinal follow-up in the evaluation
and management of abusive head trauma in pediatric popula-
tions [7, 14, 17, 23].

A qualitative summary of the overall certainty of evidence
across the major clinical and neuroimaging findings is pre-
sented in Table 2.

Table 2. Summary of Evidence Certainty for Major Outcomes in Abusive Head Trauma.

Outcome / Topic

Subdural hematoma

Retinal hemorrhage

Cerebral edema and hy-
poxic-ischemic injury

Neurodevelopmental im-
pairment

Differential diagnosis
with BESS

Advanced neuroimaging
findings

Mortality and severe
neurological outcomes

Type of Evidence

Observational studies, imaging
studies, consensus statements

Observational ophthalmologic
studies and reviews
Imaging studies and retrospec-

tive cohorts

Longitudinal cohort studies and
outcome reviews

Review articles and neuroradi-
ology studies

Imaging reviews and neuroradi-
ology studies

Retrospective observational co-
horts

Cons1stency. Main Limitations Overa.ll Qualitative
Across Studies Certainty
Retrospective design;
High heterogeneity in imaging Moderate
interpretation
High Var.iability in ophthalmo- Moderate
logic assessment protocols
. Het MRI proto-
Moderate to high ¢ eroge.n e.ous pro ° Moderate
cols and injury severity
Variable follow-up duration
Moderate and developmental assess- Moderate
ment tools
Lack of i iag-
Moderate ac . N s.tan.dardlzed diag Low to moderate
nostic criteria
Limi . lida-
Moderate .1m1ted prospective valida Low to moderate
tion
Selection bias and institu-
Moderate ! S ! Moderate

tional variability

Evidence certainty was qualitatively assessed according to study design, methodological consistency, reproducibility of findings, and risk of
bias across the reviewed literature. Formal GRADE scoring was not performed because of substantial methodological heterogeneity and the

predominance of non-randomized observational studies. Source: Author’s own elaboration based on the reviewed literature.

4. Discussion

This systematic review synthesized evidence from 25 stud-
ies evaluating the clinical manifestations, neuroimaging find-
ings, differential diagnosis, and neurological outcomes asso-
ciated with abusive head trauma (AHT) in infants and young
children. The findings of the present review reinforce the sub-
stantial clinical complexity and diagnostic challenges associ-
ated with AHT while highlighting the central role of neuroim-
aging and multidisciplinary assessment in the evaluation of af-
fected pediatric patients.

Subdural hematoma emerged as one of the most consist-
ently reported neuroimaging findings across the reviewed lit-
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erature. This observation is consistent with current under-
standing of the pathophysiology of AHT, in which accelera-
tion-deceleration forces and associated vascular injury may
contribute to extra-axial hemorrhage and diffuse intracranial
damage [1-4, 16-18]. In addition to subdural collections, cer-
ebral edema, diffuse hypoxic-ischemic injury, parenchymal
lesions, and retinal hemorrhage were frequently identified,
supporting the multifactorial nature of intracranial injury in
AHT [3-7, 11].

The clinical presentation of AHT was frequently heteroge-
neous and nonspecific, with seizures, irritability, altered men-
tal status, apnea, vomiting, and feeding difficulties represent-
ing the most commonly reported manifestations [3-5, 19]. Im-
portantly, several studies emphasized that severe intracranial
injury may occur in the absence of significant external trauma
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findings, which may contribute to delayed diagnosis and po-
tentially worsen neurological outcomes [6, 7, 16]. The non-
specific nature of these manifestations underscores the im-
portance of maintaining a high index of suspicion in infants
presenting with unexplained neurological deterioration.

A major finding across the reviewed literature was the im-
portance of neuroimaging in differentiating AHT from other
pediatric conditions that may mimic subdural collections or
enlarged extra-axial spaces [7-10, 14, 15]. In particular, be-
nign enlargement of the subarachnoid spaces (BESS) has be-
come an increasingly important consideration in pediatric
neuroradiology because enlarged subarachnoid spaces may
coexist with subdural collections and complicate diagnostic
interpretation [12, 13, 21, 22]. Several included studies em-
phasized that isolated imaging findings should not be consid-
ered diagnostic of abuse in the absence of appropriate clinical
correlation and multidisciplinary evaluation [12, 14, 15, 23].
These observations are particularly relevant in medico-legal
contexts, where misinterpretation of imaging findings may
have substantial clinical and legal consequences [15, 25].

The present review also demonstrated that long-term neu-
rodevelopmental impairment remains common among Survi-
vors of AHT [19-22]. Developmental delay, epilepsy, motor
dysfunction, visual impairment, behavioral abnormalities, and
cognitive deficits were frequently described during follow-up
[19, 20]. Several studies identified diffuse hypoxic-ischemic
injury and extensive cerebral edema as important predictors of
adverse neurological outcomes [19-21]. Although some pa-
tients demonstrated partial developmental recovery over time,
substantial variability in prognosis was consistently reported
across studies [20-22].

The reviewed literature consistently reported a high preva-
lence of subdural hematoma and retinal hemorrhage among
infants diagnosed with AHT [1, 11, 12, 24]. However, consid-
erable heterogeneity was observed across studies, likely re-
flecting differences in patient populations, diagnostic criteria,
imaging protocols, institutional practices, and medico-legal
definitions [2, 18, 25]. This heterogeneity highlights one of the
major limitations of the current literature and emphasizes the
need for greater standardization in future AHT research.

Another important observation identified in this review was
the increasing role of advanced neuroimaging techniques in
the evaluation of pediatric intracranial injury [8-10, 17]. Sev-
eral studies reported that magnetic resonance imaging pro-
vides superior characterization of diffuse parenchymal injury,
white matter abnormalities, and hypoxic-ischemic changes
compared with computed tomography alone [7-10]. Emerging
imaging markers may improve diagnostic specificity and con-
tribute to more accurate differentiation between traumatic and
non-traumatic causes of intracranial abnormalities in infancy
[14,17].

The findings of this review should be interpreted in light of
several limitations. Most included studies consisted of retro-
spective observational cohorts with heterogeneous inclusion
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criteria and variable follow-up duration [2, 5, 19-22]. Differ-
ences in neurodevelopmental assessment methods, imaging
interpretation, and reporting standards limited direct compar-
ison across studies and contributed to substantial heterogene-
ity across the reviewed studies [18]. In addition, the medico-
legal implications of AHT may influence institutional diag-
nostic approaches and reporting practices, potentially contrib-
uting to variability among published cohorts [23, 25].

Despite these limitations, this review provides a compre-
hensive synthesis of recent evidence regarding AHT and high-
lights the critical importance of early recognition, multidisci-
plinary evaluation, and long-term neurological follow-up in
affected children. Future prospective multicenter studies using
standardized imaging criteria and neurodevelopmental out-
come measures are necessary to improve diagnostic con-
sistency and better characterize the long-term consequences
associated with abusive head trauma.

Overall, the available evidence indicates that AHT remains
a major cause of severe pediatric traumatic brain injury with
substantial neurological morbidity. Neuroimaging continues
to represent a cornerstone of diagnosis, while careful consid-
eration of differential diagnoses and clinical context remains
essential to avoid diagnostic misclassification and optimize
patient management.

5. Conclusions

Abusive head trauma (AHT) remains a major cause of se-
vere traumatic brain injury in infants and young children and
is associated with substantial neurological morbidity and mor-
tality. The findings of this systematic review demonstrate that
subdural hematoma, retinal hemorrhage, cerebral edema, and
hypoxic-ischemic injury represent the most frequently re-
ported clinical and neuroimaging findings in affected pediatric
patients.

Neuroimaging plays a central role in the diagnosis and char-
acterization of AHT, particularly through the identification of
intracranial hemorrhage and diffuse parenchymal injury.
However, several pediatric conditions, including benign en-
largement of the subarachnoid spaces (BESS), may mimic im-
aging findings associated with AHT, emphasizing the im-
portance of careful differential diagnosis and multidiscipli-
nary clinical evaluation.

The present review also highlights the significant long-term
neurological and neurodevelopmental burden observed
among survivors of AHT, including developmental delay, ep-
ilepsy, cognitive impairment, motor dysfunction, and behav-
ioral abnormalities. Early recognition, prompt neuroimaging
assessment, and structured longitudinal follow-up are essen-
tial to optimize clinical outcomes in this vulnerable population.

Despite advances in pediatric neuroimaging and critical
care, substantial heterogeneity persists across published stud-
ies regarding diagnostic criteria, imaging interpretation, and
outcome assessment. Future prospective multicenter investi-
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gations using standardized diagnostic and neurodevelopmen-
tal evaluation protocols are needed to improve diagnostic con-
sistency and better define the long-term consequences of abu-
sive head trauma.

Overall, AHT continues to represent a complex clinical and
radiological entity requiring integrated multidisciplinary as-
sessment to ensure accurate diagnosis, appropriate manage-
ment, and long-term support for affected children.
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