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The evaluation of children with cerebral palsy admitted
to the pediatric neurology outpatient department

Handan HAKYEMEZ TOPTAN ABSTRACT

Sabiha PAKTUNA KESKIN Objective: Cerebral palsy (CP) is a neurological condition that occurs as a result of

I non-progressive damage in the immature brain and is characterized by impairment
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istanbul University-Cerrahpasa, of muscle tone and posture. This study aims to evaluate the risk factors and imaging

Cerahpasa Faculty of Medicine, findings of patients with CP.

Istanbul, Turkey Material and Methods: Medical records of patients with CP at the Pediatric Neu-

rology Clinic of Cerrahpasa Medical School were evaluated retrospectively. Demo-
graphic and clinical characteristics were collected from medical records: Gestational
age, birth weight, intrauterine growth retardation (IUGR), delivery mode, type of CP,
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HHT : 0000-0002-6966-8514 risk factors, accompanying diseases, computed tomography (CT), magnetic reso-
SPK : 0000-0002-5109-5308 nance imaging (MRI), and electroencephalography findings were recorded.

Results: A total of 169 patients were enrolled in the study. The mean age at diag-
nosis was 27.3+26.1 months. One hundred eight (66.2%) patients were term and
55 (33.7%) were preterm. The delivery mode was vaginal in 99 (568.6%) cases and
cesarean section in 70 (40.4%) cases. Ninety-six cases (56.8%) were male and 73
(43.2%) were female. Birth weights were <2500 g in 59 cases (34.9%) and 2500-4500
g in 110 cases (65%). The types of CP were spastic (n=144, 86%), dyskinetic (n=13,
7.7%), mixed (n=6, 3.6%) and ataxic-hypotonic type (n=5, 3%). In subgroup analysis,
65 (38.5%) cases were quadriparetic, 43 (25.6%) cases were diplegic, 35 (20.7%)
cases were hemiparetic, and 2 (1.2%) cases were monoparetic. The reasons for CP
were asphyxia (n=99, 58.9%), low birth weight (n=61, 36.1%), prematurity (n=55,
32.5%), hyperbilirubinemia (n=16, 9.5%), meningitis (n=7, 4.1%), intracranial vascular
processes (n=7, 4.2%), sepsis (n=6, 3.6%), hydrocephalus (n=5, 3%), genetic anom-
alies (n=5, 3%), and hypoglycemia (n=1, 0.6%). No risk factors could be determined
in eight (4.7%) cases. Imaging techniques (CT and/or MRI) showed encephalomala-
cia, which was considered as the main finding of hypoxic-ischemic encephalopathy,
in 45 (26.6%) cases. Imaging results of 15 (8.9%) patients were normal.

Conclusion: This study results showed that asphyxia, low birth weight, and prema-
turity are the main reasons for the development of CP. Encephalomalacia is the most
common imaging finding, but imaging may be also normal in some patients with CP.
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INTRODUCTION

Cerebral palsy (CP) is a postural and movement disorder that devel-
ops as a result of injury in the developing brain before, during or after
birth, which may progress with permanent motor dysfunction. Prema-
turity, vascular, inflammatory, and traumatic causes play a role in its
etiology.l" In CP, motor retardation is often accompanied by sensory
(seeing, hearing, etc.), cognitive (attention, memory, learning, inter-
pretation, execution, etc.), communication (language, communication
with body language, etc.), and behavioral (hyperactivity, impulsivity,
aggression, etc.) dysfunctions, epilepsy, and secondary muscu-
loskeletal system problems.? In parallel with technological advance-
ments, new approaches are emerging in treatment and rehabilitation
techniques in CP. Etiological distribution of CP, life expectancy and
increased quality of life are accepted as criteria determining the de-
velopment level of societies.® In this study, we aimed to evaluate the
etiology, clinical course, and laboratory findings of patients with CP.

MATERIAL AND METHODS

The study was designed as a retrospective cross-sectional study. The
study protocol was approved by the Cerrahpasa University Medical
Faculty Ethics Committee. Files of the pediatric patients followed-
up in the Pediatric Neurology Outpatient Clinic of the Cerrahpasa
University Medical Faculty, Department of Pediatrics with the diagno-
sis of CP between October 01, 2003 and October 01, 2009 were ret-
rospectively reviewed. Patients’ gender, diagnosis, age at admission,
delivery mode, birth weight, type of CP, risk factors, accompanying
diseases, imaging, and electroencephalography (EEG) findings were
recorded. Types of CP were grouped as spastic, dyskinetic, ataxic/
hypotonic, and mixed type. Spastic types were further classified as
quadriparesis, diplegic, hemiparesis, and monoparesis CP. Since
most of the cases presented with a previous diagnosis, we consid-
ered the age at the time of admission to our outpatient clinic instead
of the age at diagnosis as a criterion. We grouped ages at admission
as <6 months, 6—-12 months, 12—24 months, and >24 months.

Conditions known as risk factors in the etiology of CP such as
gestational age, birth weight, delivery mode and intrauterine retar-
dation, consanguineous marriage, genetic stigmata, and congenital
metabolism disorders were taken into account. Gestational age, birth
weight, delivery mode, and conditions that may cause intrauterine
growth retardation, which are known as risk factors in the etiology of
CP, were determined as follows: Delivery mode was separately eval-
uated as delivery at home or hospital, normal spontaneous vaginal
delivery (NSVD), and cesarean section (C/S). Birth weight was clas-
sified as <2500 g, 2500-4500 g, and <4500 g. Gestational age was
evaluated as term and preterm (<37 hafta). As the risk factors; as-
phyxia, low-birth weight, prematurity, meningitis, sepsis hyperbiliru-
binemia, hydrocephalus, genetic anomalies, and vascular processes
such as intracranial hemorrhage and thrombosis, acute metabolic
events such as hypoglycemia and consanguineous marriage were
examined separately.

Patients whose seizures were clinically supported by EEG find-
ings were considered to have epilepsy. Patients with EEG findings,
but who had no clinical seizures were accepted to have EEG anomaly.
Presence of epilepsy, which is characterized by the tendency of the
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brain to produce continuous epileptic seizures and associated epilep-
tiform abnormalities in EEG were recorded. Imaging findings were
examined as auxiliary data in distinguishing CP subgroups and asso-
ciated conditions. Accompanying diseases were determined. Types of
CP, risk factors, and laboratory findings were matched and compared.

Statistical analysis was performed using SPSS 16.0. Ordinal vari-
ables were expressed as median and interquartile range. Categorical
data were given as frequency and percentage Descriptive statistics
were expressed as meanzstandard deviation. Chi-square and ANO-
VA tests were used for the intergroup comparisons. P<0.05 values
were considered statistically significant.

RESULTS

File records of 169 included in the study. The mean age at the time
of admission was 27.3+26.1 months, 96 patients (56.8%) were boys,
and 73 (43.2%) patients were girls (Table 1). Birth weight was found
as <2500 g in 59 (34.9%) and 2500—4500 g in 110 (65.8%) patients.
Of all patients, 108 (66.2%) were term and 55 (33.7%) were preterm.
When types of CP were evaluated; spastic type was found in 144
(86%), dyskinetic type in 13 (7.7%), mixed type in 6 (3.6%). and
ataxic-hypotonic type 5 (3%) patients. The other demographic fea-
tures are shown in Table 1.

When the risk factors were examined separately; the most com-
mon risk factor was asphyxia in 99 patients (58.9%) followed by
low birth weight in 59 patients (34.9%), prematurity in 55 patients
(32.5%), and neonatal infections including meningitis in seven pa-
tients (4.1%) and sepsis in six patients (3.6%). As the other risk fac-
tors with relatively lower rates; hyperbilirubinemia was found in 16
patients (9.5%), hydrocephalus in five patients (3%), genetic anom-
alies in five patients (3%), vascular processes such as intracranial
hemorrhage and thrombosis in seven patients (4.2%), and acute
metabolic events such as hypoglycemia in one patient (0.6%). No
risk factor found in eight patients (4.7%) (Table 2).

When imaging (computed tomography [CT] and magnetic reso-
nance imaging [MRI]) findings of the patients were evaluated; en-
cephalomalacia, which is accepted as the main finding of hypoxic
ischemic encephalopathy (HIE), was found in 45 patients (26.6%).
Imaging evaluation was normal in 15 patients (8.9%). It was found
that imaging had not been performed in 21 patients (12.4%) (Table 3).

When the cases are evaluated considering the possibility of
epilepsy accompanying CP; epilepsy was observed in 60 patients
(35.5%). Regardless of the presence of epilepsy, EEG abnormality
was found in 56 of 83 patients who had EEG (33.1% of all patients)
(Table 1). When the types of CP, gender, gestational age, birth weight,
delivery mode and the presence of birth trauma were matched and
compared; no statistically significant difference was found between
type of CP and gender, low birth weight (<2500 g) and the presence
of birth trauma (p>0.05) (Table 4).

DISCUSSION

CP is the most common physical disability in childhood, but it is very
heterogeneous etiologically and clinically. Movement disorders as-
sociated with CP are categorized as spasticity, dyskinesia, ataxia or
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Table 1: Patients’ gender, mean age at admission, type of
cerebral palsy, birth weight, gestational ages, delivery mode,

place of birth, risk factors, and electroencephalography ab-

normality findings

Findings n (%)
Gender

Boy 96 56.8

Girl 73 43.2
Age of admission (month)

<6 25 14.8

6-12 21 12.4

12-24 50 29.6

>24 73 43.2
Type of CP

Spastic quadriparesis 65 38.5

Spastic diplegia 43 25.6

Spastic hemiparesis 35 20.7

Dyskinesia 13 7.7

Mixed 3.6

Ataxia-hypotonia 5 3

Spastic monoparesis 2 1.2
Birth weight (g)

<2500 59 34.9

2500-4500 110 65

>4500 0 0
Gestational age (week)

Term (=38) 108 66.2

Preterm (<37) 55 33.7
Delivery mode

Vaginal 99 56.8

Cesarean 70 40.4
Place of birth

Home 17 10

Hospital 152 90
Risk factor

1 92 54.4

2 50 29.5

=3 19 11.2
Epilepsy

No 8 8.7

Yes 60 355
Electroencephalography abnormality

No 86 50.9

Yes 56 33.1

CP: Cerebral palsy.

Table 2: Risk factors of the patients in the study

Risk factors n %

Asphyxia 99 58.9
Prematurity (<37) 55 32.5
Low-birth weight (<2500 g) 59 34.9
Hyperbilirubinemia 16 9.5
Neonatal meningitis 7 4.1

Neonatal sepsis 6 3.6
Thrombosis-intracranial hemorrhage 7 4.2
Genetic anomaly 5 3.0
Hydrocephalus 5 3.0
Hypoglycemia 1 0.6
Unknown 8 4.7

Table 3: Imaging findings of the patients

Imaging findings n %
Encephalomalacia (HIE) 45 26.7
Dysgeneses
Holoprosencephaly 2 1.2
Porencephalic cyst 2 1.2
Polymicrogyria 5 3
Schizencephaly 1 0.6
Corpus callosum anomaly 9 5.3
Choroid plexus cyst 1 0.6
Arnold chiari malformation 1 0.6
Basal ganglia hyperintensity 18 10.6
Cortical atrophy 33 19.5
Cerebral infarction 7 4.1
Hydrocephalus 4 24
Normal 15 8.9
Imaging not performed 21 12.4

mixed/other. Spasticity is the most common movement disorder seen
in 80% of children with CP.

The incidence of CP differs between genders. CP is reported to
me more common among boys." It is claimed that this tendency in
male gender is based on a number of factors ranging from biological
vulnerability and possible differences in brain organization to genetic
disorders or the effect of female hormones to reduce the possible
effects of brain damage. Therefore, gender is reported to have an
effect in increasing the risk of developing CP. In studies investigating
possible gender differences in specific forms of CP, it is not exactly
clear whether gender will also affect the severity of the motor impair-
ment.® In our study, the boy/girl ratio was 1.3/1 and similar to the
previous studies, the rate of males was higher.
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Table 4: Comparison of the types of cerebral palsy with gestational week, gender, birth weight, delivery mode, low-birth weight,

and asphyxia in patients included in the study

Spastic quadriparesis Spastic diplegia Spastic hemiparesis Other n
GW Mean+SD 37.01x4.6 34.9+5.1 38.4+3.8 36.9+4.6 ns
Distribution 28-40 26-40 27-40 28-40 p<0.05
Boy/Girl (n) 33/30 24/19 24/11 14/10 ns
Preterm (<37) (n) 18 23 6 8
Term (=38) (n) 44 18 28 16 p<0.05
Birth weight Mean+SD 2674.5+841.7 2284.9+858.7 2875.6+742.2 2579.2+688.6
Distribution 1000-4000 980-4000 900-4500 1200-4200 p<0.05
Low-birth weight (<2500 g) (n) 21 21 7 9 ns
Asphyxia (n) 35 24 22 14 ns

GW: Gestational week; C/S: Cesarean section; NSVD: Normal spontaneous vaginal delivery; ns: Not significant; SD: Standard deviation; Distribution: Median

value (257" percentiles).

Since early diagnosis will bring healing, timely diagnosis of CP
cases is very important. Early physiotherapy has been reported to
provide significant positive improvements in CP. In a study of 202
cases by Eriman et al.,”¥ it has been reported that CP symptoms
were noticed by the family in 102 cases, pediatrician in 97 cases, and
environment in three cases. In our study, when the age of recognition
of CP symptoms was questioned; it was found that CP symptoms
were noticed in the neonatal period in 74 patients, between 0 and 6
months in 55 patients and after 1 year of age.

Although age at diagnosis of CP varies according to socioeco-
nomic levels of countries, it has been generally reported between 12
and 24 months.™ It has been reported that establishing a diagnosis
before 6 months of life is inadequate especially in mild or hypotonic
cases.”® The mean age at diagnosis was found as 8.98 months by
Vurucu et al.® and 8.2 months by Bruck et al.l'” Kabakus et al.l'"!
reported the mean age at admission as 23.4+3.8 months and found
that 42% of the cases were diagnosed before 1 year of age, 38%
between 1 and 2 years and 20% after 2 year of age. The age of
admission to our neurology outpatient clinic with the diagnosis of CP
was under 6 months old in 25, between 6 and 12 months in 21, 12,
and 24 months in 50 and >24 months of life in 73 and the mean
age at admission was 27.3+26.1. We think that early CP awareness
is sufficient in our country, because in our study age at the time of
admission was in infancy (<24 months) and patients who presented
in the following months of age had been diagnosed in other centers.

CP has been reported to be more commonly developed in as-
phyxia cases than other risk factors.'? In our study, asphyxia was
one of the most common causes of CP. When the frequency of as-
phyxia was evaluated according to the age of birth; it was found that
asphyxia was 3 times more common in term cases. In our series,
there was no patient with a birth weight >4000 g. Therefore, it was
thought that it would be appropriate to investigate the reasons other
than high birth weight when evaluating asphyxia in term infants.

In CP screening studies from abroad and countries known to be
at different socio-economic levels, the incidence of asphyxia has
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been reported in a wide range between 3% and 50%.!' Whereas,
in studies conducted in our country, this rate has been reported be-
tween 30% and 45%.'% In our study, the rate of asphyxia was 58.9%,
remarkably higher than all reported. Among this; life and birth condi-
tions and thus socio-economic level should be primarily discussed. In
a series of 102 cases by Adin et al.'" from the Inonu University, the
rate of asphyxia was reported as 51.9% in CP. This rate is the closest
to our rate of asphyxia in the literature.

It has been reported that the majority of CP cases are delivered
by normal vaginal method. In a study by Bringas-Grande et al.l'*! 68%
of CP cases were reported to be delivered by normal vaginal meth-
od and 32 by C/S. In a study by Vurucu et al.®! 77.8% of the cases
were delivered by normal vaginal method and 22.2% by C/S, while in
another study by Kabakus et al. 60% of the cases were delivered by
normal vaginal method and 40% by C/S.I'" In our study, 56.8% of the
patients were delivered by normal vaginal method and 39.6% C/S.

It has been reported in the literature that preterm births are the
most important risk factor for the development of CP.?! It has been
stated that as neonatal care units become more widespread, the
number of infants kept alive has increased and gestational week
has decreased, leading to an increase in the prevalence of CP in
preterm births.l'2 It is known that prematurity and low-birth weight
are the most common reasons in the countries where intensive care
conditions are better and living chances are higher. Periventricular
leukomalacia and intraventricular hemorrhage (IVH) are two main
causes of CP development in premature infants.['® Furthermore, in
our study, prematurity was among the important etiological factors.

Low-birth weight in CP seems to be an important reason for an
effect that begins in the intrauterine period. However, when low birth
weight is evaluated in the literature, some confusion of concepts as in
the evaluation of the age of prematurity is remarkable. Some authors
accepted <2500 g as the low-birth weight criterion,['”! while others
determined the low-birth weight considering gestational age,” and
some authors mentioned the concept only as a low-birth weight and
did not explain their criteria sufficiently. In our study, 59 patients were
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low birth weight infants and 55 were preterm. The difference between
them reflected the small for gestational age.

Dyskinetic type CP is seen in late infancy and childhood due to
bilirubin encephalopathy.''® Among the risk factors, hyperbilirubine-
mia was found in our 16 (9.5%) patients. In studies reported from our
country, hyperbilirubinemia has been reported as a cause of CP by
1-20%.167911 Different rates were attributed to the level features of
the centers where the studies were conducted.

In our study, we gathered vascular pathologies among CP risk
factors in two subgroups as hemorrhagic and thrombotic, but under
the same title. However, the result can be associated with vascular
pathology in HIE. In this case, the potential of evaluating asphyxia to-
gether with thromboembolic and hemorrhagic factors increases. We
concluded that a clear classification of vascular pathologies is difficult
especially in units that are reference centers such as our outpatient
clinic. Namely, it was unclear whether HIE might have occurred in the
presence of hypoxia, thromboembolism, or hemorrhagic diathesis in
the patients with leukomalacia findings verified with imaging, and
especially in those with late admission. Therefore, in our study, pa-
tients with a definitive diagnosis of thromboembolic or hemorrhagic
diathesis were gathered under vascular pathologies and the remain-
ing encephalomalacia patients under the diagnosis of HIE. Looking
at other studies, we found that clear classification of the cases was
not possible and there was no explanation on this issue. In ethnic
communities, where consanguineous marriages are common, the
frequency of genetic etiology increases in CP. In a study conducted in
Asia, CP was reported to be more common in ethnic societies where
consanguineous marriages are common.!'® According to the studies
conducted in Turkey, the frequency of consanguineous marriage is
between 21% and 33%.5'9 In a study from Turkey, among the pre-
natal causes consanguineous marriage was found as 24% and the
most common etiologic factor in CP.2% In our study, consanguineous
marriage was found in 38 (22.5%) cases.

The most common type of CP is spastic type with the majority be-
ing spastic diplegic type.?" In our study, the most common type of CP
was spastic CP with the most common subgroup being spastic quad-
riplegic CP. Comparing birth weights and types of CP, Gulati et al. re-
ported that the incidence of spastic quadriplegia and spastic diplegia
was statistically significant.?? In our study, when gestational weeks
and birth weights were compared with the types of CP, these factors
were found to be statistically significantly correlated with the develop-
ment of spastic hemiparesis and spastic diplegia (p<0.05). The most
common types of CP are diplegia and tetraplegia in preterm infants.
In fact, spastic diplegia and quadriplegia have been more commonly
reported in the developed countries in parallel with the increasing
rate of keeping premature infants at the lower gestational week alive.
 Since asphyxia is a severe picture involving all motor pathways
in terms of the location of involvement, while an even distribution is
observed in spastic SP subtypes as in our study, spastic diplegia and
quadriplegia CP types were more common, because periventricular
area was more markedly involved in the preterm infants.

Magnetic resonance imaging (MRI) showed abnormalities in more
than 80% of patients with CP. A MRI classification system (MRICS)
was developed by the Surveillance of CP in Europe (SCPE). Here, the
aim is interpretation and classification of brain MRI results in a simple

way by both clinicians and other specialists caring CP patients. Due to
the myelination development in the 1%t years of life, SCPE recommends
classifying MRI images performed after the child reaches 2 years of
age according to the MRICS system unless previous images show a
specific pathology."2324 Diffusion MRI should be preferred, because
classical MRl is limited in identifying white matter pathways precisely.
Similar to the literature, in our study, CT and MRI showed various ab-
normalities that can be grouped as cerebral atrophy, encephalomala-
cia, cerebral infarction, intracranial hemorrhage, hydrocephalus, corti-
cal-subcortical dysgenesis, and intensity changes (Table 3).

Epilepsy may also occur in the follow-up of children with CP.
In our study, EEG abnormality was found in 56 of our CP patients
whose EEG examination was performed due to presumed epilepsy.
In a screening study by ipek et al.” on CP, epilepsy was found by
35.8%; with EEG abnormality was found in 31.2% of these patients.
In line with the other studies, in our study, EEG abnormality was
found in 56 of 169 patients (33.1%).

CONCLUSION

Retrospective cross-sectional design of the study was the main limi-
tation. In conclusion, results of our study indicate that asphyxia is one
of the main causes of CP development in our country. CP screening
studies, which are accepted as an indicator of the socio-economic
and cultural structure, require standardization. Considering central
nervous system maturation, brain plasticity and changing clinical pic-
ture, the definitive diagnosis of CP cannot be made before 1 year
of age. However, occasionally symptoms showing possibility of CP
may be seen in early infancy. Although there are studies investigating
diagnostic tools that enable early diagnosis in premature infants with
abnormalities in neuroimaging, determining the exact age at which
CP should be diagnosed is still a subject open to research.
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