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Abstract

BACKGROUND—Cerebral palsy is the most common cause of motor dysfunction in children
worldwide and is often accompanied by multiple comorbidities. Although cerebral palsy has been
studied extensively in high-resource settings, there are few published studies on cerebral palsy
etiology, outcomes and comorbidities in low-resource settings.

METHODS—Children with cerebral palsy were prospectively enrolled from inpatient and
outpatient settings at a referral center in Gaborone, Botswana, in a cross-sectional study conducted
from 2013 to 2014. Cerebral palsy etiology, outcomes, and comorbidities were determined through
caregiver interviews, review of medical records, and direct physical examination.

RESULTS—Sixty-eight children with cerebral palsy were enrolled. Subjects were 41% male,
with a median age of 4 years (interquartile range = 2 to 7). The most common etiologies for
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cerebral palsy in our cohort were intrapartum hypoxic events (18%), postnatal infections (15%),
prematurity (15%), focal ischemic strokes (10%), and prenatal infections (10%). Severe motor
impairment was common, with the most severe category present in 41%. The predominant
comorbidities were cognitive impairment (84%), epilepsy (77%), and visual impairment (46%).

CONCLUSIONS—Cerebral palsy in Botswana has different etiologies and is associated with
poorer outcomes and higher prevalence of comorbidities than what has been reported in high-
resource settings. Further studies are necessary to determine optimal preventative and treatment
strategies in this population.

Keywords
International Child Health; neurologic disorders; cerebral palsy; Africa

Introduction

Cerebral palsy is the most common cause of motor impairment in children worldwidel3 and
is associated with significant morbidity and mortality.#-8 A variety of prenatal, perinatal, and
postnatal insults can lead to the development of cerebral palsy, including hypoxic events,
congenital brain malformations, and infections.3:":8 Cerebral palsy is associated with a
variety of comorbidities such as visual impairment, epilepsy, and cognitive impairment.? In
many children with cerebral palsy, associated comorbidities are the major drivers of outcome
and quality of life.10

Cerebral palsy etiology and outcomes have been well characterized in high-resource
settings, which has contributed to risk-reduction interventions and facilitated appropriate
allocation of resources. However, there have been few high-quality studies conducted in low-
resource settings. A recent systematic review of the literature on cerebral palsy in Africall
noted few African studies of cerebral palsy etiology and no high-quality studies on outcomes
and comorbidities. The few studies that have been performed in Sub-Saharan Africa have
identified birth asphyxia and neonatal infections as the most common etiologies, suggesting
that cerebral palsy etiology may be significantly different in Africa compared with the
United States and Europe. A recent conference on cerebral palsy conducted jointly by the
International Child Neurology Association and the African Child Neurology Association
identified research on cerebral palsy etiology and outcomes as a key research priority to
improve care for children in the region.11

The objective of this study was to systematically evaluate cerebral palsy etiology, outcomes,
and comorbidities in a prospective cross-sectional study of children with cerebral palsy
recruited from a referral center in Gaborone, Botswana. We hypothesized that intrapartum
hypoxic events would be a major contributor to cerebral palsy in Botswana and that children
with cerebral palsy in Botswana would have poorer outcomes and a higher frequency of
comorbidities than historical controls in high-resource settings. We also sought to determine
if outcomes and comorbidities would vary by etiology or by severity of illness.
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Methods
Study design and setting

We conducted a prospective cross-sectional study of all children with cerebral palsy at
Princess Marina Hospital. Princess Marina Hospital, the largest hospital in the country, is a
525-bed tertiary referral center located in Gaborone, Botswana’s capital city. Enrollment in
the study was conducted from June—September in 2013 to June-September 2014. This
sampling strategy was used to maximize the number of subjects enrolled. We attempted to
capture all subjects with cerebral palsy coming into contact with the health care system
during the period of data collection. Patients were recruited from all settings at which
children with cerebral palsy receive care at Princess Marina Hospital including general
pediatric clinic, pediatric neurology clinic, physical therapy, occupational therapy, and
inpatient wards. Ethical approval was obtained from institutional review boards at University
of Botswana, Botswana Ministry of Health, and Princess Marina Hospital.

Inclusion criteria

Subjects met all of the following inclusion criteria: (1) children ages two to 18 years with a
clinical diagnosis of cerebral palsy (confirmed by study author D.R.B., a board-certified
pediatric neurologist), (2) motor weakness defined as a score of less than or equal to four of
five on the Medical Research Council Scale for Muscle Strength in at least one limb
associated with activity limitation, (3) onset of signs before the age of 12 months, and (4)
presumed central origin of weakness based on neurological examination.

Exclusion criteria

Presence of one or more of the following: (1) human immunodeficiency virus (HIV)
infection, (2) obstructive hydrocephalus, (3) history of malignancy, (4) evidence of
developmental regression, (5) diagnosis of a known genetic syndrome, (6) primary
neuromuscular disorder, or (7) major extracerebral birth defects. HIV status was determined
by review of records. All children enrolled in the study had documented negative HIV tests
after the age of six months.

Recruitment and case ascertainment

Potential recruitment sites were surveyed daily by study personnel for potential subjects. All
potential subjects were approached and screened by one of the study authors and invited to
participate in the study. Parents or relevant caregivers provided verbal and written informed
consent in either Setswana or English as preferred by the participant and when possible
subjects were asked for verbal assent. A diagnosis of cerebral palsy was confirmed through
caregiver interviews, evaluation of medical records, examination of the child, and review of
all relevant studies and imaging (by study author D.R.B.). Activity limitation was
determined through caretaker interview.

Data sources and variable definitions

Data were obtained through caregiver interviews, chart review of inpatient and outpatient
records, standardized physical examinations, cognitive testing, and review of imaging.
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Interviews were conducted in English or Setswana based on caregiver preference. Interviews
in Setswana were conducted by a study team member fluent in Setswana or with the
assistance of an interpreter fluent in Setswana. All data were collected on paper case report
forms and verified (by study author D.R.B.) before entry into a password protected
anonymized database.

Variables and data sources are reported in Tables 1 and 2. Cerebral palsy was defined
according to the consensus definition by Bax et al. operationalized through the inclusion/
exclusion criteria above. Years of maternal education included primary and secondary
schooling as well as years of postsecondary education. Outcomes determined included Gross
Motor Function Classification System (GMFCS) score,12 Pediatric Cerebral Performance
Category score,!3 and Pediatric Overall Performance Category score.3 Scores for each
outcome were determined according to published criteria and were assigned by study author
D.R.B. after review of all available information. GMFCS score was additionally classified as
either “ambulatory” (GMFCS I-I11) or “nonambulatory” (GMFCS IV-V).

The World Health Organization Ten Question Screen was used to screen for additional
comorbidities; children testing positive on screening then had these comorbidities confirmed
by standardized evaluations. Computed tomography and magnetic resonance imaging
reports and images were obtained and reviewed by study author D.R.B. Ascertained
comorbidities included epilepsy, cognitive impairment, contractures, orthopedic problems
(including scoliosis, club foot, and pathologic fractures), hearing impairment, and visual
impairment. Hearing impairment was assessed using three-level voice test (for children able
to participate) or audiometry. Hearing impairment was considered to be present when a child
failed to respond to mid-level spoken voice or had a 70 dB or greater hearing loss on
audiometry in either ear. Visual impairment was assessed by physical examination and was
considered to be present when vision was 20/100 or worse in both eyes in children able to
participate in vision testing. In children too young or cognitively impaired to formally test
vision, visual impairment was considered to be present in children with response to other
stimuli but no response to light or threat in at least one eye. Cognitive impairment was
determined through caregiver interview regarding cognitive and language milestones. A
standardized developmental evaluation was completed for all children. For children ages six
years and older, cognitive testing was performed using the International Cognitive
Assessment, a short cognitive test developed for use in low-resource settings and
concurrently validated during this study. Cognitive impairment was considered to be present
when children performed below a cutoff on developmental assessment or cognitive testing
representing two standard deviations below the mean for age.

Determination of etiology

We used a hierarchical mutually exclusive categorization system to determine etiology based
on the World Health Organization verbal autopsy method.1# Definitions were first tested for
applicability and appropriate performance characteristics during a pilot phase of the study.
Because we were interested in examining outcomes and comorbidities by etiology, each case
was categorized as secondary only to one etiology. Where there was evidence of multiple
possible etiologies, etiology was categorized based on the earliest timing of injury (e.g., if
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there was evidence of both congenital malformation and neonatal infection, the etiology was
assigned as congenital malformation). The specific etiology for each case was determined
through caregiver interview, analysis of relevant imaging, laboratory results, and review of
the obstetric history and the child’s peripartum and postpartum history.

Etiologies were categorized into the following hierarchy based on presumed timing of insult
from earliest to latest: (1) congenital brain malformations,1® (2) prenatal (toxoplasmosis
other rubella cytomegalovirus herpes—type) infections,1416.17 (3) prematurity,14.16:17 (4)
focal ischemic stroke,1® (5) intrapartum hypoxic event,18 (6) postnatal infections,14:16:17 (7)
kernicterus,1® (8) head trauma,1416:17 and (9) unknown. Criteria for each etiology are
described in Table 3.

Statistical analysis

Results

Statistical analyses were performed using Stata 12.1 (StataCorp LP, College Station, TX).
Standard descriptive statistics are reported including medians and interquartile ranges for
non-normally distributed continuous variables and percentages for categorical variables.
Comparisons between categorical variables were performed using a chi-square test.
Comparisons between continuous variables were performed using the Kruskal—Wallis test.
Correlations between ranked outcome variables were performed using Spearman correlation
coefficient. Tests for trend across ordered groups were performed using the nptrend test in
Stata, a nonparametric test which is an extension of the Wilcoxon rank sum test.
Significance level was set at 2= 0.05. Missing data were handled using pairwise deletion.
The sample size of 68 subjects was calculated based on simulations of possible numbers of
patients within groups and had 80% power to detect a 20% difference between
dichotomously characterized groups assuming variables of interest occurred in at least 30%
of subjects.

Demographics

A total of 68 subjects with cerebral palsy were enrolled in the study. All subjects who were
approached agreed to participate in the study. All children had previously undergone
imaging with computed tomography or magnetic resonance imaging. Fifty-four subjects
(79%) were recruited from outpatient settings, whereas 14 subjects (21%) were recruited
from inpatient wards. Patients recruited from inpatient wards were admitted for seizures (six
subjects), pneumonia (three subjects), gastroenteritis (two subjects), diagnostic evaluation of
cerebral palsy (two subjects), and motor vehicle accident (one subject.) All subjects were of
African ethnicity. Subjects were 41% male with a median age of 4 years (interquartile range
=210 6.5). Most subjects (48 subjects, 71% of total) were living in Gaborone; 12 (18%)
were categorized as living in a small city or town in the surrounding area, and eight (12%)
were categorized as living in a small village or rural area. Additional demographic data and
descriptive statistics are presented in Table 1.
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The most common etiologies are reported in Figure 1 and included intrapartum hypoxic
events (12 subjects, 18%), prematurity (10 subjects, 15%), and postnatal infections (10
subjects, 15%), followed by focal ischemic stroke (seven subjects, 10%) and prenatal
infections (seven subjects, 10%). Two subjects (3%) had cerebral palsy secondary to
kernicterus, and two subjects (3%) had congenital brain malformations. We did not identify
any subjects with cerebral palsy secondary to head trauma. The etiology in 18 subjects
(26%) could not be determined. Among the ten subjects with cerebral palsy secondary to
postnatal infection, seven had meningitis in the first month of life and three developed
meningitis between the age of one and six months.

Cerebral palsy type

Outcomes

Spastic cerebral palsy was the most common type (56 subjects, 82%), including 31 subjects
(46% of total) with spastic quadriplegia, 16 subjects (24%) with spastic hemiplegia, three
subjects (4%) with spastic diplegia, and six subjects (9%) with mixed spastic/dyskinetic
cerebral palsy. Among the remaining 12 subjects with nonspastic cerebral palsy, five
subjects (7%) had hypotonic cerebral palsy, two subjects (6%) had dyskinetic cerebral palsy,
two subjects (3%) had ataxic cerebral palsy, and three subjects (3%) had other cerebral

palsy.

Severe motor impairment was common, with the most severe category (GMFCS V) being
present in 28 subjects (41%). Another 11 subjects (16%) were categorized as GMFCS IV.
The total number of nonambulatory subjects (GMFCS IV and V) was 39 (58%). Cerebral
performance score was highly correlated with GMFCS score (Spearman correlation
coefficient = 0.59, £ < 0.001) as was overall performance score (Spearman correlation
coefficient = 0.83, < 0.001, Figure 2). Outcomes on GMFCS, cerebral performance score,
and overall performance score did not vary by etiology (Kruskal—Wallis test for GMFCS, H
=6.6, 7 d.f., P=0.47, other outcomes all with 2> 0.5), but small numbers of subjects in
each group limited power for this analysis. Outcomes also did not vary by inpatient versus
outpatient status (P=0.7).

Comorbidities

The most common comorbidities of cerebral palsy in our study are described in Table 4 and
were cognitive impairment in 56 subjects (82%, 95% confidence interval [CI] = 73%-91%),
epilepsy in 52 subjects (76%, Cl = 62%-88%), and visual impairment in 31 subjects (46%,
Cl = 33%-58%). In addition, 29 subjects had malnutrition (43%), 11 subjects (16%) had
hearing impairment, 18 (26%) had contractures, and 28% had other orthopedic
complications. Cognitive impairment, malnutrition, and visual impairment were all
significantly more common in subjects with higher GMFCS scores (Table 4). Comorbidities
did not vary by etiology or by inpatient status.
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Discussion

Key results

Our study aimed to determine the etiology, clinical outcomes, and comorbidities of children
with cerebral palsy in Botswana. We identified 68 children with a diagnosis of cerebral palsy
at Princess Marina Hospital during our recruitment period in 2013 and 2014. The most
common causes of cerebral palsy in our study included hypoxic events, with 28% of cases
due to either global hypoxic events or focal ischemic strokes, with prenatal or postnatal
infections accounting for another 25% of cases. In addition, we found that severe cerebral
palsy (GMFCS 4 or 5) was common, accounting for 57% of all children with cerebral palsy.
The most common comorbidities were cognitive impairment, epilepsy, visual impairment,
and malnutrition. Comorbidities were more common in children with more severe cerebral
palsy but did not vary by etiology.

Interpretation

The relative contribution of intrapartum hypoxic events to cerebral palsy is much higher in
our study than what has been reported from high-resource settings but similar to what has
been reported in other African studies. For example, data from the South Australia Cerebral
Palsy Registry published in 2006 found that only two of 46 term neonates with cerebral
palsy had a history of an acute intrapartum hypoxic event occurring during labor and
delivery.20 Several recent review articles from high-resource settings have concluded that
intrapartum hypoxic events are uncommon causes of cerebral palsy, accounting for at most
8% to 10% of all cases.?! In contrast, most studies of cerebral palsy etiologies in Africa have
also found relatively high percentages of birth asphyxia as the primary etiology of cerebral
palsy, accounting for 35% to 58% of cases of cerebral palsy.22-2> These studies had
relatively loose definitions of birth asphyxia, preventing a direct comparison to our study.
Future studies of cerebral palsy in Africa would benefit from a multicenter approach using
standardized definitions to better allow comparisons between centers.

We found that 15% of cerebral palsy cases were attributable to prematurity. The percentage
of cases attributable to premature delivery is low compared with epidemiologic data
obtained in developed countries, where it has been reported that 78% of cases of cerebral
palsy occur due to preterm birth.20 The relatively low percentage of cerebral palsy cases
attributable to preterm birth is at least partially explained by poor survival rates of early
preterm and very low birth weight infants. Among neonates born with a birth weight
between 500 g and 900 g in Botswana during the period of this study, the mortality rate was
80% or higher (unpublished data).

The proportion of patients with a confirmed etiology of postnatal infection (15%) is also
high compared with the proportions reported in developed countries. In a retrospective
Australian study of cerebral palsy cases born between 1970 and 1999, only 2.4% (75 of
3162) were caused by postnatal infection.26 However, our results are similar to what has
been reported from other African studies.23 Given that many postnatal infections are
potentially preventable, this is a target for future interventions.
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The proportion of children distributed among each GMFCS category in Botswana is
remarkably different from the distribution observed in most studies from high-resource
settings. The most frequently assigned GMFCS category in the United States is category I,
the mildest category of disability in children with cerebral palsy where the affected
individuals are able to perform all age-appropriate motor functions. In a retrospective record
review of 8-year-old children with cerebral palsy in the United States, it was found that 38%
were assigned GMFCS category |, with only 17% assigned the most severe category,
GMFCS V.27 In contrast, the most frequently assignhed GMFCS category in Botswana was
category V (41%). This stark inversion of the motor and cerebral outcomes of cerebral palsy
in Botswana vs the United States can be potentially explained by a number of factors,
including different etiologies, differences in management of infants in the intensive care
unit, and differences in rehabilitative therapies.?8 Lack of access to therapy services,
orthotics, and assistive technology are all potential contributing factors to poor outcomes
that should be targeted.

Limitation, bias, and generalizability

Because our sampling strategy attempted to capture all children with cerebral palsy coming
into contact with the health care system, our sample is likely to be representative of children
with cerebral palsy receiving health care services in Botswana. Our study demographics are
similar to what has been reported in prior studies of children in Gaborone.2? However,
compared with the overall population in Botswana, our study population was more urban,
had higher levels of education, and had higher levels of literacy.

Because this study recruited children from inpatient and outpatient sites at a tertiary care
center, it is likely that there is some selection bias. More severely affected children may be
over-represented because children with milder cerebral palsy may not be brought in for care
to a tertiary care center. We attempted to examine this by looking at rates of outcomes and
comorbidities by inpatient status and found no difference between these groups. Thus, need
for hospitalization is unlikely to have introduced bias into the study. Nevertheless, future
studies of cerebral palsy in Africa should also perform community-based sampling to
capture a more representative sample. Generalizability of our study to other African settings
is likely to be moderate because labor and delivery practices and postnatal care in hospitals
in Botswana are similar to practices in other neighboring countries.1! However, Botswana is
a middle-income country with universal health care, likely resulting in relatively better
maternal and child health than are found in most countries in sub-Saharan Africa. Caregivers
in our study were highly educated, and most mothers in our study had prenatal care during
pregnhancy and gave birth in a hospital setting. Also notable was that our population was very
urban. Future studies should also include rural sites to identify differences in prevalence and
severity between urban and rural centers.

Conclusion

This study confirms the importance of potentially preventable etiologies as major
contributors to cerebral palsy in Botswana. In the future, multicenter international studies
with recruitment from both urban and rural areas using standardized definitions are
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cessary to make meaningful comparisons between countries and to provide additional

insight into optimal treatment and preventative strategies for cerebral palsy. Low technology

co

mmunity-based early intervention programs need to be developed and scaled up for use in

Botswana and similar African settings specifically targeting the most common

co

morbidities. The large etiologic contribution of both intrapartum hypoxic events and

postnatal infections to cerebral palsy suggests interventions in birth practices and neonatal

ca

re could make a significant impact in decreasing rates of cerebral palsy in Botswana.
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FIGURE 1.
Etiology of cerebral palsy in Botswana.
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FIGURE 2.

Cerebral Palsy Outcomes, by Etiology. There were no significant differences in outcomes

between etiologies. Gross Motor Function was rated using the Gross Motor Function

Classification System, a scale from 1 (least severe) to 5 (most severe). Cognitive Function
was rated using the Pediatric Cerebral Performance Category Scale, a scale from 1 (normal)
to 6 (brain death). Overall function was rated using the Pediatric Overall Performance Scale,

a scale from 1 (normal) to 6 (brain death).
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Demographics of Study Cohort

Subject Characteristics Total n =68
Age in years, median (IQR) 4 (2-6.5)
Male sex 28 (41%)
Birth weight in kg, median (IQR) 3.0(2.6-3.2)
Living situation
Large city 48 (71%)
Small city/town 12 (18%)
Small village/rural area 8 (12%)
Electricity in home 48 (71%)
Running water in home 49 (72%)
Maternal characteristics
Maternal age at delivery, median (IQR) 29 (24-32)
Maternal HIV infection 17 (25%)
Maternal years of education, median (IQR) 12 (10-14)
Received prenatal care during pregnancy 61 (90%)
Characteristics of the delivery
Delivered in hospital 65 (96%)
Preterm delivery (<34 wk) 10 (15%)
Multiple gestation 2 (3%)
Complications during delivery 31 (46%)
Caesarean section 18 (27%)
Admitted to NICU 44 (65%)
Days in NICU, median (IQR) 7 (0-14)

Abbreviations:
HIV = human immunodeficiency virus
IQR = interquartile range

NICU = neonatal intensive care unit

Values are n (%), or median (IQR) where noted.
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TABLE 2
Variables and Data Sources
Data Source” Variable
Caregiver interview Age, sex, location of residence, years of maternal education, complications during delivery, history of intrapartum

hypoxic event, history of epilepsy, developmental history, history of orthopedic complications.

Chart review Age, gestational age at birth, birth weight, Apgar scores, complications during delivery, history of intrapartum
hypoxic event, nutritional status, history of neonatal infection, history of hyperbilirubinemia, history of epilepsy,
developmental history, history of orthopedic complications.

Physical examination Cerebral palsy type, hearing impairment, vision impairment, contractures, other orthopedic complications.

Investigator determination ~ Gross Motor Function Classification System score, cerebral performance category, overall performance category,
etiology.

*
Some variables were obtained from multiple data sources. When there was a discrepancy between data sources, this was resolved by
determination of the investigators.
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TABLE 3

Criteria Used to Determine the Etiology of Cerebral Palsy

Etiology

Criteria/Definition

Congenital brain malformation

Prenatal infection

Prematurity
Focal ischemic stroke

Intrapartum hypoxic event

Postnatal infection

Kernicterus

Head trauma

Other

Unknown

Abbreviations:
CSF = cerebrospinal fluid

CT = computed tomography

Brain imaging (CT or MRI) consistent with congenital brain malformation.

(1) Characteristic neuroimaging (e.g., calcifications in the basal ganglia) and (2) elevated TORCH titers or
positive PCR for cytomegalovirus.

Gestational age less than or equal to 34 wk and characteristic neuroimaging.
Brain imaging (CT or MRI) consistent with focal ischemic stroke.

5-min Apgar score less than or equal to five and clinical history of birth asphyxia in the patient’s medical
record or reported by the patient’s caregiver and clinical history of birth complications either recorded in the
patient’s chart or described by the caregiver and imaging consistent with global hypoxic event.

Clinical history of meningitis or encephalitis and one or more of the following: (1) documentation of positive
bacterial culture from cerebrospinal fluid, (2) documentation of herpes simplex virus from serum or
cerebrospinal fluid, or (3) CSF pleocytosis with >10 WBCs/HPF.

Total serum bilirubin documented during neonatal period >20 mg/dL (342 pmol/L) and either (1) movement
disorder involving choreoathetosis or dystonia or (2) imaging consistent with bilirubin deposition in the
globus pallidus or subthalamic nuclei.

Clinical history of head trauma described by the caregiver or recorded in the medical record and brain
imaging consistent with traumatic brain injury.

Other specified etiology determined by the investigator and not meeting any of the criteria specified above.

Cerebral palsy not fitting criteria for any of the above definitions and not better explained by an alternative
etiology.

MRI = magnetic resonance imaging

PCR = polymerase chain reaction

TORCH = toxoplasmosis other rubella cytomegalovirus herpes

WBCs/HPF = white blood cells per high-powered field
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