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Abstract
Purpose  Abusive head trauma (AHT) is a serious problem in children. The aims of this study are to identify risk factors 
that correlate with outcomes for those requiring neurosurgical intervention for very young children with AHT, assessment 
of variables associated with outcomes, and corroboration of our results with literature.
Methods  This is an ethics-approved, retrospective study. Inclusion criteria consisted of patients aged 2 years old or less 
with a diagnosis of AHT managed by the Neurosurgical Service, KK Women’s and Children’s Hospital. Demographical 
and clinical variables are incorporated in the statistical analyses. Logistic regression was applied to statistically significant 
variables for the risk prediction model.
Results  From 2000 to 2020, 24 patients required surgery for AHT. Timepoint was set at 12 months post-diagnosis. Univari-
ate analyses demonstrated that patients with mild TBI were likely to have a favourable GOS-E Peds (p = 0.01), whereas 
radiological presence of cerebral oedema (p < .001), development of scar epilepsy (p = 0.021), and progression to cerebral 
palsy (p = 0.001) were associated with unfavourable GOS-E Peds.
Conclusion  This is the first study focused on neurosurgical outcomes for very young children with AHT in Singapore. We 
advocate multidisciplinary efforts to improve outcomes for this devastating condition.

Keywords  Abusive head injury · Non-accidental head injury · Paediatric head injury

Introduction

Abusive head trauma (AHT) is a very serious problem in 
young children globally [1]. Despite certain preconceptions, 
affected patients can be found in all sections of society, 
encompassing all socioeconomic strata [2]. Epidemiological 
studies show that AHT tend to affect children below 2 years 
old. In contrast, children with accidental injury tend to be 
much older [3]. Brain injuries in affected patients have been 
demonstrated to permanently hinder neurological, behav-
ioural, and cognitive development [4]. Neurosurgical inter-
ventions are more frequently required in AHT compared to 
accidental head injuries in the paediatric population, with 
significantly worse outcomes [1, 5, 6]. Although there have 
been reports on AHT from various countries in Southeast 
Asia, there has been no previous study focused on the out-
comes of clinical and neurosurgical interventions childhood 
AHT in our local context [7–11]. As part of Singapore’s 
largest children’s hospital, the Neurosurgical Service at 
KK Women’s and Children’s Hospital is no stranger to the 
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difficulties of managing children with AHT. The primary 
aim of this study was to identify risk factors that correlate 
with patient outcomes for those requiring neurosurgical 
intervention for their AHT. Secondary aims include, firstly, 
to assess if selected variables can be used to predict for out-
comes in our local cohort and, next, corroborate our results 
with published literature.

Methods

Study design

This is an ethics-approved, retrospective study conducted in 
Singapore’s largest children hospital, KK Women’s and Chil-
dren’s Hospital (SingHealth CIRB Reference: 2020/2632). 
Patients less than 2 years old with a diagnosis of AHT that 
require intervention by the Neurosurgical Service, KKH, are 
included. Patients above the age of 2 years do not require 
neurosurgical intervention and with incomplete medical 
information are excluded. In addition, head injury patients 
with known bleeding disorders and/or on long-term anti-
coagulation medication are also excluded.

Overview of management approach to patients

All patients with suspected non-accidental trauma are rou-
tinely referred to the Paediatric Medical Team for evalua-
tion. Presently, a workflow is implemented to allow detec-
tion of victims of AHT from the Children’s Emergency and 
Outpatient Clinics. Briefly, this assessment includes detailed 
haematological and metabolic blood investigations, a thor-
ough skeletal X-ray survey, and eye examination by the oph-
thalmologist. To make the diagnosis of RH more stringent in 
its association with AHT, we define RH to be haemorrhages 
that are found in within multiple deep retinal layers, associ-
ated with retinal detachment and blood products of varying 
ages [5, 12, 13]. Concurrently, hospital medical social work-
ers are also engaged to identify any familial or social red 
flags experienced by the patient. Red flags include clinical 
findings consistent with healed or ongoing non-accidental 
injury, unreliable history from caregivers, and previous inci-
dents of child abuse within the same family. These will trig-
ger a referral to the Child Protection Officer and the Ministry 
of Family and Social Development who will step timely to 
take over the remainder of the investigations. During the 
patient’s admission, dedicated multi-disciplinary meetings 
are held to provide perspectives from each specialty, in order 
to come to a consensus on the best care plan for individual 
patients. Discharge from hospital is only allowed if the home 
environment is deemed safe for the patient. Alternatively, 
foster families may be engaged if the former is not available.

Patient demographics and variables of interest

All traumatic brain injury (TBI) patients are screened 
from the hospital databases using the International Clas-
sification of Diseases diagnosis codes. Individual patient 
information is either obtained from electronic data or hard 
copy notes. Imaging details for each patient are obtained 
from the radiology archives and assessed for complete-
ness. Based on the Glasgow Coma Scale, we divided the 
patients into ‘Mild TBI’ (GCS 13 to 15), ‘Moderate TBI’ 
(GCS 9 to 12), and ‘Severe TBI’ (GCS 3 to 8) [14]. Next, 
we used the Glasgow Outcome Score-Extended Paediatric 
Version (GOS-E Peds) for interval assessment of func-
tional outcome. This is a qualitative outcome score that 
has been specifically validated for children and has been 
demonstrated to be sensitive to severity of TBI and its 
sequelae over time [15]. Specifically for this study, scores 
of GOS-E Peds 1 to 4 are grouped under ‘Favourable’ and 
scores of 5 to 8 are deemed as ‘Unfavourable’. Decision 
for the cut-off at GOS-E Peds of 5 and above was based 
on the functional status that these patients still require 
supervision and have dependency on their caregivers. 
Following that, we defined the outcome of ‘Development 
of Scar Epilepsy’ as recurrent seizures following AHT 
whereby there is persistent convulsive episodes or fits 
related to irreversible cerebral damage, requiring regular 
anti-epileptic medication. Finally, we defined ‘Progression 
to Cerebral Palsy’ as acquired brain injury to the growing 
cerebral cortex secondary to AHT, resulting in impaired 
motor ability to move, and maintain balance and posture. 
A summary flowchart is depicted in Fig. 1.

Fig. 1   Schematic overview of study workflow
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Data analysis

Statistical analyses were generated using SPSS version 27 
(Statistical Package for the Social Sciences Statistics, Ver-
sion 27.0; IBM, New York). The Pearson chi-square test or 
Fisher’s exact test is used to compare categorical variables, 
as appropriate. The Wilcoxon-signed ranked test is used to 
compare continuous variables. A one-way ANOVA is used 
where there are 3 or more groups of data within a single 
variable. Odds ratios (ORs) and 95% confidence intervals 
(CIs) for patient variables are used to compare against the 
following: the primary outcome of interest, GOS-E Peds 
(Favourable versus Unfavourable); and secondary outcomes 
of interest, 'Progression to cerebral palsy' and 'Development 
of scar epilepsy', via univariate logistic regression analyses. 
The timepoint of 12 months is used for the 3 selected out-
comes. A p-value of < 0.05 is considered statistically signifi-
cant for this study.

Literature review

To identify articles pertinent to paediatric AHT, a system-
atic search of publications in the English language using the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines is performed in PubMed, 
Google Scholar, and Web of Science [16]. As the nomen-
clature used in medical literature for NAHI varies broadly, 
the following keywords used in the search included ‘non-
accidental head injury’, ‘battered child syndrome’, ‘shaken 
baby syndrome’, ‘abusive head trauma’, and ‘inflicted head 
trauma’. Results are individually examined and counter-
checked amongst one another for duplicates. For this study, 
we are particularly interested in articles reporting on the 
outcomes of AHT patients in children aged 2 years old and 
below. Articles focused on adult populations, traumatic head 
injury secondary to accidental causes, non-accidental injury 
not involving the head; and publications without full-text 
access, and/or without English translation of their content, 
are excluded. Reference lists from selected articles are also 
checked to obtain as complete information as possible.

Results

Overview of patient demographics and clinical 
findings in study population

From 01 January 2000 to 31 December 2020, a total of 
255 paediatric patients required emergency surgery for 
head injury. In this cohort, there were 24 confirmed cases 
of AHT (9.4%) aged 24 months and below (mean age in 

months 8.75 ± 7.46). There were 19 males (79.2%) and 5 
females (20.8%), who comprised of 11 Chinese, 11 Malay, 
1 Indian, and 1 other ethnicity. Three patients had siblings 
with a previous history of non-accidental injury (12.5%). In 
most of the cases, the perpetrator of the AHT was identi-
fied as the patient’s biological parent (n = 11; 45.8%), the 
remaining being the babysitter (n = 7; 29.2%) and unknown/
inconclusive (n = 6; 25.0%). Upon admission, 7 patients had 
mild TBI (29.2%), 8 had moderate TBI (33.3%), and 9 had 
severe TBI (37.5%). Nineteen patients had witnessed sei-
zures requiring anti-epileptic medication (79.2%). Concur-
rently, 3 patients had clinical evidence of co-existing vis-
ceral and/or long bone injuries (12.5%). Here, we included 
injuries that were either diagnosed at the time of admission 
or healed injuries that were discovered as part of the overall 
investigation. Retinal haemorrhages (RH) were found in 18 
patients (75%) during formal ophthalmological examination. 
The average length of hospital stay per patient was 43 days 
(mean 46.91 days; range 0 to 187 days). Clinical, social, 
radiological and functional variables of interest examined 
in this study are summarized in Table 1.

Radiological features and neurosurgical procedures

Neuroimaging findings of importance included SDH (n = 22; 
91.7%), ICH (n = 1; 4.2%), skull fracture (n = 7; 29.2%), and 
cerebral oedema (n = 13; 54.2%). There was no case of extra-
dural hematoma in our cohort. Fifteen patients had radio-
logical evidence of intracranial injury to both hemispheres 
(62%). Sixteen of the patients required 1 neurosurgical inter-
vention only (45.8%), while the rest required more than 1 
intracranial-type surgery as a direct consequence of their 
AHT (n = 8; 33.3%). There were no post-operative com-
plications from their neurosurgical interventions. Surger-
ies not involving the brain, such as limb fracture fixation, 
percutaneous endoscopic gastrostomy, and management 
of lacerations/burns, were not included in our analysis. 
Types of neurosurgical interventions included insertion of 
intracranial monitor probe (n = 2; 8.3%), external ventricu-
lar drain (n = 3; 12.5%), subdural drain (n = 4; 16.7%), burr 
hole drainage (n = 8; 33.3%), and decompressive craniec-
tomy (n = 7; 29.2%). Three patients (12.5%) passed away 
in the Children’s Intensive Care Unit (CICU) during their 
post-operative period after their first neurosurgical procedure 
(mean number of days 6 ± 4.24). Upon their demise, these 
patients were referred to the coroner who confirmed death to 
be due to the severity of head injury. In our cohort, 7 patients 
underwent more than 1 neurosurgical procedure related to 
sequelae from their AHT (29.2%). Two patients needed a 
total of 3 surgeries each, where the remaining 5 had 2 surger-
ies each. One patient presented with diffuse cerebral oedema 
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and was managed medically with an intracranial monitor 
probe insertion. However, he developed scar epilepsy that 
became progressively refractory to multiple anti-epileptic 
medications. A corpus callosotomy was finally performed 
when the patient was 16 years old for seizure control and to 

improve quality of life. Five patients developed interval brain 
parenchyma atrophy and associated subdural collections 
after their AHT. Here, 4 patients underwent subdural perito-
neal shunts to relieve the ongoing mass effect from the sub-
dural collections. Autologous bone cranioplasty procedure 

Table 1   Patient demographics 
and variables. (Note: *values 
are n (%), otherwise stated)

Parameter Value (%)

Age (months) 8.8 ± 7.5 (mean ± SD)
  0 to 12 months 20 (83.3)
  13 to 24 months 4 (16.7)

Gender
  Male 19 (79.2)
  Female 5 (20.8)

Ethnicity
  Chinese 11 (45.8)
  Malay 11 (45.8)
  Indian 1 (4.2)
  Others 1 (4.2)

Siblings with history of non-accidental injury 3 (12.5)
Perpetrator
  Biological parent 11 (45.8)
  Nanny 7 (29.2)
  Unknown 6 (25.0)

Follow-up duration (months) 1337.5; 59.6 ± 56.0 
(total; mean ± SD)

Length of stay in hospital (days) 43.7 ± 43.3 (mean ± SD)
  Up to 30 days 14 (58.3)
  More than 30 days 10 (41.7)

Severity of TBI
  Mild (GCS 13 to 15) 7 (29.2)
  Moderate (GCS 9 to 12) 8 (33.3)
  Severe (GCS 3 to 8) 9 (37.5)

Seizures at initial presentation 19 (79.2)
Neuroimaging features
  Cerebral oedema 13 (54.2)
  Bilateral hemispheres involved 15 (62.5)
  SDH 22 (91.7)
  ICH 1 (4.2)
  Skull fracture 7 (29.2)

Presence of other associated non-accidental injuries
  Retinal haemorrhage 18 (75.0)
  Visceral and/or skeletal injury 3 (12.5)

Number of neurosurgical procedures
  1 surgery only 16 (66.7)
  More than 1 surgery needed in relation to AHT 8 (33.3)

Primary outcome of interest (at 12 months)
  GOS-E Peds 1 to 4 (Favourable) 13 (52.4)
  GOS-E Peds 5 to 8 (Unfavourable) 11 (45.8)

Secondary outcomes (at 12 months)
  Progression to cerebral palsy 7 (29.2)
  Development of scar epilepsy 13 (54.2)
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was done for 2 patients who had previous decompressive 
craniectomies for their initial AHT injuries. Nonetheless, 1 
of them presented with bone resorption of their autologous 
bone graft, associated with a growing skull defect. Decision 
was made for a pre-formed synthetic implant to replace the 
previous cranioplasty (Table 2).

Patient outcomes of interest

The following outcomes of interest were set at a timepoint of 
12 months: ‘GOS-E Peds’, ‘Progression to cerebral palsy’, 
and ‘Development of scar epilepsy’. Univariate analyses 
demonstrated that patients with mild TBI were more likely 
to have a favourable GOS-E Peds (p = 0.01), whereas radio-
logical presence of cerebral oedema (p < 0.001), Develop-
ment of scar epilepsy (p = 0.021), and Progression to cer-
ebral palsy (p = 0.001) were associated with an unfavourable 
GOS-E Peds (Table 3). Further subgroup analyses showed 
that cerebral oedema was also statistically significant for 
the outcomes of Development to scar epilepsy (p < 0.001) 
and Progression to cerebral palsy (p = 0.006), respectively 
(Tables 4 and 5). As there were 0 counts for some of the 
variables, multivariate analysis was not performed.

Literature review findings

A total of 56 publications from January 1992 to February 
2020 pertinent to our study were identified. Specific to this 
study, there were 25 studies that featured reviews, epidemiol-
ogy, treatment modalities, and/or long-term disease outcomes 
for paediatric AHT. Decision was made to exclude publica-
tions that included accidental head injury and/or focused on 
injury to other body parts as part of their study population. 
In addition, we included selected papers on pathophysiology 
of childhood head injury to facilitate meaningful discussion. 
Otherwise, all relevant publications are referenced in this 
study accordingly (Fig. 2).

Discussion

Abusive head injury is a common cause of childhood death 
in non-accidental trauma [17]. For affected patients, AHT 
often results in debilitating long-term neurological deficits 
and sometimes death [18]. Associated risk factors include 
young age of parents, complex family situations, low socio-
economic status, minority racial backgrounds, and disability 
or prematurity of the child [19–21]. Although some authors 
have reported a male predominance in victims of child abuse 
[22] and a simultaneous prevalence of abuse amongst minor-
ity populations [23], there are studies which demonstrate 
otherwise [1]. Separately, there are heavy treatment costs 
and numerous other indirect financial burdens that result 
from AHT. These include adverse long-term neurological 
and psychological sequelae. Sadly, these effects are likely 
to incur large expenses beyond childhood, especially due 
to the need for chronic medications and neurorehabilitation 
therapy [24]. Despite increased global awareness of non-
accidental injury faced by children, the literature reports that 
only a limited number of hospitals routinely use standardised 
protocols when evaluating abuse [25].

In Singapore, the lead agency against child abuse is the 
Child Protection Service of the Ministry of Social and Fam-
ily Development [2]. In 2020, there are a total of 1313 such 
cases, whereby 677 are alleged physical abuse investigations 
[26]. Furthermore, there is an average 14.3% rise per annum 
of such cases in the past 5 years [26]. Although prohibited 
in several Western countries, domestic corporal punishment 
(that is, physical punishment where pain is inflicted for disci-
pline) is still lawful in Singapore [2]. Here, most children are 
still brought up according to the traditional Asian cultures 
in our country, especially with regard to physical punish-
ment, emotional expression, and care of children. Although 
a detailed discussion of childrearing in our local context is  
beyond the scope of this paper, it should be emphasised that 
our society condemns violence to children, and excessive 
physical punishment is very much frowned upon. None-
theless, we are aware that the question is what level of 

Table 2   Detailed list of patients who underwent more than 1 surgery

Patient 
number

First surgery performed Second surgery (time after first surgery) Third surgery (time after second surgery)

1 Intracranial monitor probe insertion Corpus callosotomy (16 years) -
11 Left subdural drain insertion Left subdural peritoneal shunt (6 months) -
13 Left subdural drain insertion Left subdural peritoneal shunt (9 months) -
15 Left decompressive craniectomy Left autologous bone cranioplasty (3 months) Left synthetic implant cranioplasty (24 months)
16 Right decompressive craniectomy Right autologous bone cranioplasty (1 month) -
20 Bilateral burr hole drainage of SDH Left subdural peritoneal shunt (3 months) -
21 Right craniotomy and evacuation of 

subdural haematoma
Bilateral burr hole drainage of subdural col-

lection (2 months)
R subdural peritoneal shunt (1 month)
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punishment will be deemed as ‘excessive’ [27]. Under such 
circumstances, it may be challenging to differentiate between 
reasonable corporal punishment versus child abuse, particu-
larly in the clinical setting.

Clinical manifestations of AHT vary with age, mecha-
nism, and specific types of injuries [28]. Affected patients 
may present with variable neurological signs, or occasion-
ally with occult injury as part of a child abuse evaluation 
for extracranial injuries [29]. In addition, taking a reliable 
history in the setting of suspected AHT is challenging, lead-
ing to the difficulty in categorising head trauma as ‘non-
accidental’ outside of a caregiver’s confession [30]. Under 
such circumstances, AHT is an extremely difficult diagnosis 
to make [12]. Mortality rates from AHT range from 3.7 to 

38% in the literature [1, 3, 31, 32]. This is congruent with 
our study, whereby we had a 12.5% death rate.

Reports confirm that the most frequent injuries sustained 
involve the head and neck [11], and most AHT occurs in 
children younger than 2 years old [9, 33]. This age group is 
especially vulnerable as they are still non-verbal and of much 
smaller physical stature. For them, certain injuries tend to be 
more common in the setting of AHT. For example, multi-
layered retinal haemorrhages (RH) have been cited to occur 
in 60 to 85% of AHT patients [34]. This is especially so in 
the setting of AHT whereby specificity of severe RH has 
been reported to be up to 100% [35]. These findings concur 
with our study whereby 75% of our patients had RH. Next, 
very young patients may sustain significant head trauma 

Table 3   Univariate analysis of patient demographics and variables for the primary outcome of interest GOS-E Peds. Bold values indicate statisti-
cal significance (i.e., p-value <0.05)

# negative relationship; OR not presented; ^zero counts; relative risk (RR) presented instead

Variable Overall (%) Favourable 
GOS-E Peds (1 
to 4)

Unfavourable 
GOS-E Peds (5 
to 8)

Unadjusted OR (95% CI) p-value

Total number of patients 24 (100) 13 (54.2) 11 (45.8)
Demographics
  Age in months; mean ± SD 8.75 ± 5.5 7.85 ± 7.32 9.81 ± 7.83 0.531
  Male 19 (79.2) 11 (57.9) 8 (42.1) 0.475
  Chinese 11 (45.8) 7 (63.6) 4 (36.4) 0.430
  Perpetrator (parent) 11 (45.8) 5 (45.5) 6 (54.5) 0.252
  Siblings with history of AHT 3 (12.5) 1 (33.3) 2 (66.7) 2.7 (0.21–34.2) 0.576
  Length of hospital stay in days; mean ± SD 43 ± 46.91 52.3 ± 56.04 34.6 ± 36.49 0.414
  Follow-up duration in months; mean ± SD 59.6 ± 56.0 41.6 ± 43.1 68.1 ± 72.2 0.299
  Number of surgeries; mean ± SD 1.38 ± 0.65 1.39 ± 0.65 1.36 ± 0.65 0.939

Clinical presentation at admission
  Mild TBI (GCS 13 to 15) 7 (29.2) 7 (100.0) 0 (0.0) 1.0 0.01
  Moderate TBI (GCS 9 to 12) 8 (33.3) 3 (37.5) 5 (62.5) 2.8 (1.5–5.4)^ -
  Severe (GCS 3 to 8) 9 (37.5) 3 (33.3) 6 (66.7) -
  Seizures at initial presentation 19 (79.2) 10 (52.6) 9 (47.4) 1.4 (0.19–10.0) 1.00

Neuroimaging findings
  Cerebral oedema 13 (54.2) 2 (15.4) 11 (84.6) 6.5 (1.8–23.2)^  < 0.001
  Bilateral hemisphere involvement# 15 (62.5) 9 (60.0) 6 (33.3) 0.675
  SDH 22 (91.7) 12 (54.5) 10 (45.5) 0.902
  ICH# 1 (4.2) 1 (100.0) 0 (0.0) 0.347
  Skull fracture 7 (29.2) 3 (42.9) 4 (57.1) 1.9 (0.32–11.3) 0.66

Associated injuries
  Retinal haemorrhages# 18 (75.0) 11 (61.1) 7 (38.7) 0.357
  Visceral and/or skeletal injury 3 (12.5) 1 (33.3) 2 (66.7) 2.7 (0.21–34.1) 0.576

Number of neurosurgical procedures#

  1 surgery only 17 (70.8) 9 (52.9) 8 (47.1) 0.851
  > 1 surgery 7 (29.2) 4 (57.1) 3 (42.9) -
Secondary outcomes of interest (at 12 months)
  Development of scar epilepsy 11 (45.8) 3 (27.3) 8 (72.7) 0.021
  Progression to cerebral palsy 7 (29.2) 0 (0.0) 7 (100.0) 0.001
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without evidence of scalp injury. The thin, pliable skull of 
these young infants transmits force more diffusely than the 
more rigid skull of the older child. The subdural space of 

the young infant is narrower and less tolerant of a space-
occupying lesion. It has been recommended that infants with 
unexplained subdural hematoma (SDH) undergo further  

Table 4   Subgroup univariate analysis of selected patient demographics and variables for presence of scar epilepsy as an outcome. Bold values 
indicate statistical significance (i.e., p-value <0.05)

# negative relationship; OR not presented; ^zero counts; relative risk (RR) presented instead

Variable Overall (%) No scar epilepsy Development of 
scar epilepsy

Unadjusted OR (95% CI) p-value

Total number of patients 24 (100) 13 (54.2) 11 (45.8)
Clinical presentation at admission
  Mild TBI (GCS 13 to 15) 7 (29.2) 6 (85.7) 1 (14.3) 1.0 0.156
  Moderate TBI (GCS 9 to 12) 8 (33.3) 3 (37.5) 5 (62.5) 8.4 (0.84–87.8) -
  Severe (GCS 3 to 8) 9 (37.5) 4 (44.4) 5 (55.6) -
  Seizures at initial presentation 19 (79.2) 8 (42.1) 12 (57.9) 2.3 (0.48–4.1)^ 0.612

Neuroimaging findings
  Cerebral oedema 13 (54.2) 5 (38.5) 6 (61.5) 4.3 (0.75–24.2)^  < 0.001
  Bilateral hemisphere involvement# 15 (62.5) 8 (53.3) 7 (46.7) 0.916
  SDH 22 (91.7) 12 (54.5) 10 (45.5) 0.902
  ICH# 1 (4.2) 1 (100.0) 0 (0.0) 0.347
  Skull fracture 7 (29.2) 4 (57.1) 3 (42.9) 0.608

Associated injuries
  Retinal haemorrhages# 18 (75.0) 13 (72.2) 5 (27.8) 0.795
  Visceral and/or skeletal injury 3 (12.5) 2 (66.7) 1 (33.3) 0.642

Number of neurosurgical procedures#

  1 surgery only 17 (70.8) 9 (52.9) 8 (47.1) 0.608
  > 1 surgery 7 (29.2) 4 (57.1) 3 (42.9) -

Table 5   Subgroup univariate analysis of selected patient demographics and variables for progression to cerebral palsy as an outcome 
instead. Bold values indicate statistical significance (i.e., p-value <0.05)

# negative relationship; OR not presented; ^zero counts; relative risk (RR) presented

Variable Overall (%) No progression to 
cerebral palsy

Progression to 
cerebral palsy

Unadjusted OR (95% CI) p-value

Total number of patients 24 (100) 17 (70.8) 7 (29.2)
Clinical presentation at admission
  Mild TBI (GCS 13 to 15) 7 (29.2) 7 (100) 0 (0.0) 1.0 0.072
  Moderate TBI (GCS 9 to 12) 8 (33.3) 6 (75.0) 2 (25.0) 1.3 (0.89–2.0)^

  Severe (GCS 3 to 8) 9 (37.5) 4 (44.4) 5 (55.6) 2.3 (0.93–4.7)^

  Seizures at initial presentation 19 (79.2) 13 (68.4) 6 (31.6) 2.3 (0.18–28.1)^ 0.612
Neuroimaging findings
  Cerebral oedema 13 (54.2) 6 (46.2) 7 (53.8) 2.6 (1.1–6.5)^ 0.006
  Bilateral hemisphere involvement# 15 (62.5) 11 (73.3) 4 (26.7) 0.507
  SDH 22 (91.7) 16 (72.7) 5 (37.3) 0.902
  ICH# 1 (4.2) 1 (100.0) 0 (0.0) 0.512
  Skull fracture 7 (29.2) 4 (57.1) 3 (42.9) 4.0 (0.43–37.3) 0.374

Associated injuries
  Retinal haemorrhages# 18 (75.0) 13 (72.2) 5 (27.8) 0.795
  Visceral and/or skeletal injury 3 (12.5) 2 (66.7) 1 (33.3) 1.2 (0.10–16.5) 0.865

Number of neurosurgical procedures#

  1 surgery only 17 (70.8) 12 (70.6) 5 (29.4) 0.967
  > 1 surgery 7 (29.2) 5 (71.4) 2 (28.6)
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investigation for AHT [29]. For AHT, the most common 
intracranial lesions are SDH in the parafalcine, tentorial, and 
occipital convexity regions, associated with focal or diffuse 
areas of parenchymal hypodensity on CT scan [36]. These 
also concur with our patients, whereby more than 90% of 
them have radiological evidence of SDH. Although SDH is 
commonly seen in AHT, we emphasise caution to exclude 
other unrelated causes for similar radiological findings in 
this age group [37]. One such consideration is the condition 
of benign enlargement of subarachnoid spaces of infancy 
(BESSI). This is a self-limiting condition that has been pos-
tulated to be secondary to immature arachnoid villi impair-
ing CSF absorption [38, 39]. Nonetheless, physicians who 
encounter a young child with BESSI and SDH should not 
reflexively determine that BESSI is the cause of the SDH 
and thus forgo an abuse evaluation [37]. This is especially 
so if there are features of macrocephaly, raised intracranial 
pressure [40], or concurrent injuries associated with child 
abuse [37, 41]. In our study, all patients were assessed thor-
oughly to ensure that these red flags, neurological symp-
toms, and clinico-social factors are present before conclud-
ing the diagnosis of AHT (Fig. 3).

Following that, the incidence of malignant cerebral 
oedema is higher in AHT patients when compared to those 
suffering from accidental trauma, leading to increased fre-
quency of neurosurgical interventions [1]. This is because Fig. 2   PRISMA flow diagram of the literature search pertinent to 

study

Fig. 3   Comparison of representative coronal T2-weighted fluid-attenuated 
inversion recovery (FLAIR) with fat suppression images of 2 different 
7-month-old patients with BESSI (A) and AHT patient (B). Of note, the 
patient with BESSI (A) has enlarged subdural and subarachnoid spaces 
(represented by the yellow arrow), without evidence of blood products 
or cortical effacement. This contrasts with the AHT patient (B) who pre-

sented with signs of raised ICP and bilateral RH. The red arrow depicts 
bilateralsubdural collection, suggestive of subacute-chronic blood prod-
ucts, causing local mass effect on the underlying cerebral cortex. This 
patient underwent burr hole drainage that confirmed a subacute subdural 
hematoma under pressure
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the unmyelinated infant brain with its higher water content 
is more susceptible to rapid life-threatening, diffuse brain 
swelling during injury [28]. Diffuse cerebral swelling is usu-
ally seen 24 to 48 h following trauma and may occur more 
frequently in children than adults due to impaired autoregu-
lation of perfusion and possibly an increased inflammatory 
response. Paediatric patients also generally have lower mean 
arterial pressures which result in greater likelihood for hypop-
erfusion and subsequent infarction [34]. Our study demon-
strates that the presence of cerebral oedema on initial scans 
shows a strong correlation with higher GOS-E Peds scores 
(45.8%). This is likely so because diffuse insults such as 
cerebral oedema from TBI often result in hypoxic–ischemic 
encephalopathy, often irreversibly damaging the growing 
brain [42]. Consequently, these patients are at high risk of 
limited recovery and correspondingly poor outcomes [43]. 
This phenomenon is reflected in our own cohort, whereby 
cerebral oedema significantly correlates to and is predictive 
for patients progressing to cerebral palsy and development 
of scar epilepsy. Studies observe that scar epilepsy has sig-
nificant impact on quality of life for both patient and their 
caregivers [44]. Consistent with previous publications that 
report poorer outcomes for AHT patients [1, 28, 45, 46], our 
study shows that cerebral oedema significantly correlates to 
and is associated with patients progressing to cerebral palsy 
(29.2%) and development of scar epilepsy (54.2%).

From a neurosurgical perspective, this study has also high-
lighted the necessity of continued follow-up by our unit. In 
our series, we had 29.2% of patients that required additional 
neurosurgical interventions due to secondary neurological 
sequelae from their initial AHT. At the time of this writ-
ing, large-scale studies focused on long-term outcomes of 
children with AHT are limited [47, 48]. Nonetheless, exist-
ing literature strongly suggests that affected patients remain 
vulnerable to neurological, cognitive, and psychological 
disabilities throughout their lives [47–49]. Therefore, it is 
essential that clinicians review them regularly in the long 
term and step in to coordinate for their other biopsychosocial 
needs, as required.

Study critique and future work

For this study, we acknowledge that there are noteworthy lim-
itations. First and foremost, this is a retrospective cohort with 
a modest population conducted at a single institution. Hence, 
additional variables and subgroup analyses at a deeper level 
are omitted as part of the statistical interrogation as the num-
bers are not meaningful. Separately, we believe that there will 
be AHT cases inevitably missed out over this 20-year period, 
likely due to underreporting of cases or limited awareness of 
this diagnosis in the early years.

As part of the ongoing work, our institution has adopted 
a multi-disciplinary approach to managing these complex 
patients. This workflow is constantly evolving to ensure that 
we are congruent with the latest evidence-based medicine 
and public health efforts. Prospectively, we endeavour to 
include long-term neuropsychological and functionality 
assessments of these patients as they continue to grow to 
adulthood. To optimise the neurorehabilitation potential in 
these children, the challenge is to identify interventions tai-
lored specifically to the developing brain, which will mini-
mise secondary effects of the initial brain insult from AHT 
and reduce neurocognitive morbidity [42]

Conclusion

Abusive head trauma is a devastating condition associated 
with long-term neurological sequelae and burdensome 
healthcare costs. The authors therein present our neurosur-
gical experience for very young children diagnosed with 
AHT, and their outcomes. We advocate increased aware-
ness in clinicians, strong multi-disciplinary teamwork, and 
collaborations with like-minded international groups, for 
management of affected children.
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