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Abstract

Background/Aim. Cetebral palsy (CP) is one of the leading
causes of neurological impairment in childhood. Preterm birth
is a significant risk factor in the occurrence of CP. Clinical out-
comes may include impairment of gross motor function and
intellectual abilities, visual impairment and epilepsy. The aim of
this study was to examine the relationships among gestational
age, type of CP, functional ability and associated conditions.
Methods. The sample size was 206 children with CP. The data
were obtained from medical records and included gestational
age at birth, clinical characteristics of CP and associated condi-
tions. Clinical CP type was determined according to Surveillance
of Cerebral Palsy in Eurgpe (SCPE) and topographically. Gross
motor function abilities were evaluated according to the Gross
Motor Function Classification System (GMFCS). Results.
More than half of the children with CP were born prematurely
(54.4%). Statistically significant difference was noted with re-
spect to the distribution of various clinical types of CP in rela-
tion to gestational age (p < 0.001). In the group with spastic bi-
lateral CP type, there is a greater proportion of children born
preterm. Statistically significant difference was noted in the
functional classification based on GMFCS in terms of gesta-
tional age (p = 0.049), children born at earlier gestational age
are classified at a higher GMFCS level of functional limitation.
The greatest percentage of children (70.0%) affected by two or
more associated conditions was found in the group that had
extremely preterm birth, and that number declined with in-
creasing maturity at birth. Epilepsy was more prevalent in chil-
dren born at greater gestational age, and this difference in dis-
tribution was statistically significant (p = 0.032). Conclusion.
The application of antenatal and postnatal protection of pre-
term children should be a significant component of the CP
prevention strategy.
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Apstrakt

Uvod/Cilj. Cerebralna paraliza (CP) jedan je od najéeséih
uzroka nastanka neuroloskih ostedenja u de¢jem uzrastu.
Prevremen porodaj je znacajan faktor rizika od pojave CP.
Klinicke posledice mogu biti oste¢enje grube motoricke
funkcije, intelektualnih sposobnosti, poremecaj vida i epilep-
sija. Cilj rada bio je da se istrazi odnos izmedu gestacijske sta-
rosti, oblika CP, funkcionalnih sposobnosti i pridruzenih
oboljenja. Metode. Uzorak se sastojao od ukupno 206 dece.
Iz medicinske dokumentacije dobijeni su podaci o gestacijskoj
starosti, klinickim karakteristikama CP i pridruzenim obolje-
njima. Klinicki tip CP odredivan je prema preporuci Swurveil-
lance of Cerebral Palsy in Europe (SCPE) 1 topografski. Grube
motoricke funkcije procenjivane su na osnovu istoimenog
klasifikacionog sistema Gross Motor Function Classification System
(GMFCS). Rezultati. Vise od polovine dece sa CP prevre-
meno su rodena (54,4%). Registrovana je statisticki znacajna
razlika u distribuciji klinickih tipova CP u odnosu na gestacij-
sku starost (p < 0,001); kod dece sa spasticnim bilateralnim
tipom CP vise su zastupljena prevemeno rodena deca. Utvr-
dena je statisticki znacajna razlika u funkcionalnoj klasifikaciji
na osnovu GMFCS u odnosu na gestacijsku starost (p
= 0,049); deca koja su manje gestacijske starosti imaju visi
stepen prema GMFCS-u. Najvedi procenat dece (70,0%) koja
imaju dva ili viSe pridruzenih oboljenja utvrden je kod izrazi-
to prevremeno rodene dece i ovaj broj opada $to je termin
blizi normalnom terminu porodaja. Epilepsija je bila cesca
kod dece sa ve¢om gestacijskom starosti i ova razlika u distri-
buciji bila je statisticki znacajna (p = 0,032). Zakljuéak. Pri-
mena antenatalne i postnatalne zaStite preterminski rodene
dece trebalo bi da bude znacajna komponenta strategije pre-
vencije CP.
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Introduction

Cerebral palsy (CP) is one of the leading causes of neu-
rological impairment in childhood " 2. Worldwide studies of
the prevalence of this disorder indicate that it is much higher
in developing countries and its incidence varies from 1.5 to 3
per 1,000 live births *°. In some regions, CP prevalence has
historically remained stable 3. However, in most studies,
changes were noted in the CP prevalence rates in indifferent
risk groups, such as low birthweight infants (with body mass
below 1,000 or 1,500 g), or those born prematurely (before
32 weeks of gestation) *. Improved healthcare system can re-
duce CP prevalence by minimizing the effects of prenatal,
perinatal and postnatal damage. On the other hand, by incre-
asing survival rates of preterm infants, CP prevalence is
likely to increase °.

Preterm birth is a significant risk factor in the occurren-
ce of CP 7. In preterm infants, secondary postnatal compli-
cations can develop, as a result of immaturity, or preexisting
brain damage that occurred during prenatal or perinatal peri-
od °. Specific perinatal risk factors for CP in preterm infants
are maternal-fetal infection, neonatal sepsis, and other serio-
us conditions that can develop during the neonatal period.
Brain damage resulting from periventricular hemorrhage, pe-
riventricular cystic leucomalacia and posthemorrhagic
hydrocephalus in particular, are reliable predictors of future
neurodevelopmental issues, and thus CP *. According to
O'Callaghan et al. ’, preterm birth, intrauterine fetal growth
restriction, perinatal infection, and multiple births are the le-
ading risk factors for developing CP.

Prematurely born infants (preterm neonates) are babies
born at gestational age below 37 weeks and can be classified
into three groups, namely those born at 32—36, 28-31, and
before 28 weeks of gestation °. Survival and neurological de-
velopment of preterm children born after 32 weeks of gesta-
tion is similar to that of those carried to full term. However,
the period from 20 to 32 weeks post-conception is characte-
rized by rapid brain growth and development. Illness, under-
nourishment and infection during this period may compromi-
se fetal neurodevelopmental progress, resulting in clinical
outcomes that may include CP, visual and hearing impair-
ment, learning difficulties, as well as behavioral,
psychological and social deficits ®.

As preterm infants are at a greater risk of developing
CP, the aim of this study was to examine the relationships
among gestational age, type of CP, functional ability and as-
sociated conditions.

Methods

This qualitative study, clinical-epidemiological, classi-
cal type was conducted at the Clinic for Child Habilitation
and Rehabilitation, the Institute for Child and Youth He-
althcare of Vojvodina in Novi Sad. The study was approved
by the Ethics Committee of the Institute and the Faculty of
Medicine, University of Novi Sad. The analysis included all
patients in whom the CP diagnosis had been established in
19902009 period, resulting in a sample of 206 children. A

part of this comprehensive study was presented in this paper.
Initially, medical history of all patients was reviewed in or-
der to ascertain their gestational age at birth, as well as their
CP clinical characteristics and associated conditions. Clinical
CP type was determined according to Surveillance of Cereb-
ral Palsy in Europe (SCPE) and topographically '°. Based on
the clinical presentation, gross motor function classification
was performed, according to the five-level Gross Motor Fun-
ction Classification System (GMFCS), whereby Level I indi-
cates the highest functional ability, and Level V most
severely limited motor function. For each of the five levels,
the description of gross motor function is given for four age
groups: before the 2nd birthday, between the 2nd and the 4th
birthday, between the 4th and the 6th birthday, and between
the 6th and the 12th birthday ''. Data on associated conditi-
ons (mental deficit, epilepsy, visual impairment) was sourced
from the reports provided by the child’s neurologist, neuro-
pediatrician, psychologist, speech therapist and ophthalmo-
logist.

The collected data was input into a database specifically
designed for the purpose of this study. The subsequent data
analysis consisted of descriptive and inferential statistics. At-
tributive characteristics were presented through frequencies
and percentages. Comparison of the observed and expected
attributive characteristics frequencies was performed via
test, whereas analysis of the correlation between two charac-
teristics was conducted by applying Spearman correlation
coefficient. All statistical analyses were performed using
SPSS Statistics 17.0 computer software.

Results

Of the 145 children diagnosed with CP for whom gesta-
tional age at birth was documented, more than half were born
prematurely (54.4%). More specifically, 30.3% were born at
32-36 weeks of gestation, 17.2% between 28 and 31, and in
6.9% cases gestational period was shorter than 28 weeks.
The distribution difference was found to be statistically sig-
nificant (x> = 48.572, p < 0.001) (Table 1).

Table 1
Distribution of children with cerebral palsy (CP) by
gestational age
Total numbers of

Gestational age Patients with com-

(weeks) patients, n (%) plete data (%)
<28 10 (4.9) 6.9
28-31 25 (12.1) 17.3
32-36 44 (21.4) 30.3

> 36 66 (32.0) 45.5
Total 145 (70.4) 100.0

No data 61 (29.6)

Total 206 (100.0)

Of the 109 children classified as having spastic bilateral
type of CP (of the 116 in the sample), more than half (n = 64;
58.7%) had diplegia, and the remaining 45 (41.3%)
quadriplegia. While nearly 1/3 of the studied children had
diplegia, spastic unilateral CP was somewhat less prevalent
(affecting 29.5% of the children). In addition, while
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quadriplegia affected nearly quarter of the sample (23.3%),
8.8% children were diagnosed with dyskinetic CP type, and
5.2% had ataxic CP (Table 2).

In children diagnosed with CP, a statistically significant
difference was noted with respect to the distribution of vari-
ous clinical types of CP in relation to gestational age (}* =
33.448, p < 0.001). More than 2/3 of the children diagnosed
with spastic unilateral, dyskinetic and ataxic type of CP were
born at full term (71.8%, 69.2% and 66.7%, respectively). In
contrast, in the group with spastic bilateral CP type, there
was a greater proportion of children born preterm, which
constituted the majority of the group diagnosed with diplegia
(85.4%), whereas among those affected by quadriplegia, mo-
re than half (51.6%) were prematurely born children. The da-
ta is presented in Table 3.

A statistically significant difference was noted in the
functional classification based on GMFCS in terms of gesta-
tional age (x> = 15.541, p = 0.049). As can be seen in Table
4, in full-term children, Level I is most prevalent, accounting
for more than a third of the sample (36.9%), while fewer
prematurely born children are classified as having this level
of functionality (14.3% of children born before 32 weeks of
gestation, and 17.1% of those born at 32—36 weeks of gesta-

tion). The analysis of relationships between gestational age
and GMFCS classification presented in Table 4 revealed ne-
gative correlation (nonparametric Spearman), which was not
statistically significant (p =0.751). This finding implies that
children born at earlier gestational age are classified at a hig-
her GMFCS level of functional limitation.

The majority of children delivered after 28 weeks of ge-
station have moderate or borderline mental deficit, which af-
fects 41.2% of those born at 28-31 gestational age, 48.6% of
those born at 32-36 weeks of gestation, and 40.0% full-term
children. In the group born before 28 weeks of gestation,
75% of children have mental deficit, with equal proportion of
those affected by the severe and moderate/borderline form
(37.5%). In line with the mental deficit, the distribution of
the visual impairment severity in relation to gestational age
is also evident. Severe visual impairment is most prevalent
among children born before 28 weeks of gestation (20.0%),
while the mild/moderate form is more frequent among those
born at 28-31 gestational age (28.0%), those born at 32-36
gestational age (22.7%), and full-term children (19.7%).
Epilepsy is more prevalent in children born at greater gesta-
tional age, and this difference in distribution (Table 5) is
statistically significant (x> =8.795, p = 0.032).

Table 2

Distribution of cerebral palsy (CP) types

Total number of patients

Patients with complete data

Clynical type of CP n (%) (%)
Spastic unilateral 57 (27.7) 29.5
SB* diplegia 64 (31.1) 33.2
SB* quadriplegia 45 (21.8) 233
Dyskinetic 17 (8.3) 8.8
Ataxic 10 (4.9) 52
Total 193 (93.7) 100.0
No data 13 (6.3)

Total 206 (100.0)

*SB — spastic bilateral.

Table 3
Distribution of cerebral palsy (CP) types by gestational age

. Preterm birth Term birth Total
Clinical type of CP n (%) n (%) n (%)
Spastic unilateral 11(28.2) 28 (71.8) 39 (100.0)
SB diplegia 41 (85.4) 7 (14.6) 48 (100.0)
SB quadriplegia 16 (51.6) 15 (48.4) 31 (100.0)
Dyskinetic 4 (30.8) 9(69.2) 13 (100.0)
Ataxic 2 (33.3) 4 (66.7) 6 (100.0)
Total 74 (54.0) 63 (46.0) 137 (100.0)

SP — spastic bilateral; n — number of children.
Table 4

Distribution of Gross Motor Function Classification System (GMFCS) levels by gestational age

Gestational age

GMECS, n (%)

(weeks) 1 2 3 4 5 Total

<32 5(14.3) 11 (31.4) 9(25.7) 6(17.1) 4(11.4)  35(100.0)
32-36 7(17.1) 12 (29.3) 8 (19.5) 8 (19.5) 6(14.6) 41 (100.0)
> 36 24 (36.9) 8 (12.3) 7 (10.8) 14 (21.5) 12 (18.5) 65 (100.0)
Total 36 (25.5) 31 (22.0) 24 (17.0)  28(19.9) 22)15.6) 141 (100.0)

n — number of children.
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Table 5
Distribution of associated impairments/conditions by gestational age
. Intellectual impairment Visual impairment .

Gestational age (weeks) Severe Moderate/mild Severe Moderate/mild Epilepsy

<28 37.5 37.5 20.0 10.0 10.0

28-31 11.8 41.2 0.0 28.0 12.0

32-36 257 48.6 9.1 227 273

> 36 18.0 40.0 0.0 19.7 39.4

Total 20.9 42.7 4.1 21.4 29.0

The results are given as percentage of children.

The greatest percentage of children (70.0%) affected by
two or more concomitant conditions is found in the group
that had extremely preterm birth (< 28 gestational weeks),
and this number declines with increasing maturity at birth.
Similarly, the number of children without any concomitant
conditions increases with gestational age (from 10% for
extremely preterm children to 25.8% for those born at full
term). However, the differences in the total number of con-
comitant conditions in relation to gestational age were not
statistically significant (p = 0.200). The data is shown in
Table 6.

affected by the harmful noxa prenatally, which partly
explains the relatively high CP prevalence in the extremely
premature neonates .

Diplegia is the dominant CP subtype, and in more than
50% of cases, it occurs in preterm infants > . In the present
study, 33.2% of children included in the sample had diplegia,
of whom 55.4% were born preterm, and 80% had low
birthweight. Variations in the percentage participation of the
diplegic CP form reported in the extant literature (35—39.8%)
can potentially be explained by the variable prevalence of pre-
term neonates in the total population of children with CP > .

Table 6

Number of associated impairments by gestational age
Gestational age Associated impairments, n (%)
(weeks) 0 1 2 or more Total
<28 1 (10.0) 2 (20.0) 7 (70.0) 10 (100.0)
2831 3(12.0) 11 (44.0) 11 (44.0) 25 (100.0)
32-36 5(11.4) 12 (27.3) 27 (61.4) 44 (100.0)
>36 17 (25.8) 16 (24.2) 33 (50.0) 66 (100.0)
Total 26 (17.9) 41 (28.3) 78 (53.8) 145 (100.0)

n — number of children.

Discussion

Preterm birth is recognized as the key risk factor for
developing CP ™ '> " in particular if it occurs prior to 32
weeks of gestation . A meta analysis of 26 studies revealed
the CP prevalence of 14.6% for children born at 22—27 ges-
tational age, 6.2% for those born at 28—-31, 0.7% for those
born at 32-36 weeks of gestation, and 0.1% for full-term
children "*. Our results indicate that about half of the children
affected by CP were born preterm, of whom 17% were deli-
vered at 28-32 weeks of gestation and 7% before 28 weeks
of gestation. Preterm children with CP have periventricular
white matter damage. The damage to posterior thalamic re-
gion is most prominent, which correlates with reduced
sensory-motor ability at the contralateral side. In rare cases,
descendent corticospinal tract is also affected '°. The presen-
ce of prenatal infection contributes to the increased risk of
CP in prematurely born children. One of the mechanisms re-
sponsible for its development is neurotoxicity of cytokines
that initiate chain reaction, resulting in apoptosis of various
brain cells, predominantly oligodendrocytes, which are res-
ponsible for myelination '°. Advancements in neonatal inten-
sive care have contributed to the reduction in prenatal and
neonatal death rates over time; however, most children are

Our study findings indicate that quadriplegia is present in
23.3% children, while other authors reported somewhat
lower values, ranging from 15% to 20% '*. This disparity
may be due to the different treatment provided to neonates in
the intensive care unit, therapies offered, as well as differen-
ces in prenatal care. According to our findings, quadriplegia
is equally prevalent among full-term and preterm children in
our sample. One group of authors reported that the dyskinetic
form was present in 11-13% of children with CP > ", In our
sample, this percentage is somewhat lower (8.3%), most
likely due to the recently adopted practice of making the dia-
gnosis based on the dominant symptom. In that case, chil-
dren with the dyskinetic form of CP that also present with
spasticity are classified as having spastic bilateral CP type .
In the study conducted by Serdaroglu et al. °, dyskinetic form
of CP was found in 6.4% children. Our results indicate that
the dyskinetic form primarily occurred in full-term children
born with normal body mass. Ataxic CP form is least preva-
lent and occurs in 4.7-5.9% cases, which is in accordance
with our findings (4.9%) >'"'*.

Our findings revealed a statistically significant diffe-
rence in the functional ability distribution, as determined ac-
cording to GMFCS, in relation to gestational age. Level 1
was most prevalent among the full-term children, while
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prematurely born children were assigned higher GMFCS le-
vels. According to numerous studies, children with hemiple-
gia, most of whom were born at full term, predominantly
exhibit Level I functional ability ** . In our study, slightly
more than 50% of children were born preterm. According to
several authors, the most severe form of CP is linked to the
higher GMFCS levels, predominantly Level V 7.

Our findings indicate that children born before 28
weeks of gestation presented with the greatest number of
concomitant conditions, which is in line with the results re-
ported in the literature ' ** . Marlow et al. >’ reported that
cognitive and neurological impairments were most prevalent
among children born before 26 weeks of gestation. In the
study conducted by Laptook et al. %, nearly 30% of children
born on the average at 26 weeks of gestation, with normal
brain ultrasound findings, were subsequently diagnosed with
CP or had learning difficulties. Mongan et al. ** reported that,
in their study, 56% of the children with CP had intellectual
impairment, which was severe in 35% of those cases. The
authors also concluded that the probability of children of
normal birthweight developing intellectual impairment was
twice as high as that found for those with low birthweight.
Our findings indicate that severe mental deficit was most
prevalent in children born before 28 weeks of gestation.
When discussing the developmental prognosis with the pa-
rents, it is necessary to consider the associated cognitive
impairment, as severe intellectual disability can
significantly reduce the likelihood of the child learning to
walk *. Among children with CP, nonverbal learning defi-
cits, accompanied by limited visual-spatial ability, are
common *’. According to the literature reports, 22—41%

children with CP have epilepsy, the prevalence of which
varies across subtypes >* *” ', Our findings indicate that
epilepsy mostly occurred in children born at or close to full
term. On the other hand, greater number of prematurely
born children suffered from retinopathy, cortical visual im-
pairment and strabismus, compared to the children with CP
born at full term **. In our study, severe visual impairment
was most prevalent among children born before 28 weeks
of gestation (20%). In prematurely born children, while
compromised sight is mostly due to the retinopathy of
prematurity (ROP), it can also result from cortical damage.
ROP typically occurs in children born before 32 weeks of
gestation and its incidence and severity are inversely pro-
portional to gestational age ®.

Conclusion

Among the prematurely born children included in this
study, bilateral spastic CP type and higher GMFCS level of
functional limitation were most prevalent. Children born be-
fore 28 weeks of gestation had the greatest number of associ-
ated conditions, as well as greatest prevalence of more severe
cognitive and visual impairment. Providing antenatal and po-
stnatal care to preterm infants should certainly be an impor-
tant component of the CP prevention strategy.
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