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Abstract

Aim: To evaluate improvement in knowledge and clinical behaviour among health-
care professionals after attendance at paediatric epilepsy training (PET) courses.
Method: Since 2005, 1-day PET courses have taught evidence-based paediatric epi-
lepsy management to doctors and nurses in low-, middle-, and high-income coun-
tries. A cohort study was performed of 7528 participants attending 252 1-day PET
courses between 2005 and 2020 in 17 low-, middle-, and high-income countries,
and which gathered data from participants immediately after the course and then
6 months later. Training outcomes were measured prospectively in three domains
(reaction, learning, and behaviour) using a mixed-methods approach involving a
feedback questionnaire, a knowledge quiz before and after the course, and a 6-month
survey.

Results: Ninety-eight per cent (7217 of 7395) of participants rated the course as excel-
lent or good. Participants demonstrated knowledge gain, answering a significantly
higher proportion of questions correctly after the course compared to before the
course (88% [47 883 of 54 196], correct answers/all quiz answers, vs 75% [40424 of
54196]; p<0.001). Most survey responders reported that the course had improved
their epilepsy diagnosis and management (73% [311 of 425]), clinical service (68%
[290 of 427]), and local epilepsy training (68% [290 of 427]).

Interpretation: This was the largest evaluation of a global epilepsy training course.
Participants reported high course satisfaction, showed knowledge gain, and described
improvements in clinical behaviour 6 months later. PET supports the global reduc-
tion in the epilepsy ‘treatment gap’ as promoted by the World Health Organization.

Epilepsy is the most common serious chronic childhood
neurological disorder. It affects children across the world,
with 80% of people living with epilepsy in low- and middle-
income countries (LMICs).! Globally, over 320000 children
(1-14years old) died in relation to epilepsy between 2007 and
2017; over 10 million years of life are estimated to have been
lost because of epilepsy in the same period.” * Convulsive

status epilepticus is one of the most common childhood neu-
rological emergencies worldwide, requiring urgent medical
intervention to avoid death or disability.* Hospital mortal-
ity rates from convulsive status epilepticus in LMICs are
between 15% and 38%.>® This is markedly higher than the
mortality rates (2.7%-5.2%) reported by high-income coun-
tries (HICs).””

Abbreviations: BPNA, British Paediatric Neurology Association; HIC, high-income country; ILAE, International League Against Epilepsy; LMIC, low- and middle-income

country; PET, paediatric epilepsy training.
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A strategic objective of the Intersectional Global Action
Plan on Epilepsy and Other Neurological Disorders is to ‘pro-
vide effective, timely and responsive diagnosis, treatment and
care’. It highlighted the need for health care worker training
to achieve this."” The concept of the epilepsy ‘treatment gap’
is well recognized."" Since 2005, paediatric epilepsy train-
ing (PET) courses have been taught by the British Paediatric
Neurology Association (BPNA), a charitable organization of
neurologists, paediatricians, and allied health care profes-
sionals. The aim of the courses is to improve the diagnosis
and management of children with epilepsy. The courses have
been taught internationally since 2012 in 17 countries across
five continents. From 2005 and up to September 2021, more
than 14000 participants attended PET courses.

PET1isan entry level course for all health care professionals
who look after children with suspected epilepsy. It is included
in the World Health Organization technical brief as a health
care workforce case study.'” Course participants are primar-
ily paediatricians, medical officers, or specialist nurses. It is
a 1-day course with a standardized curriculum that teaches
evidence-based best practice. Delivering important epilepsy
care guidelines to key providers responsible for the main entry
point to clinical care for affected patients is critical for their
widespread application. The intended learning outcomes in-
clude recognition, investigation, management, and treatment
of children with epilepsy (Appendix S1). The curriculum is
developed collaboratively, referenced against international,
peer-reviewed, evidence-based guidelines,””™* and revised
regularly. At times of revision, course leaders from partici-
pating countries come from low-, middle-, and high-income
settings to capture variations in the availability of medical re-
sources, including investigations and treatment, and surveyed
parental views. The structure is based around established mod-
els of adult learning, with lectures and small-group workshop
teaching, incorporating simulated case scenarios. The courses
are delivered by an unpaid, volunteer faculty of trained health
care professionals. The volunteers must participate in a 1-day
instructor training course and then perform regular teaching
on PET courses, initially mentored, as trained faculty.

Course evaluation has been an integral component of
PET1. First, we wish to ensure that the course is fit for pur-
pose and meets the needs of the participants, and that it im-
proves knowledge and changes in clinical practice. Second,
the evaluation is used to inform a rolling programme of cur-
riculum updates, thus promoting the longer-term sustain-
ability of the educational intervention.

Ours was a cohort study that gathered data from partici-
pants immediately after the course and then 6 months later.
The aim of the study was to document a series of evaluations
performed on participants' feedback about the course, im-
provements in knowledge, and self-reported changes in prac-
tice. We aimed to establish whether these outcomes differed
depending on country resource settings and skill mixes of par-
ticipants by comparing improvements in self-reported clinical
practice between HICs and LMICs. We present the findings
from cohorts of over 7000 participants across 252 courses, 17
countries, and five continents over 15years (2005-2020).

What this paper adds

o Simple and consistently applied evaluation of
training can demonstrate improvements with di-
rect relevance to epilepsy care.

o Ninety-eight per cent of participants reported
that the paediatric epilepsy training (PET) course
improved their clinical practice.

« Sixty-four per cent of participants reported that
the PET course prompted improvements in their
clinical epilepsy service.

o Improvements in knowledge and clinical practice
were most notable in low-resource settings.

METHOD

The BPNA uses the Kirkpatrick evaluation model,'® a well-
established tool, to measure course effectiveness through
outcome evaluation. The evaluation uses four domains:
reaction, learning, behaviour, and results. This model has
been used previously to evaluate other international medical
teaching courses.” '®

The methods of course evaluation evolved over time.
Initially, participants completed a course reaction survey;
later, a knowledge quiz before and after the course was in-
troduced, followed by an after-course survey of behavioural
change. A total of 7528 participants completed a participant
reaction form. Subsets of these participants also undertook
the knowledge quiz or the ‘change in behaviour’ survey.
Findings were compared between LMICs (n=12) and HICs
(n=5). All data were collected anonymously.

Level one: reaction

A course reaction form was given to every participant im-
mediately on completion of the course. The form was given
to participants of all 252 PET1 courses held between January
2005 and March 2020 in a total of 17 countries (Figure 1).

The form captured information on the participants' reac-
tion (e.g. satisfaction) to the course. It collected information
on the whole course, individual lectures, and workshops, as
well as other aspects of the course, including venue, facil-
ities, and booking procedures. The form used both Likert
scales and open questions. These data also informed the reg-
ular updates of the courses every 3 years.

Level two: learning

A knowledge quiz was provided to participants before and
immediately after the course in 56 courses in 13 countries
between March 2016 and March 2020 (n = 1856 participants).
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Total feedback forms per country 2005-2020

»n 47001 4665

1267

1 High-income countries 1

Low- and middle-income countries

FIGURE 1 Total of feedback forms from 2011 to 2020 according to country (Mauritius became a high-income country after the course took place).
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FIGURE 2 Overall course satisfaction as a percentage of total responses on a Likert scale (percentages have been rounded to nearest whole number).

The quiz examined the knowledge gained (learning). The
quiz was undertaken by participants attending courses in
both HICs (22 courses in New Zealand and the UK) and
LMICs (34 courses across Angola, Brazil, Ghana, Kenya,
Mauritius, Myanmar, Namibia, South Africa, Sudan,
Tanzania, and Uganda). The quiz described seven clinical
scenarios. For each scenario, the quiz presented a series of
questions (using true and false statements) based on the ap-
propriate clinical management taught during the course.
Thirty-four questions were included (Appendix S1).

Level three: behaviour

A ‘change in behaviour’ survey was sent electronically to
participants (n=2035) at 58 courses in 15 countries (the

countries listed earlier [n=13] plus India and the United
Arab Emirates) between April 2018 and March 2020. The
survey was sent 6 months after course attendance. It col-
lected demographic data on course participants including
type or grade of health care professional. It recorded self-
reported changes in personal practice (behaviour), clini-
cal services, and their confidence in undertaking specific
epilepsy-related tasks, such as managing prolonged sei-
zures (Appendix S1).

Statistical analysis was performed in R v4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).
Categorical data in the tables are presented as counts (%).
Pearson's y” tests were used to assess statistical signifi-
cance between groups. The magnitude of differences be-
tween groups is presented as the odds ratio (OR) with its
corresponding 95% confidence interval (CI).
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RESULTS
Level one: reaction

A total of 7528 participant reaction forms were received (re-
sponse rate 86% [7528 of 8757]). Over time, and after course
curriculum revisions in 2010, 2013, 2015, and 2018, the pro-
portion of participants rating the course as excellent or good
significantly improved from 95% (1691 of 1784) to 99% (1690
of 1703) (p<0.001; OR=7.1, 95% CI=4.0-14.0; Figure 2).

The proportion of participants rating the course as excel-
lent or good was higher among LMICs compared to HICs
(99% (2365 of 2388] vs 97% [4852/5007]; p<0.001; OR=3.3,
95% CI=2.1-5.4). Direct quotations from participant feed-
back are found in Appendix S1.

Level two: learning

The before and after paper-based knowledge quiz was com-
pleted by 1610 participants (87% [1610 of 1856]; HICs 92%
[663 of 724]; LMICs 84% [947 of 1132]).

Overall, participants demonstrated a significant gain in
knowledge, with an increase in the proportion of correctly an-
swered questions from 75% before the course to 88% after the
course (p<0.001; OR=2.6, 95% CI=2.5-2.7; Table 1). Before
the course, the proportion of questions correctly answered
was lower among participants from LMICs compared to par-
ticipants from HICs (p<0.001). Improvement in the propor-
tion of questions correctly answered after compared to before
the course was higher among participants from LMICs.

Improvement in knowledge occurred across all seven
clinical scenarios presented in the knowledge quiz. For ex-
ample, a question about requesting an electrocardiogram
(ECQ) to help exclude a cardiogenic syncopal seizure (Q1D,
Table 2) showed a 35% and 17% improvement (LMICs and
HICs respectively). Similarly, a question on epilepsy diagno-
sis based on history (Q1A) showed a 29% and 13% improve-
ment respectively. A question on emergency management
during a prolonged seizure showed a 12% and 6% improve-
ment respectively.

Level three: behaviour

The ‘change in clinical behaviour’ survey was sent elec-
tronically to participants (n=2035) 6 months after course

TABLE 1 Results of the knowledge quiz before and after the course®.

Total

Before the course 75% (40424/54196)

After the course 88% (47 883/54196)

Improvement 13%

attendance. The survey was returned by 434 participants
(21%). The most common participant profession to respond
from LMICs was consultant paediatrician (38% [82 of 214]);
from HICs, it was trainee paediatrician (36% [75 of 211];
Table 3). However, significantly more nurses responded
from HICs than LMICs (26% [56 of 211] vs 4% [9 of 214];
p<0.001; OR=8.2, 95% CI=8.9-19.4). More primary care
doctors responded from LMICs (17% [37 of 214] vs 2% [4 of
211]; p<0.001; OR=10.8, 95% CI=3.8-42.2).

Most responders (98% [415 of 425]) reported that the PET
course had improved their clinical practice (limited, mod-
erate, or significant improvement). A significant improve-
ment in practice was reported by 52% of responders from
of LMICs (112 of 216) compared to 12% of responders from
HICs (26 of 209; p<0.001; OR=7.5, 95% CI=4.6-12.9).

Over 70% of responders reported improvements in both
their history taking (323 of 432) and their ability to distin-
guish between epileptic and non-epileptic seizures (309 of
432; Table 4). Twenty-nine per cent reported now using stan-
dard treatment guidelines when managing prolonged sei-
zures; 27% reported increased requests for an ECG as part of
their patients' diagnostic work-up, if indicated. A higher pro-
portion of participants from LMICs reported improvements
in the delivery of their clinical care compared to participants
from HICs across multiple practices.

Most responders (64% [272 of 425]) stated the PET1 course
had prompted improvement in their clinical service. Again,
a higher proportion of responders from LMICs reported
service improvements (82% [172 of 210] vs 47% [100 of 215];
p<0.001; OR=5.2,95% CI=3.3-8.3; LMICs vs HICs).

Almost one-third of responders reported improvement
in the management of prolonged seizures in their hospital;
over half reported using a more structured approach to his-
tory taking, integrating the PET multiaxial approach (i.e.
Description, Epilepsy, Seizure[s], Syndrome, Cause, Relevant,
Impairments, Behavioural, Emotional [DESSCRIBE])
(Table 5) which is now recommended by the International
League Against Epilepsy (ILAE)." "

Most responders (68% [290 of 427]) reported initiating or
improving epilepsy training in their local hospital. Again, a
higher proportion of responders from LMICs reported im-
provements in epilepsy training (85% [179 of 210] vs 51% [111
of 217]; p<0.001; OR=5.5, 95% CI=3.4-9.1; LMICs vs HICs;
Table 5).

As part of the survey, participants were asked whether
the content of the PET1 course included epilepsy manage-
ment concepts that were new to them. Multiple aspects

HICs LMICs

85% (19094/22542) 67% (21330/31654)
91% (20513/22542) 86% (27370/31654)
6% 19%

*Proportion of correctly answered knowledge questions before and after the course and improvement for all countries, high-income countries (HICs), and low- and middle-

income countries (LMICs). Percentages (total correct answers/total questions).
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TABLE 2 Clinical scenario knowledge question.*

Q1: A mother takes her toddler to the doctor after a first ‘collapse’ at nursery school after he had bumped into another child. The nursery staff
explained that the child went stiff, jerked, and was pale. He was sleepy for 30 minutes after the event.

Correct answer

(A) This is probably an epileptic seizure FALSE
(B) The child needs a CT scan FALSE
(C) The child needs an EEG FALSE
(D) The child needs an ECG TRUE
(E) The child needs to be admitted to hospital FALSE

HICs LMICs

% Before % After % Before % After
77 90 46 75

73 91 53 83

83 97 60 94

59 76 40 75

66 85 45 80

*Example of a specific knowledge question from clinical scenarios in the quiz showing the percentage of correctly answered questions before and after the course for high-
income countries (HICs) and low- and middle-income countries (LMICs). Abbreviations: CT, computed tomography; ECG, electrocardiogram; EEG, electroencephalogram.

TABLE 3 Job type in the ‘changes in behaviour’ survey.*

What is your current job?

Consultant child neurologist (tertiary care/teaching hospital) 2.109)

Consultant paediatrician (secondary care/district general 33.2 (141)
hospital)

Trainee paediatrician (secondary care/district general 31.1 (132)
hospital)

Other consultant or trainee (secondary care/district general 8.7 (37)
hospital)

Doctor (primary care/local) 9.7 (41)

Specialist epilepsy nurse 5.7 (24)

Nurse 9.7 (41)

Total responses to the question, n 425

Total % of responders (n)

HICs % (n) LMICs % (n)
1.0 (2) 3.3(7)
28.0 (59) 38.3 (82)
35.6 (75) 26.6 (57)
7.1 (15) 10.3 (22)
1.9 (4) 17.3 (37)
10.0 (21) 1.4 (3)
16.6 (35) 2.8 (6)
211 214

"Responses to question in the ‘changes in behaviour’ survey asking the question “What is your current job?’ for high-income countries (HICs) and low- and middle-income

countries (LMICs) and total, shown as the percentage of responders.

TABLE 4 Changes in personal clinical practice.”

In which ways has your personal clinical practice changed after attending the

PET? (Yes/No)

Improved history taking

Improved ability to distinguish between epileptic and non-epileptic events
Always provide first aid and out-of-hospital advice to parents and caregivers

Now use status epilepticus guidelines for the management of prolonged seizures

No longer prescribing anticonvulsants as prophylaxis for febrile seizures

Now request a 12-lead ECG with calculation of corrected QT interval for all

children with convulsive seizures

No change

Total % of responders (1) HICs % (n) LMICs % (n)
75 (323) 66 (143) 83 (180)

72 (309) 64 (138) 79 (171)

47 (202) 35 (75) 59 (127)

29 (126) 8 (17) 51 (109)

24 (103) 2 (4) 46 (99)

27 (117) 20 (43) 34 (74)

3(14) 6 (13) 0.5 (1)

“Personal practice changes after PET course attendance (Yes/No questions) for high-income countries (HICs) and low- and middle-income countries (LMICs) and total,
shown as the percentage of responders. Note: the survey focused on changes in practice (not practices that already existed). Abbreviations: ECG, electrocardiogram; PET,

paediatric epilepsy training.

were regarded as new concepts. For example, knowing
when to request an ECG was a new concept for 78% (153 of
197) in LMICs and 40% (74 of 185) in HICs. Course con-
tent was regarded as a new concept more frequently among
participants from LMICs, with the exception of choosing
the appropriate antiepileptic drug for prolonged convul-
sive seizures.

DISCUSSION

Professional medical training courses are a key educational
tool in disseminating evidence-based practice to clinicians
to ensure optimal management of, in this case, children with
epilepsy. However, evaluations of whether such courses are
effective and help support patient care are limited. We have
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TABLE 5 Changes in clinical services®.
Have you been able to introduce changes to the services for children with
epilepsy? (Yes/No) Total % of responders (1) HICs % (n) LMICs % (n)
Increased the number of children with epilepsy seen 20 (65) 9 (13) 27 (51)
Developed dedicated epilepsy clinic 10 (33) 3 (4) 16 (29)
Developed new local guidelines 12 (40) 8 (11) 16 (29)
Improved prolonged seizure management in your unit 31 (101) 11 (15) 46 (86)
Used DESSCRIBE in your clinical practice 56 (181) 54 (75) 57 (106)
Introduced or improved epilepsy training in your local hospital 68 (290) 51 (111) 85 (179)

*Clinical service changes after paediatric epilepsy training course attendance (Yes/No questions) for high-income countries (HICs) and low- and middle-income countries
(LMICs) and total, shown as the percentage of responders. Abbreviation: DESSCRIBE, Description, Epilepsy, Seizure(s), Syndrome, Cause, Relevant, Impairments,

Behavioural, Educational.

been able to undertake this study because, in large part,
our evaluation framework is pragmatic and inexpensive to
implement.

Our study demonstrates a universally highly positive re-
sponse among health care professionals (residing in high-,
middle-, and low-income settings) to the PET course.
Participants conveyed high course satisfaction, demon-
strated a significant improvement in knowledge after the
course, and reported positive changes in clinical practice
6 months later. The course narrowed the gap in epilepsy
knowledge between participants from HICs and LMICs.

To our knowledge, this study represents the largest evalu-
ation of a medical professional epilepsy training course, both
in terms of geographical reach and participant numbers; it is
the first standardized multilevel evaluation of epilepsy train-
ing across multiple countries. Mental health training (which
includes an epilepsy module) as part of the World Health
Organization Mental Health Gap Action Programme was re-
viewed."” The review identified 15 published training evalua-
tions from nine countries. Fourteen evaluated a single country
and one study evaluated two countries. The authors used
different assessments across each study.”” A single-country
evaluation of a paediatric epilepsy course from Zambia was
published.” In 2012, the World Health Organization ini-
tiated an epilepsy training programme for non-specialist
health care providers, but with only single-country evalua-
tions published.”*** A study of paediatric resuscitation train-
ing reported high participant numbers (1>13000). Again,
evaluation occurred in only one country.**

Whether knowledge gained on medical training courses
translates into practice is a key issue. The fact that the over-
whelming majority of survey respondents (98%) reported
changes in their clinical practice 6 months after the course
indicates that the courses may positively influence clinical
care. Our study identified several examples of translation
from knowledge gain to change in practice, including the use
of an ECG for suspected epilepsy (to identify a potentially
life-threatening cardiac syncope) and in prolonged seizure
management. Participants later reported incorporating ECG
testing into their practice. In turn, this stimulates appropriate
cardiac management and has clear potential to save lives.”
Improved knowledge on prolonged seizure management
was also demonstrated. Participants have since reported

introducing standard guidelines for managing prolonged
seizures into their local hospitals (Table 4). The management
of prolonged seizures is linked to high mortality, particularly
in LMIC settings.” Again, empowerment of local hospitals
to use standardized acute seizure management guidelines
will encourage sustainable improvements in childhood epi-
lepsy management among staff and help save more lives. The
higher levels of change in practice reported by participants
from LMICs after the PET course in part probably reflects
the fact that PET has been running in the UK since 2005
but internationally only from 2012. This correlates with the
lower reported ‘new concepts’ in HICs as participants from
the earlier UK courses may already have experienced some
influence on epilepsy care in their local setting.

Our study has several limitations. First, the response rate
for the ‘change in behaviour’ survey was low (21%). Similar
low response rates have been reported by other medical
training evaluations."® > %’ Thus, our results are at risk of
selection bias. The low response rate for the ‘change in be-
haviour’ survey was probably partly due to the survey being
carried out 6 months after course attendance; however, it was
important to evaluate after this interval to allow participants
the opportunity to make changes in their clinical practice.
There was also no active follow-up to ensure that the survey
was completed; more responses may have been obtained had
this been in place.

Second, there are no direct measures of the results from
the Kirkpatrick evaluation model in these data and our
methods are prioritizing a pragmatic, inexpensive, wide-
spread evaluation of process outcomes in LMICs rather than
a rigorous methodology, such as a cluster randomized con-
trolled trial. More generally, in a critique of the Kirkpatrick
model, some suggested that measuring impact or outcome
should not be the criterion standard for programme eval-
uation, but rather to better understand how and why the
intervention changes the outcomes.”® Notwithstanding, it is
notoriously difficult to measure the impact of a single edu-
cational initiative in a health care setting, particularly so in
LMIC settings.

Nonetheless, it is plausible to suggest that an educa-
tional intervention to improve care, particularly in relation
to convulsive status epilepticus, will have an impact on the
risk of death. Epilepsy-related mortality data are the most
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easily collatable data across a range of health care settings,
although this still has considerable challenges in the lowest-
resourced countries. In those countries where this has been
measured, epilepsy-related mortality has fallen. Epilepsy-
related mortality has shown a steep decline in the UK since
the 1950s; similar and more recent declines have occurred
in other countries.” In an age-period—cohort analysis,
O'Callaghan et al. described a strong birth cohort effect that
has probably contributed to this decline.” It is highly likely
that declines in epilepsy mortality are a result of multiple, in-
terlinking factors, of which professionals' epilepsy education
may be only one.

In future evaluations, we will actively follow up the be-
haviour survey data to ensure we obtain responses from most
participants. This will be done through multiple routes, from
e-mail reminders through to social messaging. Results will
be compared to the current data to check for selection bias in
these latter responses. The BPNA is working with behavioural
change specialists to develop more in-depth qualitative in-
terviewing of participants. This will help to identify barriers
to improvements in practice, some of which will be open to
mitigation. We will also undertake an audit of key clinical
practices before and after the courses at local health care facil-
ities in countries where PET1 courses have not yet been estab-
lished. These audits will assess whether self-reported changes
correlate with objective changes in clinical practice.

Access to specialists in LMICs is lacking. Clinical care,
especially for newly presenting children with seizures, is
delivered by non-specialists, typically at the primary health
care level. With the roll out of PET courses in LMICs,
the principal attendees are primary health care workers,
nurses, and general practitioners. This group would have
had minimal access to training in the area of children with
epilepsy or seizures. As such, it was not surprising that the
1-day teaching course, with content that was viewed as un-
derstandable and adaptable to local practice, had such an
impact in LMICs and more so than in HICs where access
to training support was more established. The regions of
the world carrying the greatest burden for neurological
diseases have the lowest ratio of paediatric neurologists
per head of the population.®®?! The specialist gap will take
many years to address; in these settings, upskilling of ex-
isting health care workers is essential to empower them to
be able to deliver effective care using teaching models that
are acceptable and effective.

Complementing primary health care epilepsy training
programmes and in line with the recent acknowledgement of
PET courses by both the World Health Organization and the
Education Council of the ILAE,** we believe that the PET1
course fills an important training gap for health care profes-
sionals in childhood epilepsy management.'> This evaluation
lends further support to the effectiveness of this training.
The PET curriculum is being used in the planning of other
epilepsy interventions in LMICs.” A network of collabora-
tive teachers, using aligned, consistent, and evidence-based
content, is growing as a result of course participants training
to become PET faculty members in their own countries. In

addition, most participants reported improving their own
local epilepsy teaching since attending the course.

In conclusion, since 2005, BPNA PET courses have
substantially grown in number across multiple countries.
Evaluation of these courses demonstrates that they contrib-
ute to improvements in knowledge and behaviour change
among health care professionals and support a global reduc-
tion in the epilepsy ‘treatment gap’.
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