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5t 163 5.2 56 7.1 286 7.7 217 0.9
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15 51 84.3 8 0.0 23 47.8 11 9.1
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3= 3. The Diagnosis of Asphyxia (Gray et al. 1993)

1. documentation of intrapartum fetal distress on fetal heart-rate
monitoring, with or without the presence of meconium staining
of the amniotic fluid ;

2. the presence of an Apgar score below 6 at 5 minutes, and/or
cord blood pH or an arterial blood pH taken shortly after the
delivery below 7.15 ;

3. the need for immediate neonatal resuscitation with ventilation
by bag and mask or via an endothracheal tube ;
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WHEN DO BRAIN ABNORMALITIES IN
CEREBRAL PALSY OCCUR? AN MIRI STUDY
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In 1862, Little reported that spastic cere-
bral palsy (CP) was caused by abnormal
circumstances at  birth, especially
asphyxia. He based this on a study of 47
affected individuals. Since then it has
been widely accepted that most cases of
Cp are due to birth asphyxia. However,
this assumption has been called into
question by extensive epidemiological
research conducted since 1980. In the
usaA, Nelson er el (1986) tound that birth
asphyxia was the major factor in the
development of cP in only 8 per cent of
their series, while Blair and Stanley
(1988) reported a similar figure of 9 per
cent. In more recently reported series, CP
has been attributed to birth asphyxia in
only 3 to 13 per cent of cases (Nelson
1988).

In Japan, however, no report has yet
challenged Little’s assumption and it is
still widely held that most cases of cp are
attributable to birth asphyxia.

Recently, a task force set up by the
World Federation of Neurology for the
prevention of CP and related neurological
disorders made a statement about the use
of the term ‘birth asphyxia® (Bax and
Nelson 1993). They recommended that
the terms ‘perinatal asphyxia’, ‘birth
asphyxia’, ‘hypoxic—ischaemic encepha-
lopathy’ and ‘post-asphyxial encephalo-
pathy’ should not be used unless or until
some evidence specifically supporting an

asphyxial origin for neurological iliness
in the neonate was available. In children
with CP, MRI provides detailed informa-
tion on brain morphology. According to
Trowit er al. (1992), brain MRi studies
show that CP is often attributable to pre-
nalal factors. In the present study, brain
imaging of children with CP (especially in
term infants) was performed (o determine
the extent to which birth asphyxia iy
responsible for the brain abnormalities,
and to identify the factors causing CP in
our patients.

Patients and method

Cerebal palsy is defined as a disorder of
posture or movement which is persistent
(but not necessarily .unchanging) and
caused by a non-progressive lesion of the
brain. We excluded children with disabil-
ities arising through infection, trauma or
other adverse events after the first 28
days of life. Although brain MRI was done
after nine months of age, it was not untii
at feast two years of age that a diagnosis
of Ccp, mental retardation or epilepsy was
made. The diagnosis of birth asphyxia
was evaluated according to the selection
criteria of Gray et al. (1993). Their diag-
nosis was suggested by the presence of at
least two of the following: (1) documen-
ltation of intrapartum fetal distress on
fetal heart rate monitoring, with or
without the presence of meconium stain-
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TABLE [

Cause of brain- abnormality/damage in 70 children with cerebral palsy

e

Group and category (N)

Type of
cerebral palsy

Gestational
age (N)'

Birthweight
(N

1. Genetic and neuronal disorders {(26)

2. Vascular disorders (30}
2:1. Infarction (10}

2:2. Preterm birth and
periventricular
hyperintensity (13)

2:3. Intracranial haemorrhage (7}

3. Intra-ulerine infection (5)

4. Birth asphyxia {9}

Total (70

Telraplegia (14)
Ataxia (4)
Hemiplegia (5}
Dyskinesia (2}
Diplegia (1)

Hemiplegia (6}
Tetraplegia (4)

Tetraplegia (6)
Diplegia (6}
Hemiplegia (1)
Tetraplegia (2}
Hemiplegia (2}
Diplegia {2)
Ataxia {1)

Tetraplegia (4)
Dyskinelic (1}

Tetraplegia (8)
Diplegia 1)

Tetraplegia (38)
Diplegia (10}
Hemiplegia (14)
Ataxia {5)
Dyskinesia (3}

Term (16}
Preterm {6)
Post-term (4)

Term (8)
Preterm (2)

Preterm (13)

Preterm (6}
Term {)

7 Term (5).

Preterm (4)
Term (4)
Post-term {1)

Preterm {3t)
Term {34)
Post-term (5)

>2500g (18}
<2500g (8)
JUGR (9}

»2500g (6)
<2500g (4)
IGUR (2)
<2500g (13)
IUGR (1}

>2500g (1)
<2500g (6)

>2500g (2)
<2500g (3)
IUGR (4)

>2500g (4)
«2500g (5)

»2500g (30)
<2500g (40}
IUGR (16)

Preterm <36 weeks, 37 weeks € term 242 weeks, 43 weeks < post-term,

UGR=intra-werine growth retardation.

ing of the amniotic fluid; (2) an Apgar
score of below 6 at five minutes, and/or
cord blood pH or an arterial blood pH of
<7.15 taken shortly after delivery; and (3)
the need for immediate neonatal resusci-
tation with ventilation by bag and mask
or via an endotrachea) tube. Selection
depended on the availability of one of the
investigators (71.8.).

The subjects comprised all 70 patients
with cp among 462 neurologically dis-
abled children undergoing brain MRI
examinations between April [989 and
October 1993 at Kansai Medical
University Otokoyama Hospital. They
ranged in age from nine months to 13
years. 57 of the children were born else-
where, and 25 (including outborn babies)
received treatment during the neonatal

22

period in our hospital. There were 34
term, 31 preterm and five post-term
infants, including seven sets of twins.
Five patients had birthweights of <1000g,
12 weighed 1000 to 1499g, 23 weighed
1500 to 2499¢g, and 30 weighed >2500g
at birth. CP type was classified according
to Hagberg et al. (1972): spastic tetraple-
gia (N=38), spastic hemiplegia (N=14),
spastic diplegia (N=10), ataxic diplegla
(N=5), and dyskinesia (N=3). Mental
retardation  was presenl in 63 and
epilepsy in 56. The paediatric neurolqg)’
clinic of our hospital treats patients \’\{lth
epilepsy and/or developmental disability,

so the population of patients with CP 18 .

severely disabled.

All studies were performed with thb‘};,
standard superconduclive 0.51 system &
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Fig, I. Genetie abnormalities, in 1.5-year-old boy witl ft‘tru.ﬁml_v 12p
(Pallister—Killian syndrome) and spasile tetraplegia {gronp 1, 39 weeks GA
birthweight 3000g), Axial 812 100744 and 24007100 ges show hypoplastic

-
1

vortex, suspected polymicrogyriv with frvegudarly shaped ventricles.

Fig. 2, Prenatally acquired newranal disarders in iiree-year-old boy wirh
spastic terraplegiv (group 1 34 weeks GA, birtinveight 2830g). Axial SE
2500720 images show scehizencephaly tvpe 2 with u small dleft extending from
corlex to ventricles.

(Toshiba MRT-504A, Tokyo, Japan). Axial
spin echo T,-weighted images, 500/30 or
40/2 (TR/TE/excitations), and T:-weighted
images, 2100/120/2, were routinely
obtained, Field echo T;-weighted images,
400/14/2 were also used. Additional
coronal and sagittal Ty~ or Ta-weighted
images were obtained in some cases.
Slice thickness was 10Omm and matrix
size was 256 x 256.

Results
The causes of brain abnormality or
damage in 70 patients were divided into
four groups, as listed in Table I
Representative MRI scans of each group
are shown in Figures 1 to 8.

Group 1 contained 26 patients (Figs. 1
and 2) in whom abnormalities of brain

development were thought to have
occurred parentally. These included
neurotal migration disorders such as
partial/total pachygyria and polygyria
{N=8), schizencephaly (N=4), heterotopia
(N=4) and agenesis of the corpus callo-
sum (N=4). Three had hypoplasia of the
cerebellum and three had disorders of
neuronal proliferation, differentiation and
histiogenesis.

Group 2 contained 30 patients in whom
the underlying cause was considered to
be vascular. Group 2 was further divided
into three subgroups.

Group 2.1 contained 10 patients who
had normal brain tissue except in the area
of brain injury. This suggested that some
localized circulatory disturbance had
occurred relatively late in fetal life. Intra-

Developmenial Medicine and Child Neurology, 1995. 37, 285-292
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Fig. 3. Small cerebral infurciion, in nine-month-old girl with left-sided hemi-
plegia (group 2.1, 37 weeks GA, birthweight 3140g). Axial SE 400/14 and
coronal SE 500730 images show a smoll infarciion in putamert.

Fig. 4. Extensive cerebral infurction in fr)ur-_\'cfm'—m’d-boy with spastic
terraplegia (group 2.1, 34 weeks GA, birthweight 1700g), Axiel SE 500/30
and sagintal SE 500730 images show extensive arterial infarctions.

ria of Gray et al. (1993) for birth
asphyxia. Four of these children had a
history of respiratory distress syndrome
or cardiac arrest, and these postnatal
complications were thought to have
played a causal role. Two patients had
patients T:-weighted MRI revealed small acute renal failure in the neonatal period:
high-signal areas in the lateral basal the medical history of the other form was
sanglia and thalami. Figure 4 shows unremarkable.
extensive occlusion of the cerebal arteries In the seven patients in group 2.3
in one patient. intracranial haemorrhage had been diag-
Group 2.2 contained 13 preterm infants nosed using cranial ultrasound and €7
who had no evidence of brain anomalies scanning in the neonatal period. Six had
or localized cerebral infarcts (as seen in intraventricular haemorrhage and MRI
group 2.1), nor of intracranial haemor- showed enlarged lateral ventricies. MRI in
rhage (as seen in group 2.3), aparl from one paticnt showed a localized round low }
symmetrical periventricular hyperinten- (T\-weighted) or high (T-weighted)
sity (Zimmerman ot al. 1986) on T:- signal in the cerehellar cortex (Fig. 6).
weighted MRr1 (Fig. 5). Although the Group 3 contained five patients in
one-minute Apgar score for five of the whom intra-uterine infection was con-
infants was <6, their five-minute scorc cidered to be the casual factor. Cyto-
was 27, suggesting that asphyxid was nol megalovirus was cultured from the urine
responsihle; nor did they satisty the crite- in three; in the other (wo, intra-utering f

uterine infection was excluded. Figure 3
shows the MRI of a hemplegic patient
with a relatively small infarct in the
lateral hemisphere. Eight of the patients
in this group had similar findings to those
shown in Figure 3, and in five of eight

24




associated

Tk e L .
Fig, 5. Symmetrical periventricalur kyperintensiiy in 20-month-old boy with
spastic diplegia (group 2.2, 32 weeks GA, birthweight 2380g). Avial SE
21007120 imuges show syaunetvical periventricular hyperintensity which had
ditetred trivoney and vccipital horns of Tateral ventricles and decreased areas
of white mafter.

Fig. 6. Intracraniv! haemorrhage in two-year-old givl with aiaxic CP {wroup
2.3, 40 weeks GA, Birthweight 3236g). Aviel SE 300/14 and coronal SE
21007120 images show cerebellur infarctions and atrophy after cerebellar
haemorrhage.

Fig. 7. Intra-uterine infection in twa-year-old oy with dvskinetic CP (group
3. 37 weeks GA, birthweight 1660g). Axial SE 400/14 and 2100/120 images
shove diffuse periventricular hyperintensity after cytomegalovirus ventricali-
tix.

infection was suspected because of intra- irregular periventicular hyperintensity on

uterine growth retardation and micro- To-weighted MRI. Two of these with cyto-
with  irregular megalovirus infection showed hydranen-

periventicular calcification on CT and cephaly with minimal subfrontal brain

289
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Fig. 8 Severe birth asphyxia in nine-year-old boy with spastic tetraplegia

{gronp 4, 40 weeks GA, birthweipht 2958¢). Avial SE J00/14 images show
diffise mudricvstic lesions and marked atrophy of white maiter.

and absent supratentorial brain; the third
had diffuse periventricular hyperintensity
on Tz-weighted imaging (Fig. 7).

Finally, group 4 consisted of nine
patients in whom birth asphyxia was con-
sidered to be the causal factor: their five-
minute Apgar score was <4, and in most
of them 10 to 20 minutes had elapsed
before the initiation of spontaneous respi-
ration. The MRI findings shown in Figure
8 included multicystic lesions and
marked atrophy of the white malter, both
of which are typical mRi findings of
severe asphyxia (Barkovich and Truwit
1990).

Discussion
In our series, a detailed medical history
was available for all patients including
those not born in our hospital: Birth
asphyxia was considered to be the
causative factor in only 12.8 per cent of
the cases, similar to the values reported in
a recent American study (Nelson 1988).
In 31 of the 70 infants, the cP-related
brain abnormalities had clearly occurred
during the prenatal period. In the 10
patients in group 2.1 the damage had
probably occurred in the prenatal period,
but in the 13 infants in group 2.2 the time
of the damage could not be determined.
Trawit er «f. (1992) performed MRI
studies on 40 patients with CP ranging in
age from one month to 41 years. 11 had
been horn preterm, nine of whom had had
signs  of periventricular leukomalacia
(Pvi.) due to hypoxic encephalopathy.
The MR Findings of 29 tern infants were

divided into three types: gyral anomalies,
isolated PVL and ‘watershed cortical or
deep gray nuclear damage’. In 16 of the
29 term infants, CP was considered to
have been due to brain injury in the pre-
natal period; this is similar to our find-
ings. However, the study of Truwil ef al.
{1992) was based solely on brain MRI
findings, and the authors found it difficult
lo determine whether the brain injury had
occurred prenatally or postnatally in the
11 preterm infants, as was also the case
with group 2.2 patients in our series.
Only a few other reports have
described MRI findings in children with
Cr. In a study of 38 patients with bilateral
cp, Krigeloh-Mann ¢f «l. (1992) found
PYL in 29, including 20 preterm and nine
ferm infants with no birth asphyxia.

These findings suggest the occurrence of

damaging events in the perinatal and
neonatal periods, especially in preterm
infants, and prenatal third-trimester
damage in most of the term babies
without birth asphyxia.

Moreover, genetic, maldevelopmental
or early prenatal origin before 24 weeks
gestational age (GA) was found in only
four of 38 patients (10.5 per cent), three
term and one preterm. Comparison of
these data with our findings revealed that
the jncidence of genetic factors and mal-
formations was three times higher in our
group 1. In & small series of 18 patients,
Koeda e/ al. (1990) found pvL in all 11
preterm babies, and attributed this 10
postnatal factors such as respiralory dis+
tress syndrome. apnoea, and pneumonis.
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-Of the seven term infunts in their series.
swo had brain malformations. one had
pvL, and the other showed no remarkable
findings. :

pvL is thought to be caused by hypoxia
oceurring between 24 and 36 weeks GA in
the periventricular arca {Banker and
Larroche 1962), which is vulnerable 10
civculalory  disturbances.  Hypoxic
episodes are different in the prenatal,
peri-natal and postnatal periods. MRI on
its own cannot always reveal when the
prain damage occurred. In the present
serics, Ta-weighted images revealed large
and small high-intensity areas duc to
infarctions in the children in group 2.1.
This may be attributed to late gestational
hypoxia, although bilateral periventricu-
lar hypo-intensity was not seen. The fact
that most of these patients were born at
term supports this view. Another signifi-
cant finding was that the majority of
brain anomalies in group | were migra-
tion disorders; most of these patients had
also been born at term. These findings
suggest that MRI is a valuable source of
information when considering the factors
responsible for brain damage in patients

SUMMARY

with ¢p and when they occur, especially
in term infunts with cp.

Although our study was retrospective
and patients® details were comparatively
limited, the results of our MRI findings
support the contention that birth asphysia
is not the main cause of ¢r {Nelson 1986,
Blair and Stanley 1988, Bux and Nelson
1993}, In the future, the increased sensi-

tivity of MRI should lead Lo a signifi-

santly higher proportion of patients with

¢P being examined, and the causes and

timing ol brain abnormalities in CP may
be more definitely identified.
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The authors used MRI to analyse retrospectively the brain images of patients with cerebral palsy
(CP) 1o evaluate its the role in the assessment of brain abnormalities and injury, and the
relationship of pre-, peri- and posinatal events to CP. 70 patients with CP aged two to 16 years who
underwent MRI were divided into four groups: group | (26 patients) comprised subjects whose CP
wis considered to have been caused by neuronal migration disorders in the embryonal stage; group
2 (30 patients) contained subjects whose cause was vascular disorders; in group 3 patients (five) the
cause was intra-uterine infection; and CP clearly attributable to birth asphyxia (group 4) was noted
in unly nine patients. The results indicate that CP of term infants is often the result of prenalal

factors, and their MRI findings indicated migration

and cerebral infarction. Brain MRI is an

essential examination in identifying the Factors causing brain damage in CP.

RESUME

Quand les anomalies cérébrales de 'IMC surviennent-elles? Etude des IRM de 70 patients
Les auteurs ont ulilisé ’IRM pour analyser rétrospectivement les images cérébrales d'IMC, pour

apprécier dans Ja genése, les anomalies et [ésiong cérébrales,

et la refation avec des événemnents

pré-. péri- et post nataux sur I'IMC 70 1.M.C fgés de deux a 16 ans ayant bénéficié d'une IRM
furent répartis en quatre groupes: le groupe | (26 patients) comprenait des sujets dont I"IMC était

o r

considéréé comme causée par un trouble de la m
embryologique; le graupe 2 (30 patients) comprenal

igration neuronale durant le développerent
t des sujets chez qui €lait invoqué un trouble

vasculaire: dans le groupe 3 {cing patients), la cause était une infection intra-utérine et une LM.C.

manifestement attribuable & une asphyxie & ta nai

ssance (groupe 4) ne fut observée gque pour neuf

patients. Ces résultats indiquent que 'IMC d’enfants nés a terme est souvent le résultat de facteurs
prénataux, et leurs IRM indiquent alors un trouble de migration ou un inlarctus cérébral. L'IRM est
un cxamen essentiel pour identifier les facteurs causant le dommage cérébral dans I'IMC

ZUSAMMENFASSUNG

Wann treten Hirnanomalien bei Cerebralparese auf? Eine MRI studie bei 70 Patienten

Die Autoren haben retrospektiv die MRT Aufnahmen von Palienten mit Cerebralparese (CP)
analysiert, um ihre Bedeutung fiir die Beurteilung von Hirninomalien und -verletzungen, sowie die
Relation von pri- peri- und postnatalen Einfltissen auf die CP zu untersuchen. 70 Patienten mit
Cerebralparese, im Alter von zwei bis 16 Jahren, bei denen cin MRI gemacht worden war, wurder
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in vier Gruppen eingeteilt: Gruppe ! umfaBte 26 Patienten, deren CP durch neuronale _
Migrationsstérungen im Embryonalstadium bedingt war; Gruppe 2 hatte 30 Patienten, bei denen die
Ursache fitr die CP GefiBerkrankungen waren; Gruppe 3 umfaBte fiinf Patienten, bei denen eine
intranterine Infektion vorlag; und in der Gruppe 4 waren neun Patienten, deren CP eindeutig auf
eine Geburtsasphyxie zuriickzufithren war, Die Ergebnisse zeigen , daB CP bei reifen
Neugeborenen oft durch prinatale Faktoren bedingt ist und auf ihren MR1 Aufnahmen fanden sich
Migration und Hirninfarkt. Das MRI des Gehirns 1st eine wesentliche Untersuchung zur
Differenzierung der Ursachen von Hirnschidigungen bei CP.

RESUMEN

Cuando tienen lugar las anoma
cerebro de 70 pacientes

Los autores usaron la IRM para ana

ltus cerebrales en la pardslisis cerebral? Estudio con IRM del

lizar restrospectivamente las imdgenes cerebrales de pacientes
con pardlisis cerebral (PC) para evaluar su papel en la evaluacién de las anomalfas y lesiones
cerebrales y las relaciones de los acontecimientos pre- peri- y postnatales con la PC. 70 pacientes
con PC de dos a 16 afios de edad examinados con IRM, se dividieron en cuafro grupos: grupo I(25
pacientes), comprendié los sujetos cuya PC se considerd debida a alteraciones de la migracin
cercbral en el estadio embrionario; grupo 2 (30 pacientes), con sujetos cuya causs era vascular;
_ grupo 3 (cinco) cuya causa era una infeccién intrauterina; y un grupo 4 en que la PC era claramente
atribuible a una asfixia del parto (sSlo en 9 casos). Los resultados indican que a PC en lactanics a
1érmino es & menudo el resultado de factores prenatales y los hallazgos en sus IRM indican
alteraciones en Ja migracién e infarto cerebral. La [RM cerebral es una exploracioén esencial para

identificar los factores causantes de una alteracién cerebral.

Magnetic Resonance Imaging and Cerebral Palsy T, Sugimoto et al.
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