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Outcome following subdural haemorrhages in infancy
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Subdural haemorrhages (SDH) are associated with significant
neurodisability in affected individuals. The incidence of SDH in
infants is between 12 and 25 cases per 100 000 children and
most detected SDH are due to physical abuse. In the infant
brain, SDH are caused by tearing of the bridging veins in the
subdural space and may result in significant brain injury. The
challenge of assessing outcome in infants with SDH is
evaluating whether SDH or other accompanying brain insults
are instrumental in the neurodevelopmental outcome.
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with significant neurodisability in affected

individuals. The incidence of SDH in infants is
20-25 cases per 100 000 children under the age of
1 year'” and 12 cases per 100 000 children under
the age of 2 years.”> Most detected SDH are due to
physical abuse.'>* In the infant brain, SDH are
caused by tearing of the bridging veins in the
subdural space as a result of rotational and
deceleration forces, or by other pathological
processes. While the causal mechanisms of SDH
include meningitis, coagulopathy, vascular mal-
formations and rare metabolic disorders, the out-
come in affected children has been mostly studied
in those who have suffered traumatic (accidental
or non-accidental) brain injuries. As the develop-
ing infant brain is more susceptible to shaking or
impact injuries due to poor head control and the
relatively large size and weight of the infant head
compared with the body, accidental or non-
accidental (inflicted) trauma may cause significant
brain injury. In individuals who have suffered
trauma, other brain injuries are associated with
the presence of SDH, for example, subarachnoid
and intraparenchymal haemorrhages, diffuse axo-
nal injury and injury to the brainstem and spinal
cord. As a result of all mechanisms of brain injury,
secondary hypoxic ischaemic injury and resulting
cerebral oedema may occur due to decreased
cerebral perfusion secondary to raised intracranial
pressure, apnoea or seizures. Thus, outcomes may
relate more to the associated brain injury than to
the SDH per se. The challenge of assessing
outcome in infants with SDH is evaluating
whether SDH or other accompanying brain insults
are instrumental in the neurodevelopmental out-
come.

Subdural haemorrhages (SDH) are associated

OUTCOME STUDIES: METHODOLOGICAL
CONSIDERATIONS

Retrospective studies performed during the 1970s
gave initial insight into the outcomes in children
with accidental or non-accidental traumatic SDH

(for a historical review, see Minns and Brown’).
However, more recently, several prospective stu-
dies have significantly increased our knowledge of
outcome following injury.®'® SDH are recognised
in association with a variety of causal mechanisms,
but published data on the outcome in children
with non-traumatic SDH is sparse. One consider-
able confounding factor in studies of outcome
following both traumatic and non-traumatic SDH
is that accompanying brain injuries are likely to be
present but differ with varying mechanism of
injury. This variation, as well as the variation in
injury severity, introduces bias into outcome
studies as outcome is related to both the mechan-
ism and the severity of injury. Additionally,
specific methodological difficulties remain; strin-
gent diagnostic criteria were not used to categorise
injury in some studies, casting doubt on the
validity of data, and also the definition of injury
varies between studies (ranging from clinical
examination findings to radiological features)
making the comparison of data complex.
Furthermore, the duration of follow-up is extre-
mely variable between studies; a period of at least
2 years after injury might be considered adequate
to assess motor and cognitive outcome, but many
studies did not standardise the period and reported
a mean duration of follow-up, while in other
studies the follow-up period was very short. With
reference to measuring outcome, the assessment
tools used have been diverse. Finally, none of the
listed studies reported subgroup analysis of out-
come by either the presence of SDH, age or
radiological classification of injury.

The absence of a ““gold standard” battery of
outcome measures and the subsequent use of non-
standardised and variable outcome measures has
led to difficulties in the comparability of outcome
data following SDH. While some studies have
simply assessed outcome using neurological exam-
ination'' and carer report,'? other measures used
have included the Glasgow Outcome Scale (GOS),
Seshia’s global outcome score, King’s Outcome
Scale for Childhood Head Injury (KOSCHI) and
the Pediatric Overall Performance Category
(POPC)" (table 1). Of these outcome measures,
the GOS™ and its modifications have been most
widely used in measuring long-term outcomes;
however, the GOS may not identify cognitive and
fine motor deficits.” That the scales listed categor-
ise individuals within a rather narrow scale (for
example, the GOS has a 5 point outcome scale and
the Seshia score a 6 point scale) results in

Abbreviations: GOS, Glasgow Outcome Scale; KOSCHI,
King’s Outcome Scale for Ciﬂdhood Head Injury; POPC,
Pediatric Overall Performance Category; SDH, subdural
haemorrhages
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categorisation rather than dimensionalisation of outcome. In
order to achieve standardisation and adequately identify and
quantify gross and more subtle difficulties, assessment with
outcome scales, developmental scales and neuropsychological
tests in combination is desirable.

GROUPING OF OUTCOME DATA FOLLOWING SDH
For this review, in order to critically assess outcome data,
studies have been grouped by causal aetiology. Thus the
outcomes in infants with SDH due to trauma are divided into
those caused by accidental and non-accidental mechanisms;
the outcomes of SDH in infants following non-traumatic injury
are described separately.

OUTCOME FOLLOWING NON-ACCIDENTAL
(INFLICTED) HEAD INJURY

The short-term outcome in infants with inflicted SDH is poor
and the associated mortality ranges from 11% to 36%' > ®'*; in
surviving children, long-term morbidity is usual and ranges
from mild learning difficulties to severe physical and cognitive
impairment.' * '*'7 Table 1 lists some of the recent short- and
long-term retrospective and prospective studies of outcome in
infants and children who have sustained non-accidental
(inflicted) head injury.

OUTCOME FOLLOWING OTHER CAUSES OF SDH
Accidental head injury

SDH are more likely to be associated with parenchymal
haemorrhage in children who have suffered accidental head
injury than inflicted injury.® Despite this, several recent studies
have confirmed that outcomes are much better following
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accidental head injury than after non-accidental head
injury.® '* > >> > In contrast, a recent large study by Keenan et
al showed that 61% of children who sustained accidental head
injury had SDH (mostly road traffic accidents or significant
falls); 57% of these individuals had a good outcome, 12% a poor
outcome and 31% died.” These data may be confounded by the
large number of individuals who suffered head injury following
motor vehicle accidents, resulting in more reported deaths but
less disability than in other studies.

The difference in reported outcomes between children who
have been accidentally injured and those who have suffered
inflicted injury is likely due to two main factors. Firstly, in
reports to date, accidentally injured children have tended to be
older than non-accidentally injured children* due to an
increased likelihood of older children being injured in road
traffic accidents (both as passengers or pedestrians) rather than
having a brain injury secondary to shaking (although see
Salehi-Had ef al**). Secondly, differences are also likely to be
due to the mechanisms of inflicted injury and because children
with inflicted injury are likely to have a relatively late
presentation to medical care, resulting in delayed treatment
during a critical period.

Non-traumatic SDH

Although trauma is the commonest cause of SDH in infancy,'’
subdural collections of blood, effusions or empyemas are seen
following birth, meningitis, metabolic disorders and in associa-
tion with haematological disorders.

SDH may occur following instrumental deliveries and also
after the normal birth process.” > In contrast to other traumatic
causes of SDH, those occurring following childbirth are largely
asymptomatic, resolve shortly after birth and do not evolve into

Table 1 Retrospective and prospective studies of outcome following inflicted brain injury
Number
of patients  Follow-up period Outcome measure Died Disabled Good recovery
Retrospective studies
Bonnier et al, 1995' 13 Mean 7 years Neurological exam 1 5 (+1 vegetative 7 initially, 1
2 months Psychological exam state) at 5 years
Developmental tests
(various including WISC)
Duhaime et al,1996" 84 Mean 9 years Modified GOS 22 9/14 (data available 5/14
(telephone interview) on 14 children)
Haviland and Ross 15 3 months to Mild, moderate or 2 12 1
Russell, 1997 3 years severe disability
Barlow and Minns, 1999*° 17 Mean 33 months Seshia outcome scale 2 8 7
Barlow and Minns, 2000° 44 3 years Seshia outcome scale ) 22/42 (data available 14/42
on 42 children)
King et al, 2003" 364 At hospital Paediatric Cerebral 69 274 (including 251 21
discharge Performance Category requiring ongoing
scale care)
Karandikar et al, 2004 65 2 years KOSCHI 16 20/45 (data available 25/45
on 45 children)
Keenan et al, 2004 80 At discharge POPC 18 28 34
Keenan et al, 2006’ 41 1 year POPC Only 29 12
Stein-Jessop Functional survivors
Status Il (Revised) reported
Global Health Index
Prospective studies
Ewing-Cobbs ef al, 1998° 20 Mean 1.3 months Modified GOS Only 16 4
Standardised survivors
developmental fests reported
Ewing-Cobbs et al, 1999” 28 1-3 months Modified GOS Only 21 7
Bayley development survivors
scales reported
Barlow et al, 2005° 25 59 months GOS 1 16 8
Seshia outcome scale
Standardised
developmental tests
GOS, Glasgow Outcome Scale; KOSCHI, King's Outcome Scale for Childhood Head Injury; POPC, Pediatric Overall Performance Category; WISC, Wechsler
Intelligence Scale for Children.
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chronic subdural effusions; in such patients, SDH do not need
intervention and resolve spontaneously within 4 weeks.”

The outcome in individuals with SDH associated with
bacterial meningitis is similar to the outcome in individuals
with meningitis alone,” suggesting that the poor outcome is
related to the global brain insult caused by the associated
inflammatory process rather than as a result of subdural
empyemas alone. Subdural empyemas following bacterial
meningitis may cause pressure effects and require neurosurgi-
cal intervention; a large retrospective study including both
children and adults with SDH showed a mortality of 12.2%,
morbidity of 26% and good outcome by Glasgow Outcome
Scores in 82% of patients.”

Considering metabolic disorders, type 1 glutaric aciduria
results in microencephalic macrocephaly and haemorrhages
may result from associated stretched bridging veins secondary
to cerebral atrophy.”® In keeping with the various causes of
SDH, other mechanisms (in this case metabolic encephalopathy
affecting the basal ganglia) affect neuronal integrity and
influence outcome. Outcome in type 1 glutaric aciduria is also
affected by the degree to which acute striatal necrosis affects all
muscle groups.”” The outcome in patients with and without
SDH alone is not reported.

The final group of children who may present with SDH are
those with blood clotting disorders; however, no cases series
report on outcomes in such individuals. In contrast to other
mechanisms of SDH, as haemorrhage may occur spontaneously
or following seemingly innocuous trauma, individuals with
clotting disorders may represent a useful study group in which
to assess outcome following SDH and their immediate sequelae
alone, without the complicating factors of other brain related
insults.

SPECIFIC NEURODISABILITY OUTCOMES

In addition to the global outcomes reported in table 1, specific
neurodisabilities are also associated with the presence of SDH
and are described below. Within each of these outcome
categories, the severity of disability varies with the causal
mechanism.

Neurological outcome

Nearly two thirds of infants who sustain non-accidental head
injury will have neurological sequelae.' Various motor patterns
evolve including hemiplegia, quadriplegia, ataxia, hypotonia
and dystonia.' ® "7 *' ** Other abnormalities include speech and
language difficulties, hearing impairment, cranial nerve
abnormalities, microcephaly, hydrocephalus and epilepsy.® *' *!
As previously discussed, specific neurological sequelae are less
likely to occur in individuals with accidental head injury than
with inflicted head injury.® Neurological outcome in children
with SDH and bacterial meningitis is very similar to that in
children with meningitis alone.”® Individuals with birth-related
SDH are thought to have normal neurological outcome, but
longitudinal studies are lacking.

Seizures

Individuals with inflicted SDH may experience acute seizures.
However, post-traumatic epilepsy is also seen in children who
have sustained subdural haemorrhage'* ' **; multifocal sei-
zures and infantile spasms have also been reported.® In
contrast, children are less likely to have seizures following
SDH associated with accidental trauma than with inflicted
injury.® Seizures are no more common in those with meningitis
and SDH than in those with meningitis alone.*

Vision
Following traumatic brain injury, visual sequelae can result
from vitreous and retinal haemorrhages as well as cortical
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visual dysfunction. Most intraocular haemorrhages resolve
within 4 weeks.” Visual dysfunction includes visual field
defects, visual agnosia, visual acuity loss and ocular movement
abnormalities.® ' Retinal haemorrhages are more likely to be
seen in children with inflicted than accidentally caused SDH;
infants with inflicted injury frequently have visual impair-
ment.”* Accidentally caused retinal haemorrhages are more
likely to be unilateral than bilateral and thus may result in less
overall morbidity.®* Individuals who suffer SDH and asso-
ciated brain injuries may develop cortical blindness and optic
atrophy due to mechanisms unrelated to the SDH itself.

Speech and language

Following SDH, speech and language abnormalities may occur
and are usually associated with a broader cognitive impair-
ment.*® Some infants may develop an autistic spectrum
disorder following SDH.® ** Other speech problems in children
with SDH are a result of dysarthria and bulbar dysfunction
secondary to associated brain injuries. Children are more likely
to require speech therapy following SDH secondary to inflicted
than accidental causes.’

COGNITIVE, BEHAVIOURAL AND
NEUROPSYCHIATRIC OUTCOMES
Behavioural problems are seen in a large proportion of children
who have suffered SDH in infancy; occasionally developmental
arrest and autistic regression occur.® Rage reactions, self-
injurious behaviour, temper tantrums, hyperactivity, attention
deficit disorders and stereotypical ritualistic behaviours are all
described and sleep disturbances are also seen.® Poor concen-
tration and reduced attention result in deteriorating school
performance.® ' Special educational needs are identified in a
large proportion of children with inflicted brain injury. In a
study of school age children, five of 18 children attending
mainstream school had a statement of special educational
needs. In addition, seven children attended special schools.”!
Neuropsychological testing frequently confirms significant
impairment of intellectual function following SDH and trau-
matic brain injury in children.®”**?* In a careful and detailed
study of cognitive function using Bayley Scales of Infant
Development, British Ability Scales and Vineland Adaptive
Behavioural Scales, Barlow ef al have shown memory deficits,
attention deficits, poor social skills, low initiative, emotional
liability, inappropriate sexual behaviours and poor motor
skills?; these features are mainly indicative of frontal lobe
dysfunction. Since the frontal lobes continue to mature during
late childhood and adolescence, related difficulties may only be
seen several years after SDH and brain injury, emphasising the
need for sufficient long-term follow-up.”!

SOCIAL AND LEGAL OUTCOMES

Of particular relevance to SDH secondary to inflicted injuries,
and beyond the neurodevelopmental outcome, is the outcome
for the child’s family unit. The social well-being of the child
depends on the legal and social outcome in every case. Legal
and social outcomes have been largely neglected by researchers
who have understandably concentrated on the outcome in the
individual involved. Systematic non-biased research in this
important area is methodologically difficult due to data
protection, patient confidentiality, achieving consent from the
child’s parents and the emotive nature of physical abuse.
Inflicted SDH are more likely to occur in lower socioeconomic
class families’; demographic data relating to the alleged
perpetrators and their victims (social class, employment and
area of residence) is available to a limited extent.'’*
Furthermore, limited data are available on outcomes of child
protection conferences and criminal prosecutions. Successful
prosecutions are achieved in a minority of cases’” and most
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children are returned to their previous homes.'"” "7 In summary,
longitudinal outcome studies gathering data on the result of
social and legal outcomes for infants and families (child
protection procedures and criminal prosecution, estrangement
within the family, fostering and adoption and further abuse
within the family) are badly needed.

RADIOLOGICAL OUTCOME

Most acute SDH show radiological evidence of resolution
within 4-6 weeks. Following a traumatic cause of SDH,
associated brain parenchymal injuries are often present.
Associated injuries are diverse and relate to the mechanism of
injury; radiologically identified damage in the form of cerebral
oedema, infarction, parenchymal and ventricular haemor-
rhages, contusions, hypoxic ischaemic injury and diffuse axonal
injury, and gliotic scaring in subcortical white matter, cerebellar
hemispheres and corpus callosum is seen in association with
SDH.* *' Follow-up imaging after an appropriate interval may
then reveal residual gliosis, cerebral atrophy, hydrocephalus or
porencephaly.” *' Cranial growth deceleration and intrapar-
enchymal brain abnormalities detected in the first 3 months
following injury have been found to be significantly associated
with poor short- and long-term neurodevelopmental out-
come.®*!

PROGNOSTIC AND PREDICTIVE FACTORS FOR
OUTCOME FOLLOWING SDH
In studies of outcome following SDH, the premorbid factors
may influence results. For example, genetic, social and
environmental factors, premorbid developmental disorders
and neurodevelopmental progress are all important.
Management during the acute phase following injury also
affects outcome; however, aggressive management was not
associated with better outcome in one study.” In traumatic
brain injury, Glasgow Coma Scale, cerebral perfusion pressure
and mean arterial pressure control may affect outcome.” Other
factors such as duration of impaired consciousness and number
of lesions on imaging are also important.” Various other
predictive factors for poor prognosis include the presence of
early seizures, apnoea, raised intracranial pressure, hypoten-
sion, vitreous haemorrhages, skull fractures, intraparenchymal
brain abnormalities, brain swelling and diffuse axonal
injurY-Z() 41-44

Important post-injury factors include the legal and social
outcomes of child protection proceedings (whether the child

Key points and recommendations

e Studies of outcome in infants with SDH have been limited
by research methodology.

® Outcome in infants with inflicted SDH is poor compared
to those with SDH from other causes.

o Studies of social and legal outcomes are necessary in
order to assess the importance of appropriate support
measures for the child and family.

e Studies are required fo ascertain whether specific clinical,
radiological and biochemical features at acute clinical
presentation predict long-term outcome.

® large, prospective multicentre longitudinal studies of
infants with SDH are required. Clinical and neuropsy-
chological assessment by multidisciplinary teams using
standardised outcome measures are necessary to detect
subtle neurodevelopmental and cognitive deficits which
otherwise may be overlooked.

www.archdischild.com
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returns to an abusive environment with resultant further
physical and/or emotional abuse and neglect) and whether
further insults to the brain occur from causes such as
uncontrolled epilepsy, hydrocephalus, visual impairment and
cognitive impairment.

Finally, we should consider whether outcome in children
with SDH can be predicted in other ways. Berger et al/* have
recently investigated the measurement of the degree of brain
injury through endogenous markers rather than neuroradiolo-
gical factors or observed clinical symptoms or signs. The
combined use of specific biochemical markers of neuronal
damage,” * clinical features such as bilateral retinal haemor-
rhages® as well as radiological features such as diffuse axonal
injury* in order to predict outcome following SDH may lead to
new prognostic opportunities in the field. Were an endogenous
marker considered sensitive and specific enough to indicate
that a neuronal injury had occurred, this could form the basis of
a screening test which could be used to identify individuals
who required neuroimaging. If chemical or radiological markers
were predictors of potential poor outcome,* increased early
intervention and rehabilitation might be appropriate in order to
improve future progress.

CONCLUSIONS AND DIRECTIONS FOR FUTURE
RESEARCH

In summary, there are few published studies that compare and
contrast the differences in outcome between SDH of differing
aetiology. Furthermore, studies of outcome following accidental
or non-accidental trauma do not report subgroup outcomes by
either age or the presence of SDH with or without other brain
injury. Multicentre prospective longitudinal studies of outcome
following SDH (as measured by clinical examination, standar-
dised outcome scores and neuropsychological tests) are
required. Such studies should include children of all ages
who have suffered SDH of all aetiologies, in order to show
whether outcomes differ by causal mechanism and age, and to
identify which of the associated markers of injury correlate best
with poor outcome.
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