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Background. Cerebral palsy (CP) is a common worldwide disabling disorder. However, data about prevalence and causes of CP in developing
countries are deficient because of high cost and limited availability of magnetic resonance imaging (MRI), the gold standard neuro-imaging
modality for evaluation and management of CP in neonates.
Objectives. To determine the frequency of CP causes in children with suspected hypoxic ischaemic injury (HII) involved in medicolegal
litigation in South Africa based on MRI report findings.
Methods. A total of 1 620 MRI reports were categorised into HII, non-HII and normal MRI. None of the patients had prior neuro-imaging
records. HII reports were sub-classified according to pattern of brain injury into basal ganglia-thalamus (BGT), watershed (WS), combined
BGT-WS, periventricular leukomalacia (PVL) and multicystic encephalomalacia. Non-HII diagnoses were sub-classified into strokes,
congenital malformations, kernicterus, hydrocephalus, haemorrhages, atrophies, metabolic causes and infections.
Results. The median age was 6 years. HII reports (n=1 233; 76.1%) showed BGT in 447 (27.6%), WS in 266 (16.4%), combined BGT-WS in
335 (20.7%), PVL in 58 (3.6%) and multicystic in 127 (7.8%). Non-HII diagnoses (n=255; 15.7%) showed 78 (4.8%) congenital malformations,
50 (3.1%) atrophies, 35 (2.1%) kernicterus, 23 (1.4%) strokes, 12 (0.8%) haemorrhages, 14 (0.9%) hydrocephalus, 36 (2.1%) metabolic and 7
(0.5%) infections. Normal exams were 132 (8.2%).
Conclusions. Despite being performed a relatively long time – median of 6 years – after the suspected perinatal HII, MRI yielded a diagnosis
in 92% and showed that only 76% were due to HII, and more importantly, that there was a preterm HII pattern of injury in 15%, which when
added to the 16% of non-HII cases, could potentially save on litigation in a total of 31% of cases that are unlikely to be related to malpractice.
MRI should be performed wherever possible in CP cases, even if no imaging exam was performed in the perinatal period.
S Afr Med J 2021;111(9):910-916. https://doi.org/10.7196/SAMJ.2021.v111i9.15666

Cerebral palsy (CP) is a neurodevelopmental motor and postural
disorder that occurs as a sequela of non-progressive injury of the
developing brain, leading to movement restriction and permanent
disability.[1] Birth CP is common worldwide, affecting around 2 - 4
per 1 000 live births.[2] Hypoxic ischaemic injury (HII), which is
thought to result from decreases in blood and oxygen supply to the
brain, is considered to be one of the leading causes for development of
CP.[3] Other possible CP causes include stroke,[4] infection, metabolic
abnormalities (e.g. kernicterus,[5] hypoglycaemia, hypomyelination
syndromes) and genetic abnormalities (mutations) leading to brain
malformations. Brain insults can occur in utero (antenatal), during
delivery (intranatal), or in the neonatal, infancy and early childhood
period (postnatal).[6] Even though the highest risk for development of
CP is among preterm and low-birthweight infants (40 - 100 per 1 000
live births), most children with CP are born at term.[7]
Data on the prevalence of CP in many developing African
countries, including South Africa (SA), are limited,[8] but some studies
suggest that the CP incidence is much higher in these countries,
with an estimate of ~10 per 1 000 live births, especially in remote,
underserved rural areas where there is a lack of medical resources and
obstetric services.[9,10] Unlike in the developed world, postnatal causes
account for a significant proportion of CP cases because of increased
susceptibility of newborns to contract infections endemic in these
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regions (e.g. neonatal meningitis, toxoplasmosis and malaria), which
is further aggravated by poverty, famine and malnutrition.[8,10]
Most causes of CP in developing countries are preventable and
treatable through early diagnosis and proper management, at the
very least reducing CP-related comorbidities and improving patients’
clinical outcomes. A recent survey conducted by the United Nations
Children’s Fund concluded that in 2018 alone, 43 000 children aged
<5 years died in SA, most of them newborns (n= 12 717), because
of birth-related complications and neonatal infections, and that a
significant proportion of these neonates would have been saved if
early and appropriate measures had been taken.[11]
Magnetic resonance imaging (MRI) is the most commonly
used neuro-imaging modality worldwide for early evaluation and
management of the causes of CP.[12] However, MRI availability in many
developing countries is limited and the costs are high – more than an
average household income can afford – leaving the majority of CP cases
undiagnosed during the early course of the disease. As the number of
CP cases grows in these countries, so does the amount of medicolegal
litigation,[13] including in SA, where one recent study showed that 43%
of all claims filed against SA state hospitals are birth related.[14,15]
In this study, we aimed to determine causes of CP (HII, non-HII
and normal) in children with suspected HII involved in medicolegal
litigation in SA based on MRI report findings.
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Methods

Study design

We retrospectively reviewed brain MRI reports from a large
medicolegal database comprising CP cases referred for medicolegal
evaluations long after an alleged perinatal hypoxic ischaemic event
occurred. This study is approved by our institutional review board
(IRB ref. no 20-017467) and compliant with all Health Insurance
Portability and Accountability Act protocols. The requirement for
patient informed consent was waived.
All MRI reports were reviewed and evaluated by the study
co-ordinators. MRI reports that were duplicated or had inconclusive
findings (due to motion artifact or other cause for poor MRI
examination quality) were excluded. The remaining reports were
categorised according to the MRI diagnosis (impression) into HII,
non-HII and normal (Fig. 1). HII cases were further categorised
according to the pattern of brain injury as: basal ganglia-thalamus
(BGT), watershed (WS), combined BGT/WS, catastrophic multicystic and periventricular leukomalacia (PVL). Those without HII
were also further classified into broad categories of congenital
malformations, atrophies, kernicterus, arterial strokes, haemorrhages,
hydrocephalus, metabolic/toxic causes, infections and other.

MRI interpretation

All studies were reported by a sub-specialised paediatric neuro
radiologist with over 20 years of clinical experience, in active clinical
practice, and licensed to practise in the USA, UK and SA. The
radiologist was blinded to patient clinical findings at the time of
reporting, but was aware that the cases were referred for evaluation of
the cause for CP. MRI exams were conducted using both 1.5 and 3T
scanners at a variety of locations, using a standardised baseline protocol
of T1, T2, T2 fluid-attenuated inversion recovery (FLAIR), diffusionweighted imaging (DWI) and gradient Echo/susceptibility-weighted
imaging sequence performed on the sagittal, axial and coronal planes.
The diagnosis of HII was made according to the reporting
radiologist’s clinical standards when the distribution of the brain
lesions matched one of the common patterns typically observed in
neonatal brain hypoxia. Because the MRI scans were performed a
long time after the alleged perinatal event, findings were categorised
as follows: BGT pattern of hypoxia when there was atrophy, high T2
36; metabolic; 2.1% 7; infections; 0.5%
14; hydrocephalus; 0.9%
12; haemorrhage; 0.8%
23; stroke; 1.4%
35; kernicterus; 2.1%

132;
normal;
8.2%

50; atrophies; 3.1%

447; AP/BGT HII;
27.6%

78; congenital
malformations; 4.8%
58; PVL HII; 3.6%

127; catastrophic
(multicystic) HII; 7.8%

266; PP/WS HII;
16.4%

335; combined
BGT and WS HII;
20.7%

Fig. 1. Frequency of each magnetic resonance imaging subcategory (n) as a
percentage of the total cases in our database (N=1 620). (AP = acute profound;
BGT = basal ganglia thalamus; HII = hypoxic ischaemic injury; WS =
watershed; PP = partial prolonged; PVL = periventricular leukomalacia.)
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signal, and/or cavitation present in the thalamus, putamen and perirolandic cortex;[16] WS pattern of hypoxia when there was atrophy (with
or without ulegyria) or high T2 signal found in the watershed regions
of the brain (namely the peri-sylvian, para-sagittal, anterior watershed
(AWS) and posterior watershed (PWS) regions);[17] combined BGT/WS
pattern of hypoxia when there was an overlap in the pattern of the brain
regions affected between BGT and WS; or multicystic (catastrophic)
HII when there was bilateral extensive multicystic leukomalacia with
visible glial strands involving frontal, temporal, parietal and occipital
lobes with preferential sparing of the posterior fossa structures. All
of the above hypoxic-ischaemic patterns were considered injury at
term gestation. Findings were categorised as PVL when a high T2
signal was reported in a typical distribution involving the white matter
immediately surrounding the ventricles with and without changes in
the ventricular contour and/or cystic changes, and was considered a
pre-term pattern of injury.
Non-HII cases were categorised as: arterial stroke when there was
involvement of a major arterial territory; or kernicterus when there
was high T2 signal found in the globus pallidus without associated
abnormalities in the putamen or thalamus with or without involvement
of the hippocampi.[18] Finally, a diagnosis of normal MRI was made
when there were no findings suggestive of HII or any other brain
abnormality.

Results

A total of 1 680 MRI reports in children with CP ranging in age
from 0 to 18 years were reviewed. Of these, 60 reports were excluded
because they were duplicated (n=14) or because the MRI exam was of
low quality, e.g. exams with significant motion artifact, affecting the
radiologist’s ability to offer a report (n=46).
The reports of the remaining study population of 1 620 (median
age 6 years, interquartile range (IQR) 4 - 9 years) were classified
according to the MRI categories described above.
Of the total 1 620 MRI examinations, there were 1 233 (76.1%)
with HII findings (992 (61.2%) with a term pattern of injury and 241
(14.9%) with a preterm pattern of injury), 255 (15.7%) with non-HII
findings and 132 (8.2%) categorised into the normal group.
In the HII cases, the basal ganglia and the thalamus were affected
in a total of 782 cases (48.3% of total study population), made up of
the BGT and combined BGT-WS groups, while the WS regions of
the cerebral hemispheres were affected in a total of 601 (37.1% of
total study population), made up of the WS and combined BGT-WS
groups.
Detailed frequency of MRI patterns of injury in the HII-diagnosis
group can be found in Table 1, and findings are summarised both
as percentages of the total study population and as percentages
of the HII group. The most common pattern of injury in HII was
the isolated BGT pattern (447; 36.33% of HII cases), followed by a
combined BGT-WS pattern (335; 27.1% of HII cases), isolated WS
(266; 21.6% of HII cases), catastrophic multicystic encephalomalacia
(127; 10.3% of HII cases) and PVL (58; 4.7% of HII cases).
The non-HII diagnosis group comprised: 78 (4.8% of total study
population) congenital malformations; 50 (3.1% of total study
population) with atrophy; 35 (2.1% of total study population) with
features associated with kernicterus/bilirubin toxicity, 23 (1.4%
of total study population) with stroke; 12 (0.8% of total study
population) with intracranial haemorrhage; 14 (0.9% of total study
population) with hydrocephalus and ventriculo-peritoneal shunts;
and 43 cases which were classified into much broader groups
(metabolic, hypomyelination and leukodystrophies in 36 cases (2.1%
of total study population) and congenital (in utero) and postnatal
infections in 7 cases (0.5% of total study population). Table 2
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summarises this non-HII diagnosis group and reflects more granular
diagnostic information within specific groups.

Discussion

CP can occur as a result of several different causes, and has a very
wide range of clinical manifestations that vary greatly in their degree
of functional disability and type of movement disorder, depending on

the underlying injury. Neuro-imaging plays a key role in CP diagnosis.
The American Academy of Neurology (AAN) and Child Neurology
Society (CNS) guidelines recommend performing neuro-imaging for
all cases of CP where the aetiology has not yet been established.[19]
MRI, owing to its high resolution and superior tissue contrast,
is considered to be the imaging modality of choice for obtaining
detailed and accurate findings of brain pathologies, which helps

Table 1. Frequency of each MRI pattern subtype of HII cases (n = 1 233; 76.1% of total study population of 1 620)
Cases, N
447
266
335
127
58
1 233
782
601

HII diagnosis and pattern of injury
Isolated BGT
Isolated WS
Combined BGT-WS
Catastrophic multicystic
PVL
Total
BGT all (BGT alone + combined BGT/WS)
WS all (WS alone + combined BGT/WS)

% of HII reports (n=1 233)
36.3
21.6
27.1
10.3
4.7
100
63.4
48.7

% of total report (n=1 620)
27.6
16.4
20.7
7.8
3.6
76.1
48.3
37.1

MRI = magnetic resonance imaging; HII = hypoxic ischaemic injury; BGT = basal ganglia thalamus; WS = watershed; PVL = peri-ventricular leukomalacia.

Table 2. Frequency of each type of MRI diagnosis in the non-HII diagnosis group (n=255; 15.7% of the total study population) and
normal group (n=132; 8.2% of the total study population)
Cases, n
78
26
16
7
6
6
4
4
3
2
2
1
1
50
21
21
8
35
23
18
2
3
12
6
4
1
1
14
36
7
255
Cases, n
132

Non-HII diagnosis
Congenital malformation
Polymicrogyria
Schizencephaly
Chiari malformation
Dandy-Walker malformation
Corpus callosum agenesis
Pachygyria
Short anterior pituitary height
Heterotopia
Holoprosencephaly
Superior sagittal synostosis
Rhomboencephalosynapsis
Hemimegalencephaly
Atrophies
Generalised cerebral atrophy
Isolated cerebellar atrophy
Isolated hippocampal atrophy
Kernicterus
Stroke
Middle cerebral artery stroke
Basilar artery stroke
Posterior cerebral artery stroke
Haemorrhage
Subdural haematoma
Intraventricular haemorrhage
Choroidal haemorrhage
Pituitary haemorrhage
Hydrocephalus
Metabolic
Congenital (in utero) and postnatal infections
Total
Normal reports
Total

% non-HII reports (n=255)
30.6
10.1
6.2
2.7
2.4
2.4
1.6
1.6
1.2
0.8
0.8
0.4
0.4
19.6
8.2
8.2
3.2
13.7
9
7
0.8
1.2
4.8
2.4
1.6
0.4
0.4
5.5
14.1
2.7
100
% normal reports (n=132)
100

MRI = magnetic resonance imaging; HII = hypoxic ischaemic injury.
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% total reports (n=1 620)
4.8
1.6
0.9
0.5
0.4
0.4
0.3
0.3
0.2
0.1
0.1
<0.1
<0.1
3.1
1.3
1.3
0.5
2.1
1.4
1.1
0.1
0.2
0.8
0.4
0.3
<0.1
<0.1
0.9
2.1
0.5
15.7
% total reports (n=1 620)
8.2
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in determining appropriate management
plans, identifying potential risk factors for
disease prevention, predicting long-term
neurodevelopmental outcomes and, as for
this database, assisting in judicial decisions
in CP-related medicolegal litigation.[20,21]
However, CP imaging data from the
developing world are scarce because
of the high cost and shortage of MRI
scanners. One publication reports that,
in SA, which has more infrastructure
than many other African countries, there
are only 0.3 MRI scanners available per
1 million population in the public health
sector, with some provinces, such as North
West and Mpumalanga, having no public
MRI service at any of their healthcare
facilities.[22] Patients are often referred to
private settings for MRI exams, where the
average cost of one MRI exam is ZAR9 000
(~USD617). That is almost one-third of the
average monthly salary of a SA household
family (ZAR31 100; ~USD2 130), while
84% of the SA population have no health
insurance, and 28% are unemployed.[23,24]
Our database is unique in that it comprises
a substantial population of children with
CP who underwent MRI scans funded by
legal firms a long time after the alleged
hypoxic ischaemic event, as none of the
patients had MRI scans performed in the
neonatal period by the facilities in which
they were being cared for. Our study differs
from publications where MRI studies were
performed early in the neonatal period for
suspected HII in the developed world. Not
only congenital abnormalities but also prior
HII can be diagnosed by delayed MRI exams.
HII findings can appear more pronounced
on delayed scans because there is localised/
regional volume loss that accompanies the
established signal abnormality.[25]

of 48.2% and 38%, respectively, in their
sample of CP patients. This is also different
from the epidemiological data generated by
the developed world, where a systematic
review conducted by McIntyre et al.[29]
suggested that intrapartum birth asphyxias
accounted for <10% of CP causes,[28] likely
because of the high quality of obstetric
health services provided. One possible

reason that our incidence is so much higher
than that in other SA studies is that we have
used a medicolegal database that has likely
already filtered out potential causes, other
than HII, that were proven clinically. In
addition, the majority of patients imaged
in the medicolegal database reflect births in
underserved provinces such as the Eastern
Cape of SA.

A

B

Figs 2A and B. Basal-ganglia-thalamus (BGT) magnetic resonance imaging pattern of hypoxic
ischaemic injury (HII) in a 6-year-old-boy with cerebral palsy. (A) Axial T2 at the level of the deep
nuclei demonstrates bilateral, symmetric, abnormal high signal in the posterior putamina (long white
arrows) and the ventrolateral thalami (short black arrows). (B) Axial fluid-attenuated inversion
recovery (FLAIR) in the same child at the level of the pre- and post-central gyri demonstrates bilateral,
symmetric, abnormal high signal in a peri-Rolandic distribution, which is commonly associated with
term BGT pattern of HII and represents injury to the energy-demanding myelinated portion of the
cerebral hemispheres.

A

B

Sensitivity of MRI in determining
the causes of CP

The sensitivity of MRI in detection of the
causes of CP worldwide is between 86%
and 89%.[26] We showed comparable results
where the MRI resulted in a diagnosis
in 91.8% (1 488 patients), while only
132 (8.2%) MRI scans were reported as
normal – or negative for pathology. HII
was the major underlying cause for CP
in our patient population involved in
medicolegal investigation, with a frequency
of 76.1%, while all other causes combined
accounted for only 15.7%. The incidence
of HII diagnosed in our study is much
higher than that in previous publications
from regional SA hospitals, such as those by
Mahlaba et al.[27] and van Toorn et al.,[28] who
reported incidences of perinatal asphyxia

Figs 3A and B. Watershed pattern of hypoxic ischaemic injury in an 8-year-old boy with CP. (A) Axial
T2 image at the level of the colliculi demonstrates bilateral, symmetric, regional volume loss with signal
abnormality in the posterior portion of the cerebral hemispheres considered the posterior watershed
between the regions supplied by the major cerebral artery territories. (B) Axial T2 at the level of the
centrum-semiovale in the same patient, demonstrates bilateral, symmetric regional volume loss and
abnormal signal in a high peri-Sylvian distribution, representing the zone between all three major
arterial territories of the cerebral hemispheres.
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Fig. 4. Axial T2 at the level of the lateral ventricles in a 6-year-old girl
with cerebral palsy demonstrates global volume loss predominating with
associated ulegyria bilaterally in the watershed regions (arrows). Ulegyria
describes the shape of the gyri, which have a thicker outer component and a
thinner inner component (stem), giving them the appearance of a mushroom.
This is presumed to be the result of a localised gyral watershed region within
the watershed region of the hemisphere. The sulci adopt a tear-drop shape
(compare with the linear sulci in Figs 6A and B, which also have volume loss
but no ulegyria). The lateral ventricle margins are notably regular in outline.

Timing of HII

Many cerebral pathologies tend to affect certain parts of the brain
at different time points during the development process. MRI,
through its reliable superiority in tissue characterisation, has the
potential to differentiate between the physiological and pathological
morphological changes, which often give rise to characteristic
patterns that occur during the various stages of brain maturation.[30]
The BGT pattern of HII often occurs after 34 weeks’ gestation
following exposure to profound perinatal asphyxia, where
metabolically active structures of the deep nuclei (e.g. putamen and
ventrolateral nucleus of the thalamus, hence BGT pattern), perirolandic cortex, hippocampus, dorsal brain stem and superior vermis
of the cerebellum are predominantly affected, as they have a high
oxygen demand (Fig. 2).[31] Milder and more prolonged brain hypoxia
in term infants results in a different pattern of HII involving the WS.
In WS injury, the brain shunts blood to metabolically active structures
at the expense of less active and less well supplied ‘end zones’ between
the main arteries supplying the cerebral hemispheres (Fig. 3). Parasagittal, anterior, posterior and peri-sylvian watershed regions are
affected either individually or as a continuum in this pattern.[17]
When imaged long after the event, WS HII is commonly associated
with ulegyria (Fig. 4), which results from volume loss due to cortical
scarring that occurs at the base of cerebral brain gyri, giving them a
characteristic mushroom appearance. This phenomenon is referred
to as a ‘watershed within a watershed’ and occurs while this region of
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Fig. 5. Axial T2 at the level of the lateral ventricles demonstrates multicystic
encephalomalacia representing the results of a catastrophic hypoxic
ischaemic insult at term, with visible glial strands spanning the thickness of
the hemispheres, in an 11-year-old boy with cerebral palsy.

the gyrus is vulnerable to hypoxia, which is helpful in timing injury
as having occurred after term gestation. In catastrophic forms of
HII, spongiotic transformation may occur, leading to development
of large cysts with ultimate destruction of significant portions of the
cerebral hemispheres, a pattern known as multicystic leukomalacia.
The presence of gliotic strands in multicystic encephalomalacia is
helpful in timing the injury, as it can only occur after maturity was
at a level where gliosis is possible (i.e. after approximately 34 weeks’
gestation) (Fig. 5).[32-34] Based on these radiological findings, there
were 992 cases (61.2%) with a presumed term pattern of HII.
When severe hypoxia occurs preterm, it can result in a pattern that
can be confused with the BGT pattern, but the basal ganglia and perirolandic cortex are relatively spared, with preferential involvement
of the thalami. Milder forms of pre-term HII show the PVL pattern
where white matter surrounding the trigones of the lateral ventricles
are commonly injured – hence the name periventricular leukomalacia
(Fig. 6).[31] In our sample, only 241 cases (14.9%) showed a preterm
pattern of HII.
MRI timing of the injury is critical in malpractice litigation when
it is alleged that intrapartum asphyxia at term caused permanent
neurological damage, giving rise to CP. The onset of the injury is key
when the defense argues that the insult happened pre- or postnatally,
owing to causes other than malpractice.[35,36]

Differentiating between clinically similar causes of CP

Alternative causes of CP can have similar clinical presentations,
given the overlap in the brain territories affected by these insults.
However, these diseases are different in their epidemiology, onset,
pathophysiology, risk factors and management plans.[37] A common
example is the difference between perinatal/neonatal strokes and
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Figs 6A and B. Periventricular leukomalacia (PVL) in two different children with cerebral palsy (CP)
consistent with an injury occurring in a premature brain. (A) Axial T2 at the level of the bodies of
the lateral ventricles in a child with CP, demonstrating cystic (arrows) and non-cystic periventricular
leukomalacia adjacent to the margins of the lateral ventricles. (B) Axial T2 at the level of the trigones/
atria of the lateral ventricles in a child with CP, demonstrating the wavy ventricular edge (arrows,)
representing severe periventricular white matter volume loss, associated with PVL, allowing for the
cortex at the depth of the sulci to abut on the ventricle.

HII.[4] Perinatal strokes involving middle
cerebral artery (MCA) territory (the most
common site for neonatal stroke), BGT and
WS HII can all present with spastic CP.[38]
MRI plays a critical role in differentiation
between these insults, as each has its own
imaging pattern.[6] In our study, strokes
accounted for only 1.4% of CP cases – almost
50 times less than HII (76.1%). This is closely
reflective of the worldwide incidence of these
two pathologies, where the incidence of HII,
1 000 per 1000 000 live births, is 40 times
the incidence of perinatal strokes, which
is 25 per 100 000 live births .[39] Perinatal
strokes are more commonly found in
neonates with cardiac anomalies, infections
and coagulation disorders. They are more
commonly observed in term infants, but
unlike HII, most patients have routine/
uncomplicated delivery. [37] On MRI,
neonatal strokes are usually differentiated
from HII by their involvement of a true
arterial region (rather than the regions
between two vascular territories in WS HII),
and are most often unilateral, compared
with HII, which is characteristically (but
not universally) bilateral and symmetric
(Fig. 7). In scenarios where neonatal strokes
are bilateral, they are unlikely to be in
symmetrical locations.[40]

Building CP MRI registers

Most CP cases diagnosed in developing
countries, including SA, are under-reported
because of lack of available CP registers. CP
registers are medical databases developed

by collaborations between physicians,
researchers, and epidemiologists guided by
specific definitions for the term ‘cerebral
palsy’, including strict inclusion and
exclusion criteria.[41] The scarcity of medical
registers in developing countries makes an
accurate estimation of the true prevalence
of disabling diseases very difficult. African
countries currently rely on registers
created by countries in the developed
world, e.g. the ‘Life expectancy project
in San Francisco’ register, to project the
survival and life expectancy of CP patients
involved in medicolegal litigation. However,
the difference in the epidemiological data
between developed and resource-limited
countries questions the credibility of the
prognostic outcome generated from these
databases.[42] Our data and findings could
form part of a specific section of such a
CP register that reflects the selection bias
inherent in using a medicolegal database in
children with suspected HII.

Unique aspects of this research

The present study is unique in that it has
classified findings from a large medicolegal
database of MRI reports from more than
56 different legal firms scattered throughout
SA. Because there are few sub-specialised
paediatric neuroradiologists interpreting
medicolegal MRI exams and generating
reports in SA, this MRI database represents
a centralised source that could be combined
with the few other available databases to
build the foundation for developing a CP
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Fig. 7. Axial fluid-attenuated inversion recovery
(FLAIR) at the level of the lateral ventricles
demonstrating a unilateral, well-demarcated
cystic area with surrounding gliosis, involving the
left middle cerebral artery territory, representing a
perinatal arterial ischaemic stroke in a 16-yearold girl presenting with static disability since birth,
and classified clinically as having cerebral palsy.

register, which can also be expanded to
include other African countries. Generating
reliable data regarding the causes of CP in
developing countries could help to redirect
the attention of government officials and
international humanitarian agencies. This
would allow them to allocate resources for
children with disability, and redirect funding
to improve obstetric practices and prevent
further instances of avoidable perinatal HII.

Study limitations

There are two unavoidable limitations of
our study. First is the lack of clinical and
laboratory data in our sample. These were
of limited availability, quality and reliability.
We have presented only the interpretation of
the diagnostic imaging findings on MRI in
these children with CP, and hence we draw
no conclusions regarding the pathogenesis,
pathophysiology or appropriateness of the
management in those children with HII. The
second is the selection bias accounting for the
much higher incidence of HII in our patient
sample than those reported by other regional
studies (76.1% v. 48.2%[27] and 38%[28]), as the
database, by its nature, is made up of those
cases undergoing medicolegal litigation
for suspected HII. Therefore, while we can
conclude that HII makes up the highest
proportion of CP causes in medicolegal
cases in SA, the proportions may differ
when taking the whole CP population into
account, i.e. including those not undergoing
medicolegal litigation because the cause for
CP may be known either clinically, based
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on laboratory testing, or from prior MRI scans. Our database has no
instances where early MRI scans from the first 2 weeks of life were
provided.

Conclusions

MRI in children with CP undergoing medicolegal litigation for
suspected perinatal HII in SA demonstrated a 92% diagnostic yield,
despite being performed long after the perinatal period, at a median
age of 6 years. MRI showed that only 76% of cases were due to
HII, and more importantly that there was a preterm HII pattern of
injury in 15%, which when added to the 16% of non-HII cases could
potentially save on litigation in a total of 31% of cases that are unlikely
to be related to malpractice. We therefore recommend performing
delayed MRI in children with CP with suspected perinatal HII if no
imaging was possible during the perinatal period, as it can inform
ongoing management, allow for fair litigation and inform the health
services regarding allocation of resources both for children with
disability and for obstetric services to prevent new cases of CP.
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