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Abstract
Despite the large number of studies into cerebral palsy little is known concerning the risk

factors operating before or during pregnancy that influence vulnerability in cerebral palsy.
Indeed such studies that do exist focus on developed countries.

The purpose of this case control study is to investigate risk factors for cerebral palsy
amongst Palestinian children. Risk factor examined in this study were known prenatal and
perinatal, in addition three factors specific to Palestinian society, consanguineous marriage,
delivery at private maternity homes lacking facilities, and lack of pre-natal doctor visits on
the part of the mother were investigated.

A case-control study was conducted; the cases came from The Princess Basma Centre for
Disabled Children which is the national centre for Palestinians. Medical records were
combined into a questionnaire to gather information into risk factors for the period
January-August 2011.In total one hundred and seven cases were examined, controls came
from West Bank pediatric clinics. As the condition under study is considered rare 223
controls were enrolled.

The crude results were a high frequency of cerebral palsy from cesarean delivery [45.3%]
OR= 2.65 95% C.I. [1.6-4.34] and a high frequency cases due to hypoxia [45.8%], OR=
65.76 95% C.1. [22.41-192.96]. Also of significance; low birth weight OR= 4.60 95% C.1I.
[2.60-8.14], gestational age OR=2.90 95% C.I. [1.67-5.03], jaundice OR=2.70 95% C.I.
[1.39-5.55], multiple births OR=11.40 95% C.I. [2.45-52.97], infection during pregnancy,
OR=4.8 95% C.I. [2.20-10.89], and delivery, OR= 5.00 95% C.I. [1.51-16.72], congenital
abnormalities OR= 2.41 95% C.I. [1.31-4.44], and other children with disability in the
family OR= 8.90 95% C.I. [2.89-27.62]. New, previously un-assessed population specific
factors of significance were; consanguineous marriage, OR =2.85 95% C.1. [1.75-4.64], no
medical care during pregnancy, OR=5.50 95% C.I. [1.89-16.07], and place of delivery, OR
for Ministry of Health Hospitals=2.70 95% C.I. [1.69-4.38]. Associations were seen which
remained significant after adjustment for gender, gestation and multivariable adjustment.
The first model of risk factors for Palestinian children was produced.

Known risk factors proved significant as did population specific variables assessed for the
first time in this study. Modifiable risk factors identified means the possibility of

prevention is a reality through behavioral change.

il



Crpbabanaddl) JUakY) sal & Laal) QLA Adas jal) 3 jlalial) (al o

Al ld o) ) g raallall o)
gl L o 53l 24 yall

UAALJ\
5l e 48 el 841 elllia o)) V) eleall QLAY Jsa il all e jaS 3e 3 ga s (e a8l
Ol jall 038 abara 5 e laall JLEN o gan o 30 gl ol ) Jaadl 353 A 3 ki Jal 52
Aediid) lalll Je 58 3
Jbay (sal e laall QLA & gand s phlad) Jalse (s ad sa Al ) o3a (ge Cidgl)

O Ledla yo 85 ylalaall Jal se & Al jall oda Ll 50 &3 il yladll ol e
goa¥ Sl e 6l (adt g Jaadl 2aad 3 Sual) 30V gl 5 CpauSY) (@i Ll ea L g 32Y 4l
A Al 28 3 ga g 5 Jead) 5 3 oL LN Egan g ) jaa) Eagan g cpall ) jlael
o528 Gl ) AU adile Jol se g apboail Lelaial Jalge 5 adll SR (50 35a5
Lald lidiiee 33V 5l 5 BV 215 Jie bl acinally Talal) Jal sall (mny 4l
Jaall s i W) Al Ale )l e Jganll pae 5 Q05 jean 8
dansy o ¥ 5 yae (e VA AT G adaglia Ly A jaall e leal) JLAT Vs ) 8 )
23S (e Cpulaad) Jy gt oy s 2 ladl) JLAIL clad) ge Jaleill il gl 3 5all s S
Gilgad Glainal ae dall cilalall alasind o3 28 Agndadddl) daaall 3 ) 55 J8 e Gl gl el
Ol Al 2011 ple e s e 5 S G S Hed G a3yl JAA Cila glaall paad
e 4dling Jladal clabie (pe ddasbiall il 34T 8 g YIS 107 oy | JGED N PP VENN
Ade 223 lgaaa (IS 54 pll ddall ela )l alida

(%45.3) 42 0l Cla¥ 5 e SV (e 0 S 4 2 g2 g o liall il
(%45.8) GaauSY) (i (e ) sile ae 1S 23 3 OR=2.6595% C.I. [1.6-4.34]
rcilS8 dilian) Gl 5 8 & jedal Al 5 AY) el sall Ll OR= 65.76 95% C.1. [22.41-192.96]
s Saall 32Y 5l s OR=4.60 95% C.1. [2.60-8.14] 22¥ sl aie Jalall 54l
aaial Jeall 5 OR=2.70 95% C.I. [1.39-5.55] Ll il s OR=2.90 95% C.I. [1.67-5.03],
5 OR=4.8 95% C.L [2.20-10.89] Jasll £l i) 5 OR=11.40 95% C.1. [2.45-52.97]
4l Cla sl dsa s 5 OR=5.00 95% C.1 [1.51-16.72] oa¥ sl oLl Caleily)
Clile) ae dlilall 3 cp AT Jladal 3525 s OR=2.41 95% C.I. [1.31-4.44]
.OR= 8.90 95% C.I. [2.89-27.62]

750 1 ilSh aglian) ol 5uili Ll S e Lgial ja ot ol il 3 jlalaall Jal s Ll
OR=5.50 Jaall ¢l duh ajle e Jguanll are 5 OR =2.85 95% C.I. [1.75-4.64] < _3Y)
2.70 95% Aa Sall DLaiiinall 5 jlalaal) At CuilS Eua 02 6l 1Sa 5 95% C.1. [1.89-16.07]
C.I [1.69-4.38]

el i (uinll Crn Jpanill 23 LS aloaiia Jal gall diliaa) cilidle aadle e 58]
Axaina Jal sl AL

g yrall jhall Jal se o Ailan) A1¥ Cld ClEMe aa g 43) A Al oda iy 281

e JsY Ll o aad A 5 idandil) asinadly aalal) jladll Jal s Uil

v



Table of Contents

F N 1] 1 T SR il
1)  Chapter One.-Background. ...........cccooieviriiiiiiiiniiiiee e 1
1.1 INErOAUCHION. .eiuetieiiieiieie sttt ettt e e te et e st e st e esbeessaesssesnseenseessaessseenseenseenneans 1
1.3 Problem Statement..........cccueeeieiieiieeieeiterie ettt et e et eseeeseaeeseesaesseesnseenseenseans 2
1.4 PrinCIple ODJECHIVE. ...viiiiiieiieiiciie ettt ettt ee st e re e st e staeesseebeesseessseenseesseans 2
1.5 SPECIfIC ODJECTIVES. ..uviiiiiieiiiiieiie ettt et ettt e st e e reesreestaessseesseeseessseenseenseens 3
1.6 SIGNITICANCE. ...vveiieriieiiieciie e ettt eereeete et e et e e e steeesbeeesbeeaseseesssseesseeassseeassseessneanns 3
1.7 EXPECEd OULCOIMES ... .vvieeriieiiiecieiecreeeiree ettt e sreeerereessteeessbeeeseseesssneessseesssseeessseessneenns 3
1.8 EXplanation Of StTUCTUTE........cc.eeeciiieiiiieiieecieeeree et sreeetreesereeesreessnreesnraeanes 4
2)  Chapter Two- Literature ReVIEW. .......ccceeiiiieiiiiieeieeeee e 5
0 B 5 § 51107 oSS 5
B B 1< 11115 10 o O RSP UST 6
2.3 DHAGNOSIS. «eeeuveereieeeiieiiesiieette et erttesetesteeseesstessseesseenseessseasseesaessseenseeseesseessseensessseesnses 6
2.4 Clinical features and diStribULION. .........ceceeeciierierieeiteie ettt 7
2.4.1 Types of motor dysfunction- TONE. .........cccevvieriiiiieniieciieie e 7
2.4.2 Distribution/location of motor dysfunction. ..........c.cecceeeeeieviieriierieniiecieeeeeeeene, 7
2.4.3 Condition TMPACL. ....vveeieveeeiiierieeeiteeeitteeereeesreesteeesreeessseeasreessseeessseeesssesssseeaes 8

2.5 EPIdeMIOLOZY. ..vveevriieiiieiiieeiiee ettt estee ettt e st e e ste e e tr e e s abeesssbaeesseesssaeesseesrsseeessaeenreens 8
2.6 RISK FACLOTS. ..eneiitieiieee ettt ettt sttt et eee e 9

B T B = 1 010 I 9
2.6.2 Pre-term newborns/ low gestational age <37 weeks. ......cccccervvriiiriieniniceee 10
2.6.3 Infection and Inflammation. ............cccecierierierciieiieee e 11

B X o] 1 1S) 1 - F PRSP 12
2.6.5 MUltiple SESTAtIONS. .....eccuveeiieiieiieeie et eieeeteete e et e eeeeeteeseesseesseessseeseenseennes 13
2.6.6 Birth WeEIZNT .....cccviiiiiiiiciece ettt e e ns 14
2.6.7 LLOW APZAL SCOTE ..euuvieeutieeiiieeieeenttessiteesstteesteeessteesseeesseessnseesssaeesnseeesseessseens 15
2.6.8 Medical ManagemMENL..........cccceueeieerrieieerieesieetrereesseesereesseeseesseesseessseesseesseenses 15
2.6.9 Location Of dEIIVETY. ..ccccuiiiieiieiiecieeie ettt ettt ees 15
2.6.10 INTEI-TNAITIAZE. ....cvveeevreieieiieeiieieeseeeereebeesreesseeesseesseesseessseesseesseesseessseesseesseenses 16
2.6.11 S0CI0-ECONOMIC STATUS. ..eeuveeeieieieeiiieiieiie ettt ettt e e e eaee e 16
2.6.12 Congenital anomalies. .........ccccveererireriieeriiercieesreeereeereesreeetreesraeesereeeseneas 17
2.6.13 Thrombophilia. ......c.ccocciiiiiiieiieciie e e sbee e er e e eereesenee s 17
2.6.14 TTAUMA. ...eiiiiiiiiiieeee ettt ettt et e ettt e st e e ab e s bt e e sabeeebteeebeeesabee s 17
2.6.15 Jaundice, KEIMICLETUS. .....vviiiiiiiiiiiiiiieeee ettt e e e e ettt e e e e e e s s ennnaaes 18
2.6.160 Parental AZE ....c.cecvieeieiieeie ettt ettt sttt eneeenee e 18
2.6.17 Familial RISK .....ccvieiiiiiiiieeii ettt 19
2.6.18 Lack of medical Care in Pregnancy............cccecveeiierienciieciieciieieeeeeeeeeeeene 19
2.6.19 Post- natal acquired cerebral palSy. .......ccccccuevviieviierieiiieiieeeeeeee e 19

2.7 Developed and developing COUNTIIES. .........ccverveeieerieeriieniii e eieeseeereereeseeesneenreens 19
2.8 CONCIUSION. ...ttt ettt ettt et e s s e st e e be e bt e s neeeebeenneesneeens 20
3. Chapter Three — Conceptual Framework...........ccocvevviierieiiiieeniieeie e 21
3.1 Definitions UHHZEd. .......coiiiiiieiieie ettt 21
TR 12 (04 L To1 510 o USSR 22
3.3 Difference in risk factors due to specific population differences...........cccceevuveneenn.e. 22
3.4 Development of The conceptual framework diagram. ...........cccoevveviencireiienienne, 23
3.5 Explanation of the conceptual framework diagram.............cceevevverienciiesieenieeienee, 23
3.6 CONCIUSION. ...eouvieeieeiiieiiecee ettt ettt e et e et e e e teesateesseesseessseenseenseensseanseenseennes 26
4)  Chapter Four - MethodOIOZY. .....cceeciieiieiieiiieieeieeriteete ettt sve b seneeeve e 27
4.1 SEUAY AESIZN. .oiievieiieiieiie ettt ettt ettt e e tee b e et e e teeesseesseesseessseesseeseessseansenns 27

A%



4.2 Sample POPUIAtION. .....ooouiiiiieiiecie ettt et 27

4.3 SAMPLE. ..ttt st 27
4.3.1 Exclusion and inclusion criteria for cases and controls.............cceeeveeeerereeennnnne. 28

4.4 SAMPLE SIZE ...ttt ettt st 28
4.5 Study limitations, validity and reliability. ...........cccoovueriiirciiriieiieeeeece e 29
4.6 Data collection methods and procedures. ..........ccccveevvieviieriiieieecieeseeseeee e esee e 31
4.7 Medical Records available and content. ............ccccoevieiieiiiniiiiieeeree e 31
4.8 The QUESLIONNAITE. .....eeeeeviiieieiiieeeeeieeeeeeie e e eeetreeeeeetaeeeeeetraeeeeeareeeeesseeeeesaeeeeenaseeeas 31
T o 1 01 1 16 |2 32
4.10 Implementation and operational variables.............cccceeviveriiiinciiiereece e 32
4,11 Statistical ANALYSIS. ..cccveereuieeiciiieriieeiieerreeerreeeee et eestee e s treestreeestreeseraesnraeenneennnes 33
4.12 Ethical conSiderations. ...........cecueeiieriierieeieerieesie ettt ite et et eseeeeseesseeseeeseens 34
4.13 Issues arising in the reSearch ProCess. .......ccevverieeiieesiierieeie et see e e e 34
414 CONCIUSION. ..eoneiiiiieiietie ettt ettt ettt et e st e et e e s stesnseeseesneesnsesseenneesneenns 35
5)  Chapter Five: ReESUILS. ..cocciiiiiiiiieiiecieeeeeee ettt ettt sere e 36
R O 6515 0T LT3 T ) DO USRS 36
5.2 Socio-demographic characteristic of the Study..........cceoervieririininiiniiiiccee 36
5.3 Patterns of cerebral palsy amongst CASES..........ccvvereeriercieeciieiieire e ereeseee e eereesnees 39
5.4 Risk Factors for Cerebral PalSy. .........ccccveviiiiiiiiiienieeiieieeeeeee et 40
5.4.1 Bivariate association between risk factors and CP...........ccccevveiiviievieeenneennne, 40
5.4.2 Multivariate association between risk factors and CP...........cccccceevvveviviirneenne, 44

5.5 The main risk factors for cerebral palsy amongst Palestinian children..................... 49
6)  Chapter SiX- DISCUSSION. ..eecuiieiieiiieiie ettt ettt e seeeee et e seeeeee e st e sneeeneeenee 50
LT 12 (e L To1 50 o TSR 50
0.2 SUMIMATY ...eutteiieiiie ittt ettt st ettt e s bt e sat e et e sbeesat e et e e bt enbeeeateebeenee 51
6.3 Population specific risk factors and cerebral palSy .........ccceccvevierciiecienienieeieeeenne 51
6.4 The association between cerebral palsy and known risk factors. ..........ccecevvveennennee. 52
6.5 Risk factors for cerebral palsy found to be of no significance. ..........cccceevrevveennnee. 55
6.6 Risk factors for cerebral palsy in Palestine —The first model.............cccceevvreieennnnee. 56
6.7 Parallels and differences with existing research...........c.ccccceeveverevviercieenreeerree e, 56
6.8 Strengths and weaknesses of the StudY.......ccceeeeviivciiiniiecc e, 57
6.9 StUAY CONCIUSIONS. ..iivvieeiieeiiieeiiieeteesre e ettt e eeeesreeetreesebaeeseseesssaeessseeassseeasseeessseens 58
6.10. Current Recommendations ...........ccceeruierieeiieriere et 59
6.11. Future Recommendation ............ccoeoieiienieeiieieee ettt 60
RETEIEICES ...onvieiieeieee ettt ettt et et e et e et e e s saeesseensaesseesnsesnseenseesnsenns 61
PN 070153 1T 1 2 TSRS 66
APPENAIX Bl ettt et e et e et e et e e be e teenneeenneans 74

vi



List of Tables

Table 5-1: Social-demographic characteristics of the study population. ..........cccceeveereeneeneenennnee. 37
Table 5-2: Continued Socio-demographic characteristics of the study population..........cc.ccoueuen.e. 38
Table 5-3: Birth characteristics of the study population. ..........ccceceevierienienieneneeeeeeeeees 39
Table 5-4: Pattern of cerebral palsy amonNgst CASES ........cecveruererrierinerieenenieeeseeeeee e 39
Table 5-5: A) The relationship between known factors and cerebral palsy .........ccoceeeeeiieieenneennee. 40
Table 5-6: B) The relationship between known factors and cerebral palsy ........c.cccccevererveenennene. 41
Table 5-7: The relationship between population specific factors and cerebral palsy....................... 42
Table 5-8: The relationship between descriptive/socioeconomic factors and cerebral palsy........... 43
Table 5-9: Crude and adjusted odds ratio for neo-natal risk factors and cerebral palsy. ................. 44
Table 5-10: crude and adjusted odds Ratio for extra neonatal risk factors and cerebral palsy ........ 45
Table 5-11: The association between hypoxia and cesarean with cerebral palsy. .........ccccceveenuennee. 49
Table 5-12: The association between consanguineous marriage and cerebral palsy. .........ccceceeuenee. 49
Table 5-13: Step wise model of risk factors for cerebral palsy in Palestine. ..........ccccevereeveenennenne. 50

vii



List of Figures

Figure 3-1: Theoretical model for cerebral palsy.........ccccevveriirieniiiiieeee e 24
Figure 3-2: Study conceptual framework for cerebral palsy.........ccccevererverrienineenenineeene e 25
Figure 5-1: Reasons given for cesarean by reSpondents ..........cceceereereereeniienienie s eeeeseee s 48
Figure 5-2: More controls were aware of the reason for their cesarean than cases.........c..ccccevveeneee 48

viii



1) Chapter One.-Background.

1.1 Introduction.

Cerebral palsy is the most common and visible motor disability, it can be defined as brain
damage that results in neurological and motor deficits (Case-Smith et al, 1989). There are
no known prevalence studies for Palestine or indeed developing countries (Stanley. et al,
2000). Prevalence in a Turkish county has been estimated using house to house survey data
as 5.6 per 1000 children below six years of age- 95% confidence interval 3.5-7.7, (Okan et
al 1995). Data available comes from the U.S.A. where it is estimated there are 764,000
children and adults with cerebral palsy (Nelson 2008). Since 1950 worldwide rates for
overall cerebral palsy have remained around 2-2.5 per 1000 live births (Robertson et al
1998).

The causes remain under debate and vary from medical mismanagement to multifactorial
steps which are part of a causal pathway (Keogh and Badin 2006). The risk factors
identified from the literature review are hypoxia, pre-term, low birth weight, maternal and
paternal age, jaundice, inflammation and infection during pregnancy and delivery,
congenital abnormalities, thrombophilia, trauma, socio-economic status and familial risk
(Adding et al, 2006, Cohen et al 1982, Eastman 1955, Krigger , 2006, Laisram 1992) .Two
other risk factors were identified from the literature review but will not be included in this
study. The first, cerebrovascular event [stroke], diagnosis cannot be confirmed without
neuro-imaging procedures, such as magnetic resonance (Kraus 1999). There has been no
test of consensus in reading films for validity purposes when reviewing research (Kraus
1999). Also many of those children participating in this project will not have had access to
such tests due to financial and limited availability of the equipment needed. This would
make the investigation of this risk factor subjective. The second variable to be excluded is
apgar score; studies have revealed an association between cerebral palsy and apgar (Nelson
and Grether 1998) score however this can be seen as a sign of potential problems but not
seen as a risk factor.

The Princess Basma Centre for Disabled Children was founded in 1965 as a home for
physically disabled children, primarily suffering with paralytic polio. Today the focus is on
children with cerebral palsy although other types of disability are also treated. The centre’s

services are comprised of occupational therapy, physiotherapy, nursing, play therapy,



hydrotherapy and special education. In addition the centre focuses on community based
rehabilitation to integrate their clients into the community. Children attend the centre to be
assessed and during their stay receive a planned program of rehabilitation, the majority of
which is carried out at home. Staff therefore work with both the child and the mother or
primary care-giver to teach them how to manage and aid their child‘s development.

The context of this research is that although there are no statistics available nationally and
unlike other countries there is no cerebral palsy register, from the numbers of children who
attend it is evident cerebral palsy is a major disability amongst Palestinian children. There
is a wealth of data in the form of hand written admission reports, medical summaries,
which is as yet un-interpreted or analyzed and the opportunity to gather data from
mothers/caregivers attending the centre.

Upon admission full medical history and medical reports are documented by nursing staff.
The quality of the information can be seen by the centre’s achievement and maintenance of
ISO-9004, giving the researcher the benefit of accurate and complete data. The centre
receives children from three months until fifteen years of age. Treatment is residential for a
period of three weeks; the child is accompanied by the mother or primary care giver.
Entrance to the centre is free for the parents with the full cost being borne by the Ministry
of Health, and open to Jerusalem I.D. and West Bank I.D. Palestinians. The centre is able

to provide the child and caregiver with permits allowing access to the centre.

1.3 Problem Statement.

If we can better identify the risk factors that place a particular baby at high risk for cerebral
palsy we may be able to devise new preventative and treatment strategies. So this research
identifies that there is a gap in academic research into risk factors globally and locally and
seeks to investigate suspected risk factors with additional factors specific to the Palestinian
population. The identification of risk factors significant to Palestine is the first step towards

prevention.

1.4 Principle objective.

To identify the risk factors for cerebral palsy among Palestinian children.



1.5 Specific objectives.

1. To examine the association between cerebral palsy and the known risk factors, pre-natal
and peri-natal for Palestinian children

2. To establish whether there is an association between consanguineous marriage and
cerebral palsy for Palestinian children.

3. To establish whether there is an association between location of delivery and cerebral
palsy for Palestinian children.

4. To establish whether there is an association between lack of medical care when pregnant

and cerebral palsy for Palestinian children.

1.6 Significance.

Firstly of significance this study will add to the body of knowledge in cerebral palsy
research. It is a subject of public health importance, children with this condition and their
families require significant additional support from medical, educational and social
services. An additional cultural belief is that a child with a disability is due to some fault
on the part of the mother. There is also some overlap with the studies justification which is
the significance of investigating new and established risk factors as they relate to a specific

population- the Palestinians.

1.7 Expected outcomes

To identifying new factors and assessing the known risk factors can provide information
which may be utilized for prevention. A disabled child changes the whole dynamics of the
family, and signals the start of a cycle of doctor visits, hospital appointments and
rehabilitation. The burden of care is with the mother and eventually other siblings. In
addition to the extra financial burden there is the burden of social stigma [Harper 2010].
This study will assist in establishing cause on a host of risk factors which may be the basis
of other studies which would ultimately see a reduction in the numbers of children with
cerebral palsy. Should a greater number of cases of cerebral palsy result depending on
where the delivery takes place, perhaps policy changes could be instigated to regulate or
improve regulation of these establishments. Through this study the case for a national

cerebral palsy register can be highlighted. This is standard in most developed countries in
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order to ascertain the impact of future public health and other preventative measures aimed
at reducing the frequency of brain injury. Also such a register could be used for monitoring
frequency and characteristic of children with cerebral palsy amongst the Arab population.
Whilst the scope and scale of this study is limited it may provide information for future
research. There is no known study to date that has addressed cerebral palsy including new,
population specific risk factors in Palestine.

Despite the existence of data including admission reports and medical documentation there
has yet to be any interpretation or analysis into the risk factors leading to cerebral palsy in
Palestine. From the numbers of children who attend The Princess Basma Centre for the

Disabled it is apparent this is a condition of public health concern.

1.8 Explanation of structure.

The first chapter presents the background for the study. This chapter includes the
justification for the research, the problem statement together with the principal objective
and study questions to be answered. The significance of the study and the expected
outcomes will be given.

The second chapter is the literature review; this will include the history of cerebral palsy,
definitions of the condition, epidemiology, diagnosis and clinical features. The main body
of this chapter will present the risk factors for cerebral palsy.

The third chapter will detail the conceptual framework in diagrammatic form with a
discussion.

The fourth chapter will present the methods used, the study design, sampling, research
tools and ethical considerations.

The remaining chapters will present research findings, analysis and discussion of the

results, concluding with recommendations.



2) Chapter Two- Literature Review.

This literature review will first examine the history of the identification of cerebral palsy.
Leading on from this modern definitions of the condition will be presented. The
epidemiology and risk factors found in the literature and their inclusion in this study will

be discussed.

2.1 History.

Cerebral Palsy was first reported in 1862 and known as Little’s disease, after the doctor
who first described and documented cases (Nelson 2008). The cause of Little’s disecase was
thought connected solely with birth. Freud’s view was that intrauterine development
abnormalities were responsible; it was decades before his views were given credence
(Reddihough and Collins 2003). For the next hundred years the idea related to Little’s
beliefs were held, that most cases of cerebral palsy were due to asphyxia in labor or in the
perinatal period. The rates of cerebral palsy were seen as outcome measures of obstetrics
practice and neo-natal care. It was therefore thought that improved medical management
would prevent cerebral palsy. However despite improvement in care and new equipment
such as, fetal monitoring and caesarian sections the cerebral palsy rate remained constant.
Only the number of still births and the neo-natal death rate declined. It was a ground
breaking study in 1955 by obstetricians (Eastman and Delon 2008) who presented one of
the first controlled studies of factors involved in cerebral palsy. They found that the
majority of cerebral palsy arose in infants born at term. That hypoxia due to placental
abruption, a birth trauma was indeed more common in children with cerebral palsy but did
not contribute a major proportion of cerebral palsy cases. They noted that half of the term
infants who went on to develop cerebral palsy were in good condition in the delivery room,
with none of the findings usually taken to indicate asphyxia. They identified factors which
led them to believe other causes were in existence, for example babies born to women who
were febrile in labor had a seven times greater chance of cerebral palsy than women who
were not febrile. The results of their observations stimulated research which had been
lacking and made it apparent that birth injury or birth asphyxia accounted for only a small
minority of cerebral palsy cases.

The past twenty years has seen a change from a wait and see attitude, deferring a definitive

diagnosis and therefore the start of treatment until the child had reached three or four years.
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Now the opposite is believed and accepted, that early therapeutic intervention takes
advantage of the plasticity of the developing nervous system. Accurate prediction of
outcome can not only aid prevention but the timely provision of appropriate services and
stop the loss of time in the early months/ years when therapy can be most effective. At
present the decision to treat or not depends on case history and early neo-natal findings.
Risk factors play an important part in that history (Keogh and Badawi 2006).

Coming up to date the goal of management of cerebral palsy is not to cure or to achieve
normalcy but to increase functionality, improve capabilities and sustain health in areas of;

locomotion, cognitive development, social interaction and independence.

2.2 Definition

Cerebral palsy is one of the major causes of chronic disability of the central nervous
system. The National Institute of health defines cerebral palsy as a non-progressive motor
disorder of early infant onset, involving one or more limb with resulting muscular
spasticity or paralysis (Krigger 2006).

An additional definition describes cerebral palsy as non-progressive motor disorders of
movement and posture due to deficit or lesions of the developing brain (Sundrum.S. et al
2005). The disorder can manifest as global mental and/or physical dysfunction or isolated
disturbances in gait, cognition, growth or sensation. Complications of cerebral palsy
include spasticity, contractures, feeding difficulties [choking, long feeding time, non-oral
feeding], weight [under nourished, overweight, obese], drooling, communication problems,
visual and hearing problems, osteopenia, osteoporosis, chronic pain, epilepsy, vomiting,
incontinence and constipation. Further mortality and morbidity from ischemic heart
disease, cerebrovascular disease, cancer and trauma are higher in people with cerebral

palsy than in the general population (Shankaran 2008).

2.3 Diagnosis.

In clinical practice cerebral palsy is diagnosed based on observations or parental reports
that the child has failed to reach major motor milestones- sitting, pulling to stand, or
walking for examples. Posture is evaluated along with deep tendon reflexes and muscle
tone. Infants with perceived neurological abnormalities are observed in the early months of

life and motor impairments may or may not be resolved during the first or second year. As
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neurological abnormalities maybe transient definitive diagnosis is based on repeated

examination (Reddihough and Collins 2003).

2.4 Clinical features and distribution.

2.4.1 Types of motor dysfunction- Tone.

Cerebral palsy manifests in a number of physical pattern, the first is spasticity. Affected
limbs show increased deep tendon reflexes, tremors, muscular hyper tonicity, weakness
and scissor gait with toe walking. The athetoid or dyskinetic type of cerebral palsy is
characterized by slow, writhing movements of the hands, feet, arms or legs exacerbated if
the person is under stress and absent during sleep. It usually manifests as bizarre patters of
muscular activities. The rarest form, ataxic cerebral palsy is characterized by balance and
co-ordination impairment. The person walks with a wide based gait and has tremors which
complicate normal daily function. Usually ataxia is generalized but may be confined to one
side of the body or one extremity. Tone in individuals with cerebral palsy can be further
characterized by chorea which is faster than athetosis and is typically seen in the trunk and
large muscles of the extremities. The motion is jerky, random and complex. The
involuntary movement is often incorporated into voluntary motion. Ballismus is also
characterized by fast and forceful movements, typically the shoulder but may also include
the hips. Ballismus may occur with athetoid and choreiform movements. Finally tone
maybe characterized by hypotonic movements. This type of motor dysfunction is
characterized by lack of normal muscle tone or tension with muscle flaccidity or weakness

(Case-Smith. et al 1996).

2.4.2 Distribution/location of motor dysfunction.

The distribution of limb involvement can be classified in traditional terms and includes
monoplegia, which involves weakness or paralysis of a single extremity. The location can
be hemiplegic, involving both upper and lower extremities on one side. Diplegia is defined
as one area more involved than the other, for examples both upper extremities, and/or both
lower extremities. Triplegia is where three extremities are involved, and quadriplegia

involves all four extremities (Nelson 2008).



2.4.3 Condition impact.

This can be defined as mild, moderate, severe, and profound. Mild means that due to the
condition the individual will require some intervention but activities are not limited.
Moderate means that the condition does have an impact on activities and the individual is
limited by this. Severe means the condition has a major impact on activities in terms of
limitation and precluding. For profound the individual is dependent in all areas and
activities (Case-Smith. et al 1996).

In diagnosis the tone, location and condition are used in combination, for examples
moderate spastic diaplegia which is bilateral spasticity with leg involvement greater than
arm. Another example could be mild spastic hemiplegia which is unilateral spasticity not
limiting the individual’s activities. Research has begun to connect risk factors with
resulting pattern and distribution; results have been inconclusive for most but the strongest

known risk factors (Nelson 2008).

2.5 Epidemiology.

In developed countries the rate is stable; however there is an increase in the survival of pre-
term infants. This coupled with the increase in longevity of those with cerebral palsy has
resulted in an increase in the overall prevalence. Cerebral palsy is considered the most
common infant disability, but despite this it is also rare with the incident put at 2/1000 live
births (Noetzelm 2006). Statistics from the U.S.A. reveal 8, 000 infants diagnosed annually
with an additional 1200-1500 pre-schoolers. At present it is calculated there are 764,000
children and adults with cerebral palsy (Nelson. 2008). There are no extensive population
based birth prevalence studies of cerebral palsy in developing countries. Prevalence in a
Turkish study has been estimated using a house to house survey at 5.6 per 1000 in children
below the age of six (Okranetal 1995), and for rural Kashmir as 1.46 per1000 children
below 14 years old, (Razdan et al 1994). One small scale prevalence study conducted in
Turkey found a 1.1 cases of cerebral palsy per 1000. This low figure was found due to
insufficient neonatal care resulting in low survival in preterm and low birth weight children
and poor postnatal care of children with cerebral palsy (Ozturk et al 2007). Another
Egyptian study based on a small door to door survey in El-Kharga found a prevalence rate
of 2.04/1000 with the main cause being hypoxia (El-Tallaway et al 2011). According to

Duggan and Ogala, most of the population estimates for developing countries are well
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above developed. Further cases are more severe with more cases due to lack of oxygen and
kenicterus (Duggan and Ogala, 1982). Finally a small community based study in Saudi
Arabia found 6.85 per 1000 for neurological disorders of which cerebral palsy was

included (Al-Salloun et al 2011).

2.6 Risk Factors.

Risk factors identified from the literature will now be discussed — hypoxia, premature
birth, inflammation and infection, stroke, multiple gestation, low birth weight, medical
mismanagement, family member disabled, socio-economic status, trauma, jaundice,
congenital anomalies and thrombophilia (Adding et al 2006, Cohen et al 1982, Eastman
1955, Krigger 2006, Laisram 1992) Of importance to this research and fitting in with the
culture of Palestine consanguineous marriage, whether the mother went for pre-natal
check-ups and the type of delivery facility will be discussed. The timing of cerebral palsy
can be categorized into pre-natal, perinatal or post natal (Reddihough and Collins2006)
some of the factors can also overlap and be involved in more than one category (
Reddihough and Collins 2006). It is believed that the above mentioned risk factors alone or
in combination may result in cerebral palsy. One theory is that cerebral palsy may be the
result of a sequence of events, a causal pathway which culminates in disease (Blair1996).
Some of these factors can be further separated into infants of all gestations, whilst others
are only associated with either full term or premature infants (Nelson 1999). The nature of
the condition under research as a new area means many concepts are included in the

literature review.

2.6.1 Hypoxia

This risk factor is perhaps the only one that can be considered causal. It has been
demonstrated repeatedly in controlled population based studies that birth hypoxia equals
cerebral palsy (Odding et al, 2006). However it has also been recognized that interruption
of the oxygen supply to the fetus does not account for most cerebral palsy. In one
population study for example only six percent of children with cerebral palsy had had a
recognized complication capable of interrupting oxygen supply to the fetus (O’Shea 2008].
Here hypoxia in this study can also be perinatal/postnatal where insufficient oxygen to the

brain due to breathing problems or poor blood flow in the brain. The lack of oxygen acts as



a trigger for the uncontrolled release of excitatory neurotransmitters. Cell damage is
enhanced by the production of free radicals and nitric oxide that attack the structural
components of the neurons which results in periventricular encephalomalacia [PVL],
damage to the brain tissue located around the ventricles. The resulting encephalopathy can
be mild, moderate or severe, statistics show that 16-20% of children with cerebral palsy
have hypoxic-ischemic brain injury, from these 15-20% will die (O’Shea 2008). Neonates
with mild encephopathy do not have an increased risk of motor or cognitive deficits.
Neonates with severe encephalopathy have an increased risk of death and an increased risk
of cerebral palsy and mental retardation amongst survivors. Neonates with moderate
encephalopathy have significant deficits, memory impairment, visual motor or visual
perceptive dysfunction, increasing hyperactivity and delayed school readiness. There is no
clear diagnostic test for hypoxia, other etiologies are excluded and a delayed cry or a baby
born blue and flaccid. (Page 1986). Not all hypoxia cases are of acute origin, so optimal
obstetrical care may not prevent all of the hypoxia causing cerebral palsy, but optimal care
in performing the necessary interventions at the appropriate time can indeed reduce the
incidence of cerebral palsy (Page 1986) Permanent motor deficits can be caused by
hypoxia if the hypoxia is severe and prolonged, it can also occur at different times during

gestation (Blair 1996).

2.6.2 Pre-term newborns/ low gestational age <37 weeks.

Much of the literature on cerebral palsy examines pre-term newborns, which account for an
estimated ten to twelve percent of all live newborns in developed countries, and represent a
high risk population for brain damage (Nelson and Grether 1999). Co-morbidity for mental
retardation is present in eighty-two percent of pre-term children with quadriplegia, forty-
four percent with diaplagia. Also pre-terms without cerebral palsy and/or mental
retardation show a lower [.Q. score at school age compared to their full term peers.
Learning disabilities are considered common in the pre-term population who are three to
five times more likely to be affected by reading, spelling, and math and writing disorders.
Pre-term children are more likely to be hyperactive and inattentive than their term school
peers (Suvanand et al 1997). The most common type of pre-term damage is
periventricular leukomalacia and intraventricular hemorrhage [IVH] (Curatolo et al
1999).Whether brain damage in pre-term newborns is part of a series of developmentally

adverse events leading to pre-term labor, or as a result of organ immaturity is unclear
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(Odding et al 2006). The cerebral palsy that arises in pre-term infants is commonly spastic
diaplegia. Birth too early in gestation is evidently a very important risk factor and
highlights the need for interventions which either prolong gestation or decrease the risk of
pre-term delivery thus decreasing the risk of cerebral palsy. In addition there is the
question of whether post 40 weeks gestation time before delivery is a factor so this will
also be incorporated in operationalzing this particular variable even though it is a factor
that has not received much attention in the literature published to date (Moster et al 2010).

Relevant to this study one Turkish study found low birth weight to be a top risk factor
along with pre-term birth and hypoxia (Erkin et al 2011). Also from research in Turkey, a
retrospective case-control study of 101 cerebral palsy children low birth weight was the

only significant factor ( Matin 2006).

2.6.3 Infection and inflammation.

Other brain damage routes are what the literature refers to as the inflammation pathway
(Noetzel 2006). There is a large body of experimental evidence which indicates that pre-
term labor in the setting of intrauterine infection is triggered by an uncontrolled maternal-
fetal inflammatory reaction to the presence of invading micro-organisms. Research has
demonstrated an increased rate of pre-term birth after chorioamnionitus, also in full term
infants where the relative risk has also been proven. For pre-term this infection is
considered the most important factor (Blair 1996) it is believed that an infection results in
the release of large amounts of cytokines which lead to early labor, they act as
inflammatory mediators and take part in the brain damage of pre-term newborns. High
levels of pro-inflammatory cytokines in umbilical blood have been associated with an
increased risk of developing cerebral palsy; this has also been confirmed in term infants.
Cytokines are essential in all stages of nervous system development. (Kraus.1999). Nelson
et al reported a relative risk ranging from 6.6 -30.5 for different types of newborn
infections (Nelson and Grether.1999). Also one study from India reported encephalitis and
tubercular meningitis as possible etiological factors (Odding et al 2006). A final study for
use as an example examined the role of neonatal infection in 6903 children between 1993-
2001. Nearly 2/3 had acquired infections in the newborn period, and of these over forty
percent developed a brain injury resulting in cerebral palsy, or cognitive impairment or
both. Cerebral palsy was found in sixteen percent of children, who had neonatal infection

compared with eight percent in the absence of infection (Nelson 2008).
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Other studies in the literature reveal a link between cerebral palsy and maternal infection
and inflammation during labor. One study (Nelson and Grether 1998) reported that women
who were febrile in labor had babies with seven times the rate of cerebral palsy as women
who were not febrile during labor; further women who were febrile with urinary tract
infections had infants whose intelligence was lower, even after adjustment for socio-
economic factors. In addition examinations of the placenta found that moderate or severe
inflammatory infiltrates in the umbilical cord were associated with heightened risk of
cerebral palsy in both term and pre-term infants (Baptiste-Roberts et al 2008). This same
study found the administration of antibiotics prior to delivery was not associated with the
risk of cerebral palsy. In a population study in northern California evidence of maternal
infection or fever during admission for delivery was associated with risk of cerebral palsy
in infants of normal birth weight and associated with admission to neonatal intensive care
unit for seizures, and meconium aspiration (Eastman 1955). Other studies concur regarding
term and near term infants in finding an association of maternal infection or fever with low
Apgar score, neonatal encephalopathy, seizures and cerebral palsy risk. (Nelson and
Grether 1998). To date there has been little systematic study of infections or inflammatory
maternal conditions that occur in pregnancy before admission for delivery as risk factors
for cerebral palsy. Inflammation can to some extent co-exist with the next risk factor to be
discussed, stroke. It is believed that cytokines could cause a blood flow restriction in
cerebral areas with an immuno-induced mechanism. This reduction in blood flow may

eventually cause ischemia (Nelson and Ellenberg 1981).

2.6.4 Ischemia.

Prenatal stroke, defined as a cerebovascular event occurring during fetal or neonatal life
during the twenty eight days after birth (Nelson and Grether 1999). Arterial ischemic
stroke in the perinatal period has been recognized as a major cause of cerebral palsy only
in recent years. Advances in technology with the advent of computer tomography and
magnetic resonance imaging have been applied with increasing frequency to infants and
children. A stroke diagnosis cannot be confirmed without such imaging procedures as the
clinical signs are variable and often non-specific. In a study in which magnetic resonance
was employed unilateral strokes were identified in 1:2300 term infants in the nursery
period (Keogh and Badawi 2006). Newborn infants with stroke seldom display

asymmetrical movement or strength as would be expected. The most common reason
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leading to a stroke diagnoses are seizures. Some infants who appear without disability at
birth maybe diagnosed in later months or years when the child fails to meet developmental
milestones, or is able to reach with one hand but not the other-indicating hemiparisis.
Retrospective diagnosis depends on neuro-imaging, there has been no test of consensus in
reading films, this needs to be borne in mind for validity purposes when reviewing
research. (Bax 2006)

Stroke is more common in the perinatal period than during any other time of childhood or
until later life. Thromboses at other sites are also relatively common in the period
surrounding birth. It is believed unlikely that maternal pregnancy related stroke is most
common in the few days immediately before or after birth, a period when coagulation
status is altered in both mother and baby. Prime parity, pre-eclampsia and a history of
fertility treatment have been presented as associations for stroke (Suvannand et al 1997).
Retrospective observational study on maternal or family history of thrombophilic disease,
advancing maternal age, obesity, surgery, dehydration or shock and prolonged bed rest are
risk factors for thrombosis (Nelson et al. 2002). Infection and inflammation are important
triggers of thrombosis, pre-eclampsia and are maternal risk factors for stroke in the infant

(Bax 2006).

2.6.5 Multiple gestations.

Multiple gestations are increasing because of personal and medical decisions. Therefore
the increased risk of cerebral palsy in multiple births is of concern with increased fertility
interventions. For twins the risk of developing cerebral palsy is given as 4.8 times more
likely than singletons. Death of a co-twin increased the risk by a factor of six compared
with when both twins were live born. Twins were more likely to develop spastic
quadriplegia while singletons were more likely to develop dyskinetic or ataxic cerebral
palsy (Petterson et al 1993). Another study re-in forces the increased risk, with 8%
incidence of cerebral palsy in singletons, and 9% in twins born at thirty-two weeks or less.
Many variables were considered in the analysis in the study, birth sequence, and mode of
delivery, presentation, size, and size discrepancy. The evidence suggests that two factors
are predominant in contributing to cerebral palsy risk in multiple gestation; the tendency of
twins and higher order multiple births to be born premature and the death of one infant. In
one study which included a million births the highest rates of cerebral palsy were in

surviving twins whose co-twin was still born, 4.5% died soon after birth, 11.8% had
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cerebral palsy. Cerebral palsy risk after the death of a co-twin was similar for same sex,
and for different sex pairs. The reason for the high risk is due to conjoined circulations in
the placenta. The death of one twin is followed by vascular collapse in the survivor. If this
happens early in gestation, congenital abnormalities can be the result in the survivor. There
may be other mechanisms of brain injury in the survivor of a co-twin death, in addition
anything that harms one infant lethally might harm the other sub lethally (Nelson and
Grether 1999). The ‘vanishing’ twin is fairly common in early pregnancy, some children
who were twins early in gestation maybe born as singletons and bear the consequence of
co-twin loss. In one study triplet pregnancies produced a child with cerebral palsy forty-
seven times more often than singleton (Nelson et al 2002). Another study notes the
considerable increase in multiple gestations. The average five yearly increase was 3.9% in
twins and 67% for triplets (Nelson and Grether 1998). This has contributed to a significant
annual increase in the proportion of multiple births associated with cerebral palsy cases.
Rates of multiple births are rising not only because of the increased use of treatments for
infertility but also due to the rise in births to older women. This study calls for the limiting

of number of embryos transferred in vitro fertilization (Nelson and Grether 1998).

2.6.6 Birth weight

Babies who are small for their dates at birth have been found to be at risk for cerebral palsy
(Bax et al 2006). In this particular study low birth weight is stated as the second highest
risk factor. Also babies who are large for their dates are at increased risk. It is apparent that
heightened risk is associated with growth abnormalities at both ends of the scale. Many
factors can influence birth size- chromosomal abnormalities, infections [toxoplasmosis,
rubella, cytomegalovirus, herpes virus, malaria and H.I.V.], pre-eclampsia, systematic
maternal vascular disease or thrombophilia. For larger than normal size the excess risk
maybe due to the problems associated with delivering large babies. Additionally a classic
risk factor for large babies is maternal diabetes (Bax et al 2006). Another example of how
many of these risk factors are interwoven is that excessively small/large babies are at
higher risk for perinatal stroke than infants near the mean weight for dates (Kraus 1999)
Low birth weight can bring with it many problems; cardio-vascular, respiratory
complications mean prolonged ventilation, sepsis, and seizures for examples (Nelson and

Grether 1997).
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2.6.7 Low Apgar score

Many of the studies revealed an association between low Apgar scores and cerebral palsy.
An Apgar score of 0-3 at five minutes gave an 81 fold increased risk of cerebral palsy
(Cohen et al 1982). However whilst this is noteworthy such studies highlight signs not risk

factors.

2.6.8 Medical management.

Whilst it is now recognized that quality of care during pregnancy is not solely the causative
factor of cerebral palsy research can be found that that still sees this as a valid risk factor.
One study (Sundrum et al 2005) investigated the relationship between quality of obstetrical
care in the management of fetal distress and cerebral palsy. The conclusion was that if
intrapartum fetal distress could be completely eliminated the incidence of cerebral palsy
might be lowered by sixteen percent. Yehezkely-Schildkraut et al reported an incidence of
seven percent of cerebral palsy in fetuses with signs of fetal distress who received sub-
optimal care (Yehezkely-Schildkraut 2005). Clinical management and medical facilities
are critical in dealing with and preventing complications (Giles 1996). Another study
investigating obstetric mishaps maintains only a small number of mishaps may occur
leading to cerebral palsy. In their work 26% of mothers with cerebral palsy children had
caesarean deliveries, indicating the obstetrician was well aware that the infant was in
difficulties. Although a proportion of these may have had difficulties due to inattention,
many would not. They therefore deduce obstetrician malpractice is low. (Suvanand et al

1997)

2.6.9 Location of delivery.

In the West Bank the existence of small private maternity homes is a recent and growing
phenomenon. There are thirty-seven such homes and many have grown as a response to
difficulties in gaining access to hospitals due to occupation. Ministry of Health hospitals
were seen as dirty, overcrowded and under-resourced (Wick 2006). There is no known
regulatory body to oversee standards; quality and dictate what provisions should be
available. There are no known facts or figures relating to Palestine; however reports by
rehabilitation professional at Princess Basma state there is a disproportionate amount of

cerebral palsy from private nursing homes. This research sought to calculate the number of
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cases of cerebral palsy to see if this is in fact the case and further research warranted: is

lack of medical care at these private facilities leading to higher rates of cerebral palsy?

2.6.10 Inter-marriage.

Concerning consanguineous marriage which is common in Palestine no local and few
international studies were found. One study based on Turkish children with cerebral palsy
found consanguineous marriage to be a top risk factor (Delialioglu et al 2008). This
research will be the first to investigate this in Palestine. Another Swedish study based on a
cerebral palsy data base also reported inter-marriage as a factor. This same study
(Thorngen-Jerneck 2008) also examined a number of maternal and pregnancy related
conditions that are risk factors for cerebral palsy and concluded that a strong contribution
of multiplicity of risk factors to cerebral palsy etiology means that a linear casual chain is
often not evident. A more recent study from Jordan examined global developmental delay
and included cerebral palsy under this definition, consanguinity was found to be a major

factor (Masri et al 2011).

2.6.11 Socio-economic Status.

Three studies were reviewed which found a relationship between cerebral palsy and socio-
economic status. This was only partially accounted for by known social gradients in birth
weight and gestational age. Increased odds ratio’s were observed not only for the most
deprived groups but in all groups when compared with the least deprived group, 31-51% of
cases of cerebral palsy can be attributed to socio-economic inequality (Odding 2006). In
another study social factors were found to be of importance in developmental outcome.
General cognitive ability, verbal, and language skills in particular tend to correlate more
closely with the responsiveness of the caretaker, whereas gross motor and perceptual motor
performances are correlated more closely with adverse perinatal history (Sundrum et al
2005). A statistically significant linear association was observed between the risk of
cerebral palsy and social economic status, in relatively affluent areas of the U.K. The
percentage of cerebral palsy attributed to social inequality was estimated by comparing the
overall population risk of cerebral palsy with the risk that would have been found if the
risk in the least disadvantaged groups applied to the whole population. The increased odds

ratio was observed not only in the most deprived groups but in all groups compared to the
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least deprived group. Father’s occupation was used to define social economic status

(Odding 2006).

2.6.12 Congenital anomalies.

It has been consistently observed that children with cerebral palsy have more congenital
abnormalities than children without cerebral palsy (Reddihough and Collins 2003). As
such it is a risk factor contributing to cerebral palsy. Recent studies linking population
based registries for cerebral palsy and for congenital malformations re-enforce previous
observations noting congenital malformations of head, clefts of lips and palate. This is
because children with anomalies outside the central nervous system also have congenital
brain malformations. Modern imaging techniques enable more children with this condition
to be identified and therefore knowledge about the cortical dysplasias of which some have

a genetic base is increasing rapidly (Pharoah 2007).

2.6.13 Thrombophilia.

A clotting disorder, thrombophilia can be inherited or acquired, the impact on the fetus is
via placenta vascular injury and clotting in the fetal vessels (Hemminiki et al 2007). This
can be compared to a stroke and perinatally acquired can occur in 1: 4000 pregnancies and
underlies a significant proportion of hemiplegic cerebral palsy, some spastic quadriplegia
and neo-natal seizures. It is believed that thrombophilia has an accumulative effect and is
part of a causal sequence, leading as an example to perinatal stroke. One study on an Arab
population in Israel found a significant level of factor V Leiden mutation, a common cause

of hereditary thrombophilia and cerebral palsy (Y ehezkely-Schildkraut 2005).

2.6.14 Trauma.

One result of trauma found in the literature is neonatal encephalopathy which is a
syndrome of disturbed neurological functions referred to earlier characterized by difficulty
in initiating and maintain respiration, depressed tone, reflexes, subnormal levels of
consciousness and seizures. The trauma that is responsible for this syndrome are uterine
rupture, cord prolapse or major placenta abruptions, placenta embolism, and reduced
placenta blood flow This is however a highly under researched area but a risk factor with

cerebral palsy is suggested (Giles et al 1996). Another area where trauma can be sustained
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is in instrument assisted delivery. The incident of cerebral palsy increases sharply in cases
of instrument assisted delivery or in abnormal presentation. Over the last twenty years this
has reduced along with the reduction in the use of forceps and vacuum delivery which are

thought to result in subdural hemorrhage (Cohen et al 1982).

2.6.15 Jaundice, kernicterus.

Neonatal jaundice is another suggested risk factor. If jaundice is not treated early the
newborn will suffer brain damage due to high levels of billarubin in the blood. Billarubin
easily passes through the blood brain barrier and causes neurotoxicity. Treatment is by way
of phototherapy or exchange transfusion, when levels are detected via blood tests that the
levels in the blood could cause damage. Results from one study place neonatal jaundice
fourth in their analysis of significant factors (Reid et al 2006). The need for early
intervention is well known in the neo-natal period so that the exposure time of the
developing brain to this adverse factor can be reduced. Many studies were found
concerning jaundice, one Dutch study found striking results (Van de Bor 1989). From their
study it was found that the risk of disability increased 30% for each 50 mmol/l [209mg/dl]
increase of maximal serum total of billirubin concentration, this suggests a casual neuro-
developmental outcome. Another study sees jaundice as a re-emerging threat in the U.S.A.,
early hospital discharge before the extent of jaundice is known and signs of brain damage
have appeared are believed responsible. Other reasons proffered are, a lack of adequate
concern for the risks of severe jaundice in healthy or term infants, medical cost constraints
and limitations within health care systems to monitor outpatient jaundice (Bhutani and

Johnson 2003).

2.6.16 Parental Age

Parent’s age has also been found to be of significance, rates of cerebral palsy are higher for
mothers over forty years of age, likewise under twenty one years. Parental age is also
significant for post natal cerebral palsy with mothers aged less than twenty one at delivery,
mainly for non-accidental head injuries. For fathers a parental age of below twenty one is

significant (Fletcher and Foley 1993).
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2.6.17 Familial Risk

A final suggested variable is familial risk, which whilst un-common has been found to be
significant. One study puts the figures at 1.6% of all cerebral palsy cases, however for
parents who had one affected child the risk of recurrence in another child was considerably
increased. Parents of one affected child had a 4.8 fold risk of having a second affected
child. Where the siblings were twins, the risk was 29-fold. Familial risk was found to be
high within certain groups for examples; 17-25 in singletons and 37-155 in twins,
including hemiplegia, diaplegia and quadriplegia. The researchers argue that this high
familiar risk is hard to explain without the contribution of heritable factors. (Hemminiki et

al 2007)

2.6.18 Lack of medical Care in Pregnancy.

A new risk factor introduced in this study and proffered by Princess Basma’s rehabilitation
doctor (personal communication 2010). Is lack of medical care during pregnancy resulting
in higher cerebral palsy cases? It is related to Palestine which does not have a national
health system so attendance for pre-natal checks depends on the individual. Therefore there

is no literature available.

2.6.19 Post- natal acquired cerebral palsy.

Postnatal acquired cerebral palsy is believed to be of particular importance to developed
countries (Groholt 1995). The main causes of which being meningitis, motor vehicle
accidents, and septicemia. It should be noted that this acquired cerebral palsy later in
childhood is unconnected to events before the child was born or during the birth process. It
is the easiest to isolate causes, as opposed to risk factors and is therefore outside the scope

of this research.

2.7 Developed and developing countries.

Social and medical practices may affect rates and profiles of etiologies in developing
countries when compared with developed countries. As most of the existing research was
conducted in developed countries this remains very much a concept since there are no

population based birth prevalence data from developing countries. Most developing
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countries such as Palestine do not have cerebral palsy registers. It can be hypothesized that
many more cases die, or are more moderate to severe. Even international comparisons
between developed countries are problematic due to differences in criteria. For developing
countries which may have unique factors it is important that suspected causes are recorded
in detail even if numbers are small and therefore of parochial interest.

The limited data that does exist suggests differences, for example research in Africa
(Duggan and Ogala 1982) place febrile convulsions due to malaria as an important risk
factor. Research in India (Laisram et al 1992) report cerebral infections [cause not
specified] as a primary risk factor. In developed countries there are also differences, for
example Sweden has the lowest number of post-natally acquired cerebral palsy, [Hagberg
et al 1996]. In other countries such as Saudi Arabia [Taha and Mahadi 1984] post-natally
acquired cerebral palsy is stressed due to high numbers of home accidents, measles and
respiratory tract infections. Although post natal cerebral palsy is not included in this
research such studies collaborate the concept that there may be difference between

countries and populations within countries.

2.8 Conclusion.

From the literature review potential variables to be included in this study have been
identified. It is also important to note that even if a child does have a risk factor it does not
mean that the child will definitely have cerebral palsy. It means that the chance of a child
getting cerebral palsy is increased. Factors identified can be pre-natal, perinatal and post-
natal. Pre-natal can include stroke, death of a twin, maternal infection and inflammation,
trauma and congenital anomalies. Perinatal can include jaundice, problems associated with
size and/or delivery. Finally post natal, acquired infections, and accidents form the main
factors for cerebral palsy. From the review it is evident that there has been a change in
thinking from simplistic theories about one single cause per child to the realization that it
may be a ‘cascade of contributing events’ (Groholt 1995). It has also shown that there is a
need for more studies which explore observable differences between the maternal, birth,
prenatal and perinatal histories of babies. It is only through such research that preventative

strategies maybe feasible.
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3. Chapter Three — Conceptual Framework.

3.1 Definitions utilized.

Cerebral Palsy; Motor impairment due to brain injury (Tapers 1971).

Hypoxia; Deficiency in the amount of oxygen reaching body tissue (Tapers 1971).

Preterm birth; A baby of less than 37 weeks of gestational age (Nelson 2011).

Gestational age; The age of a newborn, expressed in weeks dating from the first day of the

mother’s menstrual period (Nelson 2011).

Multiple births; Where one or more fetus is carried to term in a single pregnancy (Nelson
2011).

Low birth weight; A baby less than 2500g in weight (Nelson 2011).

Paternal age:; On the birth of the child more than forty years or less than twenty one years

(authors own).

Maternal age; On the birth of the child more than forty years or less than twenty one years

(authors own).

Jaundice; Hyperbilrubinemia in the blood (Tapers 1971).

Infection; Invasion and multiplication of pathogenic micro-organisms in a bodily part or

tissue which may produce/ progress to disease (Tapers 1971).

Congenital abnormalities; A condition which is present at the time of birth and varies from

the standard presentation (Tapers 1971).

Thrombophilia; The propensity to develop thrombosis due to an abnormality in the system
of coagulation (Tapers 1971).
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Trauma; Serious/ critical bodily injury or shock (Tapers 1971).

Ischemia; A restriction in blood supply with resultant damage or tissue dysfunction (Tapers
1971).
Apgar score; Heart rate, breathing, muscle tone, reflexes and skin tone measured

periodically after birth (Tapers 1971).

Social economic status; An individuals or groups position within a hierarchical social

structure ( Authors own).

Consanguineous marriage; A union between two people genetically related (Tapers 1971).

Ministry of Health hospital; Health services operated under the Palestinian national

Authority (authors own).

Private maternity home; An institution/ hospital operated outside the confines of the state/

government system (authors own)

3.2 Introduction.

The conceptual framework is interwoven in the study objectives, hypothesis and expected
results. There are differences in etiology between developed and developing countries, that
there are population specific factors which produce unique risk. This study introduces three
new un-assessed risk factors under this conceptual framework; consanguineous marriage,
lack of medical care in pregnancy and location of delivery. Therefore an adapted model

based on existing concept headings was devised (Al-Sharif 2010).

3.3 Difference in risk factors due to specific population differences.

Research is also limited concerning population differences but enough to offer this idea as
a concept. In studies of mixed racial groups it has been found that the rate of cerebral palsy

in the black population is 1.6 times that of whites (Murphy et al 1993). Further in Australia

aboriginal rates are six times those of caucasians (Blair and Stanley 1982).
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Differences between developed and developing countries and population specific factors
form part of the conceptual framework. Additionally from the literature review research
has sought to identify causes from single factors, strong, un-confounded associations. The
example of this type of direct cause has been given-hypoxia. The concept in this study is to
identify the significance of less dramatic factors. The importance of this can be given in the
possibility of prevention. Earlier factors may increase the chances of later factors, for
example if pre-term birth pre-disposes babies to cerebral palsy additional exposure to the
environment when they are not ready could lead to cerebral palsy. Pre-term is not enough,
as many pre-term babies do not have cerebral palsy. Therefore in the analysis all variables

will be regressed simultaneously, also a stepwise model will present etiology for Palestine.

3.4 Development of The conceptual framework diagram.

There are no known conceptual framework models for cerebral palsy which include wider
societal issues. From the literature review studies measure single quantifiable risk factors.
This study seeks to do this as well but in recognizing that population specific factors may
be of importance the unique background to these factors also requires recognition. With no
existing models in order to present the study in diagrammatic form an adapted model was
used. Two headings were used — service factors and socio-culture-economic from a lecture
on research methodology (Al-Sharif 2010). Other headings and design were added by the
researcher- political and medical treatment. Study factors were then organized into
categories and a conceptual framework for cerebral palsy suggested. The concept that there
is a difference between developed and developing countries and that there are population

specific factors necessitated the development of a model.

3.5 Explanation of the conceptual framework diagram.

The risk factors may be put under four headings; service factors, medical/ treatment
factors, political and socio-cultural economic factors which all are relevant in terms of
background. Many of the issues forming the bigger picture are outside the scope of this
study. They do however need to be borne in mind and influence the risk factors under
study. In this sense the conceptual framework can be said to be ecological, this is
illustrated below in fig 3-1, showing the conceptual framework for cerebral palsy. Factors

of concern to the study are depicted in figure 3-2.
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Figure 3-1: Theoretical model for cerebral palsy.
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Figure 3-2: Study conceptual framework for cerebral palsy.
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3.6 Conclusion.

As societies change and develop causes may change and diversify rather than disappear
entirely. Perhaps infection as a risk will reduce as medical services improve; this may also
apply to hypoxia. Population factors may grow in importance, for Palestine may be
consanguinity will increase. The unique situation of the Palestinians may lead to unique

risk factors. This framework will be used to assess the risk factors for cerebral palsy.
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4) Chapter Four - Methodology.

4.1 Study design.

The study design is a case control study which is conducive to the study’s aims. The
aim is to study more than one possible etiologic factor; in addition the condition is
rare which also lends itself to case control. This methodology was utilized because
case control studies can be of a short duration, relatively inexpensive, of benefit when

exposure is apparently frequent and a small sample can be sufficient to gather data.
4.2 Sample Population.

For the cases the sample population is Palestinian children who have been diagnosed
with cerebral palsy and are attending The Princess Basma Centre for the Disabled
from January 19™- June 19™ 2011. For the controls; Palestinian children who were
attending outpatient clinics with a variety of diagnosis except for cerebral palsy from

July 19™- August 29" 2010.
4.3 Sample.

A unique method with similarities to random probability sampling was used to select
cases from the mothers and children who were present at the centre, a total of 107
cases were obtained. Numbers were assigned to the mothers on a weekly basis who
were then randomly selected to participate [Numbers were put into a bag]. There
were 223 controls, as cerebral palsy is a rare condition a ratio of 1:2 cases and
controls was used. The controls were selected from outpatient clinics from M.O.H.,
Azariah, Jerusalem district, UN.W.R.A. and Arab Health Care. Ramallah,-UNWRA,
M.O.H., Arab Health Care. Nablus, - UNWRA, private pediatric clinic, and M.O.H.
Tulkarim. Hebron, - M.O.H. UNWRA Bethlehem, private pediatric clinic-
Bethlehem. Every other child attending the clinic and fitting the inclusion criteria was

selected.
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The controls were from the different health care providers in Palestine, Ministry of
Health, UNWRA, and private. Controls were representative of the population in terms

of geographical area. The country was divided into central, south and northern areas.

4.3.1 Exclusion and inclusion criteria for cases and controls.

a. Any medical documentation which was absent for particular cases/controls resulted
in exclusion.

b. Before one year it is unlikely that a diagnosis of cerebral palsy can be definitive, so
cases and controls under one year of age were excluded. The age range was therefore
from one year to fifteen years old; this is the age range of children treated at The
Princess Basma Centre.

c. Cases attending The Princess Basma Centre for treatment other than cerebral palsy
were excluded.

d. For cases a doctor diagnosis of cerebral palsy, for controls, any diagnosis except
cerebral palsy.

e. For cases, every child attending the Princess Basma Centre with the primary
caregiver, for controls every child attending an outpatient clinic with their primary
caregiver.

f. Boths males and females were included in the study.

4.4 Sample size

The importance of sample size lies in the ability to make statistical inferences and
produce accurate data. Unlike other study designs sample size calculation does not
depend on incidence in case control studies. It is based on the relative risk of the
exposure and size of sample from existing published studies. This is combined with
the desired power of the statistical test.

Whilst not all risk factors were calculated examples are given below. The first being
low birth weight, as relative risk is an important component this variable was chosen
as the relative risk was lower than for other risk factors in the study. This was evident

when further sample sizes were calculated, hypoxia and infection.
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| N = (poqo * plq])(zl’% +Zl_ﬂ)2 %pl - po)2
Where:

p, =Proportion of exposure among cases

p, =Proportion of exposure among controls

q, =1- P,
4o :1_p0
a=0.05

B =0.2 — power of 80%

Low birth weight
po=0.049,  p;=0.049 X 3.4 (RR)=0.1666

N =[(0.049><(1—0.O49))+(0.1666><(1—0.1666))]><[(1.96+0.84)2]% 1666 - 0.049)

N = 105 for both cases and controls.

The numbers substituted are from Murphy 1993, for hypoxia O'Brien et al 1966 and
for infection Nelson and Grether 1998.
The sample size required for hypoxia was 25 and for infection 30.4 for both cases and

controls.

4.5 Study limitations, validity and reliability.

There is a need to be mindful of confounding difficulties as outcome is already known
which leads to questions about reliability and validity. Provision to avoid confounding
has been made in the planning stage of this research. The population is a homogenous
group; controls represented the population in terms of geographical area. However
there maybe differences between Palestinians who hold Jerusalem identification and
Palestinians who hold West bank identification. Despite representative numbers there
may be a possible bias; those with Jerusalem identification have additional access to
different medical facilities in Israel. If this is a factor in the etiology of cerebral palsy
is not known. It will also be kept in mind that education and father’s occupation
which will be used as a determinant of socio economic status are possible

confounders. In depth reading in order to identify possible confounders has also been
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completed, however the nature of observational studies makes this area problematic.
Confounding will also be addressed in the analysis with checks for co-efficient
uniformity in the regressions; where there is no evidence of confounding data will be
analyzed in its crude form leading to more precision. Risk factors will also be adjusted
for gender and gestation. In addition to confounding many issues such as exposure
specificity and recall bias become relevant. For some of the risk factors interviews
with mothers are the means of data collection, they may not have known about some
exposures. In addition misclassification bias may occur; mild cases may not be
detected and referred and so cases may have therefore been amongst the controls
having gone undetected. There is also the possibility of selection bias where again
mild cases were not referred and detected. In defense of this last point there is nothing
in the literature that says mild cases have a different set of risk factors. Mothers
themselves maybe reluctant to give away facts about the prenatal period for fear of
being blamed for the child’s condition. However many of the variables are document
medical facts, examples being birth weight, gestational age, type of delivery,
diagnosis, jaundice, multiple birth, where the child was delivered, whether incubated
and for how long. Others do not lend themselves to recall bias, for examples whether
they are related to their spouse and how close this relationship is, age etc. Care was
needed in variables where the mother was asked whether their child was one of a twin
who did not survive infection at time of delivery or during pregnancy as access to
medical records for this is not always available. In defense of this last point it should
be noted that internationally the practice of predicting long term outcomes for infants
is still more an art that a science (Groholt 1995). Another source of bias maybe in
terms of incident/prevalence bias, incident studies are deemed better on the basis that
before they become prevalent cases some additional change occurs. Perhaps this is not
applicable to cerebral palsy which is by definition a non progressive condition. Whilst
the medical records contain much information they cannot verify or rule out stroke.
The existence or not of stroke is not usually investigated in children with cerebral
palsy in Palestine unlike many other countries. Limited medical facilities may play a
part in this which means this is a limitation of this study.

Finally this research incorporates a non-standardized questionnaire as a means of data
collection and this is a weakness in terms of reliability and validity. However there is

no standardized questionnaire in existence to address the areas of study.
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4.6 Data collection methods and procedures.

Data was gathered from the centre’s admission form/medical records and combined
into a questionnaire to gather data regarding additional risk factors. Medical files
served to cross check the information obtained from the caregiver. The only medical
variables that could not be cross checked were infection during pregnancy/ delivery,
and fertility treatment; this fact will be clearly stated and taken into account when
drawing conclusions from the results.

The same questionnaire was used to gather data from the controls whose medical file
were also used to cross check the information obtained. The questionnaires were
completed by the investigator in all but twenty-four of the cases. Also present during
the interview was either an occupational therapist from Princess Basma, or nurses
from the different clinics to make sure there were no inaccuracies due to language

difficulties.

4.7 Medical Records available and content.

- A case summary written by the referring physician.

- A medical report containing many variables of importance to this study.
Contains; diagnosis, age, address, delivery details [when, where, type of
delivery, if and what trauma took place, whether incubated, for how long,
whether child was jaundiced], gestational age, birth weight, disappearing twin.

Any salient complications.

4.8 The Questionnaire.

The format of the questionnaire arose from a combination of risk factors contained on
the Princess Basma admission form/medical records and questions which arose from
the literature review. The questions directly ask about the relevant risk factor and its
applicability.

The first section is comprised of mainly demographic data, profession and education
of parents. This first section also includes the child’s diagnosis, the distribution, tone

and severity. This leads onto questions about the pregnancy and delivery before
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questions about the child. Early medical history concludes with place of delivery and
the age of the parents when the child was born [see appendix A].

The format is mixed in terms of mainly dictatonamous and option questions; the pilot
study was used to verify that the questions are clear, the duration is reasonable, and
that the questions although of a personal nature are not embarrassing. The questions
seemed to have face validity; this was judged to be the case after the pilot study. The
same judgment was made for content validity, for criterion validity, the use of medical
records has importance.

In the formulation of the questionnaire experts in the field of cerebral palsy were
consulted and asked to review the questionnaire, two specialist pediatricians. Further
the questionnaire was reviewed by two general practitioners. Discussions as to the
content and format took place prior to consultations with multi-disciplinary

professionals who work at Princess Basma.

4.9 Pilot study.

Five questionnaires were tested to check the feasibility and improve the design. As a
result the question regarding the families income was removed, there was no objective
way of verifying this. Social economic status was therefore evaluated based on
education and father’s profession. Minor modification was made to the order of
questions improving the flow of the questionnaire. The pilot also highlighted one
practical logistical difficulty namely that more time than had originally been

anticipated would be needed for the completion of the questionnaire.

4.10 Implementation and operational variables.

Risk factor variables confirmed from the centers admission form/ medical records.

1. Lack of oxygen. Yes/no

2. Low birth weight. <1500g, <2500 exact weight.

3. Premature Yes/no, Exact gestational age.

4. Type of delivery, trauma. NVSD, instrument assisted [forceps, vacuum],
Caesarian, breech birth. Reason for caesarian.

5. Jaundice. Yes/ no. Bilarubin levels if documented, length of time with

jaundice.
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6. Other family members disabled. [any physical/cognitive disability] Yes/ No.
disability to be specified.

7. Inter- marriage. Yes/no. 1¥ cousin, 2™ cousin, from the family.

8. Child incubated. Yes/no. length of time.

9. Did the Baby suffer; hemorrhage/bleeding difficulty breathing, lack of oxygen,
bilirubinemia, others to be specified.

10. Socio-economic status. Occupation of father and mother. Classified using
ISCO. [International Labor Organization, 2008]

11. Education — Classified into; Below Tawghi, Tawghi, College Diploma, and
University.

12. Disappearing twin, Yes/no

13. Multiple pregnancies, Yes/no

14. Congenital abnormalities, Yes/no

15. Place of delivery

Risk factor variables to be obtained from questionnaire- operational in the

questionnaire and not available from medical records.
1. Fertility treatment? Specify what kind.
2. Infection and inflammation, Yes/no, during pregnancy, during delivery.
3. Thrombophilia. - Clotting disorder, Yes/no.

4. Parent’s age. Specified for mother and father.

4.11 Statistical analysis.

Analysis was by SPSS19, 2010 beginning with descriptive statistics including mean,
standard deviation and t-test, univariate analysis, Chi squared test for cross tabulation,
and t-test for difference in means. Fischers exact was used for variables with small
numbers. Data was stratified and adjusted for gestational age and gender and use
made of multivariate regression models. Binary logistical regression, the main
analysis method for unmatched case control studies was central. Forced entry all
variable regression and stepwise entry was used in model building. All analysis was
conducted, two tailed with p=0.05 considered significant. [IBM SPSS version 19]

Logistic regression analysis was used to adjust for potential confounders and to

identify independent risk factors. The risk factors included were; low birth weight,
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mode of delivery, hypoxia, gestational age, jaundice, multiple birth, other disabilities
in the family, infection during pregnancy and delivery, congenital abnormality,
disappearing twin, ages of parents and socio-economic status were analyzed.
Population specific factors assessed were consanguineous marriage, whether medical
care was received during pregnancy, and location of delivery, [Ministry of Health
Hospital, private maternity home, Makassad Hospital and Hilal Hospitals.]. Each risk
factor was adjusted firstly for gestational age of less than 37 weeks and gender and
secondly for all other risk factors. Crude odds ratio’s showed significance, also with
adjustment for gestational age, and gender. With adjustment for all other variables
many of the known variables lost their significance. Specifically; caesarean, gestation,
jaundice, infection during pregnancy, infection during delivery, and place of delivery.

This was not the case with most of the population specific variables. This result is

summarized in tables 5.9 and 5.1

4.12 Ethical considerations.

As part of the research is concerned with examining numbers as they relate to the risk
factors no names or personal information is of relevance. Permission to use the
centre’s data was granted likewise permission from M.O.H., UN.W.R.A., and private
clinics were obtained. For the questionnaire a consent form was offered and mothers/
caregivers of both cases and controls were free to participate or not. Ethical

considerations were minimal.

4.13 Issues arising in the research process.

After the first ten cases it was necessary to add an additional question, the reason for
cesarean, if known. As the mothers were residential all cases were asked this question.
The qualitative variables pertaining to the mothers evaluation of hospital services was
omitted. This was because it was clear that mothers of cases blamed the medical
services for their child’s condition. Whilst in some cases this may have been valid the
fact that it could not be objectively confirmed was the reason for omission. Regarding
the question of jaundice, only where this was significant enough to be noted in the
medical records was it recorded which may mean there is the possibility of missing

data. During the research period, from January 19th—Ju1y 19th there were a total of
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thirteen case exclusions, six of the cases at Princess Basma were residential for the
treatment of autism, five were post-natally acquired cerebral palsy, and two were
diagnosed with Down’s syndrome. In addition two of the mothers left the centre early
and due to the nature of probability of the sample missed inclusion. None of the cases
refused to participate and only three controls declined.

The medical records from the M.O.H. and the UNWRA were the same forms and
contained similar information to that recorded at Princess Basma. However the private
clinics do not have such a detailed and extensive medical history. The questionnaire
was administered without cross-checking medical records. However only a small
proportion of the sample came from private clinics.

It was initially proposed that the questionnaire would be administered by the
researcher and the occupational therapists at the centre. However due to staff
shortages this soon became impracticable, all 330 interviews except for 24 were

conducted by the researcher

4.14 Conclusion.

Work completed in preparation for this research highlighted the need for more studies
on the risk factors for cerebral palsy, especially in developing countries. The need to
incorporate specific population factors as important risk factors was also evident. It is
thought a case control methodology was fitting for the research question. The

extensive planning meant that the research progressed smoothly and on schedule.
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5) Chapter Five: Results.

5.1 Introduction.

In this chapter the socio-demographic characteristics of the study population will be
presented. Birth characteristic of the sample are given before bi-variate analysis for
each risk factor. This will be followed by single crude or univariate associations. To
identify possible confounders adjustment will be made for gestational age and gender.
Forced entry binary logistic regression will be shown for all variables. A stepwise
model giving the risk factors for cerebral palsy amongst Palestinian children will then

be presented. This model will show the importance of population specific risk factors.

5.2 Socio-demographic characteristic of the study.

The socio-demographic characteristics of the study population are shown in table 5-
1.There were 107 cases and 223 controls in the study population. More males than
females were found in group totals, however the increase was marginal and the ratio
varied from 1.12 — 1.18. The slightly higher number of males cases indicates the
representativeness of the sample, as cerebral palsy is slightly more prevalent in males
at a ratio of 1:1.3 for females and males. Father’s profession for cases and controls
were classified by International Classification of Occupation 2008, International
Union of Labor. Variations of father’s professions of both groups follow similar
patterns. Mother’s profession by cases and controls were also classified using the
same system. The vast majority of mothers of both groups are housewives, where
mothers do work a higher proportion are in professional employment. Due to small
numbers occupation was further classified using categories decided by the researcher.
There was no statistically significant difference between the age of mothers of the
case group and the control group, nor was there a difference between the father’s
ages. The analysis showed that 68.2% of the total sample were not related, leaving
31.8% with an inter- family relationship. Table 5-3 show the birth characteristics of
the sample which were; gestational age, birth weight, duration of jaundice, incubator
stay, low birth weight (<2500 gm) and premature delivery (<37 weeks). There was no
statistically significant difference between the mean age of the cases and the mean age

of the control group. The standard deviation is indicative of the wide age range
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included in the sample. There was a statistically significant difference between the
mean weight of cases and controls on delivery, the cases were of lower birth weight.
Again the standard deviation is indicative of the wide range of birth weights.
Incubator time and CP are also shown in this table, in this study, sixty —three cases as
opposed to fourteen controls were incubated after delivery. Independent t-test sample
means for time of jaundice for cases and controls are shown with cases of a longer

duration.

Table 5-1: Social-demographic characteristics of the study population.

CP Cases Control P value
m=107) (%) | (n=223) (%)
Age of children.(Y)Mean +SD 3.87+£2.71 4.17+3.94 0.47**
Gender 0.83*
Male 58 (54%) 118 (53%)
Female 49 (46%) 105 (47%)
Sample location
Princess Basma 107 (100%) | 0 (0%)
UNRWA 0(0%) 109 (49%)
Private 0(0%) 22 (10%)
MOH 0(0%) 92 (41%)
Region 0.45%*
North 43 (40%) 88 (39%)
Middle 53 (50%) 101 (45%)
South 11 (10%) 34 (15%)
Mother’s education 0.17*
Below Tawjihi 68 (64%) 123 (55%)
Tawijhi 14 (13%) 40 (18%)
Collage 8 (7%) 9 (4%)
University 17 (16%) 51 (23%)
Father’s education 0.73*
Below Tawjihi 65 (61%) 121 (54%)
Tawijhi 22 (21%) 53 (24%)
Collage 9 (8%) 19 (9%)
University 11 (10%) 30 (13%)
Other children with disability 15 (14%) 4 (2%)

*: Chi-square test.

**: t-test
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Table 5-2: Continued Socio-demographic characteristics of the study population

CP Cases Control P value
(n=107) (n=223)

Mother’s profession 0.47*
Professionals 5 (4.7%) 15 (6.7%)
Tech/associate/prof 0 (0%) 1 (0.4%)

Clerical 3 (2.8%) 3 (1.3%)
Service/sales 0 (0%) 4 (1.8%)
Elementary 0 (0%) 2 (0.9%)
Housewife 96 (89.7%) 195 (87.4%)
Student 3 (2.8%) 3 (1.3%)

Mother’s profession 0.57
Professional 5 (4.7%) 15 (6.7%)
Skilled/semiskilled 3 (2.8%) 10 (4.5%)
Unemployed 99 (92.5%) 198 (88.8%)

Father’s profession <0.05*
Armed forces 3 (2.8%) 2 (0.9%)

Mangers 0 (0%) 1 (0.4%)
Professional 15 (14%) 25 (11.2%)
Tech/associate/prof 2 (1.9%) 6 (2.7%)
Clerical 1 (0.9%) 16 (7.2%)
Service/sales 6 (5.6%) 16 (7.2%)
Skilled/agricultural 2 (1.9%) 0 (0%)
Craft/trade 10 (9.3%) 19 (8.5%)
Plant/machine/operators 13 (12.1%) 8 (3.6%)
Elementary 43 (40.2%) 86 (38.6%)
Unemployed 11 (10.3%) 41 (18.4%)
Deceased 1(0.9%) 2 (0.9%)

Father’s profession 0.30
Professional 17 (16%) 32 (14.5%)
Skilled/semiskilled 32 (30.2%) 59 (26.8%)

Manual 46 (43.4%) 88 (40.0%)
Unemployed 11 (10.4%) 41 (18.6%)

Consanguinity <0.001*

Not related 56 (52.3%) 169 (75.8%)
1* cousin 37 (34.6%) 40 (17.9%)
Second cousin 9 (8.4%) 3 (1.3%)

Further relation 5(4.7%) 11 (4.9%)

*: Chi-square test.
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Table 5-3: Birth characteristics of the study population.

CP Cases (n=107) Control (n=223) P value
Gestational age (W)Men + SD 36.41+5.19 38.48+2.19 <0.001%*
Birth weight (g)Mean +SD 2686+901.7 3183+600.3 <0.001*
(E;‘;)edizﬁiiscglamd 2.29+6.85 0.65+3.90 <0.05*
(Tdi:;f)’l\s/f;‘;t iigli)“‘:“bator 15442321 0.8245.14 <0.001*
Low birth weight <2500 gm n% 41 (38.3%) 17 (7.7%) <0.001**
Gestational age < 37 weeks n% 35 (32.7%) 32 (14.3%) <0.001%**

*: t-test.

**. Chi-square

5.3 Patterns of cerebral palsy amongst cases.

Current research has attempted to link risk factors and resulting patterns of cerebral

palsy. As presented in the literature review there has been some evidence to link

hypoxia with spastic quadriplegic cerebral palsy. The most common pattern of

cerebral palsy amongst the cases was moderate spastic quadriplegic cerebral palsy

which gives credence to the finding that 45.8% of cases suffered hypoxia as shown in

table 5-4.

Table 5-4: Pattern of cerebral palsy amongst cases

Tone
Spastic Athetoid Attaxic Chorea | Hypotone Total
5. | Mild 10 (9.3%) 1 (0.9%) 0 (0%) 0 (0%) 9(8.4%) | 20(18.7%)
§ Moderate 41 (38.3%) 8 (7.5%) 1 (0.9%) 0 (0%) 7(6.5%) | 5753.3%)
c°/>)) Severe 22 (20.6%) 3 (2.8%) 0 (0%) 0 (0%) 2(1.9%) | 27 (25.2%)
Profound 2 (1.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (1.9%)
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5.4 Risk Factors for Cerebral Palsy.

5.4.1 Bivariate association between risk factors and CP

Both known risk factors and new population specific risk factors were investigated
and assessed with chi squared to test for association, p values are reported (table 5.5).
Fischer’s exact was used with small numbers and showed that significance in the chi
was not necessarily true. The results indicated significant associations between
cerebral palsy and hypoxia, consanguinity, lack of pre-natal checkups, low birth
weight, gestational age, incubation, jaundice, disappearing twin, delivery at Ministry
of Health hospital, or Makassad/Hilal Hospital, cesarean delivery, multiple pregnancy,
infection during delivery, infection during pregnancy and other disabilities in the
family. There was no significant association for cerebral palsy and delivery at private
maternity homes, breech delivery, profession of mother and father, education of
mother and father, congenital abnormality, thrombophilia and age of mother and

father. The Tables 5-5, 5-6, 5-7 and 5-8 summarize this association.

Table 5-5: A) The relationship between known factors and cerebral palsy

Factor Groups Observed outcomes
Total P value
Yes No
Hypoxia status | cp 49 (45.8%) 58 (54.2%) 107
control 4 (1.8%) 204 (98.4%) 208 0.000*
Total 53 242 295
<2500 2500-4000
Low birth status | cp 41 (38.3%) 66 (61.7%) 107 0.000
weight. control 25 (11.2%) 185 (83.0%) 210 '
Total 66 251 317
<37 weeks >37 weeks
. status | cp 35 (32.7%) 70 (65.4%) 105
Gestation control | 32(143%) | 191 (85.7%) 23| 0000
Total 67 261 328
Yes No
. status | cp 20 (18.7%) 87 (81.3%) 107
Jaundice control | 17(7.6%) | 205(91.9%) 2| 0003
Total 37 292 329
Yes No
Disappearing status | cp 6 (5.6%) 101 (94.4%) 107 0.001*
twin control 0 (0%) 223 (100%) 223 ’
Total 6 324 330
Yes No
Cesarean status Ccp 48 (449%) 51 (477%) 99
delivery control 58 (26%) 163 (73.1%) 221 0.000
Total 106 214 320
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Table 5-6: B) The relationship between known factors and cerebral palsy

Factor Groups Observed outcomes
Total P value
Yes No
. status | cp 5(4.7%) 102 (95.3%) 107
Breech del
reccll celivety control 7(1%) 216 (96.9%) 223 0.535%
Total 12 318 330
Yes No
. . status | cp 10 (9.3%) 97 (90.7%) 107 "
Multiple birth control 2 (0.9%) 221 (99.1%) 223 0.000
Total 12 318 330
Yes No
Infection durlng status cp 20 (187%) 87 (813%) 107 0.000
Pregnancy control 10 (4.5%) 213 (95.5%) 223 ’
Total 30 300 330
Yes No
Infection durlng status cp 9 (84%) 98 (916%) 107 0.006*
delivery control 4 (1.8%) 219 (98.2%) 223 ’
Total 13 317 330
Yes No
Congenital status cp 10 (93%) 97 (907%) 107 0.306*
Abnormality control 0 (0%) 223 (100%) 223 '
Total 1 319 330
. . Yes No
do,thif, lc,?ﬂdr,enﬂ‘:’“h status | cp 15 (14%) 92 (86.0%) 107 0.000°
f;f;‘ﬂ;l tes n the control 4(1.8%) 219 (98.2%) 223 :
Total 19 311 330
Yes No
Fertility Treatment status | cp 2 (1.9%) 105 (98.1%) 107 0.104*
ertility lreatmen control 0 (0%) 223 (100%) 23 :
Total 2 328 330
Yes No
. status | cp 5(4.7%) 102 (95.3%) 107 N
Thrombophilia control 8 (3.6%) 215 (96.4%) 223 0.635
Total 13 317 330

*: Fisher’s exact test
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Table 5-7: The relationship between population specific factors and cerebral

palsy
Factor Groups Observed outcomes Total P value
Yes No
Consanguinity status | cp 51 (47.7%) 56 (52.3%) 107
control 54 (24.2%) 169 (75.8%) 223 0.000
Total 105 225 330
Yes No
Medical Care In status | cp 95 (88.8%) 12 (11.2%) 107 0.001*
Pregnancy control 218 (97.8%) 5(2.2%) 223 ’
Total 313 17 330
Yes No
Ministry of Health | status | cp 67 (62.6%) 40 (37.4%) 107 0.000
Hospital control 85 (38.1%) 138 (61.9%) 223 ’
Total 152 178 330
Yes No
&ig-sadmﬂal status | cp 26 (24.3%) 81 (75.7%) 107 0,003
Hosbitals control 91 (40.8%) 132 (59.2%) 223 ’
P
Total 117 213 330
Yes No
Private maternity status | cp 13 (12.1%) 94 (87.9%) 107 0.106
home control 43 (19.3% 180 (80.7%) 223 ’
Total 56 274 330

*: Fisher’s exact test
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Table 5-8: The relationship between descriptive/socioeconomic factors and
cerebral palsy

Factor Groups Observed outcomes
Total P value
Yes No
status | cp 63 (58.9%) 44 (41.1%) 107
Incubated control 14 (6.3%) 209 (93.7%) 223 0.000
Total 77 253 330
Unemployed Employed
Fathers status | op 11(10.3%) 96 (89.7%) 107
employment control 41 (18.4%) 182 (81.6%) 223 0.059
Total 52 278 330
un-educated Educated.
Fathers status | op 65 (60.7%) 42(39.3%) 107 0235
education control 120 (53.8%) 103 (46.2%) 223 ’
Total 185 145 330
Unemployed Employed
Mothers status | cp 96 (89.7%) 11 (10.3%) 107 0.549
employment control 195 (87.4%) 28 (12.6%) 223 '
Total 291 39 330
Uneducated Educated
Mothers status | op 68 (63.6%) 39 (36.4%) 107 0,148
education control 123 (55.2%) 100 (44.8%) 223 ’
Total 191 139 330
<=21 22-39
status | op 20 (18.7%) 85 (79.4%) 105
Mothers age control 46 (20.68) 166 (74.4%) 212 0.584
Total 66 251 317
>39 22-39
Mothers age status | cp 2 (1.9%) 85 (79.4%) 87 0.099*
control 14 (6.3%) 163 (73.1%) 177 :
Total 16 248 264
<=21 22-39
status | cp 1 (0.9%) 90 (84.1%) 91
Fathers age control 6 (2.7%) 176 (78.9%) g2 O0”
Total 7 266 273
>39 22-39
status | op 20 (18.7%) 86 (80.4%) 106
Fathers age control 52 (23.3%) 165 (74.0%) 217 0.302
Total 72 251 323

43

*: Fisher’s exact test, un-educated=below Tawjghi examination.




5.4.2 Multivariate association between risk factors and CP.

Table 5-9: Crude and adjusted odds ratio for neo-natal risk factors and cerebral palsy.

Number (%) OR. [ 95%CIJ£ OR. [ 95%CI]t O.R. [95%C.1.]#
Control CP
(223) (107)
': Normal weight
>2500
Low birth Weight <2500 25 (38.3) 25(11.9) 4.60" [2.60-8.14] ** 3.74 [1.97-7.08]** 2.91[1.08-7.83]*
" N.V.S.D.
Caesarean Delivery 58 (26.0) 48 (44.9) 2.65' [1.61-4.34]%* 2.40 [1.43-3.98]** 1.25[0.60-2.58]
' No hypoxia
Hypoxia 4(1.8) 49 (45.8) 65.76"' [22.41-192.96] ** 61.19 [20.02-187.07]** 38.57 [11.42-130.27]**
' Normal gestation
38-42 weeks
Gestational age <37 weeks 32(14.3) 35(32.7) 2.90' [1.67-5.03]** 298 [1.71 = 5.171* +7 1.08 [0.426-2.74]
' No jaundice
Jaundice 17 (7.7) 20 (18.7) 2.70' [1.39-5.55] 2.22[1.07-4.59]* 0.89 [0.30-2.67]
' Singleton birth
Multiple births 2(0.9) 10 (9.3) 11.40" [2.45-52.97]** 8.76[1.83-41.97]** 8.31 [1.270-54.40]**
" No congenital abnormalities. 2.41'[1.31-4.44]%* 000 000
Congenital Abnormalities
Cleft Palate
Head malformation
Other. 0(0) 1(9)
0(0) 6 (5.6)
1(0.4) 3(2.8)

*:<0.05, ** :<0.01, £: Crude OR, {: Adjusted for gestational age <37 week/ gender, 11: Adjusted for gender #: Adjusted for all variables in
table, ': Reference category.
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Table 5-10: crude and adjusted odds Ratio for extra neonatal risk factors and cerebral palsy

Number (%)

Control (223) | CP (107) OR. [ 95%CI]£ OR. [ 95%CI]t O.R. [95%C.1.]#
' No infection during pregnancy
Infection during Pregnancy 10 (4.5) 20 (18.7) 4.80' [2.20-10.89]+* 4.23[1.85-9.64]** 1.86 [0.46-7.50]
" No infection during delivery
Infection during delivery 10 (4.5) 14 (13.1) 5.00' [1.51-16.72]* 3.3210.948-11.63]* | 3.04[0.39-24.03]
"“No other children with disabilities.
Other Children with disabilities in family 4(1.8) 15 (14) 8.90' [2.89-27.62]** 8.05 [2.52-25.65]** | 8.85[2.28-34.38]**
' Not related.
Consanguineous marriage 54 (24.2) 51(47.7) 2.85' [1.75-4.64]** 3.25[1.94-5.421** | 4.37 [2.20-8.64]**
" Medical care in pregnancy
No medical care in pregnancy 52.2) 12 (11.2) 5.50' [1.89-16.07]** 6.33 [2.18-18.33]** | 6.65 [1.77-24.97]**
': Makassad and Hilal Hospitals, Private Maternity Homes
Place of Delivery MOH 85 (38.1) 67 (62.6) 2.70' [ 1.69-4.38]** 2.70 [1.65-4.411** | 0.65 [0.06-7.43]
Mother’s age (** Ages 22-38)
younger (<21) 46 (21.7) 20 (19.0) 0.84' [0.47-1.53] 0.86 [0.46-1.56] 1.17 [0.984-1.16]*
older (>39) 14(7.9) 2(2.3) 0.27' [0.06-1.23] 0.28 [0.62-1.34]
Father’s age (" Ages 22-38)
younger (<21) 6(3.3) 1(1.1) 0.33'[0.39-2.74] 0.34 [0.004-2.95] 0.99 [0.92-1.05]*
older (>39) 52 (24.0) 20 (18.9) 0.74' [0.41-1.32] 0.69 [0.38-1.26]
Place of delivery
" M.O.H/Makassad
Private maternity home 85(38.1) 67(62.6) 0.58' [0.30-1.13] 0.65 [0.33-1.28] 0.43 [0.03-5.20]
" M.O.H./Private.
Other-Makassad, Hilal hospital. 91(40.8) 26(24.3) 0.46' [0.27-0.78] ** 0.44 [0.26-0.75] 0.21 [0.02-2.56]

*:<0.05, ** :< 0.01, £: Crude OR, 1: Adjusted for Gestational age <37 weeks/gender, #: Adjusted for all variables, ': Reference category, *:
Adjusted for non-categorized age.
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Tables 5-9 and 5-10 show that low birth weight retained significance after adjustment
for gestational age, gender and multi-variable regression. The significance and odds
ratio was reduced in regression but still present. The connection between low birth
weight and gestational age is well established. Less than thirty-seven weeks was
significant and un-confounded until adjustment for all variables. This indicates that
birth weight is the most important factor but may form a causal pathway together with
a pre-term delivery.

Cesarean section also maintained significance until regressed where it was superseded
by other factors. Jaundice loses significance after adjustment for other factors in
regression unlike multiple births which retains a strong odds ratio if a reduced
significance.

Infection during pregnancy retains significance as crude and after adjustment for
gestation and gender. Infection during delivery is confounded by gestational age and
in the multi-variable regression. Crude and gender odds ratio show significance only.
Infection for the infants produced too few numbers to allow analysis.

Congenital abnormality when adjusted as one variable with the different abnormalities
in one group showed significance. However the presence of a 0 in the control group
meant this could not be regressed by SPSS. Other children with disability in the
family retained significance throughout the analysis. This was also the case with one
of the original variables in this study consanguineous marriage. Another original
variable, lack of medical attention during pregnancy again retained significance
throughout the analysis, despite a reduction in significance by gestational age. For this
variable it should be noted however that numbers in the study are small.

Continuing with the original population specific factors, place of delivery, the
Ministry of Health remained significant until the all variable analysis here marginally
significance was lost. Private maternity homes were not significant throughout which
was against the study hypothesis. Makassad and Hilal hospitals {N.G.O.’s} were
found to be of less risk in the early analysis until the all variable regression.
Regarding cesarean and cerebral palsy the results present a significant association.
Forty-five point three of the cases were delivered by cesarean. The reasons given for
the cesarean differ between cases and controls are depicted below in fig 5-1. For cases
more cesareans were due to long labor, premature rupture of membranes, multiple

births and fetal distress. For the controls, reasons included all previous deliveries were
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by cesarean, loss of amniotic fluid, no contractions and their health. Of note is that

more controls [10%] were aware of the reason for their cesarean than cases [Fig 5-2].
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Figure 5-1: Reasons given for cesarean by respondents
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Figure 5-2: More controls were aware of the reason for their cesarean than cases

For hypoxia and cerebral palsy, the results show 45.8% of the cases compared with
1.8% of the controls suffered lack of oxygen. This association proved to be a major

result in this study. Cesarean becomes insignificant when combined with hypoxia.



Table 5-11: The association between hypoxia and cesarean with cerebral palsy.

O.R. C.I1.95% P value
Hypoxia 58.26 .000
[19.66-172.67]
Cesarean 1.99 0.51
[.99-3.98]

Consanguineous Marriage and Cerebral Palsy, first and second cousins proved
significant but no wider family relations showed significance. Table 5-12 below
presents this result, of further note is the stronger relationship for cerebral palsy and

second cousins.

Table 5-12: The association between consanguineous marriage and cerebral
palsy.

O.R. C.I. 95% P value
First cousins 2.8[1.62-4.79] 0.000
Second cousins 9.1[2.37-34.61] 0.001
Wider 1.4[0.46-4.11] 0.573

The variables which proved insignificant at all levels of analysis were socio-economic
status as defined by father’s profession and low educational attainment. With
reference to father’s profession when split into fewer categories an initial slight
significance was lost. This was also the case for mother’s employment and education.
Age of parents, below twenty one and above thirty nine proved insignificant as did

breech birth, assisted, instrument delivery and thrombophilia.

5.5 The main risk factors for cerebral palsy amongst Palestinian children.

Using stepwise binary regression risk factors were individually introduced. Risk
factors were removed if they showed no significance. The continuity of the co-
efficient indicated no confounding. Variables were entered hierarchically based on

significance. The results are displayed below in table 5-13.
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Table 5-13: Step wise model of risk factors for cerebral palsy in Palestine.

Risk factor O.R. C.I. 95% P value

Low Birth Weight | 4.98[2.01-12.32]# | 0.001

Hypoxia 92.45 0.000
[24.45-349.621#

Multiple 9.25 0.027

birth[twins] [1.29-66.75]#

Other disabled 12.73 0.000

children. [3.13-51.70]#

Consanguineous 4.62 0.000

Marriage [2.07-10.31]#

No medical care In | 5.22 0.029

Pregnancy [1.18-23.14)#

Delivery at 0.38 0.030

Makassad/Hilal [0.16-0.91]#

Hospital

[N.G.O.’s]

# Adjusted for all variables in the study.

From the known risk factors low birth weight, hypoxia, multiple pregnancies, other
children in the family with disability, stayed in the model. Cesarean went out with the
addition of hypoxia, gestational age immediately showed no significance as expected.
Jaundice, infection during pregnancy, and infection during delivery also showed no
significance. Large confidence intervals can be explained by small sample size.

From the original population specific risk factors consanguineous marriage remained,
as did no medical care during pregnancy. Ministry of Health went out but N.G.O.'s
[ Makassad Hospital and Hilal hospitals] remained, giving a lower risk for cerebral

palsy than Ministry of Health Hospitals.

6) Chapter six- Discussion.

6.1 Introduction
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Il health is due to behavior, environment, genetic constitution and all that may have
gone on before in previous generations. Cerebral palsy has been researched as one
condition arising from a variety of risk factors. This chapter will discuss what the
results tell us about cerebral palsy in Palestine. For reliability purposes it should be
noted that there are no major difference in the mean ages of cases and controls which
lends itself to the sample being representative. The international prevalence of
cerebral palsy occurs in a ratio of 1:1.3 for females to males in this study the ratio for
the sample equates to a ratio of 1:1.2 Also of note the unemployment rate for
Palestinian men is 16.7% (P.C.B.S, 2008), for this study the rate was calculated at
16%. Again this can be said to provide evidence for the representativeness of the

sample.

6.2 Summary

The main study findings are high numbers of cases with documented hypoxia and
high number of cases delivered by cesarean section. The study found strong
correlation with many known risk factors and introduces new, previously un-assessed
population specific risk factors. There were risk factors for which complete analysis
was not possible. The reasons for this were presence of zero amongst the controls and
small numbers. Post term gestation and cerebral palsy, baby’s weight more than four
kg and cerebral palsy could not be analyzed for the latter reason. There were also risk

factors found to be of no significance.

6.3 Population specific risk factors and cerebral palsy

Of the new variables this study presents consanguineous marriage and cerebral palsy
which produced consistent, strong results. Inter-marriage is common in Palestine, and
is an accepted part of the culture. Cerebral palsy and marriage between first cousins
was found to be significant at P = 0.0001. For marriage between second cousins the
significance was found at P=0.0003, Fischer’s exact due to small numbers. For the
main analysis the categories were left in one group, the higher odds ratio for second
cousins and cerebral palsy may not be overly significant, inter-marriage may have

continued throughout many previous generations. For inter-marriage from the wider
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family there was no significance. This factor was also important in the multi variable
regression and the stepwise binary logistical model. This factor has received little
attention in research in the past but maybe of importance in the etiology of cerebral
palsy in Palestine. In this research this factor ranked the fifth highest in the ranking of
odds ratios. In the existing research it was also found to be amongst the top risk
factors (Delialioglu et al 2008).

Another population specific variable unique to this research is place of delivery and
cerebral palsy. It was hypothesized that small private maternity homes in the West
Bank had a higher correlation with cerebral palsy cases. However this was found to
have no significance in this study. Of significance was M.O.H. hospitals. N.G.O.'s,
being Makassad Hospital, East Jerusalem and Hilal, Red Crescent Hospitals in
Jerusalem and the West Bank were found have less risk.

No medical care in pregnancy is another unique study risk factor. With no national
health system in Palestine whether, when and how an individual seeks any medical
care is solely in the control of the individual. Cerebral palsy and lack of regular pre-
natal checkups and was found to be significant at P=0.001. It should be noted that
numbers within the sample population were small, so a study with a larger sample is
needed. Primary health care in Palestine is available and not expensive; the reasons
for not having regular check-ups are not known and require further investigation.
From this association we can assume that the benefits of routine ultra-sound in early
pregnancy and other checks are important for prevention.

Blood clotting and cerebral palsy can be considered both a population specific factor
and a known factor with thrombophilia high within Arab populations (Yehezkely-
Schildkrant 2005).This study found no significance between thrombophilia and

cerebral palsy.

6.4 The association between cerebral palsy and known risk factors.

For the known risk factors the first to be discussed is caesarian section and cerebral
palsy. In the literature review caesarian was considered protective, or associated with
a slight rise in risk in very few studies (Giles 1996). However dramatically in this
study 45.3% of the cases were caesarian delivery, compared with 26.3% of controls.
All participants were asked the reason for their caesarian, of particular interest is the

high number, particularly amongst cases where the mother was unaware of the reason.
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Indeed 10% more of the cases did not know why their child had been delivered by
caesarian. In Palestine this is a decision taken by the doctor, there are no elective
caesarian at 39 weeks of gestation as is common in other countries (O’Brien et al,
1966). This would require a shift from a dominant medical model to a partnership
approach which does not exist at present. It should be remembered that with any
observational study the data is collected post hoc and therefore we cannot be sure that
the association is due to poor medical management and not a common confounding
factor. How many cases are due to sub-optimal obstetric response [not expediting
delivery] is not known. Clinical signs sufficient to warrant a caesarian may only be
recognizable after the damage has occurred. Maybe an optimal response is for the
mother to be given options to include a caesarian at 39 weeks pre-labor. The most
common association was caesarian and hypoxia. Lack of oxygen is believed to be an
important and preventable cause of cerebral palsy. Indeed this belief underpinned
much of the justification for fetal monitoring in labor and the increase in caesarian
rates. For many years no research was done into cerebral palsy to look at other factors
as it was thought to be lack of oxygen. Research began with the knowledge that lack
of oxygen only accounts for 10% of cerebral palsy cases in developed countries
(Adding et al 2006).The picture is very different in Palestine with 45.8% of cases as
opposed to 1.8% of controls; this figure is close to the figure for caesarian sections
above. It is known that the potential for hypoxia is highest during caesarian section.
There appears to be several options; With reference to congenital abnormalities and
cerebral palsy, this was found to be significant at P=0.000. Visible manifestations
included cleft palate, head malformations and additional digits. Many non-visible
malformations of the brain or other organs are known to be due to teratogens causing
structural malformations in early pregnancy. Visible defects in children with cerebral
palsy suggest an exposure occurring early in pregnancy maybe responsible for both
the malformation and the cerebral palsy (Pharoah 2007). Small numbers in this study
mean inferences are difficult.

For disappearing twin and cerebral Palsy SPSS could not analyze this factor due to
lack of controls Many twin pregnancies with early co-fetal losses are not recognized
and may not even be recognized as twin conceptions which makes it difficult to
estimate the true number of cases of cerebral palsy due to disappearing twin.

Findings for low birth weight and cerebral palsy in this study are the mean weight of
3183.24 kg for controls and 2685.66kg for cases. The correlation was significant,
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different explanations can be suggested for this association firstly that low birth
weight and cerebral palsy is epiphenomena in itself. Secondly that intrauterine growth
restriction causes the conditions responsible for brain damage. Thirdly growth
restriction or low birth weight makes the child more vulnerable to hypoxia. Finally
that the damage has already occurred, maybe low birth weight is related to earlier
pregnancy factors such as malformations or viral infections. The underlying
mechanisms are unclear (Stanley et al 2000).

For gestational age and cerebral palsy both crude and adjusted significance was found
at the P=0.000 level. Whilst the results show the lower the gestational age the higher
the association with cerebral palsy it should be remembered that most children with
cerebral palsy are born at term. It can be suggested that the changing gestational age
profile of cerebral palsy that very pre-term cerebral palsy rates may depend on neo-
natal care (Pharoah et al 1997). Such variables such as gestational age are less
dramatic than lack of oxygen and were therefore included as having importance in a
causal pathway addressed in a later section of the discussion. Interventions aimed at
reducing the occurrence of very pre-term birth can only influence cerebral palsy rates
if less than 32 weeks is on a causal pathway. The existence of unexplained early labor
shows the limited understanding of pathways. Perhaps pre-term birth makes the child
more vulnerable to hypoxia or damage to the motor cortex triggers early delivery
itself (Stanley and Blair 1994).

For multiple pregnancy and cerebral palsy; in this study there were only
cases/controls with twins, no higher order births. Twins and cerebral palsy proved
significant at all levels of analysis. The small numbers are limiting in terms of the
weight of the study. Multiple births have greater risks of complications particularly
for the second child. Further they are associated with low birth weight, pre-term
delivery and death of a co-fetus (Petteson et al 1993). To date there has been no
studies of higher order multiple births with sufficient numbers to allow estimates of
the rates of cerebral palsy compared to twins. It seems reasonable that with multiple
births there is the greater potential for congenital defects than singleton pregnancies.
Multiple births may lead to growth restriction, especially in the third trimester. A
singleton pregnancy is more likely to produce an appropriately grown fetus at term,
for which the like hood of cerebral palsy is lower.

For the association between jaundice and cerebral palsy with a variety of effective

treatments this is one of the risk factors where the possibility of prevention is perhaps
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one of the strongest. We can only hypothesis that a lack of available equipment may
be the reason for its continued importance.

Other family members with disability was specified to include any close and extended
family members with physical or cognitive deficits from birth. Due to this wide
definition the possibility of confounding cannot be overlooked. This association was
found to be significant at the P=0.000 level. As part of family history it may
encompass a range of influences, direct and less direct, genetic factors or maybe
intergenerational environmental effects. Further research is needed with perhaps a
more specific definition. Other studies which focused on the risk of a second child
having cerebral palsy where one child had already been diagnosed produced an O.R.
of 1.6 of recurrence (Hemminiki et al 2007).

With reference to stroke, one of the frustrations of case-control research is events of
interest are not always recorded or detected. Stroke is one such event, diagnosis by
ultra sound or MRI. Presentation of stroke in newborns is non-specific so diagnosis is
reliant on the above equipment. For the majority of Palestinian children they will be
born in medical facilities without imaging capabilities. Where present the lack of such
tests or diagnosis in the medical files may mean it is seldom used. One of the clinical
signs maybe an apparent hypoxia so we can hypothesize that some of the cases did
suffer a stroke but this cannot be quantified. Whether strokes are more or less likely in
the presence of surgical delivery has not been investigated, but it is known surgery is
a risk factor for coagulation disorders such as stroke (Suvannand et al 1997). This
could be a factor especially given the high numbers of cesareans and cerebral palsy in

this study.

6.5 Risk factors for cerebral palsy found to be of no significance.

The known risk factors incorporated into this study and found to be of no significance
were; social economic variables [parent’s occupation, education]. This parallels some
studies but there are also studies which found associations for example (Odding
2006). Age of parents was also found to have no significance, for early and late birth,
unlike existing research where young mothers were found to have increased
risk,(Fletcher and Foley 1993).The average age was 27 and 32 for mothers and fathers
respectively. There was no difference in the mean ages of parents between cases and

controls. Fertility treatment and cerebral palsy was not significant, only two cases and
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no controls were contained in the sample. Another study with bigger numbers is
perhaps needed to investigate further. Instrument delivery, breech birth and cerebral
palsy also proved insignificant, the same reason may apply- that of small sample
numbers. This cannot be ruled out as a possible factor as research has linked type of

delivery and cerebral palsy, (Cohen et al 1982).

6.6 Risk factors for cerebral palsy in Palestine —The first model.

The method used to build the model came from D. Bowers, 2009. All risk factors
which revealed insignificant P values were excluded, [socio-economic variables,
demographic, fertility treatment, breech birth and instrument assisted delivery]. All
factors of significance were ordered lowest p values first after chi square tests. Where
risk factors shared the same value their introduction into the model was arbitrary.
Factors were entered into a binary logistical model and remained if significant and
removed if not. The final model contained both known risk factors and population
specific risk factors.

This model shows the most significant risk factors for cerebral palsy in Palestine to be
hypoxia, low birth weight, multiple births and a family history of disability. This last
variable gives credence to a possible genetic link reinforced by the presence of
consanguinity in the model. Lack of medical care in pregnancy and location of
delivery was also significant. If Palestinians deliver at either Hilal hospitals or
Makassad hospital the chance of cerebral palsy is less compared to other possible

delivery locations — Ministry of health Hospitals.

6.7 Parallels and differences with existing research.

The results in this study have parallels and differences with existing research. Of the
known factors the ones that showed significance mirror many previous studies.
Hypoxia as in other studies produces the most dramatic results, low birth weight,
multiple births, infection during pregnancy and delivery, congenital abnormality,
other disability in the family, jaundice all agree with current body of knowledge. Also
as in other studies when adjusted by all variables most appear confounded. In some

studies all risk factors are confounded indicating the possibility of multiplicity of risk
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factors in cerebral palsy. In this research some remained significant after adjustment
and in regression. For some factors as already discussed small numbers meant
analysis was not complete so no comparison can be made. The difference between
this research and other studies is in the new variables introduced as having importance
amongst Palestinians, consanguineous marriage, lack of medical care when pregnant,
and location of delivery. The only other difference is the risk of caesarean and
cerebral palsy which others studies show as protective, this can be explained by the
lack of elective caesarean sections performed in Palestine. This study is unique in that
it is the first to present a model of risk factors for cerebral palsy for Palestinians.

The significant results for the new risk factors can be explained by the belief that in
addition to renowned factors which were discovered through research in developed
countries that there are specific population factors that also increase the risk of
cerebral palsy. Location of delivery is an issue due to occupation, access to hospitals
outside the confines of the West bank is denied to many resulting in private maternity
homes. Primary health care in Palestine is comparable with many developed countries
however there is a widely held belief amongst professionals and the Palestinians
themselves that at the tertiary level Ministry of Health Hospitals are lacking in terms
of service and standards. This was evident when conducting the research, many
mothers would have preferred to deliver at Makassad but access was not possible. The
protective nature of N.G.O.'s confirmed by this study is merely reinforcing what is
commonly known by the population. The results for the known risk factors can be
explained by the fact that population specific risk factors are only part of the etiology

and people from different societies share commonalities as they are all human beings

6.8 Strengths and weaknesses of the study.

The strengths of this study are firstly it is presenting unique risk factors and adding to
the body of knowledge regarding risk factors for cerebral palsy. This has been
possible due to the unique characteristics of Palestinian society and the way the
people are forced to live. The methodology was implemented rigorously and
accurately. However the study is a small scale observational study, many small
numbers meant some factors could not be analyzed completely. Some of the questions

in the interview could have been open to bias, for example perhaps a mother with a
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child having a congenital defect would not have wished to say. There is also the
possible bias between the different types of identification, a unique attribute of
Palestinian society under occupation. When the answers were checked against the
medical records all information was confirmed. The mother’s did of course provide

more detail than was contained in the files, their openness and honesty was humbling.

6.9 Study conclusions.

The major findings of this study are the importance of population specific factors,
high numbers of cerebral palsy and cesarean delivery and the large proportion of cases
due to hypoxia. Suggested explanations have been presented in the discussion. With
respect to cesarean delivery, this is a doctor decision so maybe it is time to respect
women’s autonomy. Women should play a major role in what is essentially a risk
assessment. Our inability to identify and prevent risk factors for events such as
cerebral palsy could be of minimal importance if there was a switch to early cesarean
as risk avoidance. This intervention could be seen as a social or public health policy
replacing currently late intervention, medical care applied to an already compromised
mother or neonate. Whilst caesarian at 39 weeks pre-labor is common in developed
countries few studies have examined the effects of elective cesarean on outcome. Also
for this study it needs to be recognized that as an observational study strong
associations do not necessarily signify causation, confounders or epiphenomena can
be alternative explanations.

For consanguineous marriage, this is a social issue which needs to be addressed by
government and non-government agencies. For many inter-marriage has many
perceived benefits, keeping the money in the family, the families are known to each
other and to be of good character to name but two examples (Barbour and Salameh
2009) However the down side needs to be known, there is an increased risk of
disability because of inter-marriage and not due to something the mother did wrong.
For cerebral palsy there are many emerging factors yet to be researched not just
population specific factors incorporated into this study for examples the effects of
nutritional supplements, or maternal dehydration during delivery (Stanley 2000). In
addition we still fail to understand the complex pathways[s] which include social,
cultural and behavioral factors that cause cerebral palsy. Many significant brain

damaging events go un-noticed because of this.
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In summary, with the exception of private maternity homes increasing the risk of
cerebral palsy the study objectives achieved. Evidence has been presented that whilst
important there are more than just simple associations between single risk factors and
cerebral palsy. Developed and non developed countries differ in terms of population
specific risk factors - consanguineous marriage, whether medical care in pregnancy
was given. Also factors differ in their importance, the high number of cesarean
sections and cerebral palsy, the high number of hypoxia and cerebral palsy in
Palestine compared to developed countries. Other factors apply equally between
countries, some such as hypoxia, disappearing twin are so dramatic the result is
cerebral palsy. Others are less dramatic and occur in combination. It is perhaps this
latter point that will be the focus of cerebral palsy research because here is the
possibility of prevention. There is also the possibility of prevention in offering

elective cesarean.

6.10. Current Recommendations

In conclusion there are five current recommendations, and four for future
consideration; this study has found that modifiable risk factors are resulting in

cerebral palsy in Palestine. Strategies for prevention could include the following.

1. The need for heightened awareness about the link between consanguinity and
cerebral palsy. This requires a cultural change perhaps realized through health
promotion incorporating advice from health providers and social marketing
campaigns. Deep seated cultural practices are obviously hard to change and require
time.

2. There is the need for heightened awareness of the importance of regular pre-natal
check-ups. This requires an educational change so mothers are made aware of the
importance of visits for their health and their baby’s health.

3. Mothers need to be involved in decisions about the birth of their children, which
requires a behavioral change. A change from the dominant medical model to a
partnership approach with the start of birthing plans

4. Where a case of cerebral palsy is identified at birth there is the need for an in
hospital committee aimed at possible improvement and future avoidance, an

organizational change. This can be constructive not geared to apportion blame.
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5. Finally for a National Palestinian Cerebral Palsy Register vital for monitoring,
dissemination of knowledge and further research. This is a bureaucratic surveillance
change, surveillance is carried out in Palestine, and the number of cases of cerebral
palsy in Palestine is justification for the addition.

All recommendations require a shift in attitudes and behavior which may reduce the
occurrence of cerebral palsy. The future recommendations are more broad in focus

concerning but not exclusive to Palestine.

6.11. Future Recommendation

1. For research to include new risk factors not previously studied, for example
diabetes. Not just whether the mother has diabetes but perhaps also its existence in the
wider family. It was noticed by the researcher that this factor was documented in the
medical records of the cases during data collection. No known research into diabetes
and cerebral palsy exists.

2. For research into medical technology to identify the exact location and extent of the
injury in the brain. The condition of cerebral palsy is an umbrella word for all injuries,
may be through research links can be made between the site of the injury and the risk
factors. Therefore a convergence of academic disciplines could be beneficial.

3. To consider that each risk factor itself may have its own causal pathway. Perhaps if
research were to step back to try to untangle what factors are behind individual
variables. This requires a change in perspective; this may lead to explanations relating
to the confounding of variables when regressed as in this study.

4. Finally for more research into cerebral palsy in Palestine, this study was the first so
more is needed to confirm the results. Data is readily available and the sample size
was easily reached in a short period- five months. This means that logistically further
studies could include many more cases. Etiology and the hypothesis could be further

strengthened.
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Appendix A.

Questionnaire.
File number:
Distribution:
Diagnosis; Description of
tone:
Mild / Moderate / Severe.

1.
Name of child:: D.O.B
Address:

2. Information about parents
Father
Profession DOB
Education
Mother
Profession DOB
Education
Relation to spouse: Number of children:

3. Are there any other children with disability in the family

[ Yes

[J No

If yes, what:

4. Did the mother receive any medical care during pregnancy

[l Yes [J No

If yes, what:
5. Type of delivery

a. Trauma Specify

b. NVSD

c. Instrument assisted

d. Caesarian: if caesarian, why?

e. Breech birth
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8. Was the baby put in the incubator
[ Yes [1 No

If yes, for how long:
9. Did the baby Suffer from

a. Hemorrhage or bleeding

b. Difficulty breathing

c. Lack of oxygen

d. Bilirubinemia

e. Others:

10. If the baby suffered from bilirubinemia
a. What was the level
b. For how long
11. Did you receive any fertility treatment prior to your pregnancy with this child?

1 Yes [1 No

If yes,
1. What type of
treatment:........ooooiiiiii
ii.  Was it multiple pregnancy, How many

12. Was this child one of a twin who died before birth?
1 Yes (] No

13. Where did you deliver?

M.O.H. Private maternity home ____, Other, specify

Name of medical facility

14. Did you have any infections/ illness during pregnancy?

1 Yes [1 No
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If yes

what:

e Did you have any treatment
[l Yes [J No
If Yes: what?

e Do you have any concerns about the treatment you and your child
received?

Please specify

e  Would you classify the treatment received as

Excellent Acceptable Bad
15. Did you have any infections/ illness during delivery?

[ Yes U No

If yes

what:

¢ Did you have any treatment
[ Yes U No
If Yes: what?

e Do you have any concerns about the treatment you and your child
received?

Please specify

e  Would you classify the treatment received as

Excellent Acceptable Bad

16. Do you know if you suffer from any blood clotting disorder?

] Yes [1 No
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If Yes, What

disorder

17. Does the child have any congenital abnormalities?

a
b.
C.

d.

Cleft palate
Cleft lip
Head malformation

Other

18. Mother’s age when child born

19. Father’s age when child born
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