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ABSTRACT:
Objective: Evaluation of brain MRI findingsin Cerebral Palsy patients and categorization according to MRICS.

Study design and settings: Descriptive case series and Department of Pediatric Radiology, UCHS and The Children’s
Hospital Lahore.

Methodology: 57 patients fulfilling inclusion criteria of clinical diagnosis of Cerebral Palsy were included in the study
over aperiod of 3 months from 1st January 2021 to 31% March 2021. 4 patients were not included because of no to poor
sedation. After written informed consent, MRI brain was conducted on these patients. The scans were then interpreted by
Pediatric Radiologists and were further categorized using MRICS. Statistical analysis was done using SPSS 24.

Results: There were 53 patients with age range from 2-13 years with 33 males and 20 females. Predominant white matter
injury (58.5%) was most common and Predominant gray matter injury (11%) was next common. Maldevel opment was the
rarest pattern only found in 3.8% patients. Normal MRI were noted with no imaging evidence of brain injury in 5 patients.
On further categorization of the MRI patterns, Periventricular leukomalaciawas most frequent pattern followed by Multicystic
encephalomalacia.

Conclusion: Considering less frequency of norma MRI brain, this study concluded that MRI brain is helpful in diagnosing
Cerebral Palsy and MRICS is agood qualitative method of categorization of brain injury patterns.
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INTRODUCTION: multiple types of antenatal, natal and post-natal risk factors
associated with it. Congenital brain malformations, vascular
injuries, maternal infections and metabolic disorders are
among common antenatal causes of Cerebral Palsy. Problems
during labor and delivery aswell asin immediate post birth
period contribute to perinatal risk of developing CP. Post
neonatal acquired cerebral palsy is commonly caused by
infections and trauma. *

Cerebral palsy is a group of developmental disorders of
movement and posture which result in activity limitation.
It is acommon cause of motor disability in children and is
caused by non progressive disturbances to developing/
immature brain.” It has a prevalence of approximately 1 in
500 live births and incidence of 2-2.5 per 1000 live births
with estimated 17 million people being affected globally.??
Underlying etiologies for cerebral palsy is complex with ~ Along with detailed history and physical examination,
neuroimaging with MRI brain isan important part of clinical
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using etiology as classification basis. It consists of mainly
five groups: maldevelopments, white matter injury, grey
matter injury, miscellaneous and normal findings.? Several
studies have been done in past to describe various MRI
patterns of pathologic processin brain. 213 children were
assessed by MRI in 2011land documented cerebral
abnormalities in 87% of study population. Periventricular
white matter injury was found to be the most common
imaging pattern followed by grey matter injury and
mal developments.® Likewise another study in India also
concluded that 89% study population had abnormal MRI.
Periventricular white matter injury was concluded as the
commonest finding in CP followed by focal vascular lesions
and brain malformations.’® However ,a Turkish hospital
based study revealed cerebrd atrophy to be the most common
pattern followed by periventricular leukomalacia with the
least common imaging manifestation being congenital brain
malformation.™*

Considering non availability of any research related to
imaging evaluation of CP patientsin Pakistan, therationale
of this study isto describe and analyze various patterns of
MRI brain according to MRICS which may help in clinical
correlation and planning of rehabilitation services for these
patients. Extent of brain injury will also help in determining
prognosis and counselling their parents regarding the future
outcomes. Moreover, identification of normal MRI findings
will also help in establishing strong evidence for non
requirement of neuroimaging and thus may reduce the burden
of un necessary investigations in children with cerebral
palsy.

METHODOLOGY:

After approval from the ethical review committee of
Children’s Hospital and Institute of Child Health (ERC no
2021-260-CHICH), total 57 patients were enrolled in
Department of Pediatric Radiology, The Children Hospital
and Institute of Child Health, Lahore. These patients were
selected based on fulfilling the inclusion criteria (aged 2 to
18 years with clinical diagnosis of CP) and excluding those
with congenital syndromes and degenerative brain disease
Sample size was calculated using formulan=Z 2 p (1-p)/ €
and sample was drawn using non probability consecutive
sampling.

4 patients could not be sedated properly (which is the
requirement for brain MRI) and hence were not included
for study. An informed written consent was taken from each
patient/parent and the study was conducted in duration of
3 months from 1% January 2021 to 31* March 2021. MRI
brain was performed on 1.5 T machine (Philips Medical
Systems Nederland B.V.) using standard protocols. The
standard brain MRI protocol included T1W (TE 15, TR
581), T2W (TE 110, TR 5212) and FLAIR (TE 120, TR
12000, T1 25) sequencesin sagittal, axial and corona planes.
These scans were then reported by 3 pediatric Radiol ogists

who were blinded to clinical details of the patiets . The scans
were interpreted and classified into 5 major categories
according to MRICS.® Further subtypes were also
documented according to same system (Table 1).

Statistical Analysis: The collected data was entered and
analyzed by using SPSS version 24.0. Mean and standard
deviation was calculated for numerical variables like age.
Frequency and percentages were calculated for categorical
variables like gender, various MRI patterns of brain injury
according to MRICS aong with their subcategories.

RESULTS:

This study was conducted on 53 patients ranging in age
from 2-13 years with median age of 5.5 years + 2.7 years
(Table 2). There were 20 females (37.7%) and 33 males
(62.3%). The most frequent imaging pattern according to
MRICS was predominant WM injury found in 58.5% of
patients followed by predominant GM injury found in 17%
of patients. (Fig 1).

A. MALDEVELOPMENTS: It was the least found pattern
with only 2 patients having migration anomalies (A.1).
These patients showed Pachygyria as broadened thickened
gyri on MRI brain scans. No cases were found of other
maldevelopments (A.2) like holoprosencephaly, corpus
callosum agenesis or Dandy Walker malformation.

B. PREDOMINANT WHITE MATTER INJURY: It was the
most commonly found pattern in this study in 31 patients.
All patients showed PVL--Periventricular Leukomalacia
(B.1). It was documented as signal changesin periventricular
white matter more marked in posterior and peritrigonal
regions. These signal changes appeared as T2W and FLAIR
hyperintense areas (Fig 2). There were no patients found of
[VH--Intraventricular Hemorrhage (B.2) or a combination
of both PVL and IVH (B.3).

C. PREDOMINANT GRAY MATTER INJURY: 9 patients
displayed predominant gray matter injury pattern. 11%
patients had involvement of basal ganglia and thalamic
nuclei (C.1.). Involved areas of brain demonstrated
hyperintense signals on both T2W and FLAIR images.
Further encephalomalaciac changes (C.2.) inform of multiple
areas of fluid/CSF signal intensity were also noted in this
group in 17% of study population (Fig 3). No patient had
arterial infarctions on brain MRI (C.3.).

D. MISCELLANEOUS:. There were only 6 patients who
showed isolated miscellaneous pettern of brain injury asthe
predominant MRICS finding. Mgjority of the patients showed
miscellaneous findingsin association with other predominant
injury patterns. Cerebral atrophy was the commonest
miscellaneous pattern found in study population in 13%
patients with diffuse brain atrophy found in 9% of patients.
Less commonly found patterns were isolated cerebellar
atrophy, ventriculomegaly and brain stem lesions each found
in 1 patient only.
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E. NORMAL.: There were 5 patients who did not show any
abnormal imaging pattern.

SUBCATEGOTRIES OF MRICS: Upon further sub
categorization, Periventricular Leukomalacia (PVL) was

Fig 1. Frequency of various MRICS patterns
40

30

20+

10

S [ 11

Maldevelo Predominant Predominant Miscellaneo  Normal
pments WM injury GM injury us

Figure 2. T2W and FLAIR images showing bilateral periventricular
white matter hyperintensities ---Predominant White Matter Injury

Figure 3. T2W and FLAIR images showing multicystic
Encephalomalaciain bilateral frontoparietal lobeswith brain
atrophy

the commonest imaging finding followed by multicystic
encephalomalaciac changes found in 67 and 17% patients
respectively.

DISCUSSION:

Cerebral palsy covers a group of developmental disorders
of movement and posture with resultant limited activity,
caused by non progressive disturbances to
devel oping/immature brain.! There are various types of
causative and risk factors associated with development of
Cerebral Palsy which can lead to variable patterns of brain
injury. These patterns are more strongly correlated to the
timing of brain injury rather than the etiological factor. *
Neuroimaging with MRI brain helpsin identifying underlying
pathogenic patterns in more than 80% of the patients. >°
Injury to the developing brain results in various imaging
patterns on MRI which were qualitatively classified by
Surveillance of Cerebral Palsy in Europe (SCPE) in 2016
as MRI Classification System (MRICS). MRICS used a
standardized approach for imaging classification based upon
timing of brain insult or injury which is more specific than
the causative factor. ® Usefulness of MRICS was studied in
a Hungarian cohort of 257 patients which documented
positive MRI findings in 86.4% of patients with normal
scansin 13.6% patients.® Our study also showed positive
MRI findingsin 90.6 % of patients with only 9.4 % normal
scans in agreement with results of studies performed in
Turkey and Europe.**? The Turkish cohort study proved
that MRI brain scans were positive for 92.7% study
population with only 7.3% normal MRI scans™ while
European cross sectional study concluded positive MRI
scans in 88.3% patients and 11.7% normal scans.*?

Various MRICS patterns are known to cause cerebral palsy
with varying degrees of severity. In this study, predominant
white matter injury was the most common pattern found in
58.5 % patients, followed by gray matter injury in 17% and
miscellaneous patterns in 11%. These frequencies are in

Table 1. MRI classification system proposed by the SCPE network®

A. Madevelopments

hypoplasia)

A.1. Disorders of cortical formation (proliferation and/or migration and/or organization
A.2. Other maldevel opments (examples: holoprosencephaly, Dandy—\Walker malformation, corpus callosum agenesis,cerebellar

B. Predominant white matter injury
B.1. PVL (mild/severe)

B.3. Combination of PVL and IVH sequelae

B.2. Sequelae of I\VH or periventricular haemorrhagic infarction

C. Predominant grey matter injury
C.1. Basal ganglia/thalamus lesions (mild/moderate/severe)

C3
C.3. Arteria infarctions (middle cerebral artery/other)

C.2. Cortico-subcortical lesions only (watershed lesionsin parasagittal distribution/multicystic encephalomalacia) not covered under

D. Miscellaneous (examples. cerebellar atrophy, cerebral atrophy, delayed myelination, ventriculomegaly not covered under B,
haemorrhage not covered under B, brainstem lesions, calcifications)

E. Normal
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Table 2. Distribution of study population according to age

Age | Frequency | Percentage
2.00 1 19
2.50 1 19
3.00 13 24.5
4.00 6 11.3
450 1 19
5.00 8 15.1
5.10 1 19
6.00 7 13.2
6.10 1 19
7.00 5 94
8.00 3 57
9.00 1 19
11.00 1 19
12.00 1 19
13.00 3 5.7
Total 53 100.0

contrast to previous studies where maldevelopments also
contributed to a significant number of brain injury patterns.

Surveillance of cerebral palsy in Europe (SCPE) who
devised MRICS analyzed MRI scans of 3818 children from
18 European countries. SCPE concluded white matter injury
to be most frequent MRICS pattern in 49% patients followed
by predominant gray matter injury and maldevelopmentsin
21 and 11 % of cases respectively.”> A Hungarian cohort
study used MRICS and proved white matter injury in 35.4%
patients followed by maldevelopments and gray matter
injuries in 18% each while 12.5% patients showed
miscellaneous pattern of brain injury.®®* A large cohort group
study performed in Sweden proved white matter injury
pattern to be found in 48.7%, gray matter injury patternin
21%, maldevelopmentsin 11 % with miscellaneous lesions
in only 8.5%." Results of this study were in contradiction
to previous data in terms of frequency of maldevel opments
as the study population only demonstrated changesin 3.8
% of patients.

Further subcategories of major injury patterns were also
documented using MRICS. The most common predominant
white matter injury was Periventricular leukomalacia found
in 36 patients (67.9%) in accordance with previous datain
literature. Predominant gray matter injury was the second
most common pattern according to MRICS. Two further
subcategories were identified with cortical/ subcortical/
multicystic encephalomalacia being more common in 17%
and thalamic/basal ganglialesionsin 11% of study population.
Miscellaneous pattern of brain injury was found in 11% of
population which was in accordance with previous results.
Further categorization of miscellaneous lesions was also
documented and it proved cerebral atrophy to be found in
13% of the patients showing positive miscellaneous findings.

Cerebellar atrophy, delayed myelination, brainstem lesions
and ventriculomegaly in sub categorization were very rare
and found in 1 patient each.

Two cohort studies performed in Australia proved that
periventricular white matter injury isthe most common MRI
pattern in CP patients found in 45% and 31% patients. These
were followed by gray matter injury (14%), Brain
malformations (12%) and miscellaneous patterns(7%). >
A Turkish cohort showed PVL asthe commonest finding in
33% patientsfollowed by cerebral arophy (12.9%), migration
anomaly (9.7%), cerebellar involvement (3.2%) and basal
ganglion involvement in 4 cases (6.4%). " Our study results
were in accordance with this published data except brain
malformations which were found to be rare in our study
population. A south African study concluded basal ganglion
lesions as most frequent in 27.6% study population however
PVL and cystic encephalomaciawere found in only 3.6 and
7.8% patients respectively. ** A Pakistani cross sectional
analysisreveaed cerebral atrophy asthe commonest imaging
manifestation found in 40.5% patients while PVL was only
found in 5.4% population.’® Our study results were
contradictory to these literature observations in terms of
frequency of all brain imaging patterns. Two Bengali studies
performed in tertiary care hospitals showed decreased
frequency of PVL in MRI patterns as compared to other
abnormditiesfound in only 20 and 25%of patientsin contrast
to our study. Multicystic encephalomalaciaand basal ganglia
lesions are found in 19.3 and 11.4% cases in one of these
studies while the frequency of cortical and deep gray matter
lesions was found to be 48.5% in other study which was not
in accordance with our results. Among the miscellaneous
patterns, cerebral atrophy was noted in 34% and
ventriculomegaly in 14.8% study population of these studies
which were more frequent than our study results. However,
brain maldevelopments were found in only 5% of the
poplation in these studies which supported our study results
of 3.8%.20%

FUTURE PERSPECTIVES FOR CP: In our study, there
were 9.4% of patients who had clinica diagnosis of cerebral
palsy however their MRI brain scans were normal according
to MRICS categorization. Such patientswith atypical clinical
presentations should be considered for further genetic
evaluation. Genetic work up must be done in a systematic
approach in order to increase the diagnostic yield with specia
importance given to treatable causes aswell as reducing the
cost of these genetic tests. This will help in identifying
possible treatment options, possibilities of inheritance and
also for family planning if considered appropriate.??

STRENGTH AND LIMITATIONS OF STUDY: the main
strength of this study is that it used a standardized method
of categorization of imaging findings using MRICS.
The limitations of the study included that the data set was
relatively small and there were no clinical correlatesincluded
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for this study which could help in further assessment of
these patients.

CONCLUSION:

Cerebral Palsy being investigated by MRI brain helpsin
assessment of brain injury pattern successfully. By using
MRICS, this study concluded predominant WM injury as
the most frequent pattern of brain injury in accordance with
previous international literature. Likewise other categories
of MRICS had similar frequencies except Mal developments
which were found to be more common internationally as
compared to this study population. Having a very low
population with normal MRI brain, this study is strongly
conclusivefor use of MRI brainin clinical evaluation of CP
patients.
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