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ABSTRACT

Objective To define the prevalence and seizure
subtypes among children with cerebral palsy (CP) in rural
Bangladesh and explore barriers to optimum epilepsy
control.

Design Prospective cohort study.

Setting The study was conducted in Shahjadpur, a rural
subdistrict of Bangladesh.

Participants Children (<18 years) with CP and epilepsy
identified using the Bangladesh CP Register (BCPR) in the
study site.

Methods Assessments were conducted in three
focused epilepsy clinics overseen by a paediatric
neurologist between December 2016 and January 2018,
with intervening phone and video-conference follow-
ups. Details of event type, frequency and medication
compliance were collected. Antiepileptic drugs (AEDs)
were prescribed based on seizure type, family income,
comorbidity and medication availability.

Results 23.4% (170/726) of the BCPR cohort had a
clinical diagnosis of epilepsy of whom 166 were assessed.
Following the focused epilepsy clinics, 62.0% (103/166)
children were clinically determined to have ongoing
epileptic seizures. 62.1% (64/103) had generalised onset
tonic clonic seizures, 27.2% (28/103) had focal onset
seizures with impaired awareness and 10.7% (11/103)
had other seizure types. None of the children with
prolonged seizures (31/103) had an emergency seizure
management plan. Non-epileptic events were being
pharmacologically treated as seizures in 18.1% (30/166)
children. Financial constraints were the main reason for
non-compliance on follow-up.

Conclusions Gaps in optimum epilepsy management in
rural Bangladesh are amenable to improvement anchored
with local healthcare workers. Training and clinical care
focused on recognition of common seizure types, seizure
mimics and rationalising use of available AEDs can be
facilitated by better referral pathways and telehealth
support.

INTRODUCTION

Cerebral palsy (CP) is a term that defines a
heterogeneous group of early-onset, non-
progressive, neurodevelopmental disorders
secondary to injury to the developing brain.'
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Strengths and limitations of this study

» Children with cerebral palsy and epilepsy identified
through an ongoing population-based surveillance.

» Specialist clinical assessments were conducted
overseen by a paediatric neurologist.

» Phone follow-ups were conducted.

» The study provided opportunity for continuing local
capacity building.

» The clinical diagnoses relied on clinical impression
and were not corroborated by investigations.

Studies show that among children with CP
epilepsy is associated with greater impair-
ment of cognitive function, poorer motor
outcomes, more profound behavioural and
psychological problems, and poorer quality
of life, all of which collectively contribute to
a greater burden of disability and care.” In
comparison to children with epilepsy only,
children with CP and epilepsy tend to have
early onset of seizures which can often be
difficult to control.”

Recent estimates from a population-based
study in Bangladesh showed a high burden
of CP with an estimated prevalence of 3.4
per 1000 children.* Bangladesh is one of
the most densely populated and under
resourced countries in the world.” WHO
classified Bangladesh as one of the coun-
tries with severe shortages of health workers.
There is inequity in the skill mix and distri-
bution of health workers between urban and
rural Bangladesh.® One of the four axes of
the value-based framework for global health
delivery highlights the need for alignment of
care delivery to the local context.”

Resources for the diagnosis and manage-
ment of neurologic disorders such as epilepsy
are often limited in low-income and middle-
income countries such as Bangladesh.®
Several aspects of epilepsy management that
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may be considered routine in tertiary or specialist settings
are not applicable to community-based settings.” There
is a substantial epilepsy treatment gap in low resource
settings owing to a wide spectrum of factors including
shortage of doctors particularly in the rural areas,” lack of
available investigation and inpatient treatment facilities
as well as decreased service utilisation due to the stigma
around a disability diagnosis."”

We aimed to define the prevalence, clinical phenotypes
and barriers to optimum epilepsy control among children
with CP in a community-based setting in Bangladesh.

METHODS AND ANALYSIS

Cohort compilation

We used the Bangladesh CP Register (BCPR); a prospec-
tive population-based surveillance of children with CP in
Shahjadpur a northern subdistrict of Rajshahi division
in Bangladesh for identification of children with CP and
epilepsy.

Medical assessment camps are conducted on a regular
basis in the surveillance sites for BCPR. A multidisci-
plinary medical assessment team including a paediatri-
cian, a physiotherapist, and a counsellor conduct detailed
assessment for data collection for the BCPR. Data on the
presence of associated impairments including epilepsy
are also documented based on review of limited available
medical records, report by the parents or primary care-
givers of the children with CP, and clinical assessment

by the medical assessment team. Detailed account of the
BCPR study protocol and findings have been described in
previous publications.*

During the BCPR medical assessment camps preceding
this study, a diagnosis of epilepsy had been based on
history of one or more unprovoked seizures in the
previous 3 months recorded by medical practitioners and
review of any available medical records.*

Clinical assessment of epilepsy

Children with CP and epilepsy identified via the BCPR
were clinically reviewed in three focused epilepsy clinics
held for 3days each time at three different locations
within the BCPR study site. Specialist clinical assessments
at the clinics were overseen by a paediatric neurologist
from Australia (SSM) who travelled to Bangladesh for the
focused epilepsy clinics during the study period. Diag-
noses of epilepsy and seizure like events were reviewed
during assessment in the clinics. Details of seizure/event
type, frequency, medication use and compliance were
collected according to a predesigned standard proforma
(online supplemental appendix A). Workflow during the
clinic is outlined in figure 1.

Local capacity building

Two physicians (TK and MCD) were trained by the paedi-
atric neurologist in classifying seizure types according to
the 2017 International League Against Epilepsy (ILAE)
guidelines,'"" demonstration of clinical signs during the

BCPR Population-based surveillance of children with CP

|
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Choice of medications*

'

1

Seizure
Comorbidity/non-epileptic events
Generalized Focal
> Valproate | Carbamazepine
— *>6 months old, unequivocal history of HIE, no — preferred if family could afford it > Sleep disturbance
history of developmental regression, no |, Valproate — Clonidine
organomegaly or stigmata of mitochondrial — Clobazam

disorders

— Comorbid mood lability

— Mvoclonic seizures

5 Clobazam

— Any age, if add on treatment required due to partial
control or breakthrough seizures despite use of
appropriate doses of another AED

— Standalone use for nocturnal seizures only or fever
triggered seizures

— Standalone use for tonic spasms if phenobarbitone
or valproate not useful on past trials

— Comorbid sleep disturbance

— Myoclonic seizures

L» Phenobarbitone

— <6 months old

— could not afford any other medications

*All medications are listed in order of preference for management

- *as before

- preferred if family could not afford
carbamazepine or previous adverse effect with
carbamazepine

> Behavioral problems
aggression, self-mutilation, disinhibition

Clobazam — Clonidine
—add on treatment required due to partial - Valproa.t?
control or breakthrough seizures despite use of — Lamotrigine )
appropriate doses of another AED — Carbamazepine
= Phenobarbitone > Dystonia ‘

— <6 months old —  Trihexiphenidyl
— could not afford any other medications — Levodopa

— Baclofen

— Clobazam

> Spasticity

— Baclofen

— Clobazam

— Diazepam

— Orthoses

—  Physical therapies
& Breath holding

— lron

— Piracetam

— No treatment

Figure 2 Suggested considerations in choice of medications for seizures and comorbidity in children with cerebral palsy. AED,

antiepileptic drug.

epilepsy clinics, and discussions around seizure mimics
and drug choice (online supplemental appendix B).
One community worker based in the study area was also
trained to conduct phone follow ups of the children on
antiepileptic drugs (AEDs).

Selection of AED

Before the clinics, the community worker collected
information on availability and cost of AED in local
pharmacies within the study area between December
2016 and January 2018. A dose equivalence table was
drawn up for easy prescription in the clinic along with
notes on important side effects and interactions. During
the clinics, AED were prescribed based on seizure type,
medication availability and family income. The approach
undertaken for shared decision making in AED prescrip-
tion is outlined in figure 2.

Telehealth supported follow-up and clinics

Phone follow-up

Targeted phone follow ups of the children on AED were
conducted by the trained community health worker every
3months during the study period, following the initial
specialist assessment at the focused epilepsy clinics. The
phone follow ups were semi-structured. The design,
conduct and the outcome measures for the follow ups
were additionally informed by the study team’s experience
and input from the primary caregivers (online supple-
mental appendix C). Seizure control was documented

during phone follow ups. In our study seizure control was
defined as no reported seizure between the clinic and
follow-up.

Patient and public involvement

This work was informed by the priorities, experience and
preferences of the primary caregivers of the children
with CP and epilepsy who participated in the study. The
design and implementation of the follow ups, including
outcome measures important to the study participants,
relied on feedback from families of children with CP
and epilepsy. Baseline information was communicated to
the primary caregivers by the study team. This informed
shared decision making related to the treatment and
follow-up for their children. Furthermore, the follow
ups were conducted by a local community worker and
local physician, which enhanced community involvement
during and beyond the study.

Statistical analysis
Descriptive analyses were carried out. All statistical anal-
ysis was conducted using SPSS V.24 (IBM).

RESULTS

Prevalence and basic demographic characteristics

A total of 726 children with CP were registered into the
BCPR between January 2015 and December 2016, 23.4%
(170/726) of whom had a clinical diagnosis of epilepsy. A
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BCPR Cohort
726 children registered between January 2015 and December 2016

v

23.4% (170/726) had a clinical diagnosis of epilepsy

v

166 children with CP and epilepsy
assessed at 3 focused clinics

-

v

v

103 had ongoing
epileptic seizures

18 had a past history (>1 year
before assessment) of
epileptic seizures

45 did not have
past or current
epileptic seizures

v v

v

13 has seizures
controlled with AED
at the time of review

64 GTCS
28 Focal seizures

5 Unknown

90 had seizure (31 prolonged seizure)

L ]
L
= 6 Other seizure types
L

30 reported non-epileptic events
= 7 extremity clonus

= 6 dystonic postures

= 4 spasticity related spasms

= 3 breath holding spells

v

L]
78 followed up .

® 3 mannerisms

= 2 sleep related myoclonic jerks
2 startles

2 stereotypies

= 1 rhythmic movement disorder
in sleep

—

54 taking prescribed
medications

v
v v

v

24 discontinued
medications

A 4

41 improved 13 did not
(14 seizure free) improve

Reasons for discontinuation

Affordability (8)
Excessive drowsiness (7)
Rash (4)

No perceived benefit and
lack of awareness (2)
Seizure free (3)

Figure 3 Study diagram. AED, antiepileptic drugs; BPCR, Bangladesh Cerebral Palsy Register; CP, cerebral palsy; GTCS,

generalised onset tonic clonic seizures.

total of 166 of these children attended the three focused
epilepsy clinics between December 2016 and January 2018
and form the study cohort. Fifty-five (33.1%) were female.
The mean age of the children was 6 years 10 months (SD:
4 years 5 months) years.

After the focused epilepsy clinics, 62.0% (103/166) chil-
dren were clinically determined to have ongoing epileptic
seizures based on review of their history, existing medical
records and specialist clinical evaluation (figure 3).
Therefore, the revised prevalence of epilepsy among the
BCPR cohort during the study period was 14.3%.

Seizure subtypes

62.1% (64/103) had generalised onset tonic clonic
seizure, 27.2% (28/103) had focal onset seizures with
impaired awareness and 5.8% (6/103) had other seizure
types (focal onset aware seizures, epileptic spasms, gener-
alised onset myoclonic seizures and generalised onset
tonic seizures). 11.6% (12/103) had multiple seizure

types. Data on seizure type was unclear on history for 4.9%
(5/103). At the time of first assessment, seizures were
already controlled with AED in 5.8% (6,/103) children.
30.1% (31/103) of children had a history of prolonged
seizures (>30min) and none of these patients had an
emergency seizure plan. Their caregivers tended to wait
at home till the seizures settled and did not seek emer-
gency medical assistance due to geographical or financial
constraints.

Barriers to optimum epilepsy control

Non-epileptic events among children with CP

Non-epileptic events were determined to have been
mislabeled as seizures in 18.1% (30/166) children which
included extremity clonus (n=7), dystonic postures (n=6),
spasticity related spasms (n=4), breath holding spells
(n=3), mannerisms (n=3), sleep related myoclonic jerks
(n=2), startles (n=2), stereotypies (n=2) and rhythmic
movement disorders in sleep (n=1). 23.3% (7/30) of
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these children were being treated with AED. AED was
stopped for all seven of them. At follow-up none of them
worsened, thereby, further confirming the misdiagnosis
of epilepsy and unnecessary administration of AED to
these children.

Epilepsy control

Of the 103 children with seizures, 62 were already on
AEDs at the time of our clinical review. Polypharmacy
with more than two concurrent AED was commonly
observed and AED changes were made for the majority
of them. Advised AED changes consisted of dose alter-
ation in 54.8% (34/62) and medication change in 17.7%
(11/62). 27.4% (17/62) were advised to continue treat-
ment already initiated by various providers. We initiated
treatment for 39/41 children not previously on AED who
were clinically determined to still be having epileptic
seizures; 2/41 only had short seizures once or twice a year
and were not put on AED.

Telehealth supported follow-up and clinics

Phone follow-up

We were able to review 75.8% (78/90) children with
epileptic seizures on follow-up during the study period.
On follow-up (median 6.0 months), 69.2% (54/78) were
taking prescribed medications as advised. Among them
75.9% (41/54) showed improvement in seizure control
(>60% seizure reduction), including 14 children whose
seizures were controlled. 30.8% (24/78) families had
discontinued the advised treatment due to affordability
(8/24,33.3%), excessive drowsiness (7/24,29.2%), devel-
opmentofarash (4/24,16.7%), no perceived benefit with
medication and lack of understanding behind the use of
regular medications (2/24, 8.3%). Three (3/24, 12.5%)
children who discontinued medications were reported to
no longer have seizures. None of the families reported
any adverse effects that led to reported cardiorespiratory
compromise, hospital presentation or death.

Two children from our cohort died during the follow-up
period, one due to meningitis and the other due to a
lower respiratory tract infection. Their cause of death was
determined by verbal autopsy conducted as part of a sepa-
rate study.'?

DISCUSSION

Epilepsy is a significant comorbidity in some individuals
with CP. Previous studies have described a prevalence
of 15%-90% epilepsy in CP cohorts.”” '* Methodolog-
ical differences in identification of children with CP
(population-based vs institutional based recruitment)
and use of variable definitions of epilepsy in studies
contribute further to the reported differences in rates
of epilepsy among children with CP. The Australian
CP register defined epilepsy as ‘two or more afebrile
seizures before age 5 years; excluding neonatal seizures’
while other definitions for epilepsy used across the liter-
ature include use of AED, insurance claims and parent

reported diagnosis.'” As one of the most common asso-
ciated impairments of CP, we recommend the use of a
harmonised definition that is, the ILAE definition for
description of epilepsy within CP registers to enable accu-
rate estimation of rates of and meaningful comparisons.

The rate of epilepsy observed among children with
CP in our study is consistent with rates reported in other
low-resource settings such as Indonesia where 13.5%
of children with CP had epilepsy.'® The Australian CP
Register reports that epilepsy was more common among
children with postneonatally acquired CP compared with
prenatally/perinatally acquired CP (50% vs 30%). This
eludes into the potential role of antecedents of CP on
the proportion of children with epilepsy in CP cohorts.
There is a growing body of evidence on the differences in
the prevailing risk factors and timing of acquisition of CP
among children in low resource settings compared with
high income countries.* '*'” These factors are often asso-
ciated with varied likelihood of having epilepsy, therefore,
further contribute to the wide-ranging reported rates of
epilepsy among children with CP globally.

Overall, epilepsy contributes more significantly to the
global burden of disease in resource poor settings as
evident from the 2015 Global burden of disease studies.
We found an initial prevalence of epilepsy of 23.4% in
our cohort. Interestingly, following reassessment in our
clinics, as described, this was revised to 14.3%. Previous
studies have also noted such discrepancy between deter-
mination of a clinical diagnosis of epilepsy between
specialist and community-based settings with a misdi-
agnosis of epilepsy being made in as many as 25% of
cases.'® This has flow on impacts as we noted in terms
of incorrect, often excessive use of medications. Epilepsy
poses substantial economic burden on families.'” When
families devote a significant proportion of their finances,
attention, time or all of these towards one aspect of their
child’s management, other aspects of care such as phys-
ical therapy, nutrition, pain and musculoskeletal manage-
ment are likely to be neglected, more so in resource poor
settings.”

As demonstrated by recent innovative projects in neigh-
bouring Nepal, education of community-level workers
and general medical practitioners can lead to more
consistent clinical diagnosis of epilepsy.”! In our expe-
rience, rationalisation or cessation of medications after
focused clinical assessments led to changes in family
finances diverted towards medication use. We envision
that the development of simplified print and multimedia
based educational resources for healthcare workers and
medical practitioners hold the potential to improve
epilepsy diagnosis in resource scarce settings such as our
study site.

Polypharmacy with more than two concurrent AEDs is
unlikely to contribute significantly to seizure control.** In
countries like Bangladesh with a mismatch of clinical care
practices between urban and rural areas, the use of less
conventional or alternative medications is very likely to
be encountered.
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AED availability is very limited in rural Bangladesh.*
Medications need to be purchased by families and hence,
cost per month for AEDs is a significant consideration
when choosing medications for chronic use to ensure
good compliance. The cheapest and most readily avail-
able AEDs are phenobarbitone, clobazam and sodium
valproate. If a diagnosis of CP is very likely based on clin-
ical evaluation and history, earlier use of sodium valproate
or clobazam in this setting is a viable option for transi-
tioning from phenobarbitone which is most commonly
prescribed in infancy. As outlined in our methods and
figure 2, AED choice can be rationalised based not only
on the seizure type but also existing comorbidity as some
AEDs can help improve comorbid psychiatric symptoms
or sleep disturbance.

Our experience highlighted a gap in the recognition
and management of prolonged seizures in settings like
ours compared with conventional management in urban
and resource rich settings. Benzodiazepines are the
mainstay of out of hospital, particularly health worker or
parent led management of prolonged seizures. However,
midazolam or lorazepam are not available at all in rural
Bangladesh. Diazepam is only available in glass ampoules
through restricted prescriptions in some pharmacy
outlets. In our and wider reported experience caregivers
are often reluctant to use glass ampoules or follow several
steps in medication administration to a child at home.**
Other readily available benzodiazepines are cheap
(clobazam: US$0.042 per 10mg tablet and clonazepam:
US$0.048 per 1mg tablet; prices mid 2018) but there
is very little evidence regarding their use in the setting
of prolonged seizures.”” ** Status epilepticus can signifi-
cantly add to the burden of cumulative brain injury and
therefore warrants a solution.”” This may be in the form
of a perrectal, oral or, alternative routes for delivery of
well-established medications for status epilepticus such as
phenobarbitone, valproate or midazolam. Alternatively,
the use of medications such as clonazepam drops via open
label trials requires urgent exploration for such settings.

Our model has demonstrated that immediate positive
impact on epilepsy management and reduction in burden
of care on families can be achieved through structured
assessments by medical and allied personnel who are
trained to assess children for epilepsy and use available
medications according to a structured framework. This
can be achieved for a population base such as in our study
area with limited personnel and without additional inves-
tigation or formalised healthcare facilities, though these
would be desirable to further improve patient outcomes.

We piloted the use of videoconference-based telemedi-
cine clinics after initial face to face clinics. Telemedicine
clinics were initiated in May 2018 and held on a monthly
basis using Skype as part of ongoing capacity building to
improve epilepsy control among the study cohort. The
local trained physician saw the patients face to face in the
study site and used a handheld, internet connected tablet
to videoconference with the paediatric neurologist in
Australia. Patient interview for new and follow-up patients

followed a set format (online supplemental appendix C).
New patient data from the telemedicine clinics are not
included in this paper. Five telemedicine clinics under-
taken in 2018 contributed to patient follow-up and clin-
ical capacity building. During these clinics 47 patients
were seen by a local medical practitioner with internet-
based videoconference support from the paediatric
neurologist in Australia. Each clinic was of 3 hours dura-
tion during which patient interview was undertaken in
the same manner as in the focused epilepsy clinics. Thirty
minutes were marked during each clinic for discussion
regarding clinical signs, history taking and AED choice.
Clinical details for new patients reviewed during tele-
medicine clinics were not included in this cohort. These
clinics created mentoring opportunity for the local team
which is a substantial contribution towards for long-term
sustainability. Unfortunately, this process was interrupted
due to limited local team and patient mobility in 2020 and
2021 due to the pandemic, therefore, limiting structured
data from this phase. We aim to resume this approach to
maintain a sustainable model for ongoing care.

With some prior training in the use of a structured clin-
ical approach, this method can be very time-efficient in
reviewing patients led by a non-specialist medical practi-
tioner/community worker and supported by a specialist.
In our experience, this not only provided continuity of
clinical support with existing personnel but also provided
an opportunity for continuing professional development
and capacity building. We hope that in the post-COVID
era, implementation and incorporation of telemedicine
should be easier and more acceptable to providers, policy-
makers and the community.

We summarise the key barriers identified and proposed
or already implemented solutions in table 1. Devel-
opment of multimedia or mobile application-based
resources that may simply illustrate clinical assessment of
children with epilepsy, examples of non-epileptic events
and emergency seizure management will provide conve-
nient means for translation of our findings to the wider
population in Bangladesh and, with language translation,
to similar resource poor settings across the world.

We have engaged with tertiary paediatric neurology
centres in Bangladesh to support some families with
requisite investigations or more frequent specialist
review. However, this will always be limited to financial
and logistic constraints of rural families.

Study limitations

We did not systematically collect baseline investigation
information for this cohort as a small proportion had
any previous tests such as electroencephalography or
neuroimaging. The clinical diagnosis of seizures and
non-epileptic events were not corroborated by investi-
gations as they were unavailable in this resource limited
setting. We acknowledge that there is a potential for
having underdiagnosed seizures if they had last occurred
several months prior to our assessment and also being
dependent on parental recall and description. We had
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Table 1 Barriers to epilepsy control and suggested
interventions
Barriers Suggested interventions

AED availability Selection of locally available
medications for management

through a structured guideline

Lack of skilled personnel for Capacity building and
epilepsy management and  engagement of local medical
follow-up locally practitioners and community
health workers
Development of multimedia
or mobile application-based
resources
Telemedicine

Affordability
Poor treatment compliance

Rationalisation of drugs
Rationalisation of drugs

Training and engagement of
health workers for follow-up

Caregiver education

Prolonged seizure
management

Development of guideline and
resources for management of
prolonged seizure for training
of local health workers

Misidentification of non-
epileptic episodes as
seizures

Lack of parental
understanding regarding
epilepsy treatment

Development of video
resources describing seizures
and non-epileptic events

Parent education on epilepsy
treatment

AED, antiepileptic drug.

to rely on the clinical impression of a limited number of
observers. Although we utilised standard criteria to assess
seizure reduction, the collection of the follow-up data was
based on reporting by the primary caregiver which may
have been a source of potential bias.

Conclusion

Epilepsy is prevalent among children with CP in rural
Bangladesh and the various gaps in optimum epilepsy
management are lack regular follow-up, recognition of
common seizure types and non-epileptic seizure mimics,
familiarisation with commonly available, affordable
AED and availability of guidelines for prolonged seizure
management. These gaps are amenable to proposed low
cost, educational interventions. Healthcare workers can
improve epilepsy management with regular follow-up,
education on common seizure types, seizure mimics, use
of commonly available, affordable AED and guidelines
for prolonged seizure management.
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