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ABSTRACT

Objective This study aims to explore the associated
impairments of cerebral palsy (CP) and their correlates
among children with CP in Vietnam.

Design Descriptive cross-sectional study using hospital-
based surveillance.

Setting National Children’s Hospital, Hanoi, Vietnam
between June and November 2017.

Participants 765 children with CP were recruited.
Outcome measures We assessed clinical characteristics
of CP, associated impairments (epilepsy, intellectual,
visual, hearing, speech impairments) and their correlates.
We performed descriptive analyses (median, QR and
proportion). x2 test and Fisher’s exact test were used for
categorical variables. Univariate logistic regression and
multivariate logistic regression models were established
and associated impairments were included as independent
variables.

Results The median age of children was 1.7 years
(IQR=2.7). Quadriplegia was the predominant subtype
(69.5%) and 46.5% were at Gross Motor Function
Classification System level IV=V. Of children, 76.3% had
>one associated impairment, most commonly speech or
intellectual impairments (59.1% and 57.8%, respectively).
Severity of motor impairment, type of CP, maternal and
perinatal factors (eg, gestational age, perinatal asphyxia,
timing of injury causing CP) were associated with greater
risk of associated impairments.

Conclusion Children with CP have a high burden of
associated impairments. Findings from our study will
inform the development and implementation of appropriate
screening and interventions and reduce the long-term
adverse effects of these impairments on individuals with
CP and their socioeconomic impact.

INTRODUCTION

Cerebral palsy (CP), the most common phys-
ical disability of childhood, is a group of
permanent disorders of motor impairment
that result from a non-progressive injury to
the developing brain.! CP is often related to
a range of associated impairments, some of

6,11

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We established active, hospital-based surveil-
lance in one of the largest hospitals in Vietnam but
hospital-based data are not representative of cere-
bral palsy (CP) in other settings.

= Surveillance was modelled on the Pediatric Active
Enhanced Disease Surveillance system operating in
Australia.

= Clinical assessment and data collection were com-
pleted by trained paediatricians using a modification
of a widely used CP register form to generate com-
parable data.

= Lack of comprehensive assessments and a young
cohort likely led to under-reporting of associated
impairments.

= The challenges of confirming diagnoses of CP and
intellectual impairment in young children may have
influenced findings among study participants.

which result directly from the brain injury
causing CP and some that are secondary to the
motor impairments of CP.?> One of the most
widely used definition of CP outlines that ‘the
motor disorders of CP are often accompanied
by disturbances of sensation, perception,
cognition, communication and behaviour,
by epilepsy and by secondary musculoskel-
etal problems’.! Associated impairments of
CP adversely impact participation,® quality of
life® and survival® of individuals with CP, often
more than the motor impairment itself. This
reaffirms the need for better understanding
of comorbid conditions, their impact on the
lives of individuals with CP and their care-
givers and the management of CP.

A systematic review by Novak reports that
rates of comorbidity and associated impair-
ments are strongly linked to the severity of
motor impairment of CP.* Although there
are reports of a decline in the prevalence and
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severity of CP from high-income countries, severe motor
impairment is increasingly documented from emerging
CP registers in low and middle-income countries.”™
This indicates a potentially greater burden of associated
impairments of CP in low resource settings and highlights
the need for better identification of associated impair-
ments and development and implementation of appro-
priate interventions to reduce their adverse effects and
improve participation and quality of life of the children
and their families.

In Vietnam, it is estimated that there are 60000 chil-
dren living with CP and that CP comprises 30%-40% of all
childhood disability.” However, these figures came from a
report which did not provide detailed information about
associated impairments in CP. Furthermore, to the best of
our knowledge, there has been no research investigating
the prevalence of impairments among Vietnamese chil-
dren with CP. Therefore, in 2017, we established hospital-
based surveillance to prospectively document the clinical
characteristics of children with CP. In the present study,
we explore the associated impairments and their various
correlates among those children.

CP negatively affects children and their caregivers,
parents, families and healthcare providers. Caregivers
play a vital role in the rehabilitation of children with CP"’
and often face a wide range of challenges due to the heavy
physical burden of caregiving, guilt about their child’s
condition and financial burden.'" Also, a study about chil-
dren with neurodevelopmental disorders reported that
half of their caregivers had stress at moderate and high
levels."” In Bangladesh, caregivers of adolescents with CP
had a significantly high risk of depression and stress."”
Consequently, the quality and effectiveness of rehabili-
tation for children may be negatively affected. Providing
information on factors associated with impairments
in children with CP helps clinicians develop evidence-
based rehabilitation interventions that focus on the most
severely affected groups and reduce caregiver stress. In
addition, understanding the risk factors that lead to asso-
ciated impairments may inform their prevention in chil-
dren with CP.

The aim of the study was to describe associated impair-
ments (ie, epilepsy, intellectual, visual, hearing, speech
impairments) among children with CP and their various
correlates (eg, sex, type and topography of CP, Gross
Motor Function Classification System (GMFCS) level,
Manual Ability Classification System (MACS) level, etc).

MATERIALS AND METHODS

Study design

This is a descriptive cross-sectional study using hospital-
based surveillance.

Procedure

We established hospital-based surveillance modelled on
the Paediatric Active Enhanced Disease Surveillance
system operating in Australia to identify children with

CP." In this study, we conducted active, prospective case
finding involving daily identification of patients as they
presented to the National Children’s Hospital (NCH)
Vietnam, as detailed in protocol for this study.’

The questionnaire used for data collection is a modi-
fied version of the Australian Cerebral Palsy Register
(ACPR) record form which was used for the Bangladesh
CP Register (BCPR) Study.®' Clinical information was
collected by trained Vietnamese paediatricians at the
NCH. Responses were recorded in Vietnamese and trans-
lated into English by two study investigators. Translated
data were entered into a database.'®

Study setting

NCH is an 1800 bed tertiary paediatric hospital in Hanoi
that provides services for about 100 000 inpatients and
1 million outpatients each year. The rehabilitation depart-
ment sees approximately 80-100 children per day. Base-
line case identification by Vietnamese paediatricians took
place between June and November 2017.

Participants

Participants were children aged less than 18 years, who
attended the rehabilitation department at NCH and were
newly diagnosed with CP, according to the definition
used in Surveillance of Cerebral Palsy in Europe and the
ACPR.” "' Diagnosis of CP was confirmed by paediatri-
cians following clinical assessment, history taking, review
of existing hospital records and investigations using our
study protocol. The definition, inclusion and exclusion
criteria used for CP are described in the study protocol.”

Outcomes measures

CP characteristics

Detailed clinical assessment was conducted to describe
the type and topography of CP. Clinical information
including age at the time of diagnosis and presumed
timing of the injury causing CP was collected. The GMFCS
was used to classify and describe motor function.'” The
MACS, which reports on use of hands and upper limbs
in different activities, was used to assess children over 4
years of age.l7 8

Associated impairments

The presence and severity of associated impairments
were documented based on clinical history, detailed clin-
ical assessment, report by the parents/primary caregivers
according to the Washington Group conceptual frame-
work'? and review of relevant medical reports.

Diagnosis of epilepsy was based on a clinical history
of one or more unprovoked seizures in the previous
3 months beyond the neonatal period and review of
medical records.

Intellectual impairment was defined as notable defi-
cits in age-appropriate intellectual functioning, adaptive
skills and developmental delays. Assessment of children
to identify those with and/or likely to develop intellectual
impairment was based on clinical history, and/or assess-
ment of adaptive function and/or report by the parents/
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primary caregivers and/or review of available medical
records including IQ by clinicians. In the absence of rele-
vant medical records of formal assessment, which was the
case for the majority of our study participants, a clinical
assessment was made by experienced paediatricians at
the NCH. Assessment of probable severity of intellectual
impairment was based on each child’s age-appropriate
intellectual and adaptive functioning, and daily skills in
accordance with the DSM-5 criteria for diagnosis and
classification of severity of intellectual disability® and
classified as follows: ‘children who were clinically assessed
to be slower in all areas of conceptual development and
social and daily living skills’ relative to age were classified
as mild to moderate; ‘children with major delays in devel-
opment, poor intellectual and adaptive functioning skills’
for age were classified as severe.

Due to certain known limitations of the DSM-5 in the
assessment of severity of intellectual impairment among
such ayoung cohort, the experienced clinicians used addi-
tional assessment tools to support their clinical assessment
and decision-making about the severity. This included the
additional use of the American Association on Intellec-
tual Developmental Disabilities-AAIDD)*' to evaluate the
extent of support required, thus certain adaptive skills of
each child relative to their age to determine the extent
of developmental delays to support the DSM-5 criteria,
which confirms that ‘major developmental delays’ reflect
severe or profound intellectual impairment. Collective
use of these multiple tools, completion of detailed history
taking and clinical assessment by experienced paediatri-
cians and review of available medical records ensured
a rigorous approach to confirmation and classification
of intellectual impairment among these children. This
multipronged approach additionally enabled classifica-
tion consistent with the categories used by the Australian
Cerebral Palsy Register and hence allow estimation of
the IQ category: normal (IQ >70), mild impairment (IQ
50-69), moderate impairment (IQ 35-49), severe impair-
ment (IQ<35).%2%

Visual impairment was determined by an ophthalmol-
ogist through history, clinical assessment of visual acuity
and functional vision (including counting fingers, hand
motion and light perception) and medical records and
classified using WHO guidelines®* as: normal: no impair-
ment, mild to moderate: some impairment, severe:
Blindness.

Assessment of hearing impairment was based on history
and examination, including the child’s response to name
call, clap and vehicle horns; previous ear infections, symp-
toms of ear pain or purulent drainage; family history;
prescription and use of over-the-counter ototoxic medi-
cation and previous hearing loss interventions. Otoscopic
examination was performed to evaluate the pinna,
external auditory canal and tympanic membrane for
conditions that could contribute to hearing loss or may
require further evaluation and treatment. Assessment was
done by otolaryngology and audiometry and based on
WHO guideline® as follow: normal: no hearing loss, mild

to moderate: some impairment, severe: deafness. Audi-
ology was not performed.

Assessment of speech was based on the history taken
from the primary caregiver, and speech and language
assessment by a medical practitioner. Expressive and
respective language, naming quality and quality of conver-
sational speech were also observed. Speech impairment
was classified as follows: normal: no impairment, mild to
moderate: some impairment, severe: Non-verbal.

These are the common associated impairments among
children with CP often resulting from the causal injury to
the developing brain. We assessed and collected data on
each associated impairment using evidence-based tools
and definitions (ILEA,?® DSM-5?! and WHO?** %), which
are used extensively by clinicians. Chosen assessments
and classification of the measures are widely used by CP
registers internationally, including the Australian CP
Register, Surveillance of CP in Europe and BCPR, which
has ensured generation of robust comparable data.

Risk factors

Data were collected on the known risk factors for CP
through history taking, review of hospital records and
clinical assessment. Data were collected on maternal
febrile illness during pregnancy, gestational age at birth,
mode of delivery, birth weight of children, timing of
injury causing CP, perinatal asphyxia, neonatal jaundice,
maternal infection during pregnancy, consanguinity and
multiple births.

Maternal febrile illness during pregnancy was defined
as self-reported fever any time during pregnancy when
the temperature was measured >37.8°C.

Data on timing of injury causing CP was collected in
two categories: (1) prenatally or perinatally acquired CP
and (2) postneonatally acquired CP. Those with no clear
known prenatal, perinatal or postneonatal cause were
reported as ‘unknown’.

Perinatal asphyxia was defined as failure of a newborn
to cry at the time of birth, experiencing delayed onset
of breathing (>l min) or requiring assistance to initiate
breathing. Non-physiological jaundice confirmed by
physicians was reported.

Neuroimaging patterns

Detailed reports of MRI scans, completed by radiolo-
gists at the NCH and stored in the hospital records, were
obtained. MRI findings from scans completed at any age
were included in the study. The MRI findings were classi-
fied into five groups using the MRI Classification System:
maldevelopment, predominant white matter injury,
predominant grey matter injury, miscellaneous patterns
and normal.?’ These findings will be separately published.

Nutritional status

Anthropometric measurements (height and weight) were
documented to assess the nutritional status of children
using a WHO guideline.”® We reported these data sepa-
rately in a previous publication.29 Three indices were
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used to describe the nutritional status of children with
CP: weight for age (WA), height for age (HA) and weight
for height (WH). The Z scores for these three indices (ie,
WAZ, HAZ and WHZ) were calculated using WHO Anthro
(V.3.2) and WHO AnthroPlus software. WAZ was calcu-
lated for children aged less than 121 months and WHZ
was calculated for children aged less than 61 months.
Nutritional status of children was categorised using the
WHO cut-offs for the z scores (ie, =2 SD to +2 SD: normal;
<-2SD to -3 SD: moderately undernourished and <-3SD:
severely undernourished).

Head circumference

Using a tape measure 1-2cm wide and marked in 0.1 cm
increments, maximum head circumference was measured.
Measurements were repeated three times and the largest
measurement to the nearest 0.1 cm was selected.” Head
circumference z-scores (calculated using WHO charts™)
were categorised to indicate microcephaly (head circum-
ference >2 SD below the mean or <3rd centile for age and
sex), severe microcephaly (head circumference >3 SD
below the mean for age and sex or <Ist centile); macro-
cephaly (occipitofrontal circumference >2 SD above
the mean for given age and sex or >97th centile) and
normocephaly.”

All of these outcome measures have been widely used
and investigated in similar research contexts.”*™ The
chosen outcome measures allow us to assess and analyse
the specific variables and parameters that are essential to
answering the research questions.

Statistical analysis

We performed descriptive analyses (median, IQR and
proportion). x* test and Fisher’s exact test were used
for categorical variables. Univariate logistic regression
analyses were conducted, variables reported in previous
studies as associated factors with associated impairments
were included as independent variables.””* Then multi-
variate logistic regression model was established based on
impact/relation of each variable in univariate models.
The dependent variables of both models were the absence
of each associated impairment. All tests were considered
significant at p<0.05. All analyses were performed using
SPSS Statistics software V.24 (IBM Corporation, Chicago,
Illinois).

Patient and public involvement
Patients or the public were not directly involved in the
conception, design and planning of this study.

RESULT

A total of 765 children with CP participated in this study.
The median age of participants was 1.7 years (IQR=2.7)
and 64.2% were men. Quadriplegia was the predominant
subtype (69.5%) followed by monoplegia/hemiplegia
(20.5%). Nearly half the children had motor function at

GMFCS level IV-V (46.5%) (table 1). About a third of
children had malnutrition. The median gestational age at
birth was 38 weeks (IQR=3). The majority had a vaginal
delivery, were born at term and had a pre/perinatal injury
causing CP (table 1)

Three quarters (76.3%) of the children had at least
one associated impairment with speech and intellectual
impairments being the most common (59.1% and 57.8%,
respectively) (figure 1).

Most children with intellectual or visual impairment
had mild to moderate impairment. In contrast, over one-
third of the individuals with hearing impairment had
severe impairment (table 2).

Over 50% children with either dyskinesia or quadri-
plegia had intellectual or speech impairments. Epilepsy,
visual and hearing impairment were observed in under
15% for all CP subtypes. Ataxia group had one partici-
pant and this child had intellectual and visual impair-
ments (online supplemental figure S1).

The proportion of children with selected associ-
ated impairments by GMFCS level is shown in online
supplemental figure S2. Of the children with GMFCS
levels II, III, IV and V, 50%—-70% had intellectual and/
or speech impairments. Epilepsy was more commonly
observed with more severe motor functional impair-
ment (from 5% in GMFCS level I to 15.9% in GMFCS
level V, p=0.007).

In a univariate logistic model, children with quad-
riplegia, GMFCS level IV-V, intellectual impairment
or speech impairment had higher risk of epilepsy
compared with other children with CP (p<0.01). Chil-
dren with miscellaneous findings (cerebellar atrophy,
cerebral atrophy, delayed myelination, ventricu-
lomegaly and haemorrhage not covered by white
matter injury, brainstem lesions, calcifications) on
brain MRI (OR=2.47 (95% CI 1.13 to 5.4) and post-
neonatal injury causing CP (OR=4.56, p<0.001) had a
higher risk of epilepsy. Factors associated with intellec-
tual impairment included quadriplegia, GMFCS levels
IV-V, MACS level IV-V, the other four impairments
(epilepsy, speech, visual and hearing impairments)
and term birth (p<0.01) (table 3). Factors significantly
associated with visual impairment were intellectual or
speech impairments, MACS levels IV-V and perinatal
asphyxia. Intellectual impairment was the only signif-
icant association with hearing impairment (OR=9.05,
95% CI 1.17 to 69.96). Associated factors of speech
impairment were quadriplegia, intellectual and visual
impairments, GMFCS/MACS level IV-V, miscellaneous
findings on brain MRI and perinatal asphyxia (p<0.05)
(table 3). The full version of table 3 (includes number,
percentage) is in online supplemental appendix.

A univariate logistic model was used to investigate the
association between anthropometric characteristics and
associated impairments (online supplemental table S1).
Severe underweight and stunting were significantly asso-
ciated with intellectual impairment.
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Table 1 Characteristics of the study participants
Characteristics (N=765) n %
Sex
Male 491 64.2
Female 274 35.8
Age groups
0-4 644 84.2
5-9 101 13.2
10-14 20 2.6
Type and topography of CP
Spastic
Monoplegia/hemiplegia 157 20.5
Diplegia 40 5.2
Quadriplegia 532 69.5
Ataxic 1 0.1
Dyskinetic 35 4.6
GMFCS level (n=754)
111l 403 53.5
VI-V 351 46.5
MACS (n=188)*
1=l 170 90.4
VI-V 18 9.6
Weight-for-age z score (n=737)1
Normal 524 711
Moderate underweight 139 18.9
Severe underweight 74 10.0
Height-for-age z score (n=716)%
Normal 442 61.7
Stunted 111 15.5
Moderate 103 14.4
Severe 60 8.4
Weight-for-height z score (n=579)§
Normal 397 68.6
Wasted 64 111
Moderate 80 13.8
Severe 38 6.6
Head circumference (n=629)|
Normocephalic 341 54.2
Microcephalic 267 42.5
Macrocephalic 21 3.3
Neuroimaging patterns (n=264)
Maldevelopments 14 5.8
Predominant white matter injury 118 44.7
Predominant grey matter injury 25 9.5
Miscellaneous 45 17.1
Normal 62 23.5
Maternal febrile illness during pregnancy 102 13.4
(n=762)
Mode of delivery (n=756)
Continued

Table 1 Continued

Characteristics (N=765) n %
Vaginal birth 504 66.7
Caesarean section 238 315
Instrumental delivery (eg, forceps or 14 1.8

ventouse suction)
Gestational age at birth (n=762)

Term (>37-41 weeks) 541 71.0

Preterm (<36 weeks) 202 26.5

Post-term (42-43 weeks) 19 2.5
Low birth weight (<2500 gram) (n=761) 200 26.3
Timing of injury causing CP

Pre/perinatal 416 54.4

Postneonatal 98 12.8

Unknown 251 32.8
Perinatal asphyxia (n=761) 276 36.3
Neonatal jaundice 81 10.5
Maternal infection 69 5.8
Consanguinity (n=744) 11 14
Multiple births (n=733) 42 5.7

*MACS was assessed for children over 4 years old.
TWeight-for-age z score was calculated for children aged <121
months.

FMissing data (n=49).

§Weight-for-height z score was calculated for children aged <61
months.

fiHead circumference was calculated for children aged <61 months.
CP, cerebral palsy; GMFCS, Gross Motor Function Classification
System; MACS, Manual Ability Classification System.

In multivariate logistic models, children with mono-
plegia/hemiplegia and diplegia were found to have
lower risk of intellectual and speech impairments than
children with quadriplegia (p<0.05). GMFCS levels IV-V
and postneonatal timing of injury causing CP were associ-
ated with higher risk of epilepsy (OR=2.75, 95% CI 1.25 to
6.06 and OR=9.08, p<0.001). Children with postneonatal
injury causing CP had a significantly higher risk of visual
impairment (OR=3.84) than children with pre/perinatal
injury causing CP. Perinatal asphyxia and maternal infec-
tion were associated with visual and speech impairments
(p<0.05) (table 4).

DISCUSSION

This is the first study reporting about significant
factors related to associated impairments. We investi-
gated 765 Vietnamese children with CP and found that
children with CP have a considerably higher burden
of associated impairments than the general child
population in Vietnam.*®*” The majority (76.3%) of
children had atleast one impairment; intellectual and
speech impairments being the most common. The
type and motor severity of CP are significantly asso-
ciated with associated impairments among children
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Figure 1 Associated impairments among children with CP. CP, cerebral palsy.

with CP. Specifically, children with quadriplegia had
a significantly higher risk of epilepsy and intellectual
and speech impairments, and children with severe
motor functional impairment (ie, GMFCS IV-V) were
more likely to have epilepsy, intellectual and speech
impairments.

Epilepsy was also associated with brain neuroim-
aging patterns, timing of injury causing CP and other
associated impairments, that is, intellectual and
speech impairment (p<0.05). Perinatal asphyxia, the
timing of injury causing CP, intellectual and speech
impairments were associated with visual impairment
(p<0.05). Gestational age, perinatal asphyxia and
maternal infection were associated factors of speech
impairment (p<0.05). Intellectual impairment was
associated with gestational age, multiple births, types
of CP, GMFCS levels, MACS levels, head circumfer-
ence, and other associated impairments (p<0.05).

Characteristics of associated impairments

The proportion of all associated impairments among
children with CP was higher than their peers in
the general population.*® *” Although our study was
hospital based, the proportion of children with CP

and at least one associated impairment (76.3%)
were comparable to findings from population-
based studies of CP cohorts in other LMICs (79.6%
in Bangladesh and 77.7% in Indonesia).’ ** Consis-
tent with findings from CP cohorts in Europe and
Ethiopia, intellectual and speech impairments were
the most common associated impairments in our
study.* *” Both these impairments considerably limit
communication and participation in education and
society, thus negatively impacting life achievements
and quality of life.”!

Similar to an Indonesian and a large European
study,”® 7 over half of the children in our study had
intellectual impairment, and almost one-third had
severe or moderate impairment. This is lower than the
reported rates from a hospital-based study of children
with CP in Israel’’ and could be in part be due to meth-
odological differences in assessment and definition of
intellectual impairment and its severity. Furthermore,
the children in our study were younger than in the
studies from Indonesia and Israel and older than in
the European study, which may have limited testing
and influenced the reported differences.*® ! *?

Table 2 Distribution of associated impairments and their severity among children with CP

Impairments Severe n (%) Mild to moderate n (%) No impairment n (%)
Intellectual 13 (1.9) 426 (55.7) 230 (34.4)
Visual 1(0.1) 40 (5.4) 695 (94.4)
Hearing 3(0.4) 10 (1.3) 743 (98.3)
Speech 258 (36.6) 192 (27.2) 255 (36.2)

Children without information on impairment severity of impairment were excluded.

CP, cerebral palsy.
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The prevalence of speech, visual and hearing impair-
ments in our cohort were lower than reported rates in CP
cohorts in other countries such as Bangladesh, Ethiopia,
Indonesia.® %" Therein, the children with CP in the Ethi-
opian article were of similar age to the children in our
study.” Epilepsy was also reported in a considerably lower
proportion of children in our study (10.8%) compared
with hospital-based studies in Israel and Ethiopia®™ '
and population-based studies conducted in Bangladesh,’
Indonesia,” Europe.”® The lower proportion of some
of the associated impairments, particularly epilepsy, in
our study could be because the study participants were
recruited from a tertiary paediatric hospital where they
had access to treatment and interventions informed by
thorough neurological assessments by trained paediatri-
cians, and comprehensive investigations including MRI.
Although most of our participants had mild to moderate
impairment, such impairments are linked to reduced
quality of life,”® which is lower than that of the general
population.” The higher burden of associated impair-
ments in children with CP compared with their peers
is explained by the excess risk of disturbances that are
as cocausal with CP and complications of CP as well.”
This suggests a need for standardised screening of chil-
dren with CP for the commonly associated impairments,
complemented by education of health professionals and
caregivers on their diagnosis and management.

GMFCS levels and associated impairments

In our study, the multivariate logistic regression model
showed that children with GMFCS levels IV-V had a
higher risk of epilepsy (OR: 2.75, 95% CI 1.25 to 6.06).
Furthermore, the univariate model showed that GMFCS
levels IV-V were associated with epilepsy, intellectual
and speech impairments (p<0.001) (table 3), similar to
findings from Turkey (OR: 2.56).% If has been previously
reported that children with CP and GMFCS levels IV-V
have more severe impairment” than those with GMFCS
levels I-III. GMFCS IV-V is often associated with more
profound injury to the brain, increasing the risk for asso-
ciated impairments. Although findings from a study in
Germany reported that children with severe CP were at
greater risk of severe visual impairment,”™ we did not find
a significant association between GMFCS level and visual
impairment. This could be due to the small number of
children with visual impairment in our cohort. Another
German study suggested that identification and interven-
tion targeting various associated impairments should best
be directed towards children with GMFCS levels IV to
V.* GMFCS can be assessed early in life with measurable
consistency and reliability,”* ** thus providing clinicians a
simple mechanism to identify children at risk for associ-
ated impairments.

Type of CP and associated impairments

Type of CP was associated with or predictive of associ-
ated impairments in our study. Children with quadri-
plegia had higher risk of epilepsy, intellectual and speech

impairments (p<0.01) (table 3). Similar findings were
reported by CP registers in Canada and Norway.” * In
contrast, a German study reported no association between
CP type and epilepsy.*

Association among associated impairments

Univariate logistic analysis showed that each associated
impairment was associated with an increased likelihood
of other associated impairments (p<0.01) (table 3). Chil-
dren with epilepsy were 3.66 times more likely to have
intellectual impairment and 1.99 times more likely to
have speech impairment (p<0.01). Children with intel-
lectual impairment were also more likely to have other
impairments compared with those without any known
intellectual impairment (p<0.001), with OR ranging from
3.21 for visual impairment to 9.02 for hearing impair-
ment. This is unsurprising because CP results from wide-
spread injury to the developing brain,” which can lead to
cocausal impairments.

Risk factors and associated impairments

Several perinatal factors are known to contribute to the
causation of CP,36 but their relationships with the asso-
ciated impairments of CP are poorly understood. We
explored the relationship between a range of known risk
factors and associated impairments of CP. Term-born
children had a higher risk of intellectual impairment
(OR=1.42, p<0.05). Although birth weight was not signifi-
cantly related to associated impairments in our study,
previous studies report that children with CP and low
birth weight are at significantly higher risk of associated
impairments.* =

Our study did not find any significant relationship
between gestational age and epilepsy. Previous studies
report conflicting findings; a Turkish study showed no
relationship between prematurity and epilepsy,” although
studies from Israel and Germany reported that epilepsy
was more frequent in term infants compared with prema-
ture infants.”* * A study based on data from 17 European
registers also showed an association between epilepsy
and birth at term.* It is well known that low gestational
age and low birth weight are associated with intellectual
impairment and epilepsy in large cohort studies on chil-
dren without CP.>" % However, in our cohort, we found
that those born at term were at greater risk for intellec-
tual impairment and epilepsy, and no significant associa-
tion was found between low birth weight and associated
impairments. These require further exploration to better
understand the various factors potentially contributing to
this disparity among the children with CP in our study.
Our univariate model showed that only children with
maldevelopment of the brain on neuroimaging were
more likely to have epilepsy (OR=3.26, p<0.05).

Children with a postneonatal cause of CP had a nine
times higher risk of epilepsy and about a four times
higher risk of visual impairment compared with those
with a pre/perinatal cause (p<0.001). Furthermore, chil-
dren with a history of perinatal asphyxia had higher risk
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of visual and speech impairments (OR=3.06and OR=1.77,
p<0.05, respectively). Maternal infection during preg-
nancy increased the risk of visual impairment (OR=2.28,
p<0.05). Microcephalic children were at greater risk
for intellectual impairment (OR=1.42, 95% CI 1.03 to
1.96). Future studies should further investigate the causal
mechanisms relating to these associations. Several studies
explored associated factors of epilepsy in CP. A study
conducted in Israel reported that the mode of delivery,
head circumference, adjusted birth weight, gender and
ethnic group, consanguineous marriage and prematu-
rity were not risk factors for epilepsy in children with
CP.** Similarly, maternal febrile illness during pregnancy,
mode of delivery, perinatal asphyxia, neonatal jaundice,
infection and nutritional status were not associated with
epilepsy.” Studies which investigated risk factors for other
associated impairments were scarce. Although speech
impairment is often accompanied by functional limita-
tions of the muscles involved in chewing and swallowing,
and thus nutritional status, we did not find any associa-
tion between nutritional status and speech impairment
in our study.

Study imitations
Despite our considerable efforts, we acknowledge certain
limitations. First, our study design (ie, descriptive cross-
sectional study) limits exploration of causal relationships.

Second, the presence and severity of associated impair-
ments were documented based on clinical history,
detailed clinical assessment conducted by clinicians,
report by the parents/primary caregivers and review
of relevant medical records. In the absence of more
comprehensive assessments in our young cohort, some
associated impairments, particularly speech, visual and
hearing impairment, may have been under-reported.
In regions like Vietnam, where the use of best practice
tools such as Prechtl’s General Movements Assessment
(GMA), Hammersmith Infant Neurological Examination
(HINE) and brain MRI is limited for early detection of
CP, confirmation of diagnosis can be challenging partic-
ularly in young children. Within the National Children
Hospital, alternative diagnostic methods employed by
experienced paediatricians emphasise on the reliability
of comprehensive history taking, clinical assessment
and review of medical records. These methods, though
effective and often the best alternative in several LMICs
in absence of professionals trained in GMA and HINE,
come with acknowledged limitations. These challenges
have guided our team’s continued advocacy for improved
access to these tools in LMIC including Vietnam. Our
broad research programme has since ensured training of
the first certified GM scorer in Vietnam (THHK), which
is a key step towards the implementation of the use of the
best practice tools in addition to clinical assessment by
experienced clinicians for enhanced diagnostic accuracy
for CP in Vietnam.

In our study, experienced paediatricians relied on the
DSM-5 criteria and AAIDD guideline for confirmation

and classification of severity of intellectual impair-
ment.””*! This had additional acknowledged limitations,
which can be addressed in future studies through profes-
sional training and implementation of use of other tools
for the assessment of cognitive function among infants
and toddlers.” It is imperative to ensure continued
follow-up and referral of all children identified to have
probable intellectual impairment through the methods
employed in our study for further assessment using age-
appropriate validated tests for adaptive function and 1Q
at the appropriate age.

Third, data on whether caesarean delivery was emer-
gency or planned were not collected. Finally, information
on risk factors relied on caregiver report, which could
lead to recall bias.

CONCLUSION

We provided a comprehensive exploration of impair-
ments associated with CP. We confirmed a substantial
burden of these impairments among children with CP in
a hospital-based cohort in Vietnam and identified a range
of factors associated with them including type of CP,
GMFCS levels, gestational age, timing of injury causing
CP and perinatal asphyxia. Currently, there is no routine
screening in place for CP and its associated impairments
among children in Vietnam, which should be considered
to ensure best outcomes. Findings from our study will
inform development and implementation of appropriate
interventions necessary to reduce the adverse effects
of these impairments on individuals with CP, and thus
improve the quality of life of children with CP in Vietnam.
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