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DEFINITIONS

1. Definitions of cerebral palsy (CP)

The cerebral palsy definition in the present study is in accordance with recent
two (2) international consensus definitions:

1. European consensus definition of cerebral palsy (CP), agreed by the
workgroup of Surveillance of Cerebral Palsy (1) in Europe in 2000 (SCPE,
2000), and including the following five key points: CP is a group of
disorders; it is a permanent but not unchanging condition; it involves a
disorder of movement and/or posture and of motor function; it occurs due
to a non-progressive lesion; the lesion is in the developing/immature brain;
2. The newest existing and updated Definition and Classification of Cerebral
Palsy, generated by the task force of American and European experts under
leadership of Martin Bax in July 2004, in United Kingdom (Bax et al., 2005):
Cerebral palsy (CP) describes a group of disorders of the development of
movement and posture, causing activity limitation, that are attributed to
non-progressive disturbances that occurred in the developing fetal or
infant brain. The motor disorders of cerebral palsy are often accompanied
by disturbances of sensation, cognition, communication, perception, and/or
behaviour, and/or by a seizure disorder;

and with the modified definition, used in Estonia since 1985 and more
specifically addressing aspects of causation and timing:

Cerebral palsy is an impairment of movement and posture resulting from a
non-progressive defect or lesion (of mainly hypoxic-ischaemic origin) of the
brain during the ante- or intranatal period. The motor impairment is
expressed by spastic syndromes, disorders of coordination and balance,
dyskinetic or dystonic movements or their combinations, and is often
accompanied by speech and cognitive disorders, and/or epilepsy (Talvik et
al., 1987; Talvik, 1992).

2. Other definitions

Acute hypoxic event: presence of the following signs: miscoloured amniotic
fluid, fetal heart rate during labour <100 or >160 beats per minute, silent or
DIP II pattern on cardiotocography (ie late decelerations), cord prolapse or
placental abruption, in combination with Apgar scores < 7 at the 5" minute
of age

Arterial hypertension = maternal blood pressure greater than 140/90 mm Hg
either before of after the 20™ week of pregnancy, confirmed at least by two
readings 4 hours or more apart, not in association with proteinuria or edema
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Chorioamnionitis: maternal fever > 38° C, associated with fetal tachycardia >
160 beats per minute, maternal tachycardia > 100 beats per minute, uterine
tenderness, or foul-smelling amniotic fluid

Mild cerebral palsy: presence of neurological signs without functional disability
(e.g. walking without mobility devices, but displaying abormal patterns of
gross and fine motor movements or limitations in more advanced gross
motor skills)

Moderate cerebral palsy: moderate motor impairment, walking with help, eg
mobility devices

Severe cerebral palsy: severe motor and intellectual impairment with inability to
sit and walk

Neonatal sepsis: positive blood culture in a symptomatic newborn

Antenatal (= prenatal) period: period of pregnancy until the onset of labour
resulting in delivery

Intranatal (= intrapartum) period: period between the onset of labour and the
time of delivery

Perinatal period: period beginning at 22 full weeks of gestation, with
birthweight at least 500 g, and ending 7 full days after delivery (ICD-10)

Perinatal period: period from the onset of delivery until the 7" day of life
(Hagberg et al., 2001; Himmelmann et al., 2005)

Postnatal period: period from the 29" day of life up to 2 years of age

Neonatal period: first 28 days of life (early neonatal = first 7 days of life; late
neonatal = between 8" and 28" day of life)

Preeclampsia: maternal blood pressure greater than 140/90 mmHg in
association with proteinuria (= 300 mg in a 24-hour urine collection),
occurring after the 20" week of pregnancy

Premature rupture of membranes: rupture of membranes before the onset of
labour

Threatened abortion: a clinically descriptive term that applies to women who
are at less than 20 weeks' gestation, have vaginal spotting or bleeding, in the
absence of passing/passed tissue, and the presence of a closed cervix
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INTRODUCTION

Cerebral palsy (CP) is the most common physical disability in childhood
(SCPE, 2000; Stanley et al., 2000; SCPE, 2002; Rosenbaum, 2003).

Despite several consensus agreements reached in recent decades (Mutch et
al., 1992; SCPE, 2000; SCPE, 2002; Bax et al., 2005), it has been and still is a
challenge to define CP. The precise meaning of the term “cerebral palsy” has
often remained elusive, as summarised by a number of scientists and practi-
tioners over the years (Bax et al., 2005; Kavc¢i¢ and Vodusek, 2005). Cerebral
palsy is a “term of convenience” first introduced into medicine in 1862 by
William John Little (Little, 1862), who defined it not as a disease, but rather as
a complex motor impairment, that occurs during delivery, called “cerebral
paresis”. Little described the effect of asphyxia, pregnancy complications,
intranatal factors and prematurity on the physical and intellectual development
of a child. Furthermore, for many years, cerebral palsy was called Morbus
Little. Osler (1889) associated the condition, named the condition of cerebral
palsy with asphyxia of the newborn following complicated deliveries.

Sigmund Freud (1897; 1968) was the first to write about cerebral palsy as a
nosographical category, uniting various infantile motor deficits of the brain
origin. Unlike Little, when describing the predisposing factors of cerebral palsy
Freud considered antenatal factors as being more important than intranatal
antecedents. Since that time there has been no final agreement on the definition
and aetiology of CP.

As a diagnosis, the term “cerebral palsy” itself does not address the broader
issues of neurodevelopmental dysfunction. In spite of the fact that the motor
impairment is most striking and is included as the main component in any
definition of CP, cerebral palsy is a complex neurodevelopmental condition. Its
comorbidities include sensory, perceptual and cognitive impairment, commu-
nication disorders, behavioural challenges and epilepsy, all being no less
important than motor disabilities in terms of the quality of life (Rosenbaum,
2003; Dan and Cheron, 2004; Bax et al., 2005). Furthermore, motor impairment
may not be the most functionally limiting or disabling aspect in an individual
child with CP (Hutton and Pharoah, 2002; Shapiro, 2004). Challenges in society
regarding this specific condition include tackling the lifelong issues faced by
people with moderate and severe stages of cerebral palsy, e.g. primary and
secondary prevention of the muscle contractures and deformities, that restrict
participation in everyday life. The critical issue being faced with CP is how to
optimally avoid the progression of a child’s disability and how to get the best
available quality of life for adulthood. There is still a certain inconsistency in
the use of the term “cerebral palsy” concerning the mild signs of the condition.
Gosselin et al. (2002) have referred to the unjustified exclusion of mild cases
belonging to the same pathophysiology in many cerebral palsy studies. As the
mild group of cerebral palsy is most likely to be under ascertained and missed
by registries (Colver et al, 2000; SCPE, 2000; Winter et al., 2002), it has
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commonly been removed from analyses of risk factors (Badawi et al., 1998c;
Kuban and Leviton, 1994; Parkes et al., 2001; SCPE, 2000). However, a global
measure of severity should be included in the registries of cerebral palsy, in
order to determine a minimal threshold for international comparisons of rates
and to monitor changes in the distribution of severity (Colver et al., 2000).

It is regrettable that in the 21% century the contemporary international task
forces of cerebral palsy mostly regard CP under the broad concept of an
“umbrella diagnosis” covering many conditions from a group of genetic
syndromes and congenital brain malformations up to conditions with an obvious
perinatal hypoxic-ischaemic origin. When regarding CP as an “umbrella term”,
the criteria for including and excluding a child from a survey or register may
differ from centre to centre, making it difficult to compare the prevalence rates
and geographically defined populations. For that purpose a more specific causal
diagnosis would be useful. The different subgroups under this umbrella also
require specific approaches to patient management and family counselling
services, with approaches being different for children with CP after an acute
asphyxial event at birth in comparison with those with developmental brain
malformations or other conditions.

The exact causal pathways of cerebral palsy are not finally known in the
majority of CP cases (Stanley et al, 2000; Blair and Stanley, 2002). This is
particularly true before delivery, when clinical measures used for the assess-
ment of fetal well-being are generally inadequate in order to assess fetal brain
function (MacLennan, 1999). The pathogenesis of a brain injury, germinal
matrix/intraventricular haemorrhage and white matter damage is usually related
to a hypoxic event (Bloch, 2005). Many recent studies have shown acute
hypoxic brain damage in MRIs (Magnetic Resonance Imaging) of newborns
with neonatal encephalopathy (NE) and seizures (Cowan et al., 2003; Pierrat et
al., 2005); the same findings have been found in autopsies. Kav¢i¢ and Vodusek
(2005) have emphasised that it is easier to explain what cerebral palsy is not
than to define it precisely.

At the same time, the need to have a consensual definition of CP is greater
than it is in many other health conditions, because of the multidisciplinary
management that is required in most cases.

The best predictors and strongest risk factors for cerebral palsy are its early
signs (Talvik, 1992; Hadders-Algra and Groothuis, 1999; Blair and Stanley,
2002; Gosselin et al., 2002), which can be registered and accounted for with
greater success in comparison to the identification of any single cause. Many
children with minor neurological dysfunction during the first years of life who
have survived neonatal encephalopathy have proven brain lesions (Barnett et
al., 2002), indicating the need for ongoing surveillance concerning their being at
risk for mild cerebral palsy. Children not displaying classical neurological signs
as newborns after verified brain damage, may still be vulnerable to problems
affecting their performance later in childhood. These can be minor motor signs
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(Mercuri et al., 2004), but also behavioural, attention deficit, and cognitive
disorders (Pharoah et al., 1994; Gosselin et al., 2002).

The frequency of cerebral palsy increases with a decreasing gestational age,
affecting approximately 7-7.3% of survivors with a birthweight of less than
1500 g (Hagberg et al, 1984; SCPE, 2002). Consequently, it has been
documented that the rate of CP is more than 70 times higher in very low
birthweight (VLBW) infants compared with those weighing 2500g or more at
birth (Cummins et al., 1993; SCPE, 2002).

One half of CP cases arise in neonates with a normal birthweight, with the
best available predictor for CP being neonatal encephalopathy (Nelson, 2002).
According to the first large controlled study of risk factors for NE where the
broader diagnosis of NE was used (Badawi et al., 2005), children with CP
following NE (i.e. about 24% of term infants with CP) are more severely
intellectually impaired and more likely to be non-verbal, non-walking, and to
have epilepsy. Approximately one in five children with CP (20.2%) have a
severe intellectual disability and are unable to walk.

Therefore, CP is an important public health issue worldwide. Its incidence
level of 0.2-0.4% (the percentage of the disabling severe and moderate stages of
CP), with a possible trend towards an increase in highly developed countries in
connection with the improved survival rates of VLBW babies, presents a major
challenge to health care systems (Dan and Cheron, 2004). There will be an
increasing need to plan in a cost-efficient manner early intervention and follow-
up services for infants at risk of the disorder, to optimise the number of persons
needing lifelong care. Cerebral palsy with possible preventable causes presents
a significant socioeconomical burden on families, but also on society as a whole
(Rosenbaum, 2003).

Defining babies at risk for CP and other adverse neurodevelopmental
outcomes permits the application of the optimally efficient preventive approach
in early intervention services. An accurate interpretation of the long-term
outcome requires follow-up studies that include an assessment of the impact of
minor disabilities, including mild CP (Low, 1997), on the functional perfor-
mance in a child’s later life.

At the present time, a full understanding of the causal pathways and
mechanisms leading to CP in an individual child remains imperceptible (Bax et
al., 2005).

There are no previous population-based analytical studies concerning the ce-
rebral palsy in Estonia. Earlier studies have been targeted at investigating the patho-
physiology and risk factors of asphyxia and hypoxic-ischaemic encephalopathy
(HIE) in term and preterm newborns (Malksoo, 1988; S66t, 1989; Talvik, 1992).
The clinical and morphological correlations in CP were investigated by T. Talvik
and colleagues (Talvik et al., 1987; Talvik et al., 1989; Tomberg et al., 1989).

The aim of the present study was to estimate the prevalence, clinical features
and the aetiological factors of cerebral palsy in the defined child population of
Estonia.
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REVIEW OF THE LITERATURE

1. Methodological Aspects

1.1. Problems in Defining CP

In defining cerebral palsy, pragmatism has not yet prevailed (Kav¢i¢ and
Vodusek, 2005). Ferriero has regarded CP as “something that is not one thing”
(Ferriero, 1999). Although the comparability of epidemiological studies is
highly dependent on the uniformity of the methodology, several different
definitions are still in use. With its inclusiveness, the term CP comprises a large
heterogeneity in terms of different aetiologies, as well as motor types and
severity stages. One of the most widely cited definitions which has become a
classic and was created by Martin Bax (1964), stated that cerebral palsy is “a
disorder of movement and posture due to a defect or lesion of the immature
brain”.

The term “immature brain” is itself imprecise, enabling one to also apply
the definition in cases of motor disabilities such as those following early
traumatic brain injuries or encephalitis. This has led to the following definition,
adopted in Baltic countries: Cerebral palsy is an impairment of movement and
posture resulting from a non-progressive defect or lesion (of mainly hypoxic-
ischaemic origin) of the brain during the ante- or intranatal period. The motor
impairment is expressed by spastic syndromes, disorders of coordination and
balance, dyskinetic or dystonic movements or their combinations, and is often
accompanied by speech and cognitive disorders, and/or epilepsy (Talvik et al.,
1987; Talvik, 1992).

This definiton refers to the main pathogenetical pathways, leading to the
formation of a brain injury, underlying CP, and aims to narrow the criteria for
the term “immature brain”; it also attempts to concretise the time of the insult
and includes associated neurodevelopmental and other problems of co-
morbidity. The definiton has been implemented in Baltic countries since 1992.
Dan and Cheron (2004) also stressed the weakness of the term “immature
brain”, which is conceptually vague. In 2005, M. Bax and co-workers (Bax et
al., 2005) explained the situation as follows: the international working group in
1964 felt that it was wiser at that time to not define precisely what they meant
by “immature brain”, as any such definition might limit services to those in
need and lead to “administrative difficulties” (Bax, 1964). Similarly, Milani-
Comparetti warned of excessively objective definitions already in 1960 (Milani-
Comparetti, 1960), as these may cause limitations in service access in the
context of CP within society, excluding many patients from assistance on legal
grounds.

The international work group for which Bax was the reporter (Bax, 1964)
excluded from cerebral palsy disorders of posture and movement, “which are
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(1) of short duration, (2) due to progressive disease, or (3) due solely to mental
deficiency”. This formulation of the CP concept placed an exclusive focus on
motor aspects, and also stressed the specific consequences of early onset as
opposed to late-acquired brain damage. Sensory, cognitive, behavioural, and
other associated impairments, often significantly disabling, were not yet
formally included in the concept (Bax et al., 2005).

The heterogeneity of disorders covered by the term CP, as well as advances
in the understanding of development in infants with early brain damage, led
Mutch and colleagues (Mutch et al., 2002) to modify the definition of CP as
follows: “...an umbrella term covering a group of non-progressive, but often
changing, motor impairment syndromes secondary to lesions or anomalies of
the brain arising in the early stages of development.” This definition pointed out
the motor impairment and acknowledged its variability, underscored in previous
definitions, and excluded progressive disease, a point already introduced in the
annotations of Bax et al. (1964). The reached consensus regarding CP as an
umbrella term, is based mainly on the clinical description of the condition
(Badawi et al., 1998c; Mutch et al., 1992; SCPE, 2000; Shevell et al., 2003). As
agreed to by SCPE (SCPE, 2000), the international definition of cerebral palsy
infers nothing about aetiology. It has been admitted, however, that although the
aetiology of individual cases might be irrelevant for planning services for
children with disabilities, it is very relevant when seeking preventable causes
(Badawi et al., 1998c; Nelson, 2005).

The definitions of Bax (Bax, 1964) and Mutch (Mutch et al., 1992) make no
mention of the pathogenesis or of the “non-motor” features of CP which often
have an enormous impact on a child’s everyday performance. There has been
debate within the past decades as to whether a more aetiological definition
should be adopted (Carr, 2005). Most authors still prefer retaining the concept
of “cerebral palsy” as a convenient clinical descriptive key term of a wide range
of Central Nervous System (CNS) disorders, resulting in a similar clinical
picture, because a considerable amount of CP remains unexplained even after
good neuroradiological and metabolic investigations (Hagberg et al, 2001;
Blair and Stanley, 2002). A major difference between the newest proposed
definition (Bax ef al., 2005) and that of 1964 is the replacement of “defect or
lesion of the immature brain” with the “non progressive disturbances that
occurred in the developing fetal or infant brain”. As concluded by Baxter and
Rosenbloom (2005) in their commentaries on the new definition, the much
wider spectrum of pathologies included in “disturbances” may have huge
implications in practice, enabling one to embrace cases currently classified as
developmental coordination disorders. In this case, cerebral palsy would be
diagnosed in 50-90/1000 children instead of 2/1000. This is in line with the
concept of including children with milder functional loss when measuring the
frequency of CP.

The Washington workshop of July 2004 under the leadership of Martin Bax
concluded that previous definitions of CP had become unsatisfactory, and
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undertook another attempt to revise the current definition, and classifications of
CP, described in section 6, page 34-35, Table 5. Surprisingly, as did all its
predecessors, the task force again underlined that CP is not an aetiological
diagnosis, but rather a clinical descriptive definition, although all preventive
methods depend on the success of establishing the cause.

Nadia Badawi in collaboration with other Australian researchers (Badawi et
al., 1998c) elaborated a list of different chronic encephalopathies and diffe-
rentiated, which of these conditions should fit under the “umbrella” of the term
CP and which should not. This methodology again addressed CP as a clinical
descriptive term, reflecting a common and traditionally non-aetiological
approach. Although the team of researchers (Badawi ef al., 1998c) emphasised
the relevance of actiology when seeking preventable causes, they proposed that
the precise inclusion criteria of the term “cerebral palsy” may vary with the
objectives for using the term. The attempt by Badawi and her colleagues
(1998c) to standardise the criteria for inclusion in CP registers worldwide
encompasses all non-progressive brain disorders, not historically excluded from
the category of CP, e.g. genetic syndromes involving brain malformations and
some chromosomal anomalies. It has actually markedly broadened the spectrum
of CP as a disease entity; for instance, it is suggested that neuronal lipo-
fuscinosis, Sturge-Weber and Rett syndromes are also included in the
“umbrella” definition of CP, though the management of these genetic disorders
and CP is clearly different. This is once again an example of the urgent need to
clarify the definition and look for aetiology. One explanation for accepting CP
as an “umbrella diagnosis” and covering with it a large group of disorders, even
genetical syndromes, without speaking about aetiological aspects, might be that
some specialists belonging to task forces dealing with CP concepts and
definitions are not doctors trained in child neurology, but instead specialists
involved in rehabilitative service delivery and not dealing with the treatment of
acute brain pathology. The evolution of the concept of CP is seen through the
range of the more frequently used definitions of cerebral palsy, presented in
Table 1.

The comparability between the use of the term CP in different times and
regions has not been sufficient. In most of these definitions, the upper age limit
regarding the onset of motor impairment is not clearly set. For a valid com-
parison of cerebral palsy prevalence rates, it is problematic to ensure that these
rates have been calculated using similar inclusion criteria for the condition.
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Table 1. Overview of cerebral palsy definitions through history.

Infantile cerebral palsy would thus be defined as the general concept
of all cerebral diseases in infancy caused by a direct effect of acci-
dental aetiology, occurring either in the fetal period or after birth, and
affecting one or more neuron systems

Freud, 1968
(original work
in 1897)

Cerebral palsy may be defined as a condition characterised by pa-
ralysis, paresis, incoordination, dyskinesia, or any aberration of motor
function that is due to involvement of the motor control centres of the
brain

Perlstein, 1952

Cerebral palsy is a descriptive term applied to a group of motor
disorders of young children, in whom full function of one or more
limbs is prevented by paresis, involuntary movement, or incoordi-
nation

Balf and
Ingram, 1955

Cerebral palsy is a persistent, but not unchanging disorder of move-
ment and posture, appearing in the early years of life and due to a
non-progressive disorder of the brain, the result of interference during
its development

*Little Club,
1959 (Mac
Keith et al.)

The term cerebral palsy does not designate a disease in any usual
medical sense. It is, however, a useful administrative term which
covers individuals who are handicapped by motor disorders which are
due to non-progressive abnormalities of the brain

Crothers and
Paine, 1988

Cerebral palsy is a disorder of movement and posture due to a defect
or lesion of the immature brain

Bax, 1964

Cerebral palsy is the result of a lesion or maldevelopment of the
brain, non-progressive in character and existing from earliest child-
hood. The motor deficit finds expression in abnormal patterns of
posture and movement, in association with an abnormal postural tone

Bobath, 1969

Cerebral palsy is a descriptive term for a collection of non-progres-
sive neuromotor diseases of central origin that become manifest early
in life and are not the result of a recognised cerebral malformation

Paneth,1986

Cerebral palsy is an umbrella term covering a group of non-progres-
sive, but often changing, motor impairment syndromes secondary to
lesions or anomalies of the brain arising in the early stages of its
development

Mutch et al.,
1992

* The first consensus definition of CP in the history

Conclusion: The CP concept broadly and the terms in the most-used definitions
(Bax, 1964; Bax et al., 2005) have been sustained over the decades with

changes in pathophysiology, including neuroplasticity studies,

and diagnostic

technology. In conclusion, according to the current international consensus,
cerebral palsy has remained a description defined by clinical observation rather
than a diagnosis informative about aetiology, pathology, or prognosis.
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2. Antenatal Versus Perinatal Risk Factors
in the Aetiology of Cerebral Palsy

It is currently generally agreed that CP is a condition resulting from the inter-
action of multiple risk factors, and that no single identifiable cause can be found
in many cases (Stanley et al., 2001; Blair and Stanley, 2002; Shevell et al.,
2003). Only a few prognostic models based on combinations of different risk
factors are available for cerebral palsy and other developmental disorders, one
of which is perinatal asphyxia (Levene et al., 1986; Ellenberg and Nelson,
1988). According to earlier studies by Prof T. Talvik and co-workers (Talvik et
al., 1987; Milksoo, 1988; So6t, 1989; Talvik, 1992; Ilves, 1999), asphyxia and
hypoxia with a pathophysiological cascade following are the most important
factors in perinatal brain damage.

There is still a lack of accurate markers for birth hypoxia, identifying those
who have the greatest risk of hypoxic-ishaemic brain damage (Cowan et al.,
2003; Johnston, 1997; Ekert et al., 1998; MacLennan, 1999; Perlman and
Risser, 1996; Perlman, 1997). The creatine kinase isoenzyme BB has been
shown to be a good marker in terms of prognosis and outcome after perinatal
asphyxia (Talvik et al., 1995). Difficulties in picking up on infants in whom
hypoxia-ischaemia could result in serious damaging encephalopathy present
obstacles for clinical trials of potential neuroprotective agents (Johnston, 1997).

The current knowledge about the precise timing of events is limited.
Uncertainty exists regarding the spectrum of aetiologies and their relative
contribution in individuals. Therefore, one of the main focuses in the current CP
research is the identification of ante- and perinatal risk factors.

No specific risk factors for both neonatal encephalopathy and cerebral palsy
have been identified so far; those predominantly described in the current
research are low birthweight, premature and multiple birth, premature rupture of
membranes, intrauterine growth restriction (IUGR), birth asphyxia, and
maternal illnesses, including maternal infection (Badawi et al., 1998a; Badawi
et al., 1998b; Stanley et al., 2000; Blair and Stanley, 2002; Kulak and Sobaniek,
2004).

The challenge of detecting a precise cause is best reported in a well-known
study by the National Collaborative Perinatal Project in California, USA
(Nelson and Ellenberg, 1986). This study, compiling the most sensitive known
risk factors extending from preconception to the neonatal period, concluded that
63.3% of children with CP did not have a profile of high risk, and 97.2% of
those with a high risk profile will not have CP.

A major issue historically has been measuring the role of intrapartum
asphyxia as a cause of cerebral palsy. There is a conflict in opinion, the essence
of which is described below, regarding the time of action of the most important
risk factors.
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The occurence of CP itself has for many decades focused upon as a relevant
parameter, reflecting the quality of obstaetric and other perinatal care. The
traditional understanding of CP as being caused by intranatal or early neonatal
factors, introduced since Little (1862), has changed from the 1970s to the late
1990s. Consequently, until very recently, hypoxic events around births were
regarded by many authors as the most unusual causes of CP. According to
several authors, antenatal or unclassified factors are still considered to be the
most typical ones (Pharoah et al., 1996; Nelson and Grether, 1998; Bakketeig,
1999; MacLennan, 1999; Nelson, 2002). In a study by Blair and Stanley (1988),
it was estimated that in only 8.2% of spastic CP cases has brain damage
occurred during birth, following intrapartum asphyxia, although a clear
association between clinically observed perinatal signs of birth asphyxia and
spastic CP was found. As reported in the Californian study (Torfs et al., 1990),
78% of children with CP did not have birth asphyxia, and the 22% who had it
were presenting other prenatal factors that may have compromised their
recovery. According to Naeye et al. (1989), and Nelson and Grether (1999), an
interruption of the oxygen supply during birth contributes to only 6% of spastic
cerebral palsy cases. Shevell et al. (2003) found that in only 12.4% of CP cases
was asphyxia operating as a single cause, and in 21.7% of cases asphyxia
together with other mechanisms were attributed.

During the last decades, studies in different developed countries have
shown no drop in CP in any birthweight group (Blair and Stanley, 1993; Paneth
and Kiely, 1984). Accordingly, the failure to prove the hypothesis that improve-
ments in perinatal care over recent decades would also lead to reduction in the
incidence of CP, has led to several authors concluding that:

e CP proportions are not falling in spite of the significant increases in
obstaetric and neonatal interventions, aimed at reducing birth asphyxia

e In the overwhelming proportion of cases (70-80%), CP is antepartum in
origin

e Perinatal hypoxic-ischaemic injury, secondary to intrapartum asphyxia, and
resulting in CP, is a rare event (Blair and Stanley, 1988; Torfs et al., 1990;
Perlman, 1997; Stanley et al., 2000).

Many researchers admit today that in an increasingly litigious society, especially
in developed countries, intrapartum asphyxia has considerable medico-legal
implications (Blair and Stanley, 1988; Perlman, 1997; Edwards and Nelson, 1998;
Bakketeig, 1999; MacLennan, 1999; Shevell et al., 2003; MacLennan et al.,
2005). This issue may therefore be a factor with a negative influence on the
progress of research, and also on achieving a final consensus in defining CP.
Badawi et al. (1998b) have found that an acute intrapartum event acts as
risk factor (odds ratio 4.44) for newborn encephalopathy, but conclude that
most causal pathways of the condition are heterogeneous and relate to an
antenatal period, with intrapartum hypoxia alone accounting for only a small
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proportion of newborn encephalopathy. According to Stanley et al. (2000),
about 25% of CP cases are following very preterm births, in which there is often
a causal chain spanning both the antenatal and postnatal period. A history of the
cluster of characteristics suggesting that adverse intra-partum events may have
contributed to the causal pathway has been reported in about 16% of cases, but
in only 10% is there no additional evidence of antenatal damage. In an earlier
matched Australian study (Blair and Stanley, 1993) the authors concluded that
there were many identifiable factors for spastic CP, but that each of them of
them contributed only a small proportion.

The International Cerebral Palsy Task Force (MacLennan, 1999), which
redefined the consensual link between acute intrapartum events and subsequent
cerebral palsy, stated that approximately 70% of neonatal encephalopathy is
secondary to events arising before the onset of labour.

Conversely, a large British cohort study (Evans et al.,, 2001), encountering
mild cases of NE, concluded that intrapartum events appear to play a major role
in most cases of NE-associated cerebral palsy. Similarly, evidence from another
population-based multicenter study, in France, demonstrated that perinatal
hypoxia-ischaemia was the main cause of NE (Pierrat et al., 2005). Cowan and
colleagues (2003), aiming to test the hypothesis that prenatal factors are
important in neonatal brain injury, concluded in their MRI and autopsy (Squier
and Cowan, 2004) studies that acute insult in the immediate perinatal period
without antenatally-established injury or brain atrophy is the most important
factor in neonatal brain lesion. Sufficient evidence states that perinatal stroke is
also a common cause of hemiplegic CP (congenital hemiplegia) (Talvik et al.,
1987; Wu et al., 2004).

Similarly, studies have appeared in recent years that have shown a high
incidence of perinatally acquired CP (Krdgeloh-Mann et al., 1995; Sciberras
and Spencer, 1999; Hagberg et al, 2001). The results of population-based
studies in Sweden (Hagberg et al, 2001; Himmelmann et al, 2005) and
Norway (Moster et al., 2001; Meberg and Broch, 2004) indicate that intranatal
hypoxia cannot regarded as a rare cause for cerebral palsy. According to a study
by Hagberg et al. (2001), birth asphyxia severe enough to cause CP was
recorded and documented in 28% of term newborns, having the biggest
proportion in the group of dyskinetic subtype. In 81% of the CP cases of this
study, owing to modern neuroimaging techniques, it was possible to time-relate
the aetiology of CP. Altogether 61% preterm and 36% term infants were found
to have had their CP caused by perinatal/neonatal factors.

In the western Swedish study of the birth-year period 1995-1998, the
perinatal/neonatal cause was determined to be 35% in term CP, and even 49%
in preterm neonates (Himmelmann et al., 2005). In term dyskinetic cerebral
palsy, the perinatal hypoxic-ischaemic encephalopathy had been present in 71%
of cases. In the population-based study in Norway perinatal/neonatal brain
injury was classified as the cause in 39% of cases with a normal birthweight,
reaching 59% of cases in infants with a birthweight of <2500g.
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The challenge in establishing exact causes became expressively obvious
through a dispute at the annual conference of the Action for Victims of Medical
Accidents in Birmingham (England) in 2000, where the theory that cerebral
palsy is caused by events during pregnancy rather than at birth was attacked,
with the claim that the hypothesis, which was outlined in a cerebral palsy
consensus statement (MacLennan, 1999), was founded on inadequate evidence
(Silvert, 2000).

When studying the risk factors, many authors have excluded postneonatal
cases (Hagberg et al., 2001; Meberg and Broch, 2004; Topp et al., 2001; SCPE,
2002). However, in developed countries the prevalence quoted in the reported
rates of surveys and registers of 2-2.5 per 1000 births generally includes about
10% with a postneonatal cause (Stanley ef al., 2001).

The statement that a majority of pathogenetical patways commence before
delivery is, however, very understandable because of the tendency of many
research groups to use such inclusion criteria for CP, which comprise the cases
with congenital brain anomalies and genetic syndromes in the risk factor studies
of cerebral palsy.

3. Antenatal Risk Factors
(operating during pregnancy until the onset of labour)

3.1. Prematurity

Premature infants constitute up to half of the CP population (Lou, 1994).
Preterm infants are at up to an 8-times higher risk than term infants for pre- and
perinatal brain damage, resulting in cerebral palsy (Escobar et al., 1991; Topp et
al., 1997a; Stanley et al., 2000). Joseph et al. (2003) analysed the patterns of
gestational-age-specific rates of CP, based on the data of 2 population-based
studies, and revealed an extremely high CP rate among live births at '28 weeks
of gestation: 63.9 per 1000 live births, compared with that at later gestational
terms: 0.9 per 1000 live births at /37 weeks. Similar trends in gestational-age-
specific rates are reported in other studies (Nelson et al., 1994; SCPE, 2002).

It has been found that neonatal factors that best identify neonates who will
subsequently develop CP are different for term and preterm babies (Walstab et
al., 2004). For instance, gestation under 34 weeks is only rarely an outcome
associated with milder grades of encephalopathy (Nelson and Ellenberg, 1987;
Robertson and Finer, 1993; MacLennan, 1999). 25% of CP cases are following
very preterm births (Stanley et al., 2000). More premature infants compared to
term infants have their cerebral palsy from an intra- or perinatal origin (Meberg
and Broch, 1995; Hagberg et al.,, 2001; Topp et al., 2001; Meberg and Broch,
2004; Himmelmann et al., 2005). A Swedish study (Hagberg et al., 1996)
reported that in the birth-year period 1987—1990 none of the CP cases below 32
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weeks of gestation were of prenatal origin as confirmed by neuroimaging. In
contrast, a prenatal origin of CP could be detected in 33% of term infants.

3.2. Intrauterine Growth Restriction (IUGR)

Intrauterine growth restriction (IUGR) is a known antenatal predisposing factor
for cerebral palsy (Blair and Stanley, 1993; Lou, 1994; Stanley et al., 2000;
Gray et al., 2001). Based on the increased risk of cerebral palsy in small-for-
gestational-age cases among both term and moderately preterm infants
according to a matched case-control study in Sweden, Uvebrant and Hagberg
(1992) concluded that the status of “small for gestational age” may reflect early
prenatal brain damage, but that on the other hand this makes the fetus
vulnerable to birth asphyxia and neonatal hypoxia and thus may damage the
fetal brain.

Yanney and Marlow (2004) conclude in a systematic review of the litera-
ture, that fetal growth restriction is associated with an increased risk of poor
neurological outcome and includes an increased risk of cerebral palsy even in
prematurely born babies with greater than 32 weeks' gestation.

A Norwegian study (Meberg and Broch, 1995) found a 15.9% decline in the
CP-incidence over a 20-year period (when comparing the first and second 10-
year cohorts), which was attributable to a significant decrease (P value < 0.05)
in the low birthweight rates of this period. The authors even concluded that the
prevention of low birthweight could be one of the most important preventive
approaches in CP management.

Conclusion: Intrauterine deviation from optimum fetal growth at any
gestational age is strongly associated with the risk of cerebral palsy (Jarvis et
al., 2003; Jarvis et al., 2005). There is no consistent evidence as to whether
deviant growth is the cause or a consequence of the disability.

3.3. Intrauterine Exposure to Infection

The balance of the current evidence indicates that intrauterine exposure to in-
fection and inflammation contributes to the risk of cerebral palsy (Nelson and
Grether, 1999; Nelson and Willoughby, 2000). Intrauterine infection is gene-
rally a complication of an ascending infection from the vagina. An acute
ascending infection may complicate a pregnancy at any point. In the case of an
acute infection, some of the commonest clinical presentations are the premature
rupture of membranes and preterm labour.

A growing body of evidence suggests that intrauterine infection is an
important cause of brain injury in infants born before 32 weeks of gestation.
The damage is typically localised to the white matter, involving both a diffuse
astrogliosis with a subsequent loss of myelin-producing oligodendrocytes, as
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well as multifocal necroses resulting in periventricular leucomalacia (Volpe,
2001). This is in line with several studies, that the antecedent of very preterm
birth most strongly associated with further CP is intrauterine infection (Wu et
al., 2000; Blair and Stanley, 2002).

Improved epidemiological techniques and the increased amount of bio-
logical information on the mechanisms of fetal/neonatal brain damage have led
to increasing evidence that inflammation may be a cause or result of ischaemia
(Nelson et al., 1998; Rothwell ef al., 1997), and that proinflammatory cytokines
have a significant association with neonatal morbidity and later neurological
sequelae (Nelson et al., 1998; Yoon et al., 2000). According to recent studies,
intrauterine exposure to maternal infection was associated with a marked risk
for cerebral palsy, in both term (Grether and Nelson, 1997; Nelson and Grether,
1999) and premature infants (O’Shea et al., 1998a; O’Shea et al., 1998b;
Matsuda et al., 2000). The presence of a fetal inflammatory response can be a
more important aetiological factor, than a maternal infection itself.

The risk of neonatal complications is higher in infants with elevated
proinflammatory cytokine levels (Gomez et al., 1998; Leviton et al., 1999).
Elevated levels of inflammatory cytokines in cord blood (IL-6) and amniotic
fluid (IL-6, IL-1 and tumour necrosis factor, TNF) have been demonstrated in
preterm infants with white matter damage and cerebral palsy (Yoon ef al., 1996;
Yoon et al., 1997). Studies addressing the relationship between maternal
infection — expressed as clinical or histological chorioamnionitis — and brain
injury in a term infant, show similar associations (Wu et al., 2000).

Bacterial vaginosis is often a part of the pathogenetical pathways, because it
occurs in 15-40% of pregnancies (Wadhwa et al., 2001). Bacterial vaginosis is
considered to be consistently associated with a significantly increased risk of
preterm births (McGregor and French, 1997). The implementation of ap-
propriate screening methods and the treatment of bacterial vaginosis and other
prevalent infections can dramatically reduce excess morbidity and mortality.

A population based study focusing on unexplained spastic CP cases also
revealed that any infectious disease or bacteruria, documented in the medical
records of pregnancy (Jacobsson et al., 2003), constituted a moderately
increased risk for CP.

3.4. Multiple Pregnancy

Multiple pregnancy is one of the most recognised risk factors for CP (Escobar et
al., 1991; Talvik, 1992; Nelson, 1999; Ellis et al., 2000; Stanley et al., 2000;
Blair and Stanley, 2002; Topp et al., 2004; Rand et al., 2005).

A large Californian cohort study (Grether et al., 1993) concluded that twin
pregnancies produced a child with CP 12 times more often than singleton
pregnancies did. After a 10-year interval, a European multicentre study,
collecting data from 12 population-based registers of the SCPE revealed that
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multiple-birth children have a 4 times higher risk of CP than singletons, mainly
because there are more preterm births among multiples (Topp et al., 2004). CP
infants were significantly more often the second rather than the first born in
multiple births (Topp et al., 2004). Similarly, the risk for a low Apgar score —
below 7 at the 5" minute — was found to be significant and twice as high in
twins born second, in a Swedish study of 1 million term births (Thorngren-
Jerneck and Herbst, 2001). Conversely, there are opinions that preterm birth
cannot account for all of the increased risk of CP in multiple infants (Blair and
Stanley, 2002; Stanley et al., 2000).

Another study based on the same European database (Cans et al., 2004)
examined the trends in CP prevalence and clinical features among multiple
births, and concluded that despite an increase in the rate of multiple live births,
in particular for very preterm multiples, the rate of CP among these infants did
not change over a 15-year period of time, leading the authors to conclude that
this probably reflects a balance between improved survival and care manage-
ment.

4. Perinatal Risk Factors

Brain injury occurring in the perinatal period is one of the most commonly
recognised causes of severe CP (Stanley er al., 2000; Evans et al., 2001;
Thorngren-Jerneck and Herbst, 2001). It is well known that birth asphyxia is
related to serious perinatal morbidity, including CP (Talvik, 1992; Hagberg et
al., 2001; Cowan et al., 2003; Wu et al., 2004). At the same time, birth or
perinatal asphyxia is imprecisely and variously defined and is a controversial
risk factor (Ruth and Raivio, 1988; Blair, 1993; Perlman, 1997; MacLennan,
1999; Nelson and Grether, 1999; Wu et al, 2004). This makes comparisons
across studies (that attempt to measure the impact of birth asphyxia on the
development of CP) extremely difficult.

The National Health and Medical Research Council’s (NH&MRC) report
(1995) of the Health Care Committee Expert Panel on Perinatal Morbidity
defined perinatal asphyxia as “a condition in the neonate where there is the
following combination: 1) an event or condition during the perinatal period that
is likely to severely reduce oxygen delivery and lead to acidosis; and 2) a failure
of function of at least two organs (may include lung, heart, liver, brain, kidneys
and haematological system) consistent with the effects of acute asphyxia”.

MacLennan and colleagues (1999) from the International Cerebral Palsy
Task Force elaborated the consensus statement, formulating the criteria of
damaging intrapartum hypoxia, sufficient to cause permanent neurological
impairment (Table 2).
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Table 2. Criteria to define an acute intrapartum hypoxic event according to Inter-
national Cerebral Palsy Task Force (MacLennan, 1999)

Essential criteria Criteria that together suggest an
intrapartum timing but by themselves are
non-specific

1. Evidence of a metabolic acidosis | 4. A sentinel (signal) hypoxic event

in intrapartum fetal, umbilical occurring immediately before or
arterial cord, or very early during labour
neonatal blood samples (pH<7.0 | 5. A sudden, rapid, and sustained
and base deficit >12 mmol/l) deterioration of the fetal heart rate
2. Early onset of severe or moderate pattern usually after the hypoxic
neonatal encephalopathy in sentinel event where the pattern was
infants of 34 weeks' gestation previously normal
3. Cerebral palsy of the spastic 6. Apgar scores of 0-6 for longer than
quadriplegic or dyskinetic type S minutes
7. Early evidence of multisystem
involvement

8. Early imaging evidence of acute
cerebral abnormality

These postulates, especially criterion number 3, limiting the possibility of the
perinatal origin of CP to a spastic or dyskinetic type, have been criticised by
several authors (Hagberg et al., 2001; Shevell et al., 2003).

The limitations of precise markers used to identify infants at risk for
perinatal brain damage (Ruth and Raivio, 1988; Perlman, 1997; MacLennan,
1999) is considered as one of the important reasons, why the incidence of CP,
related to intrapartum asphyxia, has remained essentially unchanged, despite
marked improvements in obstaetric and perinatal care (Blair and Stanley, 1988;
Torfs et al., 1990; Perlman, 1997; Stanley ef al., 2000).

In this study, the criterion of an intrauterine hypoxic event is used, as proposed
by Hagberg et al. (2001) and consistently applied by several other authors.

4.1. Apgar Score and its Value
in Predicting Cerebral Palsy and Adverse Outcome

Apgar score has proven to be a useful prognostic marker for the further
development of CP and other adverse neurodevelopmental outcome [Tammpere
(Kolk), 1984; Nelson and Ellenberg, 1987; Ellenberg and Nelson, 1988; Malk-
soo, 1988; Soot, 1989; Talvik, 1992; Thorngren-Jerneck and Herbst, 2001;
Moster et al., 2002; Jacobsson et al., 2003; Kulak and Sobaniec, 2004].
Asphyxia — both acute intrapartum asphyxia and chronic asphyxia — is an
important cause of low Apgar scores (Squier and Cowan, 2004). Nelson and
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Ellenberg (1981) examined Apgar scores in 49 000 infants. Of infants with an
Apgar score of 0-3 at 20 minutes, 59% of survivors died before their first year,
and 57% of the survivors had cerebral palsy. The Apgar score has gained a wide
use as a measure of a child’s viability after birth.

There are also contradictory findings that Apgar scores can be normal at
delivery in spite of the presence of a severe metabolic acidosis of the fetus and
there is evidence that babies with “normal” Apgar scores have collapsed hours
after delivery and developed neonatal encephalopathy (Ruth and Raivio, 1988).
Therefore, some authors consider low Apgar scores as poor predictors of long-
term neurological outcome in an individual child (Jepson et al., 1991; Perlman,
1997, MacLennan, 1999), stating that the duration of low Apgar scores is more
likely to describe the effectiveness of resuscitation than to predict a child’s
outcome (American Academy of Pediatrics, 1996; MacLennan, 1999).

Low Apgar scores alone are not specific markers of intranatal asphyxia
(Nelson and Grether, 1999). There may be other reasons causing the neonatal
depression, such as major cerebral malformations, severe prematurity, intraute-
rine infections, or maternal sedation or anaesthesia (Perlman, 1997).

The International Classification of Diseases (ICD, 10™ revision) presently
uses the 1-minute Apgar score of 4-7 as a criterion to determine mild to
moderate birth asphyxia, and the scores 0—3 for severe asphyxia. A Californian
research group detected in their recent extensive study (Wu et al., 2004) a
dramatic 91% decrease (from 14.8 to 1.3 per 1000 live births) in the incidence
of birth asphyxia during a 10-year period, diagnosed on the basis of the
estimates of ICD; but an analysis of the causes of this trend was not performed.

A well-known British research group (Dubowitz et al., 1998; Mercuri et al.,
1998; Haataja et al., 2001) defines Apgar scores below 5 at 1 minute and below
7 at 5 minutes as low and indicative of acute fetal distress.

If serious encephalopathy is not present, then a short-time depression at
birth (Apgar score of < 3 at the 1* minute after birth) is not predictive of later
neurological impairment (Yudkin ef al., 1995).

Conclusion: Low Apgar scores, the need for resuscitation and seizures are
non-specific indicators of serious neonatal illness, with the cause not identified.
The role of these markers in the prediction of CP is very variably defined in
different studies, dependent also on combinations of Apgar scores with other
perinatal markers, and on estimation as to which score is considered low.

4.2. Hypoxic-ischaemic encephalopathy

Hypoxic-ischaemic encephalopathy (HIE) with its severity stages (I-1II) is a
clinical neurological syndrome of perinatal asphyxia proposed in by Sarnat and
Sarnat (1976) and known as the Sarnat score. Since that time it has been widely
used to characterise the neurological condition of a newborn after asphyxia.
Hypoxic-ischaemic brain injury is the major established cause for neurological
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morbidity in term newborns (Mailksoo, 1988; Volpe, 1995; Johnston, 1997,
Inder and Volpe, 2000) and also in preterm newborns (S66t, 1989; Talvik ef al.,
1995; Hargitai et al, 2004). The pathophysiological cascade of events is
dominated by a global cerebral ischaemia (Volpe, 1995; Johnston, 1997; Inder
and Volpe, 2000) and includes the release of glutamate, the over-stimulation of
excitatory amino acid receptors and raised intracellular levels of calcium,
leading to neonatal brain damage.

Although not all cases of HIE result in the development of cerebral palsy or
other disabling conditions, there is an established relationship between the
severity of HIE and later manisfestations of brain damage (Malksoo, 1988;
S66t, 1989; Talvik et al., 1995; Badawi et al, 1996; Johnston, 1997; Low,
1997; Ilves, 1999; Badawi et al., 2005). Mild encephalopathy usually lasts less
than 24 hours and is generally associated with a favourable prognosis (Sarnat
and Sarnat, 1976; Milksoo, 1988; Thornberg et al., 1995; Low, 1997; Ilves,
1999).

Several authors have found it important to also detect mild stages of HIE
when evaluating its value as an early sign and predictor of neurological outcome
(Talvik et al., 1987; Milksoo, 1988; Rutherford et al., 1996; S66t, 1989; Evans
et al., 2001; Dilenge et al., 2001; Pierrat et al., 2005), in opposite to the majo-
rity of authors who consider only moderate and severe neonatal encephalo-
pathies in the context of ante- and perinatal brain disorders.

Several authors have preferred to use a definition of neonatal encephalo-
pathy instead of hypoxic-ischaemic encephalopathy (HIE) to characterise a
newborn’s neurological morbidity and outcome (Gaffney and Johnson, 1994;
Adamson et al., 1995; Badawi et al., 1998a; Badawi et al., 1998b; Edwards and
Nelson, 1998; MacLennan, 1999; Felix et al, 2000; Stanley et al, 2000;
Badawi et al., 2005). According to these authors neonatal encephalopathy is a
syndrome of disturbed neurological function in the first week of life associated
with significant morbidity and mortality. This is a term that does not imply a
specific underlying pathology (Wu et al., 2004), and has emerged because of
the uncertainty in defining clear markers of birth asphyxia.

However, this is controversial compared to another view from comprehensive
studies and scientific reviews (Inder and Volpe, 2000; Johnston, 1997; Lou,
1994; Volpe, 1995), based on the evidence of experimental data showing that
the common final pathways of brain lesions in newborns are predominantly
hypoxic-haemodynamic.

Widely used modifications of NE definitions are shown in Table 3.

Himmelmann and colleagues (2005) have proved that hypoxic-ischaemic
encephalopathy, clearly of perinatal origin as visualised by neuroimaging, is
present in 71% of term infants with dyskinetic CP.
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Table 3. Comparison of two different definitions of moderate to severe NE

Cowan et al., 2003 Cordes et al., 1994
Abnormal tone pattern, feeding difficulties,| 1) fetal bradycardia (fetal heart rate
altered alertness, and at least 3 of the fol- less than 80 beats per minute for
lowing criteria: at least 60 sec) or persistent late
1) late decelerations on fetal monitoring or decelerations during labour;
meconium staining; 2) Apgar score <5 at 5 min;
2) delayed onset of respiration; 3) requirement for positive pressure
3) arterial cord blood pH < 7.1 at 5 min; ventilation for at least 2 minutes
4) Apgar score <7 at 5 min; after delivery;
5) multiorgan failure 4) acidosis (pH < 7.1) during the 1*
hour of life

HIE, reflecting hypoxic events during pregnancy or labour, has proven to be one
of the best predictors of long-term neurodevelopmental outcome (Volpe, 1995;
Low 1997; Ilves, 1999; Simon, 1999; Inder and Volpe, 2000). Phelan and
colleagues draw attention to widely spread assumption that most, if not all,
cases of hypoxic ischaemic encephalopathy-induced cerebral palsy occur during
the 3 hours within the events of labour and delivery; they warn about un-
derestimating the remaining 7000 hours of the pregnancy (Phelan et al., 2005).

After hypoxic-ischaemic brain damage, both major and minor neurological
conditions are seen, the latter having important consequences on later academic
achievement (Simon, 1999).

5. Prevalence of Cerebral Palsy

The prevalence of a disorder is the number of cases present at a given point in
time (point prevalence, i.e. prevalence day). Prevalence can also be measured
over a period of time (e.g. a year), when it is called the period prevalence; it is a
combination of point prevalence and incidence. Prevalence data provide an
indication of the extent of a condition and may have implications on the
planning of medical and social services needed in a community for these
persons. Prevalence is a useful measure of CP — a chronic and often life-long
disabling condition —, for which it is usually calculated as the number of cases
per 1000 members of the population, as an age-specific prevalence rate, or as a
live-birth prevalence.

At the present time, the prevalence of cerebral palsy over the world is mostly
estimated as 1.34 to 3 per 1000 live born children or members of the child
population (Perlman, 1997; Stanley et al., 2000; Hagberg et al., 2001; Rosenbaum
et al., 2002; SCPE, 2002; Suzuki and Ito, 2002). In Japan, based on data from
1977-1991 (Suzuki and Ito, 2002), an age-specific prevalence rate of 3.4 CP
cases per 1000 6-year-old children was calculated. According to the Surveillance
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of Cerebral Palsy in Europe, the largest database of CP in the world, there has
been a slight upward trend in the overall rate of CP from the 1970s to 1989, with
the rate of severe CP increasing significantly: P < 0.001 (SCPE, 2002). According
to an extensive reference monograph by Stanley ef al. (2000), the incidence of
cerebral palsy in the 1970s in Western Australia, England and Sweden decreased
to 1.5 per 1000 births, but then gradually increased and reached the level of 2.0—
2.5 per 1000 births by the beginning of the 1990s.

Still, from the late 1980s, the prevalence of CP has remained rather stable in
many developed countries (McGillivray and Campbell, 1995; Hagberg et al.,
2001; SCPE, 2002; Meberg and Broch, 2004), despite decreasing perinatal
mortality and improvements in neonatal care (Nelson and Ellenberg, 1987,
Jessen et al., 1999).

Increasing rates of CP have been reported in some countries. Winter et al.
(2002) found in a large 16-year period population-based cohort study a modest
increase in the prevalence of CP in 1-year survivors born from 1975-1991 with
no change in low birthweight (LBW) groups. On the contrary, Pharoah et al.
(1996) noted an increasing prevalence of CP in low birthweight infants at risk for
the disorder, hypothetically connected with improved survival rates for this group
due to more aggressive neonatal care. A similar increase in LBW groups has been
registered in several other studies (Stanley and Watson, 1992; Hagberg et al.,
1993; Suzuki and Ito, 2002). Colver and colleagues (2000) noted a rise in the
rates of CP in all birthweight groups in the early 1990s. Conversely, several
recent studies have reported a declining trend in the prevalence of CP in all
gestational age groups (Himmelmann et al., 2005) and especially in the subgroups
of LBWIs (low birth weight infants) (Meberg and Broch, 1995; O’Shea et al.,
1998c¢; Cooke 1999; Topp et al., 2001; Surman et al., 2003; Meberg and Broch,
2004). According to Cooke et al. (1999), the fall in the CP rate was significantly
associated with a decrease in parenchymal haemorrhage of the brain and antenatal
steroid treatment in the group of very low birthweight (VLBW) infants. In
Slovenia (Kav¢i¢ and Perat, 1998) the prevalence of CP among VLBW infants
decreased considerably between 1981 and 1990, accompanying the statistically
significant improvement of survival rates for newborns in the country. At the
same time the prevalence rates of term CP remained quite stable.

Two factors most often listed in the last decades as potentially increasing
the prevalence of CP in the future perspective are as follows: (1) the increasing
survival of extremely low birthweight infants, whose excess risk of CP is about
40 fold; and (2) infertility treatments resulting in the increased incidence of
multiple births (Winter et al., 2002). Himmelmann et al. (2005) have also noted
a remarkable increase in dyskinetic CP, one of the most disabling subtypes, and
often related to perinatal hypoxic events, which would require attention when
planning special rehabilitative resources. Similarly, the joint data of the Euro-
pean CP network (SCPE, 2002) have found that the incidence of severe CP has
increased (P < 0.001) in the total cohort of over 6000 children with CP in
European centres during a 14-year period.
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Before the network of cerebral palsy surveys and registers was formed and
the harmonisation of data started in 14 centres in 8 countries across Europe,
different prevalence rates and inclusion/exclusion criteria were reported (SCPE,
2000; SCPE, 2002). It has remained unclear how much the differences in CP
prevalences between areas are due to differences in case definition and
ascertainment, or to differences in risk factors. However, it has been estimated
that the different ascertainment of children with milder neurological dysfunction
across centres may be responsible for some of the variability (SCPE, 2002).

Based on recent data from 16 centres in 9 European countries (Platt and
Cans, 2005), the birth prevalence of infants with VLBW ('1500g) falled signifi-
cantly over the 17-year period from 1980-1996.

An overview of the cerebral palsy prevalence rates in larger surveys and
registers over the world is presented in Table 4.

Table 4. Registered CP overall prevalence rates per 1000 live births in larger European
and other centres across world, according to Surveillance of Cerebral Palsy in Europe
(SCPE, 2002) in 1980-1990, and other studies.

Country anf region Prevalence rate per 1000 |  95% confidence
intervals
Vitebro province, Italy” 2.21 1.64-2.92
East Denmark® 2.63 2.46-2.82
Mersey region, United Kingdom® 2.23 2.0724
Oxford region, United Kingdom® 2.29 2.09-2.48
Northern England® 2.11 1.84-2.4
Goteborg region, Sweden® 2.1 1.92-2.3
Northern Ireland, United Kingdom® 2.26 2.08-2.45
Cork and Kerry, Ireland” 1.49 1.26-1.75
Scotland® 1.62 1.51-1.74
Haute Garonne® 1.66 1.35-2.01
Isere County, France® 1.88 1.57-2.01
Mean overall rate in SCPE 2.08 2.02-2.14
Slovenia® 3.3.(1980) — 2.3 (1990)
Southern Sweden® 2.4 (point prevalence)
2.2 (livebirth prevalence)
Australia’ 2.0-2.5
Atlanta, USA® 2.0
Japan' 1.34 (1977-1991)
* SCPE, 2002

" Kav¢i¢ and Perat, 1998

Nordmark et al., 2001

Stanley et al., 2000

Winter et al., 2002 (prevalence per 1000 1-year survivors)
Suzuki and Ito, 2002 (prevalence among 6-year-old children)

- o A o
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Conclusion: Trends in overall prevalence rates and in the groups of both term
and preterm newborns, have not been firmly established. Also, the underlying
causes deserve further monitoring and clarification in the light of new neuro-
protective therapies and improvements in neonatal intensive care.

There are no data on the prevalence of CP in Estonia and other Baltic
States. In the current study, one of the aims was to estimate the point prevalence
of CP in a representative and homogeneous child population sample of Estonia.

6. Classification and Clinical Features:
Cerebral Palsy Subtypes

The main aim of any classification of health-related conditions, as well as that
of an internationally agreed upon definition, is to provide a common language
for the purposes of diagnosis and management (i.e. service delivery for those
affected), and to provide a base for systematic and unified statistical coding.

Cerebral palsy is classified in two ways: by the type of muscle tone abnormality
and by the areas of the body that are affected. The comparative evolution of
cerebral palsy clinical classifications used historically is shown in Table 5.

The Swedish system of classification (Hagberg ef al., 1975; Hagberg et al.,
1989), based on defined clinical syndromes, has been the most widely used one
in practice up to recent times. A similar classification principle was used in the
current study.

Table 5. Historical overview of cerebral palsy classifications (modified from Colver
and Sethumadhavan, 2003)

Reference Year | Classification Subtypes
Little 1862 | Hemiplegic rigidity
Paraplegic rigidity
Generalised rigidity
Disordered movements without
rigidity
Freud 1893 | Unilateral disorders-hemiplegia | Right or left
Bilateral disorders-diplegia Generalised rigidity
Paraplegic rigidity
Bilateral hemiplegia
Choreo-athetosis
Others
Minear 1956 | A. Physiological Spasticity, athetosis,
rigidity, ataxia, tremor,
atonia, mixed, unclassified
B. Topographical Monoplegia, diplegia,
paraplegia, hemiplegia,
triplegia, quadriplegia
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Reference Year |Classification Subtypes
C. Aectiological Prenatal, natal anoxia,
postnatal, cause described
D. Trauma Cause described
E. Supplemental Psychological evaluation
Physical status, convulsive
seizures, posture and
locomotive behaviour
pattern, eye-hand behaviour
pattern, visual status,
auditory status, speech
disturbances
F. Neuroanatomical
G. Functional capacity Class I-IV
H. Therapeutic Class I-IV
Neurological syndrome Extent Severity
Ingram 1955 | Hemiplegia Right or left Mild
Moderate
Severe
Double hemiplegia Mild
Moderate
Severe
Diplegia:
Hypotonic Paraplegia Mild
Dystonic Triplegia Moderate
Rigid or spastic Tetraplegia Severe
Ataxia:
Cerebellar Unilateral Mild
Vestibular Bilateral Moderate
Severe
Ataxic diplegia:
Hypotonic Paraplegia Mild
Spastic Triplegia Moderate
Tetraplegia Severe
Dyskinesia:
Dystonic Monoplegia Mild
Choreoid Hemiplegia Moderate
Athetoid Triplegia Severe
Tension Tetraplegia
Tremor
Other
Little Club 1959 | Spastic cerebral palsy Hemiplegia
Diplegia
Double hemiplegia

Dystonic cerebral palsy
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Reference Year |Classification Subtypes
Choreo-athetoid cerebral palsy
Mixed forms of cerebral palsy
Ataxic cerebral palsy
Atonic diplegia
Hagberg et al. | 1975 |Spastic: Hemiplegia
Tetraplegia
Diplegia
Ataxic: Congenital
Diplegia
Dyskinetic: Dystonic — mainly
Choreo-athetotic
SCPE 2000 | Spastic Bilateral spastic
Unilateral spastic
Ataxic
Dyskinetic Dystonic
Choreo-athetotic

The European classification, differentiating between unilateral and bilateral
types in spastic syndromes, was first used by a western Swedish and southwest
German collaborative research group (Krigeloh-Mann et al., 1995; Hagberg
and Hagberg, 1996; Hagberg et al., 2001), and was slowly introduced into
clinical and research terminology (SCPE, 2000). These two predominant classi-
fications are compared in Table 6.

The classification by KA Semionova, used in the former Soviet Union
(Semionova 1972; Semionova et al., 1972), was close to Hagberg ef al.’s (1975)
classification.

The Executive Committee for the Definition of Cerebral Palsy (Bax et al.,
2005) has recently found that the classification of cerebral palsy requires serious
revisions. They proposed four major dimesions for CP classifications, to be
equally used by clinicians, researchers, therapists, and health-policy makers
(Table 7). The task force members proposed, that the existing CP concept
should be retained to serve diagnostic, management, epidemiological, public
heath services, and research purposes.

Table 6. Comparison of two predominantly used cerebral palsy classifications

Surveillance of CP in Europe, 2000 Hagberg et al., 1975

Spastic CP: Bilateral spastic Spastic CP: Hemiplegia
Unilateral spastic Tetraplegia

Diplegia

Ataxic CP Ataxic CP: Congenital diplegia

Dyskinetic CP: Dyskinetic CP:

Dystonic (hypokinesia, hypertonia) Dystonic (mainly)

Choreo-athetotic (hyperkinesia, hypotonia) | Choreo-athetotic
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Table 7. Components of updated cerebral palsy classification (Bax et al., 2005)

1. MOTOR ABNORMALITIES
A. Nature and typology of the motor disorder: the observed tonal abnormalities
assessed on examination (eg hypertonia or hypotonia) as well as the diagnosed
movement disorders present, such as spasticity, ataxia, dystonia, or athetosis
B. Functional motor abilities: the extent to which the individual is limited in his
or her motor function in all body areas, including oromotor and speech function

2. ASSOCIATED IMPAIRMENTS
The presence or absence of associated non-motor neurodevelopmental or sensory
problems, such as seizures, hearing or vision impairments, or attentional, be-
havioural, communicative, and/or cognitive deficits, and the extent to which
impairments interact in individuals with CP

3. ANATOMIC AND RADIOLOGICAL FINDINGS
A. Anatomic distribution: the parts of the body (such as limbs, trunk, or bulbar
region) affected by motor impairments or limitations
B. Radiological findings: the neuroanatomic findings on computed tomography or
magnetic resonance imaging, such as ventricular enlargement, white matter loss,
or brain anomaly

4. CAUSATION AND TIMING
Whether there is a clearly identified cause, as is usually the case with postnatal CP
(e.g. meningitis or head injury) or when brain malformations are present, and the
presumed time frame during which the injury occurred, if known

Before the newest classification and definition by Bax and colleagues (2005),
the concept of CP mostly stressed the presence of motor manifestations.
Sensory, cognitive and other associated disabilities were not an important part
of the concept of CP, but were already mentioned in the definition adopted in
Baltic countries since the beginning of the 1990s (Talvik, 1992).

Both the newest and previous CP concepts are based and focus on function,
defining patients with CP by what they do rather than by what they are, and the
main justification of the “umbrella” concept is to serve management purposes
(Dan and Cheron, 2004). In the newest proposed classification by the
International Workshop on the Definition and Classification of Cerebral Palsy,
greater emphasis is placed on the timing and causation of brain damage, and it
is recommended that the diagnosis be confirmed with neuroimaging.

Within CP subtypes, spastic cases as a proportion of all cases average 85%.
In Table 8, the distribution of CP subtypes in different geographically defined
populations is given.

In Estonia, a classification system modified from Hagberg et al. (1975;
1996; 2001) and Semionova (1972) is being used (Talvik et al., 1989; Talvik,
1992); that includes the fixed asymmetry of motor involvement, including the
comparison of the degree of spasticity (e.g. dex > sin; sin > dex) and severity
stages, which are the complementary parts of the diagnosis of CP. The hemi-
paretic form of CP has been estimated as perinatal stroke since 1987 (Talvik et
al., 1987).
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Table 8. Proportions of CP subtypes in different population-based studies

Spastic Unilateral Diplegia Bilateral
Number Number cases % spastic % % of  spastic %
Study of cases of spastic ofall ofspastic spastic of spastic
Reference, year Country  duration of CP  cases CP cases cases cases cases
Bottos et al., North 1980-89 35 45 65
1999 Italy*
Topp et al., Denmark 1979-90 908 734 81 23 62 77
1997b; 2001
North of North 1991-96 537 499 93 37 23 63
England England
°CCPS
Colver et al., Northeast 1980-96 380 355 93 42 23 58
2000 England
MacGillivray ~ Avon, 1979-88 237 196 83 39 39 61
and Campbell, England
1995
Pharoah et al, Mersey, 1984-89 497 460 93 39 23 61
1996 England
Murphy et al,  Atlanta, 1985-87 204 166 81 34 19 66
1993 USA
Hagberg Betr  Sweden  1979-90 545 470 86 40 51 60
al., 1989; 1993;
1996
Pharoah et al., England 1984-89 1649 1334 81 35 22 65
1998 and
Scotland
Kav¢i¢ and Slovenia  1981-90 768 651 85 33 43 67
Perat, 1998
Watson et al., Western  1980-94 819 639 78 45 37 55
1999 Australia
Miceli et al., Rome, 1977-96 282 213 76 33 27 67
1999 Italy
Parkes et al., Northern 1977-92 960 572 87 43 21 57
1997 Ireland*
Meberg and Norway  1980-89 46 39 85 49 33 51
Broch, 1995
Oxford Oxford, 1984-95 967 806 83 40 60
Register® England
Averaged 85 38 33 62
percentage
Range 76-93  23-49 19-62 51-77
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AIMS OF THE STUDY

The general objective of the present study was to describe the epidemiological
characteristics of cerebral palsy and other adverse neurological outcome in
Estonia, based on geographically defined and representative child populations,
derived from Tartu city and county.

1.

2.

The specific objectives were:

To estimate the point prevalence of CP, the structure of its motor syndromes
and the range of severity.

To explore the proportion of possible antenatal and perinatal risk factors
and retrospectively analyse their relation to the development of cerebral
palsy in the population-derived sample of Estonia, including the whole
range of severity.

To evaluate the influence of different antenatal factors on the neurological
status of newborns.

To evaluate the relationship of different antenatal and perinatal factors as
predictors of the development of cerebral palsy and other developmental
disabilities at 2 years of age, and to create the base for a further follow-up
risk factor study of the full birth cohort in later childhood.

To contribute to the preparation work for the establishment of a cerebral
palsy register in Estonia.

To fulfill these aims, the study was planned in two parts:

Part 1. Cross-sectional prevalence study and matched case-control study of

risk factors of CP (Papers | and II, aims 1, 2 and 5): prevalence and
structure of CP (paper I) and risk factors for CP — case control study

(paper 1I).

Part 2. Prospective cohort study — a case-control study, nested in the

cohort (Papers III and IV, aims 3, 4): prospective study for the
investigation of the value of neurological symptoms during the
neonatal period and the role of ante — and perinatal risk factors
on a 2-year outcome.
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PATIENTS AND METHODS

Part 1. Cross-sectional Prevalence Study and
Matched Case-control Study
(Papers I and II)

1.1. Study Area and Population

The study was carried out in Tartu city and county. The study area was chosen
because of the adequately high-standard medical — obstaetric, perinatal and
paediatric — care in the region, in order to draw valid conclusions, and because
of the representativeness of the sample, recruited from the child population of
the region. The total number of children aged 1-15 years in the study area, was
26 600; 12 850 girls and 13 750 boys (a ratio of 1 : 1.1). Tartu city and county is
the biggest and most representative part of southern Estonia region and belongs
to the catchment area of the Children’s Clinic of Tartu University Hospital. The
latter is the only tertiary referral center for children in southern Estonia (total
child population of 0—18 years is equal to 135 000).

The statistical data for the cross-sectional prevalence study were received
from the Tartu bureau of the Statistical Office of Estonia.

1.2. Case Selection

The prevalence study comprised all children who were diagnosed by paediatric
neurologists as having cerebral palsy on the prevalence day of January 31%,
2000. The study involved one hundred and fifty-eight (158) children with
cerebral palsy, in the age range of 1-15 years. To avoid biasing the sample
toward the more severely impaired, all mild, moderate and severe cases of
cerebral palsy were included. Children whose age on the above-mentioned
prevalence day was less than 4 years presented moderate or severe stages of CP,
and had been under active follow-up by paediatric neurologists of the
Children’s Clinic of Tartu University Hospital from the first months of life.
These children underwent neurological reassessment after reaching the index
age to check their case status. As a result, all children retained the diagnosis of
CP when reaching the age of 4 years.

Most of the CP children in the study group received habilitation, i.e. neuro-
developmental treatment, in the rehabilitation/habilitation unit of the Children’s
Clinic.

One hundred and fifty-eight (158) initially ascertained cases of cerebral
palsy of all severity stages (mild to severe) were entered into a computer
database.
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Multiple sources of ascertainment were used by the author to compile the
database. The medical information of the children with CP was collected from
the following sources: a hospital register of children regularly attending the
child neurology unit of the Children’s Clinic of Tartu University Hospital, a
register of out-patient referrals to paediatric neurologists and admissions to the
rehabilitation/habilitation unit, one school and one kindergarten for children
with special needs, and 2 child care institutions in the Tartu region.

To minimise underreporting, family physicians of the region were contacted
and asked to actively refer children to paediatric neurologists at the Children’s
Clinic of Tartu University Hospital in all cases in which cerebral palsy was
suspected. The instructive guidelines were sent to all paediatricians and family
doctors in the counties of southern Estonia, with a request to report on possible
cerebral palsy cases needing additional investigation and a decision concerning
inclusion/exclusion regarding the current study.

In all cases, the diagnosis of cerebral palsy was confirmed by a standardised
clinical examination performed by paediatric neurologists at the Tartu
Children’s Clinic. To rule out other chronic neurological conditions with motor
syndromes and to confirm the diagnosis of CP, 126 (80%) of the children
studied required further investigations at the in-patient child neurology unit of
the Children’s Clinic of Tartu University Hospital. Besides neurological
examinations, the clinical diagnosis was supported by assessments of
rehabilitation professionals. Physiotherapy evaluation was made according to
the Bobath concept as a descriptive neurodevelopmental assessment of quality
of movement and postural patterns. Four physiotherapists of five had been
passed an internatiuonally accepted 8-week paediatric neurodevelopmental
course. Developmental psychologists or a child psychiatrist assessed perceptual-
motor and cognitive abilities, using Griffiths Mental Development Scales, and
intellectual abilities, using Kaufman Assessment Battery for Children, or
Wechsler Intelligence Scale for Children. Speech language abilities were
assessed by speech therapists, with the help of modifications of Reynell
Developmental Language Scales and CAT/CLAMS, adapted for Estonian
children. Most of the patients (n = 104) were investigated using a brain ultra-
sonography, CT (Computerised Tomography), or MRI. Information about
neurological examinations and differential diagnostics was retrieved from in-
and out-patient medical records by the author of this study.

All cases were consistent with the definition of cerebral palsy by Talvik
(1992) and the one adopted by the Surveillance of Cerebral Palsy in Europe
(SCPE, 2000), which includes the following five key elements: a group of
disorders, a permanent but not unchanging condition, a disorder of movement
and/or posture, a disorder owing to a non-progressive lesion, and the presence
of a lesion in the developing or immature brain. Only cases with pre- or
perinatal aetiology (the possibility of the occurrence of brain damage before the
seventh day of life) were included (Stanley et al., 2000; Topp et al., 2001).
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Mild CP was defined in the presence of neurological signs without
functional disability: walking without devices, but displaying abormal patterns
of gross and fine motor movements or limitations in more advanced gross motor
skills — i.e. difficulty in jumping or standing on one leg, and clumsiness in
walking, brisk tendon and periostal reflexes. Although these children exhibited
the motor abnormalities characteristic of CP, the abnormalities would not
interfere age-appropriate everyday life. The used criteria of mild CP were
similar to stages 1 and 2 in the functional classification of Palisano et al. (1997).

Moderate CP was diagnosed in the presence of obvious motor impairment,
i.e. movement disability: walking with assistance, including mobility devices,
usage of wheelchair to cover bigger distances, marked limitations or absence of
purposeful movements, extremely brisk tendon and periostal reflexes.

Severe CP was defined in the presence of severe motor and intellectual
impairment with an inability to sit independently and walk, in the case of severe
CP the child was totally dependent on carers in daily life: was moving with the
help of wheelchair, or bedridden.

Children with severe hypotonia and muscle weakness were excluded and
investigated using an advanced method for causal diagnosis (genetic syndromes,
suspected progressive diseases or congenital metabolic diseases, e.g. hypo-
thyroidism, etc.). Children with evidence of intranatal compromise, having
central nervous system malformations, were initially registered and identified in
the computerised database, but excluded from the analysis of possible risk
factors for cerebral palsy. The severity of neonatal hypoxic-ischaemic
encephalopathy was graded as mild, moderate, or severe, according to the
established clinical score of Sarnat and Sarnat (1976).

Simultaneously, hypoxic-ischaemic encephalopathy was considered in the
presence of at least two of the following symptoms: Apgar score < 5 at 1 or 5
minutes, resuscitation or ventilation, and convulsions before day 3, according to
well-known criteria in recently published population-based studies by Hagberg
et al. (2001) and Krigeloh-Mann et al. (2002). All children defined as having
hypoxic-ischaemic encephalopathy met both Sarnat and Sarnat’s and Hagberg
et al.’s criteria of the condition. The diagnisis of HIE was made within first 3
days of life and respective staging used is described in the Appendix L.

In all cases of HIE in the study sample (n = 85) brain ultrasonographical
investigations confirmed clinical symptoms of perinatal hypoxia-ischaemia. In
these cases cranial ultrasonography revealed the signs characteristic of
periventricular ischaemia.

1.3. Selection of Controls and Data Collection
Two controls for each case (totalling 316 children) were selected from the
official population register of Tartu city and county in Estonia. The controls

were matched by sex, year and month of birth, and place of residence at the
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time of birth (urban or rural area), the latter being sufficiently descriptive of the
socioeconomic status of families in the Estonian context. To check the
developmental status of control subjects, at first the hospital admission database
and the register of out-patient visits to paediatric neurologists at the Children’s
Clinic of Tartu University Hospital were searched thoroughly. The health status
of about half of the control children were confirmed by the author from
appointments in the habilitation unit of the Children’s Clinic of Tartu University
Hospital.

The family physicians of the remaining control children were contacted by
telephone by the author to exclude possible unattended developmental problems
in children with a minimum age of 4 years.

Retrospective data on 102 different antenatal and intrapartum variables
related to case and control children were initially retrieved by the author from
the database of pregnancy and delivery records of the Women’s Clinic of Tartu
University Hospital, using a standardised recording sheet. The full list of
selected antenatal, intrapartum and neonatal variables is presented in the
Appendix II of the thesis.

The presence of an acute hypoxic event was registered according to the
criteria described on page 49.

Another 12 variables regarding the severity of disability and clinical
subtype of children with CP were retrospectively abstracted from medical
follow-up notes.

1.4. Inclusion and Exclusion Criteria

The clinical diagnosis of cerebral palsy was based on the physical and
neurological examination of the infant, including assessments of muscle and
postural tone, primitive and pathological reflexes, motor skills, cranial nerve
function and evaluation of fundus oculi, together with the analysis of medical
history of a mother and an infant. To distinguish between subtypes of CP, the
periostal and deep tendon reflexes, and balance (Romberg's sign and walking
tests for dynamic ataxia) were evaluated, the presence or absence of intentional
tremor was examined with the help of hand steadiness and eye-hand co-
ordination tests; tests for tactile and proprioceptive sensitivity, deep perception
and diadochokinesis were performed, and involuntary movements were
qualitatively described.

The main diagnostic criteria for cerebral palsy, applied by paediatric neuro-
logists, were: (1) the presence of a permanent motor impairment of a central
origin typical of the condition: hemiparesis’hemiplegia, spastic diplegia or
tetraplegia, or the ataxic or dyskinetic subtype of cerebral palsy; (2) delay in the
development of motor milestones and emergence of other motor disturbances
from the first months or years of life; and (3) the failure to develop protective
and balance reactions, such as the parachute reaction. Spasticity was recognised
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by the presence of hypertonus in muscles, pathological reflexes, an abnormal
pattern of posture and/or movement, and disturbances of primitive reflexes. To
avoid selection bias, the diagnosis was established through repeated re-
examinations over a period of months, after eliminating all other possible causes
of motor impairment of central origin.

Documented signs of an acute intrauterine hypoxia in the perinatal history
(criteria described on page 49 of the thesis), HIE diagnosed according to criteria
of Sarnat and Sarnat (including early neonatal seizures), need for ventilation or
intensive care, and metabolic acidosis after birth were considered as supportive
criteria according to paediatric neurologists, who followed the children up from
the first months of life. With this differential diagnostic approach, other chronic
brain pathology with slight progression (not constituting CP) could be identified
as early as possible. When obtaining a medical history of infants, any evidence
of progressive diseases or loss of previously aquired milestones was carefully
excluded before the diagnosis of CP was made. The cases comprising progres-
sion of child’s hypertonia to hypotonia were evaluated for the possible neuro-
degenerative disease.

Additional factors, considered supportive to CP, were multiple pregnancy,
emergency or elective caesarean section, umbilical cord pathology, and
pathological delivery (e.g. forceps delivery or vacuum extraction).

Main exclusion criteria were: (1) infections of central nervous system,
based on the aetiological diagnosis in the newborn period; (2) congenital brain
malformations (originationg in early phases of development and requiring
careful investigations for proper genetic counselling); (3) occurrence of any
brain trauma before the diagnosis of CP was made; (4) global mental
retardation/learning disability without motor disturbances.

To exclude known metabolic diseases, the children (as is the case for all
infants in Estonia) were screened for phenylketonuria and hypothyroidism in the
newborn period. When necessary, the following diagnostic tools to rule out
other movement disorders were used:

1) genetical counselling with chromosomal and DNA analyses,

2) electroencephalography,

3) electromyographical and nerve conduction studies,

4) muscle biopsy

5) blood tests for various metabolic disorders.

In the interests of ensuring the homogeneity of the study results, when trying to
search for preventable causes dating back to the ante- and perinatal period,
patients with known causes of brain damage occurring after the 7" day of life
were excluded when compiling the CP database, which is similar to several
other population-based registers (Badawi et al., 1998c; Hagberg et al., 2001;
Topp et al., 2001; Kulak and Sobaniek, 2004; Meberg and Broch, 2004).
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1.5. Statistical methods

158 cases of cerebral palsy were initially available for study. One could predict
that such a study population, with two controls per each case (n=316) would be
large enough to detect for each antenatal, intrapartum and newborn factor an
odds ratio of 2.0, with 80% power and at significance of 5%.

Analysis entailed the comparison of cerebral palsy cases with their controls
matched for sex, time of birth and place of residence. The relative odds for
particular antenatal and perinatal risk factors were estimated by using only
matched sets, mainly triads (a set of a case and two matched controls). When
one of the two intended controls was not available because the respective
obstaetric and neonatal records were missing, a matched pair was used instead.
Thus the analysis included sets where at least one control existed.

Conditional logistic regression for matched case-control study was used to
calculate adjusted odds ratios and 95% confidence limits to describe the
differences in risk factors. The odds ratio associated with a given factor
estimates the risk of cerebral palsy when the factor is present relative to that
when the factor is absent. Statistical significance was set at P<0.05.

The matched analyses were carried out by using the statistical software
package R 1.6.2 — A Language and Environment (Free Software Foundation,
Inc, Boston, USA).

1.6. Ethics
The study was approved by the Ethics Committee of Medical Research of the

University of Tartu. Informed consent was obtained from all participants of the
cross-sectional prevalence and matched case-control studies.
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RESULTS AND DISCUSSION

Part 1. Cross-sectional Prevalence Study and
Matched Case-control Study of Risk Factors
(Papers I and II)

1.1. General Clinical Characteristics

Altogether 158 children with the diagnosis of cerebral palsy were included in
the prevalence study group. There were 92 boys and 66 girls in the initial study
base, giving a male excess ratio of 1.4 : 1. The birthyear of the children in the
study ranged from 1985 to 1999. The overall rate of point prevalence, including
mild cases, was 5.9 per 1000 in the population of children aged up to 15 years.
When mild cases were excluded, the prevalence rate was 2.3 (2.29) per 1000.
Mild cases accounted for 61% (n = 97) and moderate cases for 30% (n = 47) of
the study group, the proportion of severe cases was 9% (n = 14).

The author is confident in having achieved a nearly complete ascertainment
of children with cerebral palsy in the study area. 98 children were born from
term (62%) and 60 (38%) from preterm deliveries in the initial study group.

There were 14 infants from multiple births (8.9%) in the study group.

The distribution of CP subtypes in the initial study group is described in
Table 9. The overall proportion of spastic diplegia was 72.2% (114 children of
158). When calculating the preterm and term groups separately, 73.3% (44/60)
of prematurely born children had motor syndrome of spastic diplegic subtype.

Table 9. General characteristics of cerebral palsy syndromes and stages of severity in
the initial study population

Cerebral palsy Preterm/term Mild/moderate to severe
subtype No (%) No No
Spastic diplegia 114 (72.2) 44/70 81/33
Atonic/ataxic 13(8.2) 4/9 6/7
cerebral palsy
Spastic quadriplegia 8(5.1) 6/2 0/8
Dyskinetic cerebral 4(2.5) 0/4 1/3
palsy
Spastic hemiparesis 19 (12) 6/13 9/10
(neonatal stroke) Total

98/60

preterm/term

TOTAL CP 158 158 158

For the 158 children with CP, 316 controls were identified (184 boys/132 girls),
matched by age, sex and place of residence (country or city), as described in "Patients
and Methods".
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1.2. Cases and Controls Available for Study

Neither obstaetric nor neonatal records could be found for 47/316 selected
controls and for one child with cerebral palsy. Another child with cerebral palsy
was excluded, owing to the missing data regarding the perinatal/neonatal period.
The corresponding control was also excluded (no case and one control in Table
10). Four (4) further cases were excluded because the data on the developmental
and health status of the selected controls were not available.

All CP cases excluded from further analysis belonged to the birthweight
group 2500-3999g. Altogether, 115 matched triads (cases with two controls)
and 38 matched pairs (cases with one control) were available for the matched
cerebral palsy analysis (n = 153). The final analysis was therefore based on 153
cases and 268 controls; an explanation is given in Table 10.

Table 10. Number of participants in the study of risk factors for cerebral palsy

No of subjects Cerebral palsy
Cases Controls
Intended for study 158 316

Not available:

Hospital records missing 1 47
Available for study 157 269
(matched triads and pairs):

Case plus two controls 115 triads

Case plus one control 38 pairs

Case plus no control 4

No case plus one control 1
Triads and pairs for matched analysis 153

The mean birthweight of children with cerebral palsy in the final study base was
2927.2 grams (ranging from 820 to 5680 grams), and the mean gestational age
was 36.1 weeks (ranging from 27 to 42 weeks). The mean birthweight of
control children was 3494.3 grams (ranging from 1490 to 4706 grams), and the
gestational age of controls varied between 30 and 43 weeks. 20 (13.07%)
studied cases of cerebral palsy were born weighing less than 1500 grams,
compared to 1 (0.37%) control (Table 11).
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Table 11. Distribution of birthweight groups among cases and controls in the final
study group

Birthweight Cases Controls

g (n=153) (n=268)
No % No %

< 1000 3 2.0 0

1000-1499 17 11.1 1 0.4
15002499 36 24.0 5 1.9
2500-3999 73 48.0 225 84.0
> 4000 24 15.7 37 13.8

The comparative distribution of gestational age in the study group is shown in
Table 12. From the 153 in the final study group, 104 children (68%) had been
investigated using the brain ultrasonography, CT or MRI.

There was only 1 of 268 control infants (0.37%) defined as being very
preterm in contrast to 33 of 153 cases (21.6%).

Premature birth as a whole (gestational age < 36 weeks) had a very strong
association with the development of cerebral palsy (odds ratio 19.3; 95%
confidence interval 7.73—48.4, P < 0.0001). Similar risk was found in preg-
nancies, resulting in delivery of very preterm babies, i.e. < 32 weeks (odds ratio
59.6; 95% confidence interval 8.2-433, P <(0.0001).

Table 12. Distribution of gestational age among cases and controls in the final study
group

Gestational age Cases Controls
wk (n=153) (n=268)
No % No %
<32 33 21.6 1 0.37
33-34 14 9.15 4 1.49
35-36 11 7.19 5 1.87
> 36 95 62.09 258 96.27

1.3. Antenatal Factors Associated with Cerebral Palsy

The study revealed that several antenatal factors, known from previous studies,
were associated with an increased risk of cerebral palsy in the Estonian popu-
lation, significant at least at the 5% level. All factors, which presented with
significant differences between CP cases and controls, are shown in Table 13.
The most important factors were: threatened abortion in the first half of
pregnancy, and vaginal bleeding, clinically interpreted as threatened premature

47



birth in the second half of pregnancy, pregnancy-induced hypertension (only in
the second half of pregnancy), preeclampsia, and occurrence of an acute
respiratory disease during pregnancy (with temperature > 38° C).

In the initial study group, the signs of maternal genital infection or
inflammation were clinically recorded in 60 cases of 158 (38%). Although the
presence of a clinically and bacteriologically diagnosed genital infection before
or during pregnancy was significantly more common in cases than in controls in
the matched analysis, none of these infections constituted an independent risk
factor for cerebral palsy. Anaemia in the second half of pregnancy and a
rheumatic disease in maternal history had an inverse association with cerebral
palsy. Occurrence of neonatal death in a previous obstaetric history was
substantially more frequent in the cerebral palsy group than within the control
group, so was the presence of any of the following three factors as described in
maternal obstaetric records: previous fetal or neonatal death, and stillbirth
(Table 13).

Table 13. Antenatal (and pre-pregnancy) variables with significant differences between
cerebral palsy cases and controls

Cases Controls OR* P-value
Variable (n=153) (n=268) (95% CI°) for
No (%) No (%) cerebral palsy

Neonatal death in history 5(3.3%) 1(0.37%) 9.05(1.05-77.8) 0.045
Fetal/neonatal

death/stillbirth in history 9 (5.9%) 3(1.1%)  5.44(1.46-20.2) 0.011
Acute respiratory disease I° 14 (9.2%) 11 (4.1%)  2.46 (1.07-5.66) 0.0332

Threatened abortion | 27 (17.6%) 24(9.0%) 2.43 (1.25-4.73) 0.0078
PIH I 8 (5.2%) 4(1.5%) 4.34(1.13-16.7) 0.022
Acute respiratory disease II° 24 (15.7%) 22 (8.2%) 2.19 (1.14-4.21) 0.0175
Bleeding IT' 49 (32.0%) 15(5.6%) 6.72(3.54-12.7)  <0.0001
PIH I 38 (24.8%) 30(1.2%) 2.97 (1.63-5.41) 0.000268
Preeclampsia 9 (5.9%) 2 (0.75%) 8.54 (1.84-39.6) 0.00129

Maternal genital infection 58 (37.9%) 75 (28.0%) 1.6 (1.04-2.48) 0.034
Maternal psychiatric disease 6 (3.9%) 1(0.37%) 9.29 (1.1-78.2) 0.04
Maternal rheumatic disease 2 (1.3%) 16 (6.0%) 0.23 (0.052-0.992) 0.0184
Anaemia II 40 (26.1%) 124(46.3%) 0.382 (0.237-0.617) <0.0001
IUGR 11(7.2%) 6(2.2%) 3.82(1.31-11.1) 0.014
*OR = adjusted odds ratio estimated by matched analysis

®CI = confidence interval

°I = first half of pregnancy = before 20™ week of pregnancy

4PIH = pregnancy-induced hypertension

¢II = second half of pregnancy = after 20™ week of pregnancy

Bleeding IT = threatened preterm delivery, as interpreted in pregnancy records
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1.4. Intrapartum Factors Associated with Cerebral Palsy

There were substantial differences between cases and controls with regard to
several intranatal factors, as described in Table 14.

Table 14. Intranatal variables among cerebral palsy cases and controls

Variable Cerebral palsy  Controls OR" (95% CI)  P-value

cases (n=153)  (n=268) for cerebral

No (%) No (%) palsy

Elective caesarean 17 (11.1%) 13 (4.9%) 2.54(1.13-5.68) 0.024
Emergency caesarean 17 (11.1%) 8(3.0%) 4.3 (1.76-10.5) 0.0014
Forceps delivery 6 (3.9%) 1 (0.37%) 9.29(1.10-78.2)  0.04
Rapid onset of labour 17 (11.1%) 9 34%) 3.03(1.27-7.09) 0.013
Placental abnormality” 15 (9.8%) 9 34%) 3.03(1.26-7.27) 0.013
Breech presentation 19 (12.4%) 5(1.9%)  6.55(2.43-17.6)  0.0002
Any fetal presentation other
than vertex 32 (20.9%) 14 (5.2%) 4.24(2.21-8.13) <0.0001
Placental abruption 15 (9.8%) 2 (0.75%) 13.1(2.99-57.7)  0.00065
Acute hypoxic event 86 (56.2%) 25(9.3%) 13.3(6.89-25.8) <0.0001

* OR=adjusted odds ratio estimated by matched analysis
®Placenta praevia or other clinically described placental abnormality

The most significant difference between cerebral palsy cases and controls was
found in the incidence of an acute hypoxic event during labour and delivery
(odds ratio 13.3, 95% confidence interval 6.89-25.8, P < 0.0001). An acute
intrauterine hypoxia was defined in this study using the criteria of Hagberg et
al. (2001) which are in accordance with earlier studies in Estonia (Mailksoo,
1988; So6t, 1989; Talvik, 1992) —, in the presence of the following signs:
miscoloured amniotic fluid, a fetal heart rate during labour of < 100 or > 160
beats per minute, a silent or DIP II pattern on a cardiotocography (i.e. late
decelerations), and cord prolapse or placental abruption, in combination with
Apgar scores of < 7 at the 5" minute of age. These criteria of possible
intrapartum hypoxia are also similar to those used by an Australian research
group (Badawi et al., 1998b) and Ellis et al. (2000).

Besides the breech presentation, any fetal presentation other than classic
vertex type was also significantly more common in the cerebral palsy group
than among controls, as seen in Table 14.
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1.5. Neonatal Factors Associated with Cerebral Palsy

There was only one control child (0.37% of the entire control group) with a very
low birthweight (< 1500 grams), in comparison with 17 (11.1%) cerebral palsy
children.

The incidence of being admitted to neonatal intensive care unit (NICU) was
significantly higher in the CP group than in the controls (odds ratio 19.2; 95%
confidence interval 8.3-44.3, P < 0.0001). The occurrence of respiratory
distress syndrome, assisted ventilation or resuscitation, and hypoxic-ischaemic
encephalopathy were the neonatal status indicators most often associated with
the further development of cerebral palsy. The associations of these, as well as
other neonatal factors, are presented in Table 15.

Table 15. Neonatal variables among cerebral palsy cases and controls

Variable Cerebral palsy ~ Controls OR" (95% CI) P-value
cases (n=153)  (n=268) for CP
No (%) No (%)

Apgar <4 at " minute  42(27.5%)  8(3.0%) 102 (4.55-22.8) <0.0001
Apgar < 7 at 1* minute 91(59.5%)  52(19.4%) 9.83(5.32-18.2) <0.0001
Apgar<7at5" minute 74 (484%)  18(6.7%) 15.0(7.21-31.3)  <0.0001

Birthweight < 1500 g 20 (13.1%) 1(0.37%) 38.1(5.1-284) 0.00039
Amniotic fluid aspiration 8 (5.2%) 1(0.37%) 10.3 (1.26-85.1)  0.03
HIEP 76 (49.7%) 10 (3.7%) 25.2(10.2-62.6)  <0.0001
RDS* 54 (35.3%) 9 (3.4%) 18.0 (7.16-45.1)  <0.0001
Assisted ventilation 66 (43.1%) 7 (2.6%) 36.7(11.5-117)  <0.0001
Hypoglycaemia 14 (9.2%) 8 (3.0%) 4.31(1.52-12.2) 0.0059
Neonatal sepsis 9 (5.9%) 2 (0.75%) 7.64 (1.64-35.6) 0.0096

?0OR = adjusted odds ratio estimated by matched analysis
PHIE = hypoxic-ischaemic encephalopathy
‘RDS = respiratory distress syndrome

According to the study, no substantial differences were found between cases
and controls with regard to the following known predisposing factors for
cerebral palsy: maternal hyperthyreosis, obesity, or other endocrine disorders,
maternal renal or heart disease, infertility in obstaetric history, premature
rupture of membranes, and induced delivery (Table 16). Owing to the small
number of cases, it was not possible to analyse the association of clinical
chorioamnionitis and cerebral palsy.
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Table 16. Adjusted odds ratio estimates with confidence intervals regarding maternal
and intrapartum factors not showing significant association with CP

Variable OR? 95% P>
confidence 0.05
intervals
Maternal endocrine disorders® 1.16 0.543-2.47 0.707
Maternal hyperthyreosis 0.921 0.228-3.71 0.906
Obesity 1.28 0.481-3.40 0.624
Maternal heart disease 1.19 0.698-2.03 0.522
Maternal renal disease 0.877 0.521-1.48 0.622
Infertility in obstaetric history 1.93 0.681-5.45 0.22
Premature rupture of membranes 1.02 0.646-1.63 0.92
Proteinuria 1.96 0.979-3.92 0.0573
Induced delivery 2.09 0.754-5.81 0.16

?OR = adjusted odds ratio estimated by matched analysis
®Any clinically diagnosed endocrine disease

The aim of this study was to investigate the antenatal and intrapartum predictors
of cerebral palsy in Estonia using a population-based approach and a matched
design.

The findings revealed that the following factors had the strongest
association with the development of cerebral palsy: vaginal bleeding in the
second half of pregnancy, preeclampsia, fetal presentation other than vertex,
premature birth, an acute hypoxic event in the perinatal period, an Apgar score
< 7 at the 1* and 5™ minutes of life, an Apgar score of < 4 at the 1* minute of
life, hypoxic-ischaemic encephalopathy, and assisted ventilation.

The author chose the matched design to ensure the optimal similarity of the
comparison groups regarding various factors, and to reduce random errors in
results. This design also provides for similarities between case and control
groups regarding antenatal and obstaetric practices. In restricting the ascertain-
ment of cerebral palsy cases to the period of that before the 7" day of life, the
author aimed at an optimal homogeneity of the study base to investigate ante-
and perinatal exposures. The perinatal period is variably defined in most epi-
demiological studies, when compared to the definition of the International
Classification of Diseases, 10" version (ICD-10). According to the latter it starts
from the 22™ week of gestation, whereas many CP epidemiologists (Hagberg et
al., 2001; Kriageloh-Mann et al., 2002; Meberg and Broch, 2004; Himmelmann
et al., 2005 etc) restrict it to the period up to the moment of the onset of labour
resulting in delivery.

In the interest of clarity, the author has therefore decided to distinguish
between antenatal, intrapartum and neonatal factors in presenting the results of
this study of risk factors.
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One important feature that supports the validity of the results is the
population-based design of the study. The cases were recruited from the whole
region, combining passive and active methods of ascertainment, and not only
collected from the hospital discharge register of the tertiary clinic (Tartu
University Hospital, Estonia). The reason for matching by place of residence,
reflecting differences in social status in the Estonian context, was to obtain a
better adjustment for a potential confounder. Efforts were made to involve all
mild cases of cerebral palsy. This explains the higher than usual prevalence rate
of 5.9 per 1000. However, the rate of moderate to severe cerebral palsy cases
(2.3 per 1000) is comparable to data from other studies (Stanley et al., 2000;
Parkes et al., 2001; Topp et al., 2001; SCPE, 2002). The collaborators from the
Surveillance of Cerebral Palsy in Europe (SCPE) have concluded that
ascertainment problems regarding children with milder functional loss also
account for prevalence rate variations between centres (Colver et al., 2000;
SCPE, 2002).

It is important to investigate causative factors in the subgroup of the mildly
impaired, which has not been sufficiently explored. The pre- and perinatal
adverse events causing mild cerebral palsy could influence the emergence of
learning difficulties, behavioural problems and cognitive dysfunction (Kolk et
al., 2001; Kolk and Talvik, 2002; Mercuri et al., 2004) near school age.
Gosselin et al. (2002) demonstrated the use of a cluster of minor neurological
signs, easily detectable within the first 2 years of life, in the early identification
of children who are disposed to later learning problems. Knowing that the motor
deficit might not be the most functionally limiting aspect in cerebral palsy
(Talvik, 1992; Hutton and Pharoah, 2002; Shapiro, 2004), the early recognition
of the interactions of mild motor signs with other neurodevelopmental problems
should be used for a better application of rehabilitation resources.

Most investigators have agreed on inclusion in the definition of cerebral
palsy that the confirmation of a final diagnosis can be made only from the age
of 4 years and onward (Badawi ef al., 1998c; SCPE, 2000; Stanley et al., 2000;
Parkes et al., 2001; SCPE, 2002). In the current study, all children with mild
cerebral palsy at 2 years maintained their case status on reassessment at the age
of 4 years, which is the widely accepted age criterion for inclusion in cerebral
palsy databases. To prevent misclassification, the author extensively reviewed
the medical records of the selected control children. On the other hand, if we
accept the perinatal hypoxic-ischaemic origin of CP, then we should diagnose it
as early as possible, because in the light of recent neuroplasticity and imaging
studies (Maegaki et al., 1999; Rossini and Dal Forno, 2004; Krageloh-Mann,
2005), young children with CP and those at risk for the condition could benefit
greatly from early therapeutic intervention.

One weakness of this study comprises the fact that, owing to the nature of
the condition under study, neurological assessments of the children could not be
carried out in a totally blinded manner, because being introduced to a child’s
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medical history, though, is an indispensable component of any case-identifi-
cation in child neurology.

A relatively small number of prematurely born children under study is
another disadvantage that has not enabled to detect principal differences
between the groups of term and preterm children regarding factors, predisposing
to CP. This kind of comparative analysis would require larger study base, in
order to obtain adequate sample size. On the other hand, the high proportion of
spastic diplegia (44/60; 73.3%) in our preterm group is in line with that
described by several other authors (Brett, 1983; Dammann et al., 1998). How-
ever, certain inconsistence exists in the usage of the term diplegia across CP
studies (Colver et al., 2000; Colver and Sethumadhavan, 2003), that have made
comparisons challenging, e.g. the proportion of diplegic cases among spastic
cases ranges between 19—62% according to data derived from different
populations (Table 8, page 37 of the thesis). This has prompted the Surveillance
of Cerebral Palsy in Europe (2000) to use the term bilateral spastic CP,
involving both diplegic and tetraplegic forms (Table 6, page 35 of the thesis). In
the current study, diplegia has been regarded a traditional clear entity, used by
most paediatric neurologists: a spastic form of cerebral palsy in which lower
limbs are more affected than upper limbs.

In this case-control study, with almost one quarter of the babies with
cerebral palsy born before 33 weeks of gestation, preeclampsia was an
important predisposing factor for cerebral palsy. This is in agreement with an
unmatched case-control study by Badawi et al. (1998a). It is interesting to note
that several other risk factors for newborn encephalopathy (it being an impor-
tant predictor for cerebral palsy) in the Australian study (Badawi et al., 1998a)
overlapped with those from the present cerebral palsy study: maternal bleeding,
clinically diagnosed viral infection/respiratory disease, and the presence of
placental abnormalities.

Any infectious disease or bacteriuria during pregnancy constitutes an in-
creased risk of cerebral palsy, according to several authors (Grether and Nelson,
1997; Nelson and Grether, 1999; Matsuda et al., 2000; Jacobsson et al., 2003).
In the current study, the presence of at least one episode of an acute respiratory
tract infection (with a temperature of >38° C) either in the first or second half of
pregnancy was related to a risk of cerebral palsy. Any bacteriologically and
clinically verified maternal genital infection either before or during pregnancy
was also related to cerebral palsy. No single infection constituted any risk of an
adverse outcome in the current study group. This may be explained by the fact
that, in favour of the validity of the results, the only cases included were those,
in which laboratory findings, according to obstaetric records, were supportive of
the clinical diagnosis of genital inflammation or infection.

It was also not possible to draw valid conclusions on the impact of maternal
chorioamnionitis — which is described in a number of studies —, because
during the main birth-year period of the study group (1985-1995), no consistent
records on confirmative histological analyses were available. Many authors
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have reported strong associations between clinical chorioamnionitis and the
later development of cerebral palsy (O’Shea et al., 1998a; O’Shea et al., 1998Db;
Smulian et al., 1999; Wu and Colford, 2000; Wu et al., 2003). The comparable
role of both clinically diagnosed chorioamnionitis and the histological evidence
of placental infection has been demonstrated in fewer studies (Grether and
Nelson, 1997). However, histological chorioamnionitis does not always
correlate with clinical chorioamnionitis. Smulian et al. (1999) concluded after
an investigation of maternal records with a discharge diagnosis of clinical
chorioamnionitis that the latter was not supported by a histological evidence of
infection in 38.1% of cases. This may be explained by the competing roles of
maternal and fetal inflammatory responses. Yoon and collaborators (2000)
found that the presence of funisitis, the histological counterpart of fetal inflam-
matory response, is much stronger and an independent predictor of cerebral
palsy and white-matter damage. In the present study, histological and micro-
biological examinations of placenta were performed in only 1.96% (3 of 153) of
children with cerebral palsy and 2.2% (6 of 268) of controls in which a treating
physician had made a diagnosis of clinical chorioamnionitis. In none of these
cases was a clinical diagnosis of chorioamnionitis supported by histological
evidence. The associations between the markers of intrauterine and maternal
infection deserve a re-evaluation in studies of further birth cohorts (born at the
end of the 1990s and later), in which there exist nowadays better possibilities
for histological examinations of the placenta and umbilical cord. Although the
effective prevention of chorioamnionitis still does not seem feasible, systematic
histological investigations could help shed light on antenatal predictors of
cerebral palsy that are not sufficiently well understood.

According to several authors, most cerebral palsy in children born at term is
likely to have an antenatal origin (Torfs et al., 1990; Gaffney et al., 1994;
Stanley et al., 2000; Shevell et al., 2003). Based on data from the current study,
the strongest correlation with the development of cerebral palsy was found in
the group of different intrapartum and perinatal factors. This is in agreement
with the results of Cowan et al. (2003), which strongly suggested that events in
the immediate perinatal period are most important in the formation of perinatal
brain injury: 80% of term infants with neonatal encephalopathy who had MRI
scans showed evidence of acute brain lesions, compatible with a hypoxic-
ischaemic insult; post-mortem scans of infants with NE (n = 45) also revealed
acute lesions of a hypoxic-ischaemic origin.

Using the criteria of an acute hypoxic event severe enough to cause cerebral
palsy according to Hagberg et al. (2001), the findings of the current study seem
to support the statement that birth asphyxia cannot be considered a rare cause of
cerebral palsy. The importance of the hypoxic-ischaemic hypothesis in the
aetiology of cerebral palsy was also suggested in a recent population-based
study by the Cerebral Palsy Registry in Denmark (Topp et al., 2001). An acute
insult was verified on brain images in 80% of infants with neonatal encephalo-
pathy and evidence of perinatal asphyxia, strongly suggesting the importance of
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intrapartum events in neonatal brain injury, as shown by Cowan et al. (2003).
Hagberg ef al. (2001), who had early neuroimaging investigations available in
90% of cases, established a perinatal origin in 36% of term infants with CP.

In the current study group, a CT or MRI was perfomed in 68% of the cases
and it was always supportive of the clinical diagnosis, with no developmental
brain anomalies included in the study. The previous studies by Talvik and
colleagues have shown a good correlation between clinical symptoms, asym-
metry in motor function (Talvik et al., 1987) and CT findings (Talvik, 1992).

According to some studies, the risk of developing cerebral palsy was not
related to caesarean delivery compared with vaginal births (Chang et al., 2002),
and an elective caesarean section contributed to a better perinatal outcome than
a vaginal or emergency caesarean delivery (Mashiloane and Moodley, 2002).
On the contrary, an extensive review by Nelson (1999) demonstrated that there
is no evidence that an elective caesarean section can prevent cerebral palsy in
term infants. This is in line with the results of this study, showing that both
elective and emergency caesarean sections were related to an increased risk of
cerebral palsy. These results can be easily explained with the concept of CP
accepted in Estonia and also with the fact that a caesarean section, especially the
emergency one is needed in special situations. To be more concrete, the
caesarean section is not the cause, but instead a method used for the termination
of the delivery in situations where the risk to the life of a fetus is ranked as
excessively high.

If one considers the cases with a prevalent antenatal origin of brain insult,
the elective use of a caesarean section might not be helpful in avoiding an
adverse neurodevelopmental outcome.

1.6. Apgar Score as a Marker of Risk for Neurological Morbidity

Apgar score has been for years the most-used and also most-criticised marker of
perinatal asphyxia. Although there are ongoing discussions as to which score
should be considered low when related to the risk of an adverse neurological
outcome, there is a growing number of authors who use an Apgar score < 7 at
minutes 1 or 5 (Dubowitz et al., 1998; Mercuri et al., 1998; Thorngren-Jerneck
and Herbst, 2001; Jacobsson et al., 2003; Pierrat et al., 2005) or < 7 at the 5
minute (Ellis ef al., 2000) as a marker of possible asphyxia or neonatal
compromise.

Although the sizes of the study samples differed, recent Swedish studies
proved similar findings (odds ratio 15.0; 95% confidence interval 7.21-31.3; P
< 0.0001 for infants with a 5-minute Apgar score of < 7) to the current study,
showing that a low Apgar score (< 7 at minutes 1 and 5) constituted a high risk
of cerebral palsy in both preterm (Jacobsson et al., 2002) and term children
(Thorngren-Jerneck and Herbst, 2001; Jacobsson et al., 2003). Apgar scores of
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<7 at the 1™ and 5™ minute strongly increases the risk of HIE (Milksoo, 1988).
As found by Thorngren-Jerneck and Herbst (2001), the odds ratio for having
cerebral palsy for an infant with a 5-minute Apgar score under 7 was even as
high as 31 when calculated only from hospital diagnoses. Although the neonatal
depression expressed by low Apgar scores can have several possible causes, it
could serve as an early predictive sign of a future risk of cerebral palsy and
allied conditions. In some of our previous studies (S66t, 1989; Talvik et al.,
1995), all preterm neonates with Apgar scores of 7 or less at the 5" minute of
life presented clinical features of HIE, according to Sarnat and Sarnat (1976).
Similar to a recent study in Poland (Kulak and Sobaniec, 2004), both
prematurity and an Apgar score of 4 or less at the 1% minute were among the
factors most significantly related to cerebral palsy; this is also the case in
Estonian children.

In a study by Moster et al. (2002), Apgar scores at the 5™ minute of lower
than 7 combined with early signs of cerebral palsy significantly predicted a
variety of neurodevelopmental impairments and learning difficulties in children
8 to 13 years of age. There are some other studies seeking associations between
I-minute Apgar scores and developmental outcome (Barnett et al., 2002). The
conclusions of these studies refer to the probable link between low Apgar scores
and neurological impairment, including cerebral palsy. As low Apgar scores (<
7 at the 1®" or 5™ minute) have proven to be strong indicators of an adverse
neonatal course and later neurodevelopmental dysfunction, including CP
(Thorngren-Jerneck and Herbst, 2001; Barnett et al., 2002; Jacobsson et al.,
2003), the efforts to reduce their occurrence seems to be well justified in
seeking prevention strategies for cerebral palsy and other neurological
disabilities. Documented periventricular leucomalacia, a frequent principal
brain injury in premature infants, was also strongly associated with an Apgar
score of < 7 after 5 minutes (Murata et al., 2005).

Many studies, seeking causes of birth asphyxia also use the data of a 1- or
5-minute Apgar score. Although in the current study it is not possible to exactly
estimate the role of asphyxia, due to the lack of consistent data on acid-base
measurements in cord blood and neuroimaging investigations from the
immediate newborn period, the significant relation of low Apgar scores both at
the 1* and 5" minute may provide information regarding potential risk groups
infants in need of more intensive early follow-up.

When interpreting the findings of this study, the author fully recognises that
abnormal intrapartum characteristics associated with cerebral palsy — e.g. the
development of hypoxic-ischaemic encephalopathy together with low Apgar
scores —, might sometimes not be a direct cause leading to CP, but rather a
result of underlying fetal pathology (Kuban and Leviton, 1994). Furthermore, in
all cases presenting neonatal depression and/or obvious acute hypoxia-
ischaemia of the brain, a clinician should answer the question if this could be a
cause of brain damage, or a result of an earlier existing neurological condition,
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e.g. the latter is the case in infants with spinal muscular atrophy, often born with
asphyxia. In this study, one important factor other than acute intrapartum
hypoxia likely to affect Apgar score — the presence of brain malformations —
is excluded. Another apparent cause of neonatal depression — prematurity —
was not excluded, because one of the aims was to study the relationship of
preterm birth with the development of cerebral palsy. Some authors (Hegyi et
al., 1998) have claimed that the predictive value of Apgar scores in premature
babies is limited, when compared to term babies. In this study, the author did
not aim at describing the prognostic use of Apgar scores separately in term and
preterm groups; but it would deserve further evaluation in a larger birth cohort
of Estonia.

In this study, the need for assisted ventilation to treat respiratory failure in
newborns was strongly associated with a remarkably increased risk of cerebral
palsy. This is in agreement with some previous reports (Vermeulen ef al., 2001;
Kulak and Sobaniec, 2004). In this study, however, the factors leading to the
requirement of respiratory support in particular cerebral palsy cases have not
been investigated. From the early 1990s, there was a change in the treatment
strategy in Estonia towards less use of artificial ventilation. The influence of
this trend deserves further study in relation to cerebral palsy prevalence in the
forthcoming years in this specific population.

A few authors describe a threshold measure of severity in cerebral palsy
registers (Badawi et al., 1998c; Colver et al., 2000), which would be important
in terms of international comparisons and the reasonable planning of services,
taking into account all of the severity stages, including mild forms of CP.

In contrast to the authors of many studies of risk factors (Cooke, 1990;
Murphy et al., 1995; Grether and Nelson, 1997; Badawi et al., 1998a; Badawi et
al., 1998c; Nelson and Grether, 1999), in which only cases with disabling
characteristics (i.e. moderate to severe cerebral palsy) have been included, the
author of this study has attempted to involve children with CP who present mild
non-disabling neurological deficits. Underascertainment of mild cases is a
problem for several CP databases (Colver et al., 2000; SCPE, 2002). Variations
in interobserver agreements (Shevell et al., 2003), which may act as a biasing
aspect in population-based surveys, are less likely in the geographically defined
sample of the Tartu region, where all CP patients are under the medical
surveillance of a single tertiary paediatric clinic, and the diagnosis is being
made in an agreement of at least two paediatric neurologists.

Assuming that the risks are not causes (Blair and Stanley, 2002), in a
situation in which many of the causal pathways of cerebral palsy are not yet
defined, the recognition of very early predictive signs could still be helpful in
planning optimal starting points for follow-up and intervention strategies. Early
rehabilitative measures also tend to be more successful in avoiding the severe
forms of disability that have an impact throughout a lifespan. Recent evidence
regarding premature infants confirms a strong link between movement
development at 1 year corrected age and both motor and cognitive performance
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at 4 years of age (Burns et al., 2004), which has important implications for
rehabilitation in this population.

Conclusions: The prevalence of CP was comparable with other studies: 5.9
per 1000, including mild cases, and 2.3 per 1000 for moderate and severe cases.
The findings of the study demonstrated the importance of intrapartum factors
for CP: one of the most significant risk factors for CP was acute hypoxic event
in the perinatal period.

The other significant factors are premature birth; Apgar score of < 7 at the
1" and 5™ minute of life; an Apgar score of < 4 at the 1* minute of life;
hypoxic-ischaemic encephalopathy (HIE); and assisted ventilation. From
antenatal factors, vaginal bleeding, interpreted as threatened preterm delivery
and pregnancy-induced hypertension in the second half of a pregnancy were the
strongest predictors of CP.

In light of this knowledge, and based on recent studies of HIE (Ilves, 1999),
it seems crucial to focus on management during the first hours after birth, in
order to attempt to minimise post hypoxic-ischaemic brain damage. There are
many unanswered questions in the aetiology of CP, and the combinations of
causes seem to exist with no single one responsible for early hypoxic-ischaemic
brain damage. This study has striven to contribute to an investigation of
preventable causes, because in addressing the cause, it may then become
possible to influence the occurrence of brain damage underlying cerebral palsy.
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PATIENTS AND METHODS

Part 2. Prospective Cohort Study —
A Case-control Study, Nested in the Cohort
(Paper III and IV)

2.1. Study Settings

The prospective cohort study started on October 1st, 1998. The study sample for
this case-control study, nested in the cohort, was drawn from among 828
consecutive live births delivered between 1 October 1998 and 31 March 1999 at
the Women's Clinic, Tartu University Hospital, Estonia.

The study cohort was defined by geographical location. The initial study
group included 403 children, consecutively born within the above-mentioned
time period to mothers with permanent residency status in the closest study
region, Tartu city and county, at the time of delivery. The chosen group was
representative of the whole birth cohort of 828 children and the live birth
population in Estonia as a whole.

The advantage of the creation of a prospective register is that methodology
can be planned in advance, and it is possible to reduce underreporting. In the
study area, the rate of ascertainment of paediatric diseases is currently the
highest in the country. With the chosen recruitment methods, the author
attempted to avoid recall bias; the group was assumed to be the easiest to
identify and to follow up with the minimal loss of subjects. All children had
received the same standard of prenatal and perinatal care. The tertiary Women’s
Clinic of the Tartu University Hospital is a referral centre for women from the
above-mentioned study area with both high-risk and normal pregnancies. Thus,
the sample was not biased towards higher-risk pregnancies. The migration of
children out of the study region during follow-up was not assumed to present a
problem, owing to the well-established network of information exchange
between the tertiary paediatric hospital (the Children’s Clinic of Tartu
University Hospital) and the family physicians of Tartu city and county area, as
well as other Estonian regions.

This prospective cohort study investigated the presence of adverse neuro-
developmental outcome — developmental disorders (cerebral palsy or other
neurodevelopmental disabilities) — at 2 years of age, attempted to clarify
associations of previously known antenatal factors with the neurological status
of newborns, and also to evaluate the relationship of different ante- and
intranatal factors with the presence of CP or other adverse outcomes at the age 2
years.

The definition of cerebral palsy in describing the 2-year outcome was in
accordance with the consensus of the cross-sectional prevalence study (part 1 of
the thesis, Papers I and II). Mild cases of cerebral palsy were also considered as

59



determinants of an unfavourable outcome. Gosselin with co-workers (Gosselin
et al., 2002) has recently drawn attention to the fact that milder signs of the
condition belong in the same pathophysiology as moderate and severe forms,
yet have not been recognised widely enough.

2.2. Case Recruitment, Inclusion and Exclusion Criteria

The medical records concerning 38 potential previously known antenatal risk
factors and birth complications of all 828 children in the birth cohort were
collected and inserted into the database by the author at the beginning of the
study, simultaneously with the enrolment of study subjects, when the author
was still unaware of the children's outcome. The birthweight, course of delivery
and neonatal period were carefully registered to create the perspective for
longer-term follow-up studies.

The data of the 403 children, recruited in the initial study group, were
similarly abstracted from pregnancy and delivery records and inserted into a
separate database. Hypoxic-ischaemic encephalopathy was documented
according to a clinical diagnosis by a physician of the neonatal unit or NICU,
and described in the medical case history, where it was classified as mild to
severe (stages 1 to 3) according to the classification of Sarnat and Sarnat (1976).
Simultaneously, HIE in the study subjects was consistent with the definitions
described by Talvik (1992), Kridgeloh-Mann et al. (1995), Talvik et al. (1995),
and Hagberg et al. (2001), in the presence of at least two of the following
symptoms: Apgar score of < 5 at 1 or 5 minutes, the need for resuscitation or
ventilation, and convulsions before day 3.

In all cases of HIE (n = 27), neuroimaging investigations (cranial ultra-
sound, MRI, or Doppler ultrasonography) supported the clinical symptoms. The
data on results of radiological studies were routinely retrospectively abstracted
from the medical records of children under study.

The initial study group of 403 children was examined between the 2" and
5™ days of life by a neonatologist and the author, according to the unified study
protocol. The level of alertness, postural tone, and 6 primitive reflexes were
assessed. The weakness, exaggeration, asymmetry or absence of reflexes was
deemed to be abnormal. The Moro reflex and palmar grasp were not assessed in
children before 28 weeks, and automatic walking and supporting reflexes were
not assessed before 34 weeks of gestational age.

Of 403 children in the initial study group, 13 with different neurological
signs were excluded from further analyses during the first year of life, for
reasons explained in the following paragraphs.

Three children died in the first month of life owing to major congenital mal-
formations. Seven children were excluded in the newborn period because of having
specific syndromes or malformations: two children with Down syndrome, four
with multiple congenital malformations, and one with fetal alcohol syndrome.
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During the first-year follow-up, two more children were excluded because
metabolic diseases were detected (one child with hypothyroidism and one with
mucopolysaccharidosis). In addition, one child was excluded from the study due
to posttraumatic brain injury at the age of 8 months. The author decided to
exclude recognised congenital malformations and chromosomal anomalies, on
order to obtain as homogeneous a study group as possible, and to be able to find
risk factors for hypoxic-ischaemic encephalopathy, which was a subject of
interest in this study. The exclusion of congenital anomalies was also important
in detecting other potentially preventable prenatal causes of developmental
disabilities, including cerebral palsy.

Eventually 390 children (210 boys and 180 girls) were included in the final
analysis.

The outcome at 2 years of age was classified as normal (normal neuromotor
development) or abnormal (mild cerebral palsy, moderate cerebral palsy, and
other developmental disabilities). The case (abnormal) or control (normal)
status at the index age was confirmed using overlapping sources: the hospital
register, data of out-patient visits to paediatric neurologists, information on the
children's developmental level obtained from family doctors, and rehabilitation
units and medical personnel at child care institutions. The exposure information
was equally available for cases and controls.

2.3. Follow-up Examinations

The follow-up records of a total of 371 out of 390 children were available for
the author at around 2 years of age (a mean age of 26 months) at the Children’s
Clinic of Tartu University Hospital. Many of the parents of recruited infants
attended follow-up visits, as was requested at enrolment in the newborn unit of
the Women’s Clinic. Besides that, a part of the children (n = 68), who did not
appear at requested appointments, was actively referred by family doctors to the
habilitation/rehabilitation unit of the Children’s Clinic in the 2™ year of life,
because they needed counselling regarding minor orthopaedical problems. It
was therefore possible to document their developmental status and refer to
additional investigations if needed.

For the remaining 19 children who did not attend the Children’s Clinic
within the 2 years of life, the follow-up notes suggestive of normal development
at the cut-off point of 2 years were obtained from primary health care providers
(family doctors) and rehabilitation units in Tartu other than that of the
Children’s Clinic of Tartu University Hospital. To improve the response rate,
family doctors were contacted by telephone and asked to refer children to
paediatric neurologists if developmental delay or deviancy or an abnormal
quality of movement was suspected in a child.
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A structured neurological examination at the index age was performed by
paediatric neurologists when developmental problems were suspected. The
standardised neurological examination was performed according to unified
criteria, used in the unit of child neurology at the Children’s Clinic, and as
described in Part 1, chapters 1.2 and 1.4. The final diagnosis of cerebral palsy or
other developmental disabilities was unexceptionally confirmed by paediatric
neurologists. According to the children’s medical records, the Cognitive
Adaptive Test/Clinical Linguistic and Auditory Milestone Scale (CAT/
CLAMS) or the Griffiths scales had been applied in the cases of 188 (48%) and
52 (13%) children, respectively, to help determine the developmental status at 2
years of age. Additional developmental tests were used in a few cases. The
neurologists, speech therapists and psychologists of the tertiary clinic were
blinded to the neurological status of the perinatal period.

To describe functional ability, maximal motor performance at 2 years of age
was graded by the author of this study according to the following classification
suggested by Palisano ef al. (1997) and modified by Haataja et al. (2001):

1. Walks independently without restrictions: can take more than 10 steps
without help

2. Sits independently: maintains floor sitting and might pull to stand and take
steps holding onto furniture

3. Cannot sit: infants are unable to maintain antigravity head and trunk control
in prone and sitting.

The staging of Palisano et al. (1997) is similar to that used in Estonia (Talvik,

1992), in the respect that it defines mild functional deficits of CP as relevant,

and also the concept of “mild” overlaps.

2.4. Statistical Methods

The data of children with developmental disabilities (cerebral palsy and other
developmental disorders, n=49 cases) at 2 years of age were compared with the
characteristics of developmentally and neurologically normal children at the
same age (n=341 as controls). The associations between antenatal factors and
neurological status in the newborn period and at age 2 years were found using
the retrospective analysis module.

The main outcome measures were given as odds ratio (OR) estimates, to
present the magnitude of these associations. The precision of study results was
described by calculated 95% confidence intervals (CI). A significance level of
P <0.05 was considered acceptable. The statistical analyses of the data were
performed using the statistical software package R 1.1.1 — A Language and
Environment (Free Software Foundation, Inc, Boston, USA).
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2.5. Ethics
The study was approved by the Ethics Committee of Medical Research of the

University of Tartu and parents’ informed consent was obtained for the partici-
pation in the study.
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RESULTS AND DISCUSSION

Part 2. Prospective Cohort Study — a Case-control Study,
Nested in the Cohort
(Paper III and IV)

2.1. Two Years’ Outcome

At 2 years of age, 49 of 390 children exhibited adverse neurodevelopmental
outcome (cerebral palsy and other developmental disorders). The development of
the remaining 341 children was age appropriate. The gestational age at birth in the
study group ranged from 25 to 42 weeks. The infants' birthweight ranged from 870
to 6365 g. Smaller gestational age and lower birthweight were noticeably more
represented in the group with developmental disorders (Table 17).

Of 49 children with neurodevelopmental disorder, 41 were defined as having
cerebral palsy: 37 with a mild and 4 with a moderate stage of severity. When
classifying children's motor functional status on the basis of the modified Gross
Motor Function Classification System for Cerebral Palsy (Palisano et al., 1997;
Haataja et al., 2001), all children with a moderate stage of the condition were
noticeably impaired; they were able to sit but not walk by the age of 2 years, and
had a mild cognitive deficit. The children with mild cerebral palsy were able to
walk more than 10 steps by the age of 2 years but occasionally needed help with
obstacles. In this study base, there were no children who were unable to sit.

Table 17. Comparison of healthy children and those with developmental disorders at 2
years of age

Characteristics Developmental disorders present Developmental disorders
(incl cerebral palsy) absent
(n=49) (n=341)
Infant's sex:
female 22 158
male 27 183
Gestational age (wk)
<32 3 1
32-34 5 6
35-36 2 12
> 36 39 322
Birthweight (g)
<1000 2 0
1000-1499 1 0
15002499 8 24
2500-3999 29 245
>= 4000 8 81
Not recorded 0 2
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8 children exhibited developmental disorders other than cerebral palsy:

e Two demonstrated a generalised hypotonia with borderline motor develop-
ment

e Three had a developmental speech language disorder, diagnosed in the child
neurology unit of the Children’s Clinic, Tartu University Hospital

e One had congenital hearing loss

e One was diagnosed as having complex partial epilepsy with a moderate
learning disability (moderate delay in the intellectual development)

e One presented with a combination of congenital epiphyseal dysplasia
(osteochondrodysplasia), diagnosed at the age of 2 years, 1 month, with a
mild delay in the speech development.

The strongest correlation with the development of HIE during the first days of

life was found in such antenatal factors as trichomoniasis during pregnancy and

acute respiratory disease (temperature > 38° C, at least one day duration) in the

second half of pregnancy (Table 18).

Table 18. Important antenatal factors, associated with hypoxic-ischaemic encephalo-
pathy (HIE)

Risk factors HIE present HIE absent ~ OR® (95% CI°)
(maternal infections) (n=27) (n=1363) for HIE, P < 0.05
Trichomoniasis during pregnancy 4 (14.8%) 14 (3.9%) 4.34 (1.32-14.23)
Acute respiratory disease II° 6 (22.2%) 33 (9.1%) 2.86 (1.08-7.58)

%0OR = odds ratio; °CI = confidence interval; °II = second half of pregnancy = after 20"
week of pregnancy

Of the antenatal predisposing factors, only bacterial vaginosis combined with
imminent abortion/bleeding in the first half of pregnancy was significantly respon-

sible for unfavourable neurodevelopmental outcome at 2 years of age (Table 19).

Table 19. Risk factors most predictive of adverse outcome at 2 years of age

Risk factor Developmental Developmental OR? (95% CIb)
disorders present disorders absent for developmental
(n=49) (n=341) disorders, P < 0.05

* Bacterial vaginosis 4 (8.2%) 6 (1.8%) 4.96 (1.35-18.26)

during pregnancy

+

threatened abortion I°

Complications during 31 (63.2%) 141 (41.3%) 2.44 (1.32-4.54)

delivery

* bacterial vaginosis was diagnosed both clinically and through bacteriological analyses
%0OR = odds ratio; "CI = confidence interval; I = first half of pregnancy = before 20"
week of pregnancy

65



The symptoms of acute respiratory disease in the second half of pregnancy were
more often present in the group with developmental disorders at 2 years of age
than in controls, but the association did not reach statistical significance. Other
known antenatal factors that were more frequent among children with
developmental disorders than in controls, although not showing statistical
significance, are presented in Table 20.

Table 20. Association of most frequent antenatal factors with adverse outcome at 2
years of age

Risk factor OR* for developmental ~ 95% CI°

disorders P>0.05
(incl cerebral palsy)

Arterial hypertension 2.86 0.54-15.16

IUGR 2.67 0.81-8.73

Threatened abortion I° 2.11 0.86-5.17

Threatened abortion I1* 1.62 0.63-4.15

Acute respiratory disease in the 2™ half 1.61 0.67-3.88

of pregnancy

Preeclampsia 1.56 0.65-3.74

%0OR = odds ratio; °CI = confidence interval; °I = first half of pregnancy; “Threatened
abortion II = threatened preterm delivery, as interpreted in pregnancy records

Maternal or fetal complications at birth took place in 172 of all cases (44.1%).
The presence of at least one complication at delivery placed the child at risk for
adverse neurological outcome at 2 years of age (see Table 19).

The most frequent perinatal complications, independently associated with
adverse neurological outcome, were acute hypoxic event during delivery
(40.8% of cases with developmental disorders [20/49] vs 19.1% of healthy
children [65/341]) and premature rupture of membranes (rupture of membranes
before the onset of labour) in 34.7% of children with developmental disabilities
(17/49) vs 19.7% of healthy children (67/341) (Table 21). Nearly half of the
children with cerebral palsy (n = 20) had two or more signs suggestive of acute
hypoxic event in their perinatal history.
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Table 21. Most important perinatal complications associated with adverse outcome

Complication Developmental Developmental — OR* (95% CI°)
disorders disorders absent for developmental

present (n=341) disorders, P < 0.05
(n=49)

Acute hypoxic event during 20 (40.8%) 65 (19.1%) 2.93 (1.56-5.50)

delivery

Premature rupture of 17 (34.7%) 67 (19.7%) 2.17 (1.14-4.15)

membranes

* Placental abruption 3 (6.1%) 2 (0.6%) 11.5 (1.8-67.92)

* small number of cases
%0R = odds ratio; °CI = confidence interval

An acute intrauterine hypoxia was defined according to the criteria described in
the cross-sectional and case-control studies (page 49 of the thesis), and similar
to those of Hagberg ef al. (2001), in combination with Apgar scores of <7 at the
fifth minute of age (Talvik, 1992). As according to some of the previous studies
(Milksoo, 1988; So6t, 1989; Talvik, 1992) it has become clear that an Apgar
score of < 7 at the fifth minute of life can place the child at risk of adverse
neurodevelopmental outcome, the author of the current study has decided to
treat this as a potential predisposing factor.

Based on the present study, placental abruption predisposes the patient to an
unfavourable outcome (Table 21); but because of the small numbers (less than 5
cases) both among healthy children and among those with developmental
disabilities, the confidence interval should be regarded as imprecise.

In this prospective study of the associations of antenatal predisposing
factors with adverse neurological outcomes at 2 years of age, altogether 38
antenatal factors were investigated. The infants with detectable brain mal-
formations — in whom antenatal factors could probably be more important than
problems arising only during the birth process — were excluded from the study
group.

Most importantly, the findings support the possible impact of maternal
infection and/or inflammation on cerebral palsy and other adverse outcomes, as
observed in earlier studies (Murphy et al., 1995; Nelson and Grether, 1997,
Rothwell et al., 1997; Nelson et al., 1998; Nelson and Willoughby, 2000; Yoon
et al., 2000).

It is remarkable that trichomoniasis during pregnancy and acute respiratory
disease in the second half of pregnancy demonstrated the strongest correlation
with the development of hypoxic-ischaemic encephalopathy in newborns.
Maternal respiratory disease in the second half of pregnancy was also more
frequent in children with cerebral palsy and other developmental disabilities
than in those with a normal outcome. The associations of stages of HIE and the
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neurological status of newborns with neurodevelopmental outcome in later
childhood deserve a more detailed analysis in the whole birth cohort of 8§28
infants, from which the subjects of this study have derived. In the author’s
opinion, children who have survived HIE should be regarded as being at risk
and should be subjected to continuing developmental follow-up until school
entry. An MRI study of infants with HIE (Rutherford et al, 1996) has
concluded that those with mild HIE and normal developmental status at the age
of 2 years do not have normal MRI scans, and may be at risk for minor
neurological dysfunction by school age.

The strongest antenatal factor predictive of an adverse neurodevelopmental
outcome was a combination of bacterial vaginosis together with bleeding in the
first half of pregnancy. French et al. (1999) concluded that women with
bacterial vaginosis who also experienced first trimester bleeding were at a
heightened risk for a premature birth, which itself is an important risk factor for
cerebral palsy. Maternal vaginal bleeding in pregnancy was a strong predictor of
neonatal encephalopathy in a study by Adamson et al. (1995), and significantly
related to the risk of cerebral palsy in VLBW infants according to O’Shea et al.
(1998a), especially in the case of remarkable cranial ultrasound abnormalities.

According to several authors (Murphy et al., 1995; Nelson and Willoughby,
2000) maternal infection during pregnancy is correlated with subsequent
cerebral palsy, mainly in very premature babies. Owing to the small numbers
involved, an adjustment for gestational age was not made in this study. Factors
of maternal infection in very low birthweight groups deserve further
investigations.

Unlike the matched case-control study (part 1 of the thesis), intrauterine
growth restriction did not increase the risk of an adverse outcome at the cut-off
point of 2 years. This is in line with findings from some studies of term children
(Gaffney et al, 1994). Conversely, IUGR was the strongest predictor for
moderate and severe newborn encephalopathy according to Badawi et al.
(1998a). Contradictory results have been documented concerning premature
babies: according to Gray et al. (2001), IUGR increased the risk of cerebral
palsy in this group, whereas according to other case-control studies (Murphy et
al., 1995; The Eclampsia Trial Collaborative Group, 1995), babies born before
33 weeks of gestation were not at risk of an adverse outcome. The inconsistency
between the findings is explained by the fact that in a number of cases, [UGR
should be handled as the result of unspecified damaging factors from the
antenatal period, rather than as an independent pathology, or an independent
risk factor for CP. Uvebrant and Hagberg (1992) have stated that at least part of
the increase in cerebral palsy in term small-for-gestational-age (SGA) infants
was associated with asphyxia. The view of the author of the present sudy is that
in every single case of SGA, one should attempt to reveal the underlying cause.

According to several authors, preeclampsia was associated with a
significantly reduced risk of cerebral palsy in very premature babies (Leviton et
al., 1988; Murphy et al., 1995; Collins and Paneth, 1998; Gray et al., 1998).
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Severe preeclampsia and a clinically diagnosed viral illness were risk factors for
moderate or severe newborn encephalopathy in term babies in another case-
control study (Badawi et al., 1998a). In the current study group with a few
babies (n = 4) under 33 weeks of gestation, preeclampsia also could not be
regarded as a risk factor for an adverse outcome.

Of perinatal complications, an acute hypoxic event had the most significant
association with an unfavourable outcome at 2 years of age. A recent review
article by Dilenge et al. (2001) concluded that the most predictive cluster of
perinatal markers of asphyxia had not yet been identified, and it would be useful
for an interpretation of the outcome to include the mild to moderate spectrum of
disability. Owing to limitations of data on measurable metabolic acidaemia and
other markers of asphyxia, it is not possible to assess the independent impact of
intranatal hypoxia on the developmental outcome of every individual child in
the current study.

Different inclusion criteria when studying the risk factors for neonatal
encephalopathy have been used by different authors. Several authors (Badawi et
al., 1998a, Badawi et al., 1998b; Croen et al., 2001; Badawi et al., 2005) have
included infants with genetic defects and brain anomalies. Other researhers
(Hagberg et al., 2001; Thorngren-Jerneck and Herbst, 2001; Topp et al., 2001;
Cowan et al., 2003; Meberg and Broch, 2004; Himmelmann et al., 2005)
deliberately used the more concise criteria of early neonatal encephalopathy,
selecting newborns whose clinical signs were more likely resulting from peri-
natal hypoxia-ischaemia. These correspond well with the criteria of HIE (Sarnat
and Sarnat, 1976; Hagberg et al., 2001) applied to patients in the present study.

In contrast to many other studies (Yudkin et al., 1994; Badawi et al., 1998a;
Badawi et al., 1998b; Dixon et al., 2002), in the present study babies with mild
stages of HIE were included. This is in line with some other authors (Thornberg
et al., 1995; Pierrat et al., 2005), and reflects the intention of the author of the
current study to investigate whether there is any prognostic value that could be
attributed to minor neurological dysfunction in newborn in terms of later
developmental performance during follow-up.

In this study, the premature rupture of membranes was confirmed to be a
risk factor, a finding that is consistent with results from some other studies
evaluating adverse neurodevelopmental outcome (Murphy et al., 1995). This
factor deserves attention because it is strongly associated with preterm
deliveries and the risk of an intrauterine infection of the fetus. By an extensive
meta-analysis (Mercer and Arheart, 1995), a decrease in the morbidity of the
mother and infant was found after the antimicrobial treatment of women with
premature rupture of membranes.

The strength of this study lies in its prospective planning. In favour of the
completeness of data, stepwise recording was combined with a retrospective
review of medical notes. Also, to ensure maximum ascertainment, information
about neurological status at around 2 years of age was gathered from multiple
sources.
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The children of mothers with expected permanent residency in the study
region were included in the study. The aim of such recruitment was to enhance
the response rate during follow-up. The author was able to obtain a direct
overview of the developmental outcome of 95% of the children around the age
of 2 years.

One weakness of the study is that a follow-up assessment around 2 years of
age could not be performed in a perfectly blinded fashion because the author of
this study participated in both the collection of medical records and the later
follow-up of several children. Another strength, however, is that an inter-
disciplinary team was used to reach agreement concerning neurodevelopmental
status, and the outcome of 240 children from 390 was confirmed with the help
of specific developmental tests, as mentioned in the ‘“Patients and Methods”
section.

In contrast to many other studies (Murphy et al., 1995; Grether and Nelson,
1997; MacLennan, 1999; Suzuki and Ito, 2002; Winter et al., 2002), mild cases
of cerebral palsy and other developmental disorders were included in this study
when assessing the outcome. Less recognisable neurological deficits are not
systematically addressed in studies of neurodevelopmental outcome, but
deserve more attention in light of children's later development. This is con-
sistent with some earlier statements in related research (Low, 1997; Palisano et
al., 1997; Simon, 1999; Paneth et al., 2003).

Partially owing to the relatively small numbers in the study, the most
prevalent outcome was a mild developmental disability (including mild cerebral
palsy). As concluded by the working group of the Surveillance of Cerebral
Palsy in Europe (SCPE, 2000), children with mild cerebral palsy tend to be
underreported. To minimise this bias, the children were sampled from the
catchment area of the tertiary paediatric clinic (Tartu University Hospital). The
well-established system in the region of referring any child suspected of having
CP or other developmental problems to the tertiary clinic (Children’s Clinic of
Tartu University Hospital) secures completeness in case-finding.

There were 4 children with moderate CP in the population of 828 live born
infants, which results in a prevalence rate of disabling CP of 4.8 : 1000 at the
age 2 years. Nelson and Ellenberg (1982) found a similar prevalence rate of 5.2
per 1000 neonatal survivors at 12 months of age. The symptoms of CP had
resolved in up to half of them by age 7 years. In this perspective, the frequency
of the disabling CP at the cut-off point of 4 or more years will most probably be
comparable with the data from other studies where only disabling CP is
considered in estimating prevalence rates.

Owing to the methodological limitations of this study, the outcome numbers
regarding other developmental disabilities were too small to make valid
comparisons with other studies. Our findings at this stage should instead be
interpreted as an attempt to define a range of children with the mildest
detectable developmental disorders for very early intervention.
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About half of the children studied were involved in early neuro-
developmental activities (having started between 2—6 months of age). These
circumstances may have improved their outcome. It remains unclear, however,
in how many cases the children with minor neurological signs or perinatal risks
in this study could actually have reached normal or near-normal neurological
status by the age of 2 years without any intervention.

The author of the current study believes that the revealed relation of nearly
7 healthy children to 1 with an adverse outcome (341 to 49) at the age of 2 years
allows one to interpret the demonstrated antenatal factors and the delivery
complications of potential predictors of neurological impairment at this specific
age.

Conclusion: The study supports earlier evidence that antenatal factors
associated with maternal infections can influence the development of hypoxic-
ischaemic encephalopathy and unfavourable outcome at 2 years of age. A large-
scale study of a greater live birth population would be needed for a more precise
detection of these factors.

The birth cohort in this study is subject to a follow-up with the aim of re-
evaluating all cases of cerebral palsy and other developmental disorders through
structured developmental assessments at later ages, in order to ascertain what
proportion of functional impairment might be resolved and to measure the
possible impact of early intervention. The issue of the total spectrum of the
developmental outcome of the whole cohort of over 800 liveborn children will
be addressed in a more extensive research project concerning children aged 5 to
7 years.
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SUMMARY

To investigate the prevalence, clinical features and predisposing factors of
cerebral palsy (CP), a cross-sectional study followed by a matched case-control
study (part 1 of the study, Papers I, II) was undertaken in the Tartu city and
county region. In an attempt to confirm the nature of predisposing factors for
CP and other adverse developmental outcome, a prospective study of a 6-
month-period birth cohort (part 2 of the study, Papers III, IV) was simulta-
neously performed.

The study confirmed the overall prevalence rate of CP as being 5.9 per 1000
among the child population of Tartu city and county aged 1-15 years (both
mild, moderate and severe cases included). The proportions of clinical subtypes
among 158 children with CP were as follows: spastic hemiplegia (neonatal
stroke) — 12%; spastic diplegia — 72.2%; spastic quadriplegia — 8.2%;
atonic-ataxic 5.1% ; and the dyskinetic type of CP — 2.5% (aim 1, Papers I, II).

According to the current study, the intrapartum events are of high
importance in the aetiology of cerebral palsy — the factors operating in the
perinatal period in a substantial proportion of cases may be interpreted as
being predictive of subsequent cerebral palsy. Both parts of the study showed
that factors associated with maternal infection would need further precision in
larger studies. The second part of this study has allowed one to define the range
of children at risk for the mildest detectable impairments of neurodevelopment;
they should be assigned to a risk group and should belong to a target group of
early intervention. The database of the full birth cohort of 828 children, having
been created during this study, provides the possibility for longer-term follow-
up research in order to clarify the impact of known ante- and perinatal factors
on neurodevelopmental outcome and academical skills in later childhood.

The results of this study add to the existing knowledge regarding the range
of risk factors of cerebral palsy in one specific population and aim to serve as a
basis for improving the comparability of the developing Estonian database with
existing cerebral palsy surveys and registers. The data of this study allow for the
prospective monitoring of changes in the functional disabilities of children
currently with CP and for the creation of more efficient early rehabilitation
services in the future (aim 5, Papers 1, II).
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CONCLUSIONS

The overall rate of prevalence of cerebral palsy (CP) in the representative
sample of the child population of Tartu city and county was 5.9 per 1000,
when including mild cases. The prevalence of moderate to severe cases was
2.3 per 1000, thus being comparable with data from developed countries.
The male-female ratio was 1.4 : 1 (aim 1, Papers I, II).

A cluster of intra- and perinatal factors, especially an acute hypoxic event
near birth (OR 13.3, 95% CI 6.89-25.8, P < 0.0001), were most
significantly related to the development of cerebral palsy. Concerning
intrapartum factors, any fetal presentation other than vertex (P < 0.0001),
breech presentation as an independent factor (P = 0.0002), and emergency
caesarean section (P = 0.0014) were also strongly related to the presence of
CP (aim 2, Papers I, II).

The most significant antenatal risk factors of CP in the Estonian child
population were: prematurity (< 36 weeks gestation), threatened pretem
delivery in the second half of pregnancy (P < 0.0001), pregnancy-induced
hypertension in the second half of pregnancy (P = 0.000268), threatened
abortion in the first half of pregnancy (P = 0.0078), and preeclampsia
(P=0.00129) (aim 2, Papers I, II).

The importance of intra- and perinatal compromise was confirmed by the
following neonatal risk factors, most strongly associated with the
development of CP in the current study group: an Apgar score of < 7 at the
1 and 5™ minutes of life; an Apgar score of < 4 at the 1¥ minute of life;
hypoxic-ischaemic encephalopathy; respiratory distress syndrome; and
assisted ventilation (P < 0.0001) (aim 2, Papers I, II).

In the prospectively followed birth cohort, 49 children of 390 had an
unfavourable neurodevelopmental outcome. Cerebral palsy was diagnosed
in 41, and the remaining 8 had other developmental disorders.

Maternal infections predispose newborns to the development of hypoxic-
ischaemic encephalopathy. In this study, trichomoniasis during pregnancy
and acute respiratory disease in the second half of pregnancy were most
strongly related to HIE (aim 3, Papers 111, IV).

An adverse neurodevelopmental outcome at 2 years of age was associated
with the following presdisposing factors:

a) Concerning antenatal factors, bacterial vaginosis during pregnancy
combined with threatened abortion in the first half of pregnancy was found
to be associated with an adverse outcome (aim 4, Papers III, IV), and all
children with such a maternal history had cerebral palsy at 2 years of age;
this finding, in agreement with the matched case-control study and earlier
respective reasearch, indicates the need for the careful management of
maternal infections during pregnancy.
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b) Regarding perinatal factors, the presence of at least one complication at
delivery places a child at risk for an adverse neurological outcome at 2
years of age (aim 4, Papers III, IV). An acute hypoxic event at birth, a
premature rupture of membranes and placental abruption had a strong
association with an adverse outcome at 2 years of age — i.e. CP and other
developmental disabilities (aim 4, Papers 11, IV).

These findings of the prospective study are in line with the results of the

matched study of risk factors, establishing immediate intrapartum events as the

most likely source of perinatal brain injury, leading to cerebral palsy.
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APPENDIX I

Three Clinical Stages of Hypoxic-ischaemic Encephalopathy

Stage 1 Stage 2 Stage 3
Level of consciousness | Hyperalertness, Lethargic or Stuporous or
decreased sleep obtunded comatous
Neuromuscular
control:
Muscle tone Normal or Mild hypotonia Flaccid
hypertonia
Posture Mild distal flexion | Strong distal flexion | Intermittent
decerebration
Stretch reflexes Overactive Overactive Decreased or
absent
Segmental myoclonus Present Present Absent
Complex reflexes:
Suck Weak Weak or absent Absent
Moro Exaggerated, low |Weak, incomplete, |Absent
threshold high threshold
Oculovestibular Normal Overactive Weak or absent
Tonic neck Slight Strong Absent
Autonomic function Generalised Generalised Both systems
sympathetic parasympathetic depressed
Pupils Mydriasis Miosis Variable, often
unequal, poor
light reflex
Heart rate Tachycardia Bradycardia Variable
Seizures None Common, focal or Uncommon
multifocal (excluding
decerebration)
Electroencephalogram |Normal (awake) |Early: low-voltage, |Early: periodic
findings continuous delta and | pattern with
theta isopotential
Later: periodic phases
pattern (awake) Later: totally
Seizures: focal isopotential
(1-1.5 Hz) spike-
and-wave
Duration <24 hours 2-14 days Hours to weeks
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APPENDIX II

List of potential antenatal, intrapartum and neonatal risk factors, chosen for the
study and registered in the database with a goal for further evaluation

Antenatal risk factors

Intrapartum risk factors

Neonatal risk factors

1. Maternal illnesses:

Acute respiratory disease I* and II°
Cardiovascular diseases (congenital
heart failure, rheumatism,
rheumatoid arthritis, myocarditis,
lupus erythematosus, cardiac
arrhythmias, pregnancy-induced
arterial hypertension,
thrombophlebitis)
Endocrinological diseases (diabetes
before the index pregnancy,
gestational diabetes, obesity,
hyperthyreosis, thyroid tumour)
Renal diseases (pyelonephritis,
cystitis etc before or during
pregnancy)

Genital diseases, clinically described
(isthmico-cervical insufficiency,
endometriosis, cervicitis, chronical
salpingitis, myoma, and malignant
uterine tumour)

Psychiatric disease

Any other clinically confirmed
illness described during pregnancy
(cholecystitis, myopia, migraine,
epilepsy, leucaemia)

Anaemia [ and II

Acute stress, trauma or surgical
operation during pregnancy as
described in clinical records

2. Other antenatal risk factors:
Previous abortions, graviditas
ectopica, fetal, neonatal death, and
stillbirth

Child with CP in previous obstaetric
history

Previous infertility treatment
Threatened abortion

Threatened premature delivery
Prematurity

Intrauterine growth restriction
Clinically diagnosed proteinuria,
bacteriuria and leucocyturia

Mode of delivery:
Induced labour
Stimulated labour
Rapid onset of labour
Elective caesarean
Emergency caesarean
Forceps
Vacuum extraction

Placental abnormality®

Breech presentation

Other fetal presentation

modifications except

classical vertex

Umbilical cord pathology

(cord knot, tight nuchal

cord, short cord etc)

Perinatal complications:
Placental abruption
Premature rupture of
membranes
Uterine rupture
Acute hypoxic event at
delivery
Shoulder dystocia

Apgar score < 4 at 1% min
Apgar score < 4 at 5" min
Apgar score < 7 at 1* min
Apgar score < 7 at 5™ min
pH values and acid-base
measurements (where
registered)

Birthweight <1500 g
Amniotic fluid aspiration
syndrome

HIE (all 3 stages)
Respiratory distress
syndrome

BPD

Assisted ventilation within
newborn period
Hypoglycaemia

Neonatal sepsis
Cephalhaematoma or other
birth trauma

76




Antenatal risk factors

Intrapartum risk factors

Neonatal risk factors

Preeclampsia
Intrauterine exposure to infection:

Maternal pyrexia < 38°C at least
one day duration

Maternal genital infection
(bacterial vaginosis,

trichomoniasis, chlamydiosis,
ureoplasmosis,

chorioamnionitis)
Exposure to potential harmful factors
(regular treatment with antibiotics or
anticonvulsants)
Multiple pregnancy

“T = first half of pregnancy = before 20" week of pregnancy

°IT = second half of pregnancy = after 20™ week of pregnancy

‘Placenta praevia or other clinically described placental abnormality (including

clinically diagnosed placental insufficiency, small placenta etc)
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SUMMARY IN ESTONIAN

LASTE TSEREBRAALPARALUUSI EPIDEMIOLOOGIA EESTIS
TARTU LINNA JA MAAKONNA NAITEL:
LEVIMUS, KLIINILISED VORMID JA RISKITEGURID

Laste tserebraalparaliiiis ehk paralysis cerebralis infantilis ehk PCI on sagedaim
fiiisilist puuet pohjustav haigusseisund lapseeas (Rosenbaum, 2003; SCPE
2000; SCPE, 2002; Stanley et al., 2000). PCI on kompleksne neuroloogilise
arengu puue, kus kesksel kohal on mitteprogresseeruv motoorikahéire, millele
enamasti lisanduvad sensoorsed, taju-, kognitiivsed ja konehéired ja epilepsia,
mis sageli omab puude kujunemisel motoorikahdirega samavéirset tdhtsust
(Talvik, 1992; Rosenbaum, 2003; Dan ja Cheron, 2004; Bax ef al., 2005).

Laste tserebraalparaliiiisi keskmise raskusega ja raskete vormide levimus
erinevate riikide populatsiooni- ja registripdhiste uuringute andmetel on ligi-
kaudu 1.34 kuni 3,0 1000 elussiinni voi lastepopulatsiooni liikkme kohta (Perl-
man, 1997; Stanley et al., 2000; Hagberg et al., 2001; Rosenbaum et al., 2002;
SCPE 2002; Suzuki ja Ito, 2002). Enamus autoreid arvestabki PCI levimus-
maidra arvutamisel vaid keskmise raskusega ja rasket vormi. Kuigi mitmed
autorid rohutavad tserebraalparaliiiisi kergete alavormide uurimise tdhtsust ning
nende tdendolist seost lapse hilisema arengutulemusega (Simon, 1999; Colver et
al., 2000; Gosselin et al., 2002; Kolk et al., 2001; Kolk ja Talvik, 2002; Paneth
et al., 2003), on need enamasti ebajirjekindlalt diagnoositud ning seetdttu
tavaliselt PCI riskitegurite uuringutest vélja arvatud (Kuban ja Leviton, 1994;
Badawi et al., 1998c; SCPE, 2000; Parkes et al., 2001).

Hoolimata viimastel aastakiimnetel viljatodtatud PCI konsensusdefinitsioo-
nidest on laste tserebraalparaliilisi kui termini tépne maéédratlus jédénud eba-
selgeks ning puuduvad iihtsed seisukohad ajukahjustuse tekke aja ja erinevate
riskitegurite osatéhtsuse kohta.

PCI on olulise sotsiaalmajandusliku tihtsusega ning mairgatavalt elukva-
liteeti mojutav neuroloogiline puue. Perinataalmeditsiini kvaliteedi oluline
paranemine on toonud arenenud maades kaasa siigavalt enneaegsete ja haigete
vastsiindinute elulemuse tousu. Tserebraalparaliiiis kujuneb sageli kuni 25 %-1
stigavalt enneaegsetest lastest. PCI esinemissagedus umbes viimasel 40 aastal ei
ole langenud, mdnede autorite andmeil nditab sligavalt enneaegsete grupis isegi
kasvutendentsi (Hagberg ef al., 1993; Pharoah et al., 1996; Suzuki ja Ito, 2002),
ndudes kasvavaid kulutusi varasele sekkumisele ja rehabilitatsioonile. Samuti
on alla 1500 g siinnikaaluga lastel PCI sagedus 70 korda korgem kui 2500 g ja
suurema siinnikaalu puhul (SCPE, 2002), samas pole vaatamata edusammudele
stinnitusabi arengus suudetud vdhendada PCI esinemissagedust ka ajalistel
lastel (Stanley et al., 2000; Hagberg et al., 2001; SCPE, 2002). Viimasel ajal on
suurenenud PCI diiskineetilise ja spastilise hemipareesi (neonataalne insult)
sagedus (Hagberg ef al., 2001; Himmelmann et al., 2005).
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Tapne PCId pdhjustava ajukahjustuse tekkemehhanism on paljudel juhtudel
teadmata (Stanley et al., 2000; Blair ja Stanley, 2002).

Voimalike patogeneesiahelas osalevate riskitegurite kindlakstegemine on
oluline PCI vélditavate pohjuste leidmisel. Pohilised uurimiskiisimused téna-
paeval on: kas olulisemad on ante- v0i perinataalsed riskitegurid; millised voi-
malused on tserebraalparaliiiisi esinemissageduse vihendamiseks, eriti stigavalt
enneaegsete ja madala siinnikaaluga laste grupis; kuidas oleks vdimalik tdpse-
malt méirata ajukahjustuse tekke aega?

Eestis puuduvad seni laste tserebraalparaliiiisi levimust ja riskitegureid
kasitlevad rahvastikupohised analiiiitilised uuringud.

Uurimuse eesmirgid

1. Maiérata PCI levimusméér Tartu linna ja maakonna lapsrahvastiku pdhjal,
kirjeldada motoorikahdirete struktuuri ja raskusastet.

2. Leida antenataalsete, peri- ja neontaalsete riskitegurite proportsioon ja
analiiisida nende seost PCI tekkega uurimisgrupis, kuhu on holmatud PCI
koik raskusastmed (sh kerge, keskmise raskusega ja raske vorm).

3. Mairata erinevate antenataalsete riskitegurite moju vastsiindinu neuro-
loogilisele seisundile uuritud siinnikohordi p&hjal.

4. Hinnata erinevate ante- ja perinataalsete faktorite seost ebasoodsa arengu-
tulemusega 2 eluaasta vanuses: PClga voi teiste arenguhédirete ja/voi
-puuetega, ning luua andmebaas, mis oleks aluseks pikemaajalisele pro-
spektiivsele uuringule, hindamaks nende riskitegurite seost
arengutulemuse erinevate aspektidega lapseea jargnevatel etappidel.

5. Aidata kaasa Eesti PCI registri loomise ettevalmistustoole.

Uurimisgrupid ja meetodid
Uurimus koosnes kahest osast:

1. OSA: labildike- ehk levimusuuring ja sobitatud juhtkontrolluuring PCI
riskitegurite leidmiseks (artiklid I ja II, eesmargid 1, 2 ja 5): PCI
levimus ja iildised kliinilised karakteristikud (artikkel 1) ning PCI
riskitegurid — sobitatud juhtkontrolluuring (artikkel II).

2. OSA: prospektiivne kohortuuring ehk kohordisisene juhtkontroll-
uuring (artiklid IIT ja IV, eesmirgid 3, 4): edasivaatav siinnikohordi
uuring, uurimaks vastsiindinu neuroloogilise seisundi ja ante- ja
perinataalsete faktorite seost neuroloogilise arengu tulemusega 2
eluaasta vanuses.
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T606 esimeses osas uuriti Tartu linna ja maakonna lapsi, kel oli levimuspieval
31.01.2000 leidnud kinnitust laste tserebraalparaliilisi diagnoos (n = 158). Ante-
ja perinataalsete riskitegurite uurimiseks leiti lapsrahvastiku registri pohjal igale
juhule kaks kontrolli (kokku 316). Juhtudele vastavad kontrollid sobitati soo,
stinniaja (kuu ja aasta) ja elukoha (linn vdi maapiirkond) jérgi. Loplikku ana-
litiisi holmati 153 juhtu ja 268 kontrolli (115 triaadi: juht+2 kontrolli, 38 paari:
juht+1 kontroll).

To06 teises osas oli prospektiivse uuringu objektiks ajaperioodil 01.10.1998—
31.03.1999 siindinud 828st lapsest moodustunud siinnikohort. Andmebaasi si-
sestati koigi laste puhul andmed raseduse, siinni ja neonataalperioodi kohta.
Kéesolevasse uuringusse holmati jarjestikuselt siindinud 403 last, kelle vane-
mate elukohaks uuringusse viarbamise hetkel oli Tartu linn vdi maakond. 13 last
lilitati vdlja uuringu esimesel etapil diagnoositud kaasasiindinud arenguhiirete
vOi geneetiliste haiguste tottu. Arengutulemust hinnati 2 eluaasta vanuses, mil
uuriti ante- ja perinataalsete riskitegurite osatéhtsust vordlevalt tervete laste
(n = 341, kontrollid) ja arenguhdirega (n = 49, neist 41 PCI diagnoosiga last)
laste grupis.

Retrospektiivsed andmed nii juhtude kui kontrollgruppi kuuluvate laste
arenguloo ja neuroloogiliste uuringute kohta saadi haiglaregistrist, ambula-
toorsetest kaartidest, lisaks kahest laste hoolekandeasutusest ja iihest erivajadus-
tega laste lasteaiast, rehabilitatsioonimeeskondadelt ja perearstidelt. Andmed
raseduse ja slinnianamneesi ning neonataalperioodi kohta saadi t66 mdlema osa
puhul Tartu Ulikooli Kliinikumi naistekliiniku rasedus- ja siinnituslugudest ja
vastsiindinute arengulugudest. Prospektiivse uuringu puhul oli autoril vdimalik
isiklikult jdlgida arengutulemust 95% juhtudel, kuna enamus lapsi koos
vanematega ilmus arengutulemuse hindamisele 1. voi 2. eluaasta kestel.

Uurimuse pohilised tulemused ja jireldused

1. Laste tserebraalparaliilisi levimus Tartu linna ja maakonna 0-15aastastel
lastel oli 5,9 : 1000 (k&igi raskusastmete 16ikes). Keskmise raskusega ja
raskete vormide 16ikes oli levimus 2,3 : 1000, mis on vorreldav teiste arene-
nud maadega. Levimuspédeval oli Tartu linnas ja maakonnas 158 PCI diag-
noosiga last vanuses 1-15 aastat. Poiste ja tiidrukute suhe oli 1,4 : 1. Enam-
levinud motoorikahdire vorm oli spastiline dipleegia, mis esines 72,2%l
juhtudest (eesmérk 1, artiklid I, IT);

2. a) Téhtsamad antenataalsed riskitegurid olid: enneaegsus, dhvardav rase-
duse katkemine, so &hvardav enneaegne siinnitus raseduse II poolel
(P < 0,0001), arteriaalne hiipertensioon raseduse II poolel (P = 0,000268),
dhvardav raseduse katkemine raseduse I poolel (P = 0,0078), preeklampsia
(P = 0,00129), iisasisene kasvupeetus (P = 0,014) ja dge respiratoorne
haigestumine (P = 0,01745) raseduse ajal (eesmérk 2, artiklid I, IT);
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b) Téhtsaim intranataalne faktor oli 4ge hiipoksiaepisood siinnitegevuse kéi-
gus (OR 13,3; 95% CI 6,89-25,8; P < 0,0001); statistiliselt olulised ja
tahtsuselt jairgmised olid loote asetsused, vélja arvatud peaseis (P < 0,0001),
vaagnaotsseis (P = 0,0002) ja erakorraline keiserldige (P = 0,0014)
(eesmiérk 2, artiklid I, I1);

c) Tahtsaimad vastsiindinu seisundiga seotud riskitegurid olid Apgari hinne
< 7 esimesel ja viiendal eluminutil, Apgari hinne < 4 esimesel eluminutil,
hiipoksilis-isheemiline entsefalopaatia (HIE), respiratoorne distress-siind-
room ja abistava hingamise vajadus neonataalperioodis (P < 0,0001).

3. HIEga seotud olulised antenataalsed riskitegurid olid trihhomonoos (OR
4,34; 95% CI 1,32-14,23) ja dge respiratoorne haigestumine raseduse II
poolel (OR 2,86; 95% CI 1,08-7,58) (eesmaérk 3, artiklid III, I'V).

4. a) Antenataalsetest riskiteguritest oli seotud ebasoodsa arengutulemusega

(laste tserebraalparaliilis vOi muu arenguhédire) 2 eluaasta vanuses kahe
jérgneva riskiteguri kombinatsioon: raseduse ajal diagnoositud bakteriaalne
vaginoos koos dhvardava abordiga raseduse I poolel (OR 4,96; 95% CI
1,35-18,26), (eesmirk 4, artiklid III, IV); koigil sellist anamneesi omavate
emade lastel oli diagnoositud PCI.
b) Vihemalt iihe siinnituse komplikatsiooni esinemine oli prospektiivse
uuringu andmeil seotud ebasoodsa arengutulemusega 2 aasta vanuses (OR
2,44; 95% CI 1,32—4,54) (eesmdrk 4, artiklid III, IV). Enim tihtsust omasid
dge hiipoksia siinnitegevuse kdigus (OR 2,93; 95% CI 1,56-5,50), enne-
aegne lootevete puhkemine (OR 2,17; 95% CI 1,14-4,15) ja platsenta enne-
aegne irdumine (OR 11,5; 95% CI 1,8-67,92) (eesmérk 4, artiklid III, IV).
Platsenta enneaegne irdumine oli oluline PCI riskitegur (OR 13,1; 95% CI
2,99-57,7; P = 0,00065) ka sobitatud juhtkontrolluuringus (eesmark 2,
artiklid I, IT).

Uuringu tulemusel selgus, et intranataalsed ja tdendoliselt hiipoksilis-ishee-
milise patogeneesiga seotud riskitegurid omavad olulist seost laste tserebraal-
paraliiiisi tekkega. To0 andis iilevaate olulistest PCI riskiteguritest ja kliiniliste
vormide struktuurist Eesti lapsrahvastiku kohta Tartu linna ja maakonna niitel
ning vorreldavuse sarnaste rahvastikupShiste uuringutega teistes maades.

Kéesolev t00 loob aluse mahukamaks prospektiivseks uuringuks hilisematel
lapseea perioodidel, et leida prognostiline seos ante- ja perinataalperioodi fakto-
rite ja arengutulemuse, sealhulgas akadeemiliste oskuste ja kognitiivse funkt-
siooni vahel eelkooli- ja koolieas. T60 aitab kaasa tserebraalparaliilisi registri
ettevalmistamisele Eestis ja PClga laste elukvaliteedi siisteemsema uuringu
ettevalmistamisele, perspektiiviks efektiivsemate arendusravi taktikate vilja-
tootamine (eesmark 5, artiklid I, IT).
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