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Editorial

Emerging evidence from well-conducted longitudinal studies have highlighted
the importance of early childhood investments, as children are more vulnerable
to the early environment that can affect their long-term health and productivity
in adult life.1 The Coronavirus Disease 2019 (COVID-19) has rampaged across
Asia and around the world over the past year and a half. In early 2020, almost a
third of the world's population was under lockdown to try to bring the pandemic
under control. This has had profound impacts on the nurturing environment,
affecting almost all children and their families. In addition, the various strategies
implemented to reduce the spread of COVID-19 including social distancing and
school closures can have adverse effects on different aspects of child
development including learning, cognitive skills, physical health, mental health,
psychosocial well-being, and peer relationships. It is therefore crucial to study
and monitor the impact of disease pandemics on the physical and mental health
of children as well as on family functioning to alert professionals and
stakeholders about their needs and to guide policymakers on planning effective
interventions.

Since the first paediatric COVID-19 case admitted in February 2020, there
have been more than 960 infected children managed by our dedicated colleagues
in different hospitals in Hong Kong. The paediatric hospitals and other
collaborative departments have been reporting the clinical characteristics of
Hong Kong children infected with COVID-19 since the first three waves, which
showed that most cases were linked to transmission through family members in
households from diverse backgrounds.2 There are emerging reports of physical
and mental health issues in families and communities associated with the COVID-
19 pandemic. A study commissioned by the Hong Kong government found
infants and young children have significantly lower levels of serum vitamin D
compared with levels before the pandemic, possibly due to the lack of outdoor
activities and exposure to sunlight as a result of the stringent COVID-19 control
measures.3 On the other hand, another population study published in European
Child and Adolescent Psychiatry reported an increase in the risk of hyperactivity,
inattentive symptoms, and other behavioural problems in children during COVID-
19 pandemic,4 which was particularly significant among children with special
educational needs and other disabilities. These children are highly vulnerable
and are greatly affected by interruptions in rehabilitation training and medical
care. Hence, it is important to examine the impact of the COVID-19 outbreak
on this group of children. In particular, we need to examine the prepandemic
baseline prevalence of vitamin D deficiency/insufficiency and hyperactivity/
inattention to assess the current situation in children with disabilities.

The July issue includes relevant studies on the prevalence of vitamin D
deficiency/insufficiency and Attention-deficit/Hyperactivity Disorder
(ADHD) among children with chronic illness and on the effectiveness of
interventions targeted at children with spasticity. In the original study
conducted by Mo et al on children with epilepsy receiving antiepileptic
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t r ea tments ,  they  found  v i tamin  D defic iency /
insufficiency was prevalent among this group of
vulnerable children.5 Interestingly, another recent study
reported similar findings of increased risk of vitamin D
insufficiency among infants and young children with low
blood levels of Vitamin D associated with inadequate sunlight
exposure and nutritional consumption.6 This is likely to be
an even more alarming problem that should be monitored
by professionals as we continue to treat our paediatric
patients during the later phase of the COVID-19 pandemic.

Handicapped children including those with significant
physical disabilities such as spastic cerebral palsy or those
with neurodevelopmental disorders such as ADHD and
autistic spectrum disorder (ASD) are most vulnerable to
the harmful effects of COVID-19. Children with chronic
illness and disabilities are at increased risk of mental health
and adjustment problems during COVID-19 outbreaks,
particularly when schools and other buffering platforms are
not functioning. During the peak of the second wave in
2020, paediatricians and fellow surgeons in the Hong Kong
Paediatric Society organised visits to special needs schools
for physically and mentally handicapped children and
brought along face masks, alcohol hand rubs, and
thermometers that most were in short supply. Although
residents with severe spastic cerebral palsy and multiple
disabilities were being cared for in the special needs
schools, the training of students with ASD, hyperactivity,
and intellectual disability was heavily interrupted. Many
handicapped children have found it difficult to receive basic
training, and many have experienced developmental
regression and physical deterioration with increased
spasticity and contractures.

In Hong Kong, there are currently 56,640 students with
special educational needs in public schools, of which 23,
230 have specific learning difficulties, 14,580 have ADHD,
and 11,870 have ASD (Education Bureau, June 2021).
Children and adolescents, particularly those with learning
difficulties and ADHD, have faced big challenges with
online learning during school closures related to the
COVID-19 pandemic. A retrospective study conducted by
Han et al in South Korea reported that children with chronic
illness have a much higher prevalence of ADHD than the
general population.7 Paediatric patients with epilepsy and
concomitant ADHD found it more difficult to control their
seizures and responded less favourably to antiepileptic
medications. Another study led by Leung et al in a major

paediatric rehabilitative unit in Hong Kong compared
different treatment modalities for children with cerebral
palsy.8 Both phenol and alcohol nerve block were found to
be effective in reducing focal spasticity among paediatric
patients, which can potentially improve their long-term
function and quality of life.

This summer, we are going to start the first territory-
wide COVID-19 vaccination program for students and
teenagers in Hong Kong. As paediatricians and professionals
looking after children's health and holistic development,
we have witnessed firsthand the many difficulties
experienced by our patients and their families. As we
continue on this challenging journey, it is heartening to
known that it will not be long until we see all the cheerful
faces of our children in the community. May God bless
Hong Kong and all our beloved children.

P IP

Associate Editor
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Prevalence of Vitamin D Deficiency and Insufficiency and
Its Risk Factors in Paediatric Patients with Epilepsy on

Anti-epileptic Drugs

CY MO, CL YUEN, TH FUNG, HN CHEUNG, ACC SHEK, SY LEUNG

Abstract Objective: The aim of our study is to evaluate the prevalence of vitamin D deficiency and insufficiency
in children with epilepsy on anti-epileptic drugs (AED) in a regional hospital in Hong Kong. In addition,
we would evaluate the possible risk factors of vitamin D deficiency and insufficiency in these patients.
Method: A cross-sectional study was conducted in a regional hospital in April to May 2018 on paediatric
patients who were on AED for at least one year. Review of medical records, anthropometric measurements,
dietary and sunlight exposure behaviour assessments and blood tests (vitamin D assay and bone profile)
were performed. Vitamin D deficiency is defined as serum 25-hydroxyvitamin D (25-OHD) level
<30 nmol/L and insufficiency as 25-OHD level between 30-50 nmol/L. Results: Seventy-one children
aged 3 to 18 years old were recruited into the study. The prevalence of vitamin D deficiency and
insufficiency were 16.9% (12/71) and 52.1% (37/71) respectively. The two groups added up to a
prevalence of 69.0% (49/71). In logistic regression analysis, the lack of holiday trip abroad within past
three months (odds ratio 0.1, 95% confidence interval 0.02-0.73) was found to be a statistically significant
independent risk factor for vitamin D deficiency and insufficiency. Conclusion: Vitamin D deficiency
and insufficiency are highly prevalent in paediatric patients with epilepsy on AEDs in Hong Kong. However,
it is similar to the prevalence found in healthy adolescents. This suggests that adolescents taking AEDs
may not have an additional risk in lowering their vitamin D levels in this locality. We therefore would not
advocate for routine screening for vitamin D level in adolescent epilepsy patients on AEDs in this locality,
as it will not be cost-effective. Given that this is a cross sectional study, further interventional studies
exploring the role of holiday trip abroad on vitamin D levels in paediatric epilepsy patients are warranted
to substantiate a causality relationship.

Key words Anti-epileptic drugs;  Epilepsy;  Paediatrics;  Prevalence;  Vitamin D deficiency
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Introduction

Vitamin D deficiency is common in children worldwide,
with a reported prevalence ranging from 15% to beyond
50%.1-4 Prevalence varies among countries due to
differences in risk factors and geographic reasons,
including skin pigmentation, amount of sun exposure and
dietary vitamin D intake.

Our body's sources of vitamin D are largely derived from
dermal synthesis following ultraviolet B (UVB) solar
radiation.5 Very few foods contain vitamin D naturally.
They include oil-rich fish, egg yolk and animal innards
such as liver. Recommendation from the National Academy
of Medicine for vitamin D intake in children between
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1 and 18 years of age is 600 international units daily.6

Hence, to ensure better nutritional intake, many food
products in the market are fortified with vitamin D, such
as cereal, milk products and fruit juices. The vitamin D
absorbed is then converted by enzymes in the liver to 25-
hydroxyvitamin D (25-OHD), the major circulating form,
followed by conversion in the kidney to 1,25-OHD, the
active form of vitamin D.

Screening for vitamin D status is most reliably
determined by assay of serum 25-OHD. The precise
definition of vitamin D deficiency or insufficiency is still
a matter of debate. According to the Global Consensus
Recommendations on Prevention of Nutritional Rickets,7

vitamin D status can be classified into 3 categories:
1. Sufficient when 25-OHD level >50 nmol/L
2. Insufficient when 25-OHD level between 30-50 nmol/L
3. Deficient when 25-OHD level <30 nmol/L

Vitamin D deficiency carries significant health
implications, especially in paediatric population. In infants
and children, persistently low vitamin D levels may cause
rickets,5 which would result in soft and deformed bones,
poor growth and bone fractures. In advanced vitamin D-
deficient rickets, children could develop seizures or tetany,
or may present as apnoeic spells, stridor, wheezing or
hypotonia, due to severe hypocalcaemia. In addition,
vitamin D deficiency reduces intestinal phosphorus
absorption. Low serum phosphorus levels may cause
muscle weakness and difficulties in standing or walking.
Similarly, in adults, vitamin D deficiency may result in
osteomalacia and osteoporosis, leading to higher chances
of bone fractures. Treatment of vitamin D deficiency in
children can optimise bone health and reduce rate of
premature osteoporotic fractures later in adulthood.5,8

Vitamin D deficiency is also associated with medical
conditions, including obesity, inflammatory bowel disease,
liver and kidney diseases.6

Several medications could affect vitamin D levels due
to their effects on the metabolic pathway. Long term use of
anti-epileptic drugs (AEDs) is found to be a risk factor for
vitamin D deficiency and impaired bone health in children
with epilepsy in previous studies.9-11 It is postulated that
hepatic cytochrome P450 (CYP) enzyme-inducing AEDs
enhance hepatic metabolism of 25-OHD,10 which would
then be converted into inactive metabolites. Examples of
enzyme-inducing AEDs include carbamazepine, phenytoin
and topiramate. Non-enzyme-inducing AEDs can also
affect bone health through direct effects on bone cells and
inhibition of calcitonin secretion.10,11 Examples of this

group of AEDs include sodium valproate, levetiracetam,
lamotrigine and clobazam.

In Malaysia, a study showed that up to 22.5% children
with epilepsy taking AEDs had vitamin D deficiency and
19.7% had vitamin D insufficiency12. In Hong Kong, a study
showed that 33.5% of infants at 3 months old had vitamin
D deficiency (defined as serum 25-OHD concentration less
than 50 nmol/L).13 On the other hand, Cheung et al
suggested that up to 64.7% and 11.4% of healthy
adolescents aged 12 to 16 years were insufficient and
deficient in vitamin D respectively (defined insufficiency
as 25-OHD concentration 25-50 nmol/L and deficiency as
25-OHD less than 25 nmol/L).14 However, there are so far
no data on the prevalence of vitamin D deficiency and
insufficiency in paediatric patients with epilepsy in this
locality. There are also no clear guidelines on screening
for vitamin D deficiency, or on the efficacy of prophylactic
vitamin D supplementation.

The aim of this study is to evaluate the prevalence and
potential risk factors for vitamin D deficiency and
insufficiency in paediatric patients with epilepsy on AEDs,
in a local hospital in Hong Kong.

Method

A prospective cross-sectional study was conducted in
April and May 2018. Paediatric patients aged 3 to 18 years,
who attended paediatric neurology clinic of Kwong Wah
Hospital and have been on AEDs for at least 1 year were
recruited. These patients were identified using the Clinical
Data Analysis and Reporting System (CDARS) and
International Classification of Diseases code (ICD-9).
According to the study by Fong et al in 2016, prevalence
of vitamin D deficiency in children with epilepsy on AEDs
in Malaysia was 22.5%.12 Taking the confidence interval
at 95%, with the desired precision at 20% confidence
interval width, the required sample size in this study would
be at least 67 subjects. Ethical approval was obtained from
the Kowloon Central Cluster Research Ethics Committee.

Exclusion criteria were defined as follows:
1. Current and prior intake of vitamin D or calcium

supplement within past 6 months,
2. Ketogenic diet taken at present or over past 2 years,
3. Presence of hepatic, skeletal, renal or endocrine

disorders,
4. Patient or legal guardian refusal to participate in this

study.
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BMI z-score by using the Cole's LMS method,18 based on
the normal references published for Hong Kong Chinese
children.19 Non-obese was defined as BMI z-score <=1.645
(<=95th percentile). The normality of data was assessed by
Shapiro-Wilk test. As most of the distributions of the
variables were non-normal, the descriptive statistics of
these continuous variables were presented using the
median and interquartile range (IQR). Differences in
variables between groups were analysed using the Mann-
Whitney U test or Student t-test. Categorical variables were
analysed using the Chi-square test or Fisher exact test (used
when more than 20% of cells have expected frequencies
<5). To identify the risk factors associated with vitamin D
deficiency and insufficiency, a multivariate logistic
regression model was built using a stepwise selection
procedure. The candidate variables included those with
p-values <=0.1 in the univariate analysis. At each step of
the model selection procedure, a variable was entered or
removed from the model using the p-value cut-off 0.05.
The odds ratio (OR) and the associated 95% confidence
interval (CI) of each covariate in the final model was
reported. To compare patients taking enzyme-inducing
AEDs to patients taking non- enzyme-inducing AEDs,
differences in variables were further analysed utilising the
Kruskal-Wallis H test. A 2-tailed p-value <0.05 was
considered statistically significant. All statistical analyses
were performed using IBM SPSS Statistics for -Windows,
Version 22.0 (IBM Corp. in Armonk, NY, USA).

Results

One hundred and sixteen epilepsy patients on AEDs
and followed up in our paediatric neurology clinic were
identified using CDARS in our hospital. Within this group,
45 of them had to be excluded from the study as 31 of them
were less than 3 years old or more than 18 years old during
our study period. Ten patients were on AEDs for less than
1 year. Two patients were on vitamin D supplement and
2 patients did not consent to participate in the study as
they refused to have blood tests. Hence, after exclusion,
71 participants were finally included in our study.

The demographic data, anthropometric measurements,
sun exposure parameters and biochemical results are
presented in Table 1. All our subjects were Asians. Their
median age was 11.0 years old (IQR 8.0 to 16.0) and 59.0%
(42/71) of them were male. Their median weight was
33.8 kg (IQR 25.4 to 47.8), BMI 17.0 kg/m2 (IQR 15.6 to
19.4) and BMI z-score 0.151 (IQR -0.704 to 0.885).

Data Collection

Patients were interviewed by health care professionals
at enrolment and medical records were reviewed. The
following data were collected:
1. Demographic data including age, sex, ethnicity,

maturity at birth, birth weight and socioeconomic class,
which derived from the education level, occupation
and income of the head of the household.15

2. Anthropometric measurements which include body
weight, height and body mass index (BMI).

3. Epilepsy history and past medical history: AED regimen
and duration of use, comorbid conditions including
developmental delay, intellectual disability and
concomitant drugs use. AEDs regime was then further
classified into hepatic enzyme-inducing and non-
enzyme-inducing groups.

4. Dietary assessment using a modified short food
frequency questionnaire that recalls patient's intake
over the past week.16 Household measurement utensils
were used to estimate portion sizes and analysis of
dietary intake of vitamin D was performed.

5. Sun exposure behaviour – estimated from the time spent
in outdoor activities per week and body parts that were
exposed to the sun, which in turn derived a sun index
as adapted from Barger-Lux and Heaney.17 The sun index
equates to hours of sun exposure per week multiplied
by the fraction of body surface area (BSA) exposed to
sunlight. Sun exposure behaviour was also estimated
from whether patients had recent holiday trip abroad
for at least 3 days, up to 3 months prior to the study.

6. Blood tests including vitamin D level and bone profile
(calcium, phosphate and alkaline phosphatase (ALP))
were taken from patients. Vitamin D level was assessed
by measuring serum 25OHD using the Waters TQD
Liquid Chromatography-Tandem Mass Spectrometer
System. For both 25OHD2 and 25OHD3, the limit of
quantitation was 5 nmol/L with linear responses
between 5 and 700 nmol/L. The coefficient of variation
intra-and inter-assay were <6.7% and <8.8%
respectively.

Statistical Analyses

Each subject's vitamin D level was classified as deficient,
insufficient and sufficient according to the Global
Consensus Recommendations on Prevention of Nutritional
Rickets.10 BMI (kg/m2) was calculated and converted into
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Table 1 Comparisons of demographics and vitamin D sufficiency and insufficiency in children with epilepsy, n=71

Overall Sufficiency Insufficiency P-value
(n=71) (>50 nmol/L) (<=50 nmol/L)

(n=22) (n=49)

Preterm (<37 weeks) 13 (18.6%) 1 (4.5%) 12 (24.5%) 0.090
(n=70) (n=21)

Male gender 42 (59.2%) 13 (59.1%) 29 (59.2%) 0.994

Age, year 11.0 (8.0 to 16.0) 10.5 (7.0 to 15.3) 12.0 (8.0 to 16.0) 0.176

Age >12 years old 34 (47.9%) 7 (31.8%) 27 (55.1%) 0.069

Birth weight, kg 3.1(2.6 to 3.4) 3.2 (2.9 to 3.4) 3.0 (2.6 to 3.3) 0.231
(n=63) (n=19) (n=44)

Body weight, kg 33.8 (25.4 to 47.8) 31.4 (23.0 to 47.0) 36.6 (26.1 to 48.9) 0.305

Body height, cm 141.0 (129.5 to 157.5) 139.5 (126.1 to 154.1) 147.0 (131.5 to 159.0) 0.266

BMI, kg/m2 17.0 (15.6 to 19.4) 16.7 (15.0 to 18.8) 17.2 (15.7 to 20.9) 0.486

BMI z score 0.151 (-0.704 to 0.885) 0.007 (-0.838 to 0.787) 0.371 (-0.618 to 0.942) 0.645

Socioeconomic class:
Upper 1 (1.4%) 1 (4.8%) 0 (0%) 0.256
Middle 28 (39.4%) 7 (33.3%) 21 (42.9%)
Lower 41 (57.7%) 13 (61.9%) 28 (57.1%)

(n=70) (n=21)

Development delay 43 (60.6%) 12 (54.5%) 31 (63.6%) 0.487

Intellectual disability 36 (50.7%) 8 (36.4%) 28 (57.1%) 0.105

Comorbid conditions 48 (68.6%) 14 (63.6%) 34 (70.8%) 0.547
(n=70) (n=48)

Abnormal MRI brain finding 38 (58.5%) 13 (65.0%) 25 (55.6%) 0.476
(n=65) (n=20) (n=45)

Abnormal ambulation 18 (25.4%) 5 (22.7%) 13 (26.5%) 0.733

History of fractures 4 (5.6%) 3 (13.6%) 1 (2.0%) 0.085

Abnormal bone profile 3 (4.2%) 1 (4.5%) 2 (4.1%) 1.000

Holiday trip abroad within three months 10 (14.1%) 8 (36.4%) 2 (4.1%) <0.001

Use of sunscreen 10 (14.1%) 3 (13.6%) 7 (14.3%) 1.000

Sun exposure per week, hr 1.0 (0 to 6.0) 3.0 (0 to 7.3) 1.0 (0 to 6.0) 0.319

Fractions of BSA exposed to sunlight 0.45 (0.07 to 0.45) 0.45 (0.29 to 0.45) 0.31 (0.07 to 0.45) 0.095

Sun index 0.225 (0 to 1.89) 1.0 (0 to 3.8) 0.09 (0 to 1.8) 0.100

Dietary vitamin D intake per day (IU) 117.7 (22.1 to 224.5) 148.4 (19.0 to 263.9) 100.0 (23.8 to 195.3) 0.227

Other medications 9 (12.7%) 3 (13.6%) 6 (12.2%) 1.000

Serum vitamin D level (nmol/L) 43.0 (34.0 to 55.0) 61.0 (55.8 to 72.0) 39.0 (30.0 to 44.0) <0.001

Duration of AEDs use (months) 41.0 (22.0 to 81.0) 37.0 (20.0 to 49.8) 46.0 (24.5 to 101.0) 0.189

Duration of AEDs use > 60 months 23 (32.4%) 4 (18.2%) 19 (38.8%) 0.086

Number of enzyme-inducing AEDs + 1 (1 to 2) 1 (1 to 2) 1 (1 to 2) 0.783
non-inducing AEDs

Number of enzyme-inducing AEDs 0 (0 to 1) 0 (0 to 1) 0 (0 to 1) 0.844

Number of non-enzyme-inducing AEDs 1 (1 to 2) 1 (0 to 2) 1 (1 to 1.5) 0.877

Data are presented as median (interquartile range) or number (%)
BMI=body mass index, BSA=body surface area, Sun index=hours of sun exposure per week x fraction of BSA, AED=anti-epileptic drug

P-value highlighted in italics indicates p-value <=0.10
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Forty-three of them had developmental delay (60.6%) and
36 of them (50.7%) had intellectual disability. Besides
epilepsy, 48 subjects (68.6%) had other comorbid diseases.
Nine subjects were also taking other medications on top
of AEDs (12.7%), including baclofen, risperidone, folic
acid and iron sulphate. Three had abnormal bone profile
(4.2%) with mildly raised ALP level.

The prevalence of vitamin D deficiency and
insufficiency were 16.9% (12/71) and 52.1% (37/71)
respectively, adding up to a prevalence rate of 69.0% (49/
71) in total. The median 25-OHD level was 43 nmol/L
(IQR 10 to 96).

In univariate analysis, potential risk factors that were
associated with vitamin D insufficiency include: preterm
(<37 weeks), age >12 years old, fraction of BSA exposed
to sunlight, sun index, lack of recent holiday trip abroad
within 3 months, history of fractures and use of AED for
more than 60 months (Table 1). Amongst these factors,
multivariate logistic regression analysis identified that lack
of recent holiday trip abroad within 3 months was
independently associated with risk of vitamin D
insufficiency, with odds ratio 0.1 (95% Cl 0.02 to 0.73)
(Table 2).

There was no statistically significant relationship
between serum vitamin D level and dietary intake of
vitamin D (Pearson correlation = 0.188; p=0.177) (Figure
1) or duration of AEDs use (Pearson correlation = -0.208;
p=0.082) (Figure 2). In addition, the vitamin D levels did
not show a significant difference between the group taking
enzyme-inducing AEDs and the group taking non-enzyme-
inducing AEDs. The differences in the subjects' baseline
characteristics were essentially statistically insignificant
as well (Table 3).

Table 2 Multivariate logistic regression analysis of baseline
predictors for vitamin D insufficiency (<=50 nmol/L)

Variable Regression OR P-value
coefficient (95% CI)

Preterm (<37 weeks) 1.379 4.0 0.216

(0.4 to 35.3)

Age >12 years old 0.559 1.7 0.393

(0.5 to 6.3)

History of fractures -0.599 0.6 0.671

(0.03 to 8.70)

Holiday trip abroad -2.272 0.1 0.023

within three months (0.02 to 0.73)

Fraction of BSA exposed 0.497 1.6 0.768

to sunlight (0.1 to 44.3)

Sun index -0.194 0.8 0.337

(0.6 to 1.2)

Duration of AEDs use 1.007 2.7 0.186

>60 months (0.6 to 12.2)

Constant 0.593 1.8 0.370

BSA=body surface area, AED=anti-epileptic drug

P-value highlighted in italics indicates p-value <0.05

Figure 1 Correlation between serum vitamin D level and

dietary intake of vitamin D.

Figure 2 Correlation between serum vitamin D level and

duration of AEDs use.
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Discussion

To the best of our knowledge, our study is the first study
investigating the prevalence of vitamin D insufficiency
and deficiency in paediatric population with epilepsy in
Hong Kong. When compared to a similar study carried out
in Malaysia by Fong et al,12 vitamin D deficiency and

Table 3 Comparisons of demographics and vitamin D levels between enzyme inducing AEDs and non-enzyme-inducing AEDs groups

Enzyme-inducing Non-enzyme-inducing Both P-value
AEDs only AEDs only (n=11)

(n=16) (n=44)

Preterm (<37 weeks) 3 (18.8%) 9 (20.9%) 1 (9.1%) 0.666
(n=70) (n=43)

Male gender 12 (75.0%) 23 (52.3%) 7 (63.6%) 0.270

Age, year 15.0 (11.5 to 16.8) 10.5 (7.3 to 14.0) 11.0 (6.0 to 17.0) 0.048

Age >12 years old 12 (75.0%) 18 (40.9%) 4 (36.4%) 0.046

Birth weight, kg 3.2 (3.0 to 3.4) 3.0 (2.5 to 3.3) 3.3 (2.7 to 3.8) 0.191
 (n=63) (n=13) (n=41) (n=9)

BMI z score 0.51 (-0.05 to 1.50) -0.02 (-0.77 to 0.65) 0.54 (-0.53 to 1.12) 0.174

Socioeconomic class: (n=70)

Upper 0 (0%) 1 (2.3%) 0 (0%) 0.277

Middle 10 (62.5%) 15 (34.9%) 3 (27.3%)

Lower 6 (37.5%) 27 (62.8%) 8 (72.7%)
(n=43)

Development delay 7 (43.8%) 27 (61.4%) 9 (81.8%) 0.136

Intellectual disability 6 (37.5%) 22 (50.0%) 8 (72.7%) 0.196

Comorbid conditions 10 (62.5%) 33 (75.0%) 5 (50.0%) 0.257
(n=70) (n=10)

Abnormal MRI brain finding 7 (58.3%) 23 (54.8%) 8 (72.7%) 0.560
(n=65) (n=12) (n=42)

Abnormal ambulation 2 (12.5%) 13 (29.5%) 3 (27.3%) 0.401

History of fractures 2 (12.5%) 2 (4.5%) 0 (0%) 0.377

Abnormal bone profile 1 (6.3%) 1 (2.3%) 1 (9.1%) 0.543

Holiday trip abroad within three months 5 (31.3%) 5 (11.4%) 0 (0%) 0.051

Use of sunscreen 4 (25.0%) 4 (9.1%) 2 (18.2%) 0.268

Sun exposure per week, hr 3.5 (1.0 to 7.5) 0.5 (0 to 3.8) 2.0 (0 to 6.0) 0.132

Fraction of BSA exposed to sunlight 0.45 (0.33 to 0.45) 0.38 (0.07 to 0.45) 0.45 (0.07 to 0.45) 0.349

Sun index 1.35 (0.25 to 3.38) 0.08 (0 to 1.54) 0 (0 to 2.25) 0.076

Dietary vitamin D intake per day (IU) 123.5 (25.6 to 151.6) 100.7 (19.8 to 238.4) 100.0 (28.6 to 256.0) 0.806

Other medications 1 (6.3%) 6 (13.6%) 2 (18.2%) 0.627

Serum vitamin D level (nmol/L) 50.0 (33.3 to 59.8) 43.0 (36.0 to 54.5) 40.0 (26.0 to 47.0) 0.361

Duration of AEDs use (months) 35.0 (21.3 to 96.3) 43.0 (22.5 to 74.5) 41.0 (29.0 to 101.0) 0.861

Data are presented as median (interquartile range) or number (%)

BMI=body mass index, BSA= body surface area, Sun index=hours of sun exposure per week x fraction of BSA, AED=anti-epileptic drug

insufficiency are more prevalent in our subjects (69.0%
vs 42.2%). Malaysia is located at the tropical region, with
on average 6 hours of sunshine per day.12 Hong Kong is
located at the southern coast of China at latitude 22°N,
surrounded by the South China Sea. It has a humid
subtropical climate and has four seasons in a year. Overall,
the mean sunshine duration per month is slightly less than
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explore the exact regions these subjects visited, or the
amount of time they spent under the sun each day during
their trips. We postulate that one may have longer time of
outdoor activities during holiday trips, which would
increase their chances of sunlight exposure and in turn
vitamin D synthesis. More studies are needed to explore
into this factor of holiday trip abroad and its association
with a person's vitamin D levels. It is worth noting that our
subjects travelled abroad up to 3 months prior to our study
period. This may imply that after intense exposure to
sunlight (during their trips in this study), one's vitamin D
level could be maintained at a sufficient range for a certain
period of time. Indeed, Kift et al found that adequate solar
ultraviolent radiation exposure during the year could
prevent 83% of healthy white-skinned adolescents from
vitamin D deficiency during winter.24 Nonetheless, being
of different ethnic origin and skin pigmentation, further
longitudinal studies are needed in this locality to
investigate how long it lasts to maintain a person's
adequate serum vitamin D level after a period of intense
sunlight exposure, and whether it can become a protective
factor for vitamin D deficiency and insufficiency.

Our study did not recruit healthy paediatric subjects as
control and compare their vitamin D levels to our patients.
Cheung et al looked at the prevalence of vitamin D
insufficiency in healthy adolescents aged 12-16 years old
in Hong Kong between 2009 and 2014.13 They found out

Table 4a Countries visited by the 8 subjects in the vitamin D
sufficient group three months prior to the study

Country Duration of stay (days) Travelling period

Thailand 3 February 2018

Thailand 6 April 2018

Thailand 5 March 2018

Singapore 5 April 2018

Singapore 5 February 2018

Malaysia 5 March 2018

China 14 February 2018

China 9 March 2018

Malaysia, approximately 5 hours per day.20

Our study is a cross-sectional study, hence only
association can be detected but causation cannot be
confidently established. In our study, we were unable to
demonstrate an association between our subjects' baseline
sunlight exposure behaviour and their serum vitamin D
levels. There are no local data looking into the optimal
duration of sunlight exposure for vitamin D synthesis.
Misra et al suggested that in people with light skin
pigmentation, sufficient vitamin D synthesis is achieved
by approximately 10 to 15 minutes of sun exposure per
day between 10am and 3pm during spring to fall.21 But for
Asian Indians, due to different skin pigmentation, they
may require three times as much sun exposure to achieve
equivalent vitamin D concentrations.22 Pearce and Cheetam
suggested that 20 to 30 minutes of sunlight exposure on
face and forearms at mid-day, two to three times per week,
is sufficient to achieve healthy vitamin D levels in summer
in the United Kingdom.5 But for individuals with
pigmented skin, exposure time or frequency need to be
increased by two to ten-folds to get the same level of
vitamin D synthesis as fair skinned young individuals.5

From our data analysis, all our subjects were Asians, with
mostly beige to light brown skin colour. Overall, they only
had a median of 1 hour per week of sun exposure, which
may not be adequate to achieve sufficient vitamin D
synthesis. This could possibly explain why we were not
able to identify a correlation with their serum vitamin D
levels in our study. In addition, our study was conducted
in spring, with humid weather and relatively less sunlight
compared to the rest of the year. According to the
information from Hong Kong Observatory, the monthly
means of duration of sunshine were 101.7 and 140.4 hours
in April and May,20 but up to 212.0 hours in July. This may
affect our subject's sunlight exposure behaviour and again
the association with serum vitamin D levels. Furthermore,
recall biases could be present when caretakers were
enquired about their children's sun exposure behaviours.

On the other hand, we found that lacking holiday trip
abroad in recent three months is an independent risk factor
for vitamin D insufficiency. Ten subjects travelled abroad
prior to our study. The countries that they visited included
China, Thailand, Singapore and Malaysia. All the subjects
and caretakers recalled having sunny weather during their
travels. Their duration of stay ranged from 3 to 14 days
(Table 4a and 4b). Thailand, Singapore and Malaysia are
tropical countries in Southeast Asia, which have a relatively
high solar UVB radiation throughout the year, and UVB is
crucial for vitamin D dermal synthesis.23 We did not fully

Table 4b Countries visited by the 2 subjects in the vitamin D
insufficient group three months prior to the study

Country Duration of stay (days) Travelling period

China 4 April 2018

China 10 February 2018



Vitamin D Deficiency and Risk Factors132

that 64.7% of the subjects were vitamin D insufficient
(defined as 25-OHD level 25-50 nmol/L) and 11.4% were
deficient (defined as 25-OHD level <25 nmol/L). When we
classified our patients aged 12-16 years old using the
definition of vitamin D levels Cheung et al adopted, we
found that 63.6% of them were vitamin D insufficient and
13.6% deficient in our study. Comparing these figures from
the two studies, there is no significant difference between
the prevalence in healthy adolescents and in adolescents
with epilepsy (Table 5). This suggests that adolescents
taking AEDs may not have an additional significant risk
in lowering their baseline vitamin D levels in this locality.
On the other hand, Wang et al suggested that the prevalence
of vitamin D deficiency was lower in children at preschool
and primary school age than in adolescents in southeast
China.25 At the time of writing up this study, there are so far
no data looking at the prevalence of vitamin D deficiency
and insufficiency in healthy children at preschool and
primary school age in Hong Kong. It will be interesting to
explore whether the prevalence will be more significant in
epilepsy patients than in healthy subjects when comparing
younger paediatric age groups.

One of the limitations of our study is the relatively small
sample size despite maximised efforts in recruiting subjects
from our neurology clinic who fulfilled the inclusion
criteria into our study. Only two subjects declined consent
in participation due to the refusal of blood sampling. If we
compared to Cheung et al study,13 which recruited more
than 500 healthy subjects, our small sample size of 71
subjects may considerably lower the chance of a significant
result.

The association between use of liver enzyme-inducing
AEDs and vitamin D levels was not demonstrated to be
significant in this study. As mentioned, a small sample
size could be a factor, but studies also suggested that non-
enzyme inducing AEDs were associated with lower vitamin
D levels and poor bone health.10,26 Therefore, it may not be
surprising a significant correlation was not identified here.
Furthermore, the median number of AED our patients taking
was only one, which made it difficult to evaluate the
relationship between polypharmacy AEDs use and vitamin
D level.

Whilst diet is considered a minor contributor to vitamin
D status, from our data, we could see that all our subjects

Table 5 Comparisons of demographics and vitamin D level between paediatric patients with epilepsy and healthy adolescents (aged 12-
16 years old) [Student t-test to compare their mean]

Girls Boys

Epilepsy Healthy P-value Epilepsy Healthy P-value
children children children children

(n=9) (n=333) (n=13) (n=230)

Age, year 13.9 (1.7) 13.6 (1.1) 0.378 14.3 (1.6) 14.4 (1.1) 0.757

Body mass index, kg/m2 18.3 (4.6) 19.6 (3.1) 0.222 18.7 (3.3) 19.8 (3.7) 0.296

Body height, cm 154 (7.1) 156 (6.4) 0.357 161 (14.5) 165 (8.9) 0.131

Body weight, kg 43.3 (12.3) 48.0 (9.3) 0.139 49.3 (14.8) 53.9 (12.7) 0.209

Serum vitamin D level (nmol/L) 37.0 (15.2) 40.1 (14.1) 0.516 47.3 (21.0) 40.4 (14.8) 0.112

Data are presented as mean (standard deviation)

Serum vitamin D level (nmol/L) Epilepsy Healthy P-value
children children
(n=22) (n=563)

Sufficient (>50) 22.7% (5/22) 23.9% (135/563) 1.000

Insufficient (25-50) 63.6% (14/22) 64.7% (364/563) 1.000

Deficient (<25) 13.6% (3/22) 11.4% (64/563) 0.730

Deficient (<25) 13.6% (3/22) 11.4% (64/563) 0.730

Data are presented as number (%)
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had inadequate dietary vitamin D intake, based on the
recommended daily intake suggested by Ross et al.6 This
may explain the reason why we were not able to demonstrate
a significant result on the correlation between dietary
intake and vitamin D levels. Moreover, it may be of public
health concern, in which education on sufficient dietary
vitamin D intake should be reinforced to the whole
paediatric population.

In our study, we did not perform dual-energy X-ray
absorptiometry (DXA) scan on our patients to determine
their bone mineral density (BMD) and correlate with serum
vitamin D levels. Nevertheless, prior study has already
demonstrated the association between low vitamin D level
and low BMD in paediatric patients.27

To improve the study, larger sample size would certainly
increase the precision of estimating the prevalence and
delineating any additional potential risk factors for vitamin
D deficiency. This could be achieved through collaboration
among different paediatric centres in Hong Kong. In
addition, repeating blood tests at different time points of
the year could help to look at seasonal variation and assess
any lasting effect of sunlight exposure during the year on
subsequent vitamin D levels. Furthermore, measuring
sunlight exposure accurately would also be an important
area to increase precision. This can be done via wearing
UV sensitive badges by subjects to collect reliable UVB
exposure, which eliminates recall bias when enquiring
caretakers for subjects' sunlight exposure behaviours.

Conclusion

Our study demonstrated that vitamin D insufficiency
and deficiency are highly prevalent in paediatric patients
with epilepsy on AEDs. However, the figures are
comparable to that of the healthy adolescents in Hong
Kong. Therefore, we would not advocate for routine
screening for vitamin D levels in adolescent patients with
epilepsy in this locality, which would not be cost-effective.
Given the potential positive correlation between serum
vitamin D levels and recent holiday trip abroad, further
studies could be considered to investigate their relationship
and implication.
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Attention Deficit Hyperactivity Disorder in Paediatric
Patients with Malignant Haematologic Diseases or Epilepsy:

Experience at a Tertiary Care Hospital in Korea

JY HAN, JW LEE, B CHO, NG CHUNG, IG LEE

Abstract Background: Paediatric patients with epilepsy and malignant haematologic diseases (MHD) are at
increased risk of mental health problems compared to the general population. The purpose of this study
was to determine the prevalence of attention-deficit hyperactivity disorder (ADHD) among paediatric
patients treated for MHD or epilepsy compared to that in healthy children in South Korea. Methods:
We retrospectively reviewed 184 patients diagnosed with epilepsy and 172 patients diagnosed with
malignant haematologic diseases in the paediatric department of Seoul St. Mary's Hospital from May
2009 to May 2013. Normal controls were selected from the out-patient clinic among those who visited
the clinic for vaccination. Results: Paediatric patients with epilepsy or MHD exhibited significantly
higher rate of ADHD compared to the controls (37.5% or 29.6% vs. 11.9%, P=0.039). Among children
with both MHD and ADHD, 69.5% had the inattentive subtype and 30.5% had the combined subtype of
ADHD. Among children with both epilepsy and ADHD, 70.6% had the inattentive subtype, 23.5% had the
combined subtype, and 5.9% had the hyperactive type of ADHD. There were statistically significant
differences between MHD patients with ADHD and MHD patients without ADHD of sex, age at onset of
haematologic diseases (≤5 years), intrathecal chemotherapy, treatment duration and cranial radiation.
Patients with epilepsy and concomitant ADHD showed significantly poorer response to epilepsy treatment
than patients without ADHD. Conclusions: Paediatric patients with MHD and epilepsy are at significant
risk for ADHD. Baseline testing of all patients with MHD or epilepsy is needed to assess their
neuropsychological and academic skills over time to facilitate early intervention and prevent academic
failure.
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Introduction

With the introduction of multimodal therapy in the early
1970s, 5-year survival rates for most paediatric malignant
haematologic diseases have improved dramatically. Over
the past four decades, improved prognosis of childhood
acute lymphoblastic leukaemia (ALL) and acute myeloid
leukaemia (AML) has resulted in 5-year survivor rate of
around 80% in developed country.1,2 Although medical
advances have resulted in increased life expectancy of
many chronically ill children, a substantial proportion of
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these children experience long-term neurocognitive
sequelae associated with treatment- and disease-related
factors.

Children surviving cancer frequently experience
deficits in attention, learning, and memory, that are
secondary to the disease process itself and requisite
treatment that may include surgery, chemotherapy and/or
cranial radiation therapy.3 Attention problems occur
frequently among childhood cancer survivors. It has been
estimated that approximately one-quarter of ALL survivors
demonstrate significant dysfunction.4

The prevalence of epilepsy in the general population
ranges from 0.5% to 1%. Attention deficit hyperactivity
disorder (ADHD) occurs in 3-7% of all children.5,6 Among
children with epilepsy, the prevalence of ADHD is much
higher than that among the general paediatric population,
ranging widely from 8 to 77%.7 Difficulties with attention
appear to be very prevalent in patients with childhood
epilepsy compared to those in healthy children. It is
possible that ADHD could be attributable to seizure
characteristics or effect of antiepileptic drugs (AED).

Paediatric patients with epilepsy or malignant
haematologic diseases (MHD) are at increased risk of
mental health problems compared to the general
population. The purpose of this study was to determine
the prevalence of ADHD among children treated for MHD
and epilepsy in South Korea. This knowledge will be helpful
for developing clinical intervention and determining
relevant outcomes.

Methods

We retrospectively reviewed 184 patients diagnosed
as epilepsy who were treated with AEDs in Pediatric
Neurology Department of Seoul St. Mary's Hospital
from May 2009 to May 2013. We also retrospectively
reviewed 172 patients diagnosed as MHD who were in
continuous complete remission since initial diagnosis
in paediatric haematology departments of Seoul St.
Mary's Hospital from May 2009 to May 2013 ALL
lymphoblastic leukaemia (87 patients). Their ages ranged
from 6 to 18 years old at the time of diagnosis. Children
who had pre-existing neurologic conditions affecting
behavioural development (cerebral palsy, developmental
delay, or mental retardation) were excluded. Normal
controls were selected at the out-patient clinic of Seoul
St. Mary's hospital from those who visited the clinic
for vaccination. Children who had significant medical

i l l ne s se s  o r  neu ropsych ia t r i c  p rob lems  were
excluded.

The Korean Child Behaviour Checklist (K-CBCL) and
the Korean ADHD Rating Scale (K-ARS) were used as
screening instruments. Diagnoses were confirmed through
the Diagnostic Interview Schedule for Children Version IV
(DISC-IV). We also used parent and teacher questionnaires
based on the DSM-IV criteria, parent interviews and direct
observation of children. These data were compared between
patients with ADHD and those without ADHD. The
following tests were performed for pre-treatment
functioning: K-WISC-II (Korean-Wechsler Intelligence
Scale for Children) and Neuropsychological test. ADHD
diagnosis was established by child psychiatrist in all
pat ient  groups.  Electroencephalography (EEG)
abnormalities defined as epileptiform discharges according
to abnormal frequency, height or shape based on ILAE
classification of the Epilepsies (2017). SPSS (ver. 19.0)
was used for all statistical analyses. Chi-square test, Fisher's
exact test and one-way analysis of variance (ANOVA) were
used to estimate significant differences. Values were
considered statistically significant at P<0.05. This study
was reviewed and approved by the Institutional Review
Board of St. Mary's Hospital (approval number:
KC13RASI0366).

Results

A total of 758 patients aged 6-18 years were identified,
including 172 patients with a history of MHD, 184 patients
who were diagnosed as epilepsy and 402 healthy controls.
Baseline characteristics of the study population are shown
in Table 1. Healthy controls with the same male-to-female
ratio and age (11.0±5.9) were assessed. Children with MHD
were younger than children with epilepsy and controls.
Children with epilepsy or MHD exhibited significantly
higher rate of ADHD) compared to controls (29.6% or 37.5%
vs. 11.9%, P=0.039). Among patients who had both MHD
and ADHD, 69.5% had the inattentive subtype and 30.5%
had the combined subtype of ADHD. Among children with
both epilepsy and ADHD, 70.6% had the inattentive
subtype, 23.5% had the combined subtype and 5.9% had
the hyperactive type of ADHD. The inattentive subtype of
ADHD was more predominant in all groups than the
combined subtype of ADHD. There was no significant
group differences in sex or age.

Of 172 patients with MHD, 69 (37.5%) patients had
both ADHD and MHD. When compared with patients
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vs. 23 females, P=0.022). For 59.1% of patients without
ADHD, their seizures remained under control with a single
AED compared to 33.3% of patients with both ADHD and
epilepsy (P=0.020). Out of 184 patients, 106 (57.6%) had
partial seizures, 72 (39.1%) had generalised seizures, and
6 (3.3%) had mixed seizures. There was no statistically
significant differences in age, seizure type, or EEG
abnormalities between epilepsy patients with ADHD and
those without ADHD (P=0.068, P=0.355, P=0.742,
respectively).

without ADHD, MHD patients with ADHD were more
likely to be male, five or younger at the onset of
haematologic diseases, and had intrathecal chemotherapy
with longer treatment duration and cranial radiation
(P<0.05). However, relapse of MHD did not show a
significant difference between MHD patients with ADHD
and MHD patients without ADHD (P=0.081).

Fifty-one (29.6%) out of 184 epileptic patients had both
ADHD and epilepsy. In epileptic patients with ADHD,
males outnumbered females by almost two-fold (46 males

Table 1 Comparison of characteristics in controls, patients with malignant haematologic diseases, and patients with epilepsy

Parameters Patients with MHD Patients with epilepsy Controls p-value

No. of participants 172 184 402

Age (year, mean ± SD) 10.2±3.2 12.62±3.4 11.0±5.9 0.121

Male:Female 88:84 103:81 191:211 0.081

ADHD accompaniment 69 (37.5%) 51 (29.6%) 49 (11.9%) 0.039

Inattentive 69.5% (48/69) 70.6% (36/51) 63.2% (34/49) 0.075

Hyperactive 0% (0/69) 5.9% (3/51) 4.5% (2/49) 0.198

Combined 30.5% (21/69) 23.5% (12/51) 26.5% (13/49) 0.072

MHD: malignant haematologic diseases; ADHD: attention deficit hyperactivity disorder; SD: standard deviation.

Table 2 Comparison of malignant haematologic disorders with ADHD and without ADHD

MHD with ADHD (N=51) MHD without ADHD (N=121) p-value

Mean age (year) 10.0± 4.1 10.4± 3.4 0.475

Male:Female 35:16 53:68 0.002

Age group of onset (year) 0.004

11-18 11 (21.6%) 43 (35.5%)

6-10 11 (21.6%) 42 (34.7%)

1-5 29 (56.8%) 36 (29.8%)

Treatment 0.031

Intrathecal chemotherapy 46 (90.2%) 97 (80.2%)

No intrathecal chemotherapy 5 (9.8%) 24 (19.8%)

Response to treatment 0.081

No relapse 42 (82.3%) 105 (86.8%)

Relapse 9 (7.7%) 16 (3.2%)

Cranial radiation 0.049

Yes 8 (15.6%) 12 (10.0%)

No 43 (84.4%) 109 (90.0%)

Treatment duration (year) 3.0±1.1 1.9±0.7 0.042

MHD: malignant haematologic diseases; ADHD: attention deficit hyperactivity disorder.
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Discussion

The prevalence of ADHD in Korean studies has been
reported to be 3.9-13.3%.8,9 Estimated ADHD prevalence
during paediatric period has shown wide variation around
the world, ranging from 0.9% to 20%.10,11 In our study,
ADHD prevalence was 11.9% in healthy controls. It is
generally accepted that the combined type of ADHD is the
most common type in the general population.7 However,
the inattentive type of ADHD was more common in healthy,
epileptic and MHD children in our study.

ADHD is a common neuropsychiatric disorder that
impairs social, academic and vocational functions in
children and adolescents. By their young adulthood, ADHD
youth are at high risk for a wide range of adverse psychiatric
outcomes, including elevated prevalence of antisocial,
addictive, behavioural and anxiety disorders.12

The scope of chronic health condition is broad. It can
affect the neuropsychiatric system. Survivors of paediatric
brain tumour and ALL are at risk for lasting cognitive
impairment attributable to disease and treatments that can
affect the central nervous system (e.g., cranial radiation
therapy, intrathecal chemotherapy).13,14 Patients diagnosed
with ALL at younger age suffer greater cognitive deficits
than patients diagnosed at older age, especially when they

are treated with cranial irradiation.15 Neurocognitive
impairment is estimated to occur in 20-40% of long-term
survivors of childhood ALL. Neurocognitive deficits can
negatively impact learning and academic achievement of
patients compromising their educational and vocational
opportunities.16 Despite these well-established findings,
there have been few empirically validated interventions
to remediate cognitive impairments emerging secondary
to treatment for MHD.17

Results of our study demonstrate that the rate of
symptoms of ADHD in survivors of MHD is higher than
that in healthy controls, suggesting that MHD has a
significant relation with ADHD in paediatric patients. In
addition, in males under 5 years of age at onset, intrathecal
chemotherapy and cranial radiation might be necessary to
predict ADHD. Therefore, early detection and establishment
of countermeasure for ADHD are needed to maintain their
quality of life.

Paediatric patients with epilepsy are more likely to have
difficulties with 'attention problems' than healthy controls.
It is often assumed to be the consequence of recurrent
seizures, medical treatment, or characteristics of epilepsy.18

Patients with epilepsy and concomitant ADHD show
significantly poorer response to epilepsy treatment
compared to patients without ADHD. In our study, there

Table 3 Comparison between epilepsy patients with ADHD and those without ADHD

Epilepsy with ADHD (N=69) Epilepsy without ADHD (N=115) p-value

Mean age (year) 12.5±3.5 12.3±2.9 0.068

Male:Female 46:23 57:58 0.022

Age group of onset (year) 0.126

11-18 23 (33.3%) 41 (35.7%)

6-10 32 (46.4%) 58 (50.4%)

1-5 14 (20.3%) 16 (13.9%)

Duration of treatment (year) 2.2±0.8 1.8±0.7 0.036

Number of AEDs 0.020

Monotherapy 23 (33.3%) 68 (59.1%)

Polytherapy 46 (66.7%) 47 (40.9%)

Seizure types 0.355

Partial 46 (66.7%) 60 (52.2%)

Generalised 18 (26.1%) 54 (46.9%)

Mixed 5 (7.2%) 1 (0.9%)

EEG abnormalities 0.742

Abnormal 50 (72.5%) 83 (72.2%)

Normal 19 (27.5%) 32 (27.8%)

ADHD: attention deficit hyperactivity disorder; AED, antiepileptic drug.
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was no difference in ADHD accompaniments between
partial and generalised seizure types. However, treatment
duration and polytherapy could influence the diagnosis
of ADHD. The presence of ADHD in patients with epilepsy
could be related to therapeutic response to AEDs and could
be a useful predictive factor for response in early stage.
Another study has found that ADHD is related to illness
and seizure frequency.19 ADHD can increase the risk of
subsequent epilepsy and vice versa.20 Thus, it is important
to manage ADHD in children with epilepsy. However,
ADHD might be under treated in children with epilepsy.21

Stimulants remain to be the first-choice pharmacological
agents for the management of ADHD. Psychosocial,
behavioural and educational strategies that can enhance
specific behaviours may improve educational and social
functioning in children with ADHD.22 Evidence from a one-
year efficacy trial of methylphenidate (MPH) in paediatric
cancer survivors experiencing cognitive late effects has
recently emerged, suggesting long-term cognitive and
behavioural benefits of stimulant treatment in this
population.23 There are also reports of good response to
MPH in children with epilepsy.24 Children could be
selected for early intervention trials to reduce symptoms
of ADHD. The goal of a comprehensive epilepsy clinic/
service is to perform an assessment and provide treatment
not only for seizures, but also for cognitive and behavioural
difficulties experienced by children with epilepsy.25

Children with MHD and epilepsy are at significant risk for
ADHD. There is a need for more studies focusing on safe
and efficacious intervention for symptoms of ADHD.
Baseline testing of all patients with MHD or epilepsy is
needed to assess their neuropsychological and academic
skills over time to facilitate early intervention and prevent
academic failure. These results highlight the need for
continued monitoring of ADHD in survivors of paediatric
MHD and epilepsy. Future studies shall address these issues
and guide paediatrician, nurses and teachers to work
together to develop individualised plans that can help
children with MHD or epilepsy fulfill their educational
goals. Long-term social prognosis of these children appears
to be of considerable importance. Future studies are needed
to confirm our results in a larger population.

Conclusions

This study shows that paediatric patients with MHD or
epilepsy are at significant risk for ADHD. Children with
MHD were younger than children with epilepsy and

controls. Children with epilepsy or MHD exhibited 2 to 3
folds higher rate of ADHD compared to controls. When
compared with patients without ADHD, MHD patients with
ADHD were more likely to be male, five or younger at the
onset of haematologic diseases, and had intrathecal
chemotherapy with longer treatment duration and cranial
radiation. Patients with epilepsy and concomitant ADHD
showed significantly poorer response to epilepsy treatment
than patients without ADHD. Thus, baseline testing of all
MHD or epilepsy children is needed to check their
neuropsychological and academic skills over time to
facilitate early intervention and prevent academic failure.

Declaration of Interest

None.

Acknowledgement

We would like to acknowledge the St. Mary's Hospital
and patients.

References

1. Gatta G, Capocaccia R, Coleman MP, Ries LA, Berrino F.
Childhood cancer survival in Europe and the United States. Cancer
2002;95:1767-72.

2. Rubnitz JE, Gibson B, Smith FO. Acute myeloid leukemia. Hematol
Oncol Clin North Am 2010;24:35-63.

3. Nicholls E, Hildenbrand AK, Aggarwal R, McCarthy L, Daly B.
The use of stimulant medication to treat neurocognitive deficits
in patients with pediatric cancer, traumatic brain injury, and
sickle cell disease: a review. Postgrad Med 2012;124:78-90.

4. Krull KR, Brouwers P, Jain N, et al. Folate pathway genetic
polymorphisms are related to attention disorders in childhood
leukemia survivors. J Pediatr 2008;152:101-5.

5. Association AP. Diagnostic criteria from dsM-iV-tr: American
Psychiatric Pub; 2000.

6. Sander JW. The epidemiology of epilepsy revisited. Cur Opin
Neurol 2003;16:165-70.

7. Dunn DW, Austin JK, Harezlak J, Ambrosius WT. ADHD and
epilepsy in childhood. Dev Med Child Neurol 2003;45:50-4.

8. Yang SJ, Cheong S, Hong SD. Prevalence and correlates of attention
deficit hyperactivity disorder: school-based mental health services
in Seoul. J Korean Neuropsychiatr Assoc 2006;45:69-76.

9. Yang YH, Kim JW, Kim YN, Cho SC, Kim BN. Screening for
attention deficit/hyperactivity disorder for children in Seoul.
J Korean Neuropsychiatr Assoc 2008;47:292-8.

10. Goodman R, Dos Santos DN, Nunes AR, de Miranda DP, Fleitlich-
Bilyk B, Almeida Filho N. The Ilha de Maré study: a survey of
child mental health problems in a predominantly African-Brazilian



ADHD in Children with MHD and Epilepsy140

rural community. Soc Psychiatry Psychiatr Epidemiol 2005;40:
11-7.

11. Cornejo JW, Osio O, Sanchez Y, et al. [Prevalence of attention
deficit hyperactivity disorder in Colombian children and teenagers].
Rev Neurol. 2004;40:716-22.

12. Biederman J, Monuteaux MC, Mick E, et al. Young adult outcome
of attention deficit hyperactivity disorder: a controlled 10-year
follow-up study. Psychol Med 2006;36:167-79.

13. Peterson CC, Johnson CE, Ramirez LY, et al. A meta-analysis of
the neuropsychological sequelae of chemotherapy-only treatment
for pediatric acute lymphoblastic leukemia. Pediatr Blood Cancer
2008;51:99-104.

14. Fossen A, Abrahamsen TG, Storm-Mathisen I. Psychological
outcome in children treated for brain tumor. Pediatr Hematol Oncol
1998;15:479-88.

15. Buizer AI, de Sonneville LM, van den Heuvel-Eibrink MM,
Veerman AJ. Chemotherapy and attentional dysfunction in
survivors of childhood acute lymphoblastic leukemia: effect of
treatment intensity. Pediatr Blood Cancer 2005;45:281-90.

16. Mitby PA, Robison LL, Whitton JA, et al. Utilization of special
education services and educational attainment among long-term
survivors of childhood cancer: a report from the Childhood Cancer
Survivor Study. Cancer 2003;97:1115-26.

17. Butler RW, Mulhern RK. Neurocognitive interventions for children
and adolescents surviving cancer. J Pediatr Psychol 2005;30:65-
78.

18. Jones JE, Watson R, Sheth R, et al. Psychiatric comorbidity in
children with new onset epilepsy. Dev Med Child Neurol 2007;
49:493-7.

19. Caplan R, Siddarth P, Stahl L, et al. Childhood absence epilepsy:
behavioral, cognitive, and linguistic comorbidities. Epilepsia 2008;
49:1838-46.

20. Chou I-C, Chang Y-T, Chin Z-N, et al. Correlation between epilepsy
and attention deficit hyperactivity disorder: a population-based
cohort study. PLoS One. 2013;8:e57926.

21. Boyes C. Question 2 Should a child with ADHD and epilepsy be
given Ritalin? Arch Dis Child 2010;95:759-61.

22. Wigal S, Swanson JM, Feifel D, et al. A double-blind, placebo-
controlled trial of dexmethylphenidate hydrochloride and d, l-threo-
methylphenidate hydrochloride in children with attention-deficit/
hyperactivity disorder. J Am Acad Child Adolesc Psychiatry 2004;
43:1406-14.

23. Conklin HM, Khan RB, Reddick WE, et al. Acute neurocognitive
response to methylphenidate among survivors of childhood cancer:
a randomized, double-blind, cross-over trial. J Pediatr Psychol
2007;32:1127-39.

24. Kaufmann R, Goldberg-Stern H, Shuper A. Attention-deficit
disorders and epilepsy in childhood: incidence, causative relations
and treatment possibilities. J Child Neurol 2009;24:727-33.

25. Dunn DW, Austin JK, Perkins SM. Prevalence of psychopathology
in childhood epilepsy: categorical and dimensional measures. Dev
Med Child Neurol 2009;51:364-72.



HK J Paediatr (new series) 2021;26:141-148

Comparison of Alcohol and Phenol Neurolysis in Children with
Spasticity: A Pilot Matched Controlled Trial

KY LEUNG, WK CHAN, WK MAN, CH KO

Abstract Purpose: To evaluate the effectiveness of phenol and alcohol neurolysis as treatment of spasticity.
Method: This is a non-randomisred matched controlled trial. Non-ambulatory spastic children were
given same volume of phenol to one nerve and alcohol to the contralateral nerve. Spasticity were assessed
by passive range of movement and Modified Ashworth Scale before treatment, and at one, three and six
months after treatment. Findings: Five pairs of obturator nerves and one pair of musculocutaneous
nerves were recruited. Both phenol and alcohol neurolysis were found to be effective to reduce spasticity
at one month, with no significant inter-group difference in passive range of movement gain and Modified
Ashworth Scale reduction. No significant complication was identified. Conclusion: Both phenol and
alcohol are effective treatment of focal spasticity in children. As a nerve blocking agent, alcohol is a safe
and effective alternative to replace phenol in paediatric patients.

Key words Alcohol;  Cerebral palsy;  Neurolysis;  Phenol;  Spasticity
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Introduction

Spasticity results from the loss of inhibition of motor
neurons, causing excessive velocity-dependent increase
in resistance to movement.1 Spasticity causes functional

disability, pain and even joint deformity.2 Spasticity can
also cause difficulty in maintaining hygiene, development
of pressure sores and increase risk of osteoporotic bone
fracture during daily care procedure.3

The goals for tone reduction treatment include
functional improvement, ease of care, and prevention of
secondary pain, contractures and orthopaedic problems.
Conventional approach includes physiotherapy,
occupational therapy and use of orthosis to maintain range
of joint motions and function. At later stage, orthopaedic
surgery helps correct secondary lever arm deviations.
Generalised and focal spasticity may be reduced by oral
drugs, local injections by phenol, alcohol or botulinum
toxin, selective dorsal rhizotomy and intrathecal baclofen.1

Oral medications are commonly used in cerebral palsied
children with generalised spasticity. Dose escalation is
often limited by significant systemic side effects.
Rhizotomy surgery and intrathecal baclofen implantation
are invasive and largely irreversible; careful selection of
appropriate candidates is mandatory to achieve optimal
therapeutic effect. Local injection is a widely approved
m o d a l i t y  o f  t r e a t m e n t  f o r  f o c a l  s p a s t i c i t y .
Chemodenervation refers to interruption of nerve-muscle
transmission with an injectable agent. Botulinum toxin A
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exerts the effect by causing neuromuscular blockage while
phenol and alcohol injections cause neurolysis. Phenol and
alcohol injection have a lower cost and faster onset of
action compared to botulinum toxin A injection.3-5 In
addition, a good nerve block may achieve better tone
reduction effect than botulinum toxin A, and the effect may
last longer. The technique is demanding; common
complications include pain and transient dysaesthesia.3,5

C o m m o n  n e r v e s  f o r  n e u r o l y s i s  i n c l u d e  t h e
musculocutaneous nerve in prominent elbow flexion, and
the obturator nerve in excessive hip adduction. Clinical
appl icat ions  a lso include ankle  plantarf lexion
(gastrocnemius branches of posterior tibial nerve) and
shoulder adduction (thoracodorsal nerve).

Phenol causes nerve destruction by inducing protein
precipitation. There is loss of cellular fatty elements,
separation of the myelin sheath from the axon, and axonal
oedema.4 Alcohol causes nerve coagulation and muscle
necrosis by denaturing proteins and is more efficient in
destroying cell bodies, with resultant Wallerian
degeneration and tissue fibrosis.4 Phenol in concentration
between 5% and 7% and alcohol in concentration of 45-
100% are used for neurolysis.5 Injections are given in
specific nerve after identifying the nerve by electrical
stimulation. While both agents are widely approved for
focal spasticity, there are limited studies to compare the
clinical efficacy between phenol and alcohol for neurolysis
in paediatric patients.6,7 There is only one study comparing
phenol and alcohol neurolysis of tibial nerve for treatment
of spastic foot after stroke in adult.8 As there has been a
world-wide shortage in supply of therapeutic phenol since
the fall of 2016, many centres have to administer alcohol
as an alternative. The aim of this study is to ascertain the
effectiveness and safety of alcohol as compared to phenol
as a neurolysis agent for treatment of childhood spasticity.

Methods

Study Design and Setting
This is a non-randomised matched controlled trial

conducted in a paediatric rehabilitation unit in Caritas
Medical Centre in Hong Kong. All eligible patients were
spastic children recruited during the study period from
October to December in 2016. Patients who were on oral
anti-spasticity medications did not have dose adjustment
within three months before the procedure. The study
protocol was approved by Kowloon West Cluster Research
Ethics Committee of Hospital Authority.

Subjects
Nerve pairs of paediatric patients given 5% phenol

injection (minimal 0.5 ml, maximum 1 ml) to one side and
same volume of 50% or 75% alcohol injection to the
contralateral side were recruited with following inclusion
and exclusion criteria:

Inclusion criteria:
• Age ≤18 years old
• Presenting with excessive bilateral hip adductor

spasticity and/or bilateral elbow flexion spasticity
• Bilateral involvement with similar baseline tone between

the left and right extremities in the same patient
• Informed Consent for the procedure obtained from

patient's family
• Able to tolerate physiotherapy for treating spasticity

Exclusion criteria:
• Unstable medical condition
• Unilateral spasticity
• Received recent phenol injection / alcohol injection

(within 12 months)
• History of adverse reaction to phenol or alcohol

Injection Protocol
All procedures were performed by same operator. The

supervising neurologist (CHK) would randomly draw the
side (right or left) to receive phenol, and the other side
would be assigned for alcohol. Both operator and assessor
were blinded to the assignment, which was concealed until
data analysis. Twenty-two gauge Teflon coated needles
were used. The needle hub of the needle was connected to
the nerve stimulator (Nicolet Viking Electrodiagnostic
Unit). The nerve blocks were performed under electric nerve
stimulation. Once the nerve was localised as evidenced by
contractions of the adductor muscle (for obturator nerve)
or biceps muscle (for musculocutaneous nerve), the needle
position was adjusted until minimum current was needed
to produce traction, suggesting that the level of the needle
was close enough to the nerve. At this point, the neurolytic
agent (5% phenol) from a syringe connected to a needle
was injected slowly until abolition of muscle contraction
was obtained. The same volume of alcohol at 50-75% was
subsequently injected to the contralateral nerve under
similar techniques.

Outcome Measures
Primary outcomes include (1) Passive range of

movement (PROM) of hip abduction / elbow extension and
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both phenol injection and alcohol injection were assessed
during the study period. Among them, two patients received
injection over obturator nerves and musculocutaneous
nerves. Two pairs of nerves failed to meet all the inclusion
criteria. Finally, six subjects (four male and two female)
were recruited with five pairs of obturator nerves and one
pair of musculocutaneous nerves (Figure 1). The mean age
was 8.15 years (range 3.96-16.35). All subjects suffered
from chronic spasticity. Five subjects had cerebral palsy
and one had syringomyelia. Two of them were classified at
level III Gross Motor Function Classification system
(GMFCS) and the remaining three were classified at level
V with long-term residential care.

Clinical Variables
The results of each individual subjects were summarised

in Table 1.

Phenol Group
Table 2 shows the clinical outcomes at various post-

injection time-points in the two groups. For PROM,
difference in PROM at different time-points  of
assessment was screened with Friedman test (p=0.011).
The gain in PROM at one month post injection was
statistically significant (p=0.034). However, no statistical
significance was found when compared to pre-treatment
at three months (p=0.713) and six months (p=0.713)
post injection.

For tone reduction with assessment by MAS, Friedman
test revealed significant difference in MAS at different
time-points of assessment (p=0.010). The reduction in
MAS at one month post injection was statistically
significant (p=0.034). However, change in MAS was found
to have no statistical significance when compared to
pre-treatment at three months (p=0.059) and six months
(p=0.317) post injection.

Alcohol Group
For alcohol injection, the findings were similar as phenol

injection. Friedman test revealed significant difference in
PROM at different time-points of assessment (p=0.002).
The improvement in PROM at one month post injection
was statistically significant (p=0.024) and PROM was
found to have no statistically significant difference
compared to pre-treatment at three months (p=0.180) and
six months (p=0.180) post injection.

For MAS, Friedman test showed significant difference
in the MAS at different time-points of assessment (p=0.004).
The reduction in MAS at one month post injection was

(2) Modified Ashworth Scale (MAS) (Appendix 1) of
bilateral hip adductor / biceps. Assessment of patient was
performed by an independent physiotherapist before
treatment, 1 month, 3 months and 6 months after treatment.
The assessor was blinded to the agents being injected into
either side of the same patient. Secondary outcome is the
incidence of complications such as paraesthesia, local
reactions, compartment syndrome, and infection related
to the procedure.

PROM of hip abduction with knee in 90-degree flexed
position and with knee in neutral position were assessed
and documented by the assessor. Hip abduction with knee
in 90-degree flexed position were used for statistical
analysis unless assessment was not possible due to the
physical condition of the patient. In those cases, PROM of
hip abduction with knee in neutral position were used.

Data Collection
Demographic data including age, sex and background

medical history was obtained from the electronic patient
record system. Physiotherapy assessment notes were
retrieved to obtain the primary outcome.

Statistical Analysis
Data analysis was performed using SPSS for Windows,

version 22. A p value <0.05 was considered statistically
significant. Overall changes in the muscle tone and range
of movement were analysed by Friedman test. Wilcoxon's
sign rank test was used as to determine differences between
the various time-points in the post-treatment period
compared with pre-treatment measurements within a single
treatment group. Mann-Whitney-U test was used to
compare the effect between the two treatments at same
post-treatment time points.

Sample Size Estimation
Lehmann9 recommends that when using a nonparametric

test, the researcher should first compute the sample size
required for the parametric equivalent and then add 15% as an
adjustment. Running a power analysis on a repeated measures
Friedman ANOVA with eight measurements, a power of 0.80,
an alpha level of 0.05, and a large effect size (f=0.40), the
required sample size is seven.10

Results

Demographic Variables
A total of six patients with eight pairs of nerve received
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Table 1 Summary of the results of each individual subjects

Outcome at various time points
Subject Age Diagnosis Target nerve Intervention group Pre-treatment One month Three months Six months

PROM MAS PROM MAS PROM MAS PROM MAS

1 6.67 Cerebral palsy OB Phenol 30 2 40 1.5 30 2 30 2
Alcohol 30 2 40 1.5 30 2 30 2

2 16.35 Syringomyelia OB Phenol 30 3 40 2 30 2 30 3
Alcohol 30 3 40 2 30 2 30 3

3 3.96 Cerebral palsy OB Phenol 10 2 20 1 15 1.5 15 2
Alcohol 15 2 20 1 15 1.5 15 2

4 6.36 Cerebral palsy MC Phenol 110 1 110 1 90 1 90 1
Alcohol 95 1 140 0 120 1 120 1

5 4.81 Cerebral palsy OB Phenol 45 2 60 1 50 1 50 2
Alcohol 60 1.5 70 1 60 1 60 1.5

6 10.72 Cerebral palsy OB Phenol 15 1 25 0 25 0 25 0
Alcohol 10 1 20 0 20 0 20 0

OB: obturator nerves; MC: musculocutaneous nerves; PROM: passive range of movement; MAS: Modified Ashworth Scale

Figure 1 Subject enrolment and follow-up.

OB: obturator nerves; MC: musculocutaneous nerves
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and six months (p=0.317).
Alcohol injection was also found to be effective in

PROM gain at one month (p=0.034), but no significant
difference at three months (p=0.317) and six months
(p=0.317). Tone reduction with significant MAS difference
was found at one month (p=0.038), but not at three months
(p=0.063) and six months (p=0.317).

Comparison Between Phenol and Alcohol Groups
Table 4 shows the one month post treatment change in

PROM and MAS among phenol and alcohol groups. There
was no significant difference between phenol and alcohol
groups with regards to PROM gain (p=0.849) and MAS
reduction (p=0.847) at one month post treatment for all
pairs, as well as obturator nerves only (PROM gain: p=0.180

Table 2 Outcome of phenol and alcohol neurolysis at various time-points (all subjects included)

Median [Q1, Q3]

Outcome Group Pre-treatment One month Three months Six months p value*

PROM Phenol 30º [13.75, 61.25] 40º [23.75, 72.5]† 30º [22.5, 60] 30º [22.5, 60] 0.011

PROM Alcohol 30º [13.75, 68.75] 40º [20, 87.5]† 30º [18.75, 75] 30º [18.75, 75] 0.002

MAS Phenol 2 [1, 2.25] 1 [0.75, 1.625]† 1.25 [0.75, 2] 2 [0.75, 2.25] 0.010

MAS Alcohol 1.75 [1, 2.25] 1 [0, 1.625]† 1.25 [0.75, 2] 1.75 [0.75, 2.25] 0.004

*Friedman test; †p value <0.05 when comparing with pre-treatment using Wilcoxon's sign rank test.

Q1-first quartile; Q3-third quartile; PROM: passive range of movement; MAS: Modified Ashworth Scale

Table 3 Outcome of phenol and alcohol obturator neurolysis at various time-points

Median [Q1, Q3]

Outcome Group Pre-treatment One month Three months Six months p value*

PROM Phenol 30º [12.5, 37.5] 40º [22.5, 50]† 30º [20, 40] 30º [20, 40] 0.007

PROM Alcohol 30º [12.5, 45] 40º [20, 55]† 30º [17.5, 45] 30º [17.5, 45] 0.008

MAS Phenol 2 [1.5, 2.5] 1 [0.5, 1.75]† 1.5 [0.5, 2] 2 [1, 2.5] 0.010

MAS Alcohol 2 [1.25, 2.5] 1 [0.5, 1.75]† 1.5 [0.5, 2] 2 [0.75, 2.5] 0.010

*Friedman test; †p value <0.05 when comparing with pre-treatment using Wilcoxon's sign rank test.

Q1-first quartile; Q3-third quartile; PROM: passive range of movement; MAS: Modified Ashworth Scale

Table 4 Comparison of outcome between phenol and alcohol neurolysis

Median improvement [Q1, Q3]

Outcome Nerves No. of pairs Phenol Alcohol p value*

PROM All 6 10º [7.5, 11.25] 10º [8.75, 18.75] 0.849

PROM Obturator neurolysis only 5 10º [10, 12.5] 10º [7.5, 10] 0.180

MAS All 6 -1 [-1, -0.375] -1 [-1, -0.5] 0.847

MAS Obturator neurolysis only 5 -1 [-1, -0.75] -1 [-1, -0.5] 0.513

*Mann-Whitney U test

Q1-first quartile; Q3-third quartile; PROM: passive range of movement; MAS: Modified Ashworth Scale

statistically significant (p=0.023). PROM was found to
have no statistically significant difference compared to
pre-treatment at three months (p=0.630) and six months
(p=0.317) post injection.

Analysis of Obturator Neurolysis
The analysis was performed with the pair of

musculocutaneous nerves exclude to study the
effectiveness of phenol and alcohol neurolysis of obturator
nerves for hip adductor spasticity (Table 3).

Phenol injection was found to be effective in PROM
gain at one month (p=0.034), but no significant difference
at three months (p=0.102) and six months (p=0.102). Tone
reduction with significant MAS difference was found at
one month (p=0.034), but not at three months (p=0.059)
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and tone reduction: p=0.513). No significant complication
was reported in both phenol and alcohol groups.

Discussion

This is a pilot study evaluating the effect of phenol and
alcohol neurolysis in the treatment of spasticity for
paediatric patients. To our knowledge our study is the first
study that compares the two treatments in Paediatric
patients. Phenol nerve blocks have been used for treatment
of spasticity for long time. Khalili and Betts introduced
the use of phenol nerve block for spasticity fifty years ago.11

Alcohol nerve block is also found to be effective in
treating spasticity later.11-16 For children, Spira6 and
Yadav7 demonstrated phenol nerve block to be effective
for management of spasticity in cerebral palsied
children.

In the present study, we found that both phenol and
alcohol are effective treatment for spasticity in children.
The effect was observed to last less than 3 months. Action
of phenol was reported to last from one month to 36 months
and alcohol from two weeks to 36 weeks.17 Previous
paediatric studies reported the duration of phenol nerve
block to be variable, ranging from three to 29 months.6,7

With regeneration of the neuromuscular junction, the
effects of phenol and alcohol wear off. Factors influencing
the onset and duration of action include concentration of
the medication, duration of exposure, method of delivery,
and history of prior injections.1 Table 5 summarises the
responses to obturator nerve blocks in various studies
employing different dosages in subjects with variable
demographics and underlying severity. While the tone
reduction effect tends to reduce with time in all studies, a
higher dosage is associated with longer duration of
sustained response. The relatively short-lasting effect in

the present study may be related to the use of a lower dose
of neurolytic agent. Moreover, the maximum median gain
in hip PROM was only 10 degrees (from 30 to 40 degrees)
one month post-injection; this reflects the severity of the
underlying adductor spasticity and possible soft tissue
contracture, rendering the chemodenervation effect
relatively short-lived in the group of patients recruited.

We also found that there was no significant difference
between phenol and alcohol treatment. A randomised
controlled study comparing 5% phenol and 50% alcohol
neurolysis of tibial nerve motor branches to the
gastrocnemius muscle by Kocabas also suggested that both
drugs are effective in reducing spasticity and the two
treatments have no significant difference.8 As currently
there is a world-wide shortage of supply in phenol as nerve
blocking agent, alcohol can be used as an alternative for
neurolysis in paediatric patients with comparative tone
reduction effect.

Matched samples were used in our study, with the two
treatments given to the two limbs of the patients recruited.
Patients recruited all suffered from significant spasticity
affected both sides of the limbs. This can minimise the
confounding factors due to differences in baseline
characteristics between the two treatment groups.

No significant complications such as local reaction and
infection over injection sites were observed in all patients
in this study. However, complications of chemical
neurolysis such as pain and disturbance to sensation are
difficult to assess in our patients. Previous studies
suggested that phenol and alcohol are safe with uncommon
side effects.4,16

Adductor muscle spasticity and elbow flexor spasticity
are common among cerebral palsied children with poor
gross motor function. These can cause much pain, distress
and difficulties in daily routine care. Chemical neurolysis
with phenol or alcohol is one of therapeutic possibilities

Table 5 Comparison of responses following obturator nerve blocks in different studies

Studies Age (years) No. of obturator blocks Dose (ml) Baseline findings Response

Leung et al* 8.15 12 0.5-1 Hip abduction (R/L): 30º/30º Best response at 1 month
(3.96-16.35) MAS (R/L): 2/2 40º/40º MAS1/1; returned

 to baseline by 6 months

Spira et al6 2 to over 8 38 2-5 Severe in 11 cases preventing Good relief in 74% (48 hours);
oriental sitting  68% (3 weeks);

52% (3-6 months)

Lam et al3 78.1±12.9 32 5 Hip abduction (R/L): 40º/47º MAS reduction ≥1 in
MAS(R/L): 3.2/3.0 75% (6 weeks, MAS 1.3/1.5);

 69% (6 months, MAS 1.9/2.0);
 54% (9 months, MAS 2.1/2.0)

*Current study
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to manage spasticity. The major advantages of chemical
neurolysis include low cost of the drugs, rapid onset of
action and potency for large muscle groups like hip
adductors.5

Limitations
The number of subjects included in this study is small.

The number of subjects recruited in this study was actually
limited by the unstable availability of phenol. Only one
pair of musculocutaneous nerve was included in this study
and only one case received alcohol injection with 75%
concentration. A larger sample size is necessary for further
studies to analyse an optimal drug concentration, the lowest
effective dose and for subgroup analysis. The therapeutic
effect ,  duration of action and safety of higher
concentration of alcohol at 75-100% has yet been explored.
More outcomes can be assessed in future studies such as
hygiene score and pain score. Side effects of treatment
may be under-reported because majority of our patients
were unable to communicate the pain and sensory
complications.

Conclusion

This study showed that obturator and musculocutaneous
neurolysis with 5% phenol or 50-75% alcohol is an
effective treatment to reduce spasticity in children with
chronic neurological disease. This procedure can be
introduced to this group of patients earlier to prevent
complications of spasticity and improve their quality of
life. As a nerve blocking agent, alcohol is a safe and
effective alternative to replace phenol in paediatric
patients.

Acknowledgements

The authors thank all the clinical staff and patients who
took part in this study, in particular Miss Ellen Yu,
statistician from Princess Margaret Hospital for her
assistance in statistical analysis.

Declaration of Interests

None



Alcohol vs Phenol Neurolysis148

Appendix 1

Modified Ashworth Scale18

Scoring:

0 No increase in muscle tone
1 Slight increase in muscle tone, manifested by a catch and release or by minimal resistance at the end of the range of

motion when the affected part(s) is moved in flexion or extension
1+ Slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder (less

than half) of the ROM
(MAS score 1+ is treated as 1.5 for statistical analysis in this study)

2 More marked increase in muscle tone through most of the ROM, but affected part(s) easily moved
3 Considerable increase in muscle tone, passive movement difficult
4 Affected part(s) rigid in flexion or extension
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Tolerability and Efficacy of Racecadotril in Acute Diarrhoea,
A Prospective, Randomised, Parallel Study in an Indian

Tertiary Care Teaching Hospital

R SARANGI, B BISWAL, B DASH, A DHANAWAT

Abstract Objective: To study the tolerability and efficacy of racecadotril versus placebo in hospitalised children
with acute diarrhoea. Methods:  This prospective randomised placebo-controlled double blind trial was
carried among 3-36 months age hospitalised children with acute diarrhoea. Out of 140 children, 67
children received placebo and 73 received racecadotril at 1.5 mg/kg, three times a day till recovery or
five days whichever was earlier. Stool volume in 48 hours, duration of hospitalisation and tolerability of
the drug were the outcome measures. Result: The mean stool volume in 48 hours (179.5±17.31 g/kg
body weight versus 191.04±33.4 g/kg body weight, p=0.0001) and mean duration of hospital stay
(62.4±11.4 hours versus 95.6±19.5 hours, p=0.0001) were significantly lower in racecadotril arm
compared to placebo arm respectively. No serious adverse event was documented in either group.
Conclusion: Racecadotril is both safe and effective in children with acute diarrhoea in decreasing the
stool volume and duration of hospitalisation.

Key words Acute diarrhoea;  Teaching hospital;  Tolerability
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Original Article

Introduction

       Acute diarrhoea in children accounts a major health
burden in different parts of world with an estimated 2
billion episodes each year and 1.9 million deaths mostly
in developing countries, amounting to 18% of under-five
mortality.1 Diarrhoea is the third leading cause of childhood
mortality in India and it accounts for 13% of all deaths per
year in under-five children.2 The mainstay of therapy in
acute diarrhoea, is the Oral Rehydration Therapy and its

global adoption has reduced the mortality and morbidity
due to diarrhoea, over the last 25 years.
       Racecadotril (acetorphan) is an anti-secretary agent;
inhibits enkephalinase, which is a cell membrane peptidase
enzyme, located in various tissues, predominantly in the
epithelium of the small intestine.3 This peptidase is
responsible for both the digestion of exogenous peptides
and endogenous peptides such as enkephalins and
neurokinin.4 So the drug enhances the activity of
endogenous enkephalins, leading to decrease in
intracellular cAMP level thereby reducing secretion of
water and electrolytes,5,6 without altering the motility,
intestinal transit time or bacterial overgrowth.7

Though there are several studies available from
developed world with mixed outcome, there are limited
s tudies  regard ing  ef f icacy  and  to lerabi l i ty  of
racecadotril in the developing country. So this study was
planned in Indian children and the aim of this double
blind, prospective randomised placebo-controlled trial
was to compare the tolerabili ty and efficacy of
racecadotril versus placebo among hospitalised children
with acute diarrhoea.
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Materials and Methods

Patient Population: This study was carried out in the
department of Pediatrics, IMS & SUM Hospital,
Bhubaneswar, Odisha, India. Children with acute diarrhoea
aged between 3 to 36 months with or without dehydration
were included in this study. Diarrhoea was defined as
passage of at least three loose stools in previous 24 hours.8

Patients with dysentery, severe malnutrition(weight/height
less than 3SD of WHO growth chart), who were on any
anti-diarrhoeal drugs or antibiotics before admission or
started on new drug for any reason during the
hospitalisation period or with chronic diseases were
excluded from the study. In our study sample size was
calculated as per prevalence of acute diarrhoea in our
locality and variables from previous study.9 In their study
the Mean (±SE) stool output was 92±12 gms with SD±
98.95 gms in Racecadotril group and 170±15 gms with
SD±122.87 gms in Placebo group. Taking Alpha Value of
5% and Power to be 80%, sample size calculated to be 66
with 33 in each group. However in view of high prevalence
of acute diarrhoea in our locality we have increased the
sample size of our study to 74 in each group and
retrospectively calculated Power of our study to 99%
approximately.

Study Design: This was a prospective randomised
placebo-controlled double blind trial carried out in this
tertiary care set up from April 2017 to March 2018.
Institutional Ethics Committee approval for the study
protocol was done and written informed consent was
obtained from the parents or the legal guardian of all
children. The sample size calculated to be 148 and 74
patients were randomised to racecadotril group and 74
patients to placebo group by computer generated random
sequence. The person who is responsible for generation
of Sequence was not directly involved in execution of the
study. Allocation concealment was done using proper
opaque sealed envelope with randomisation code. Patients
in  both  groups  were  t rea ted  as  per  the  WHO
recommendation as the standard of care.8 Additionally, they
received racecadotril or placebo, packed in two weight
bands (10 mg for less than 10 kg, 20 mg for more than
10 kg) which are identical in appearance, smell, and taste
and dispersion activity. The drugs were given orally at every
eight-hour interval, 30 minutes before food. The treatment
was discontinued when the patients have two stools of
normal consistency or absence of stool in last 12 hours or
maximum up to five days. Per-protocol Analysis were
carried out, comprising of only fully evaluable patients

like availability of stool weight data (recorded up to 48
hours), recovery or end of treatment (whichever occurred
earlier), time of discharge and any adverse effect. Total of
140 children were analysed for this study as per per-
protocol analysis, placebo group comprising of 67 patients
and racecadotril group 73 patients (Figure 1).

Patient Evaluation: At initial visit the detailed
demographic variables, family history of diarrhoea, medical
history, treatment history, characteristics of current
diarrhoea, vitals, physical examination including
anthropometry and hydration status were properly
documented. Clinical manifestation such as fever, vomiting
and abdominal circumference were assessed every 4 hours
or as required. Strict vigilance was adhered on intake of
oral rehydration solution and diet of the children. The
number of stools and their characteristics were
documented every 4 hours. The baseline body weight and
hydration status were assessed and re-assessed at 3, 6, 12,
24, 36 and 48 hours. Stool weight was calculated by
weighing the used diapers and subtracting them from the
weight of pre-weighed fresh diapers every 6 hours for the
first 48 hours. Urine was collected separately in urine bags/
bottles. In female children attempts were made to avoid
mixing of urine, however in unavoidable situation both
urine and stool volumes were calculated together. Rotavirus
antigen as identified by using the enzyme immunoassay kit,
[Ridascreen_ Rotavirus (C0901, R-Biopharm AG,
Germany)]. During each clinical evaluation adverse events
and tolerability of the drug or Placebo were assessed.

Outcome Measures
Primary Outcome:
(1) Stool Output in 48 hours in g/kg of body weight
(2) Stool Output in 48 hours in g/hour

Secondary Outcome:
(1) Duration of hospitalisation in hours
(2) Outcome in Rota viral diarrhoea
(3) Adverse events if any

Statistical Analysis

The main criteria were stool output during the first 48
hours, duration of discharge after the initiation of therapy
with racecadotril versus placebo. Continuous variables are
described by mean and standard deviation and the difference
was analysed by independent t-test, percentages and chi-
squared test were used to describe categorical variables.
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racecadotril group, 20 patients had rotavirus infection
whereas 17 patients had rotavirus infection in placebo
group. Demographic variables, stool characteristics,
amount of ORS and IV fluid requirement, duration and
frequency of diarrhoea before hospitalisation between two
groups were comparable (Table 1).

The average stool output in 48 hours in the racecadotril
group was 79.52±17.34 g/kg body weight whereas in the
placebo group the value recorded was 191.04±33.44 g/kg
body weight (p=0.001), also the stool output in 48 hours
expressed as g/hour was significantly lower in children
treated with racecadotril (p=0.0001). In Rota viral positive
cases the Stool output in 48 hours expressed as g/kg is
significantly lower in racecadotril group than the placebo
group (p=0.0001) but the stool output in 48 hours in
g/hour is not statistically significant. Both in total patients
analysis and also in Rota viral diarrhoea cases, the average
duration of discharge in hours among the patients received
racecadotril is shorter than the placebo group which is
statistically significant (p=0.0001) (Tables 2 and 3).

The analysis was done by SPSS software version 20
licensed to institution.

Results

The study population comprised of 140 children with a
mean age of 15.33 months and male to female ratio 74:
66. The male to female ratio in the racecadotril group
was 40:33, whereas it was 34:33 in the control group.
Similarly, the average age for the experimental group was
recorded to be 14.47±5.82 months and for the control
group the value was 16.20±5.84 months. Further, in the
racecadotril group of 73 patients, 35 had watery stools
whereas in the control group, 21 had watery stools (p=0.
057). The average ORS intake in racecadotril group was
342.15±141.73 ml whereas in placebo group it was
318.65±108.30 ml (p=0.255). The intravenous fluid
was required equally in both groups (14 patients in
racecadotril and 13 patients in placebo, p=1.00). In

Figure 1 Flowchart of participants in the study
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Adverse events like abdominal distension, vomiting,
rebound constipation were observed in 6.9%, 2.8%, 1.4%
of cases in racecadotril group and 7.8%, 3.5%, 1.6% of
cases in placebo group respectively, which were not
statistically significant. However, no serious adverse events
were noted in both placebo and racecadotril group.

Discussion

In this randomised controlled trial, racecadotril given
(1.5 mg/kg) three times a day maximum for 5 days to
children aged 3-36 months admitted with acute diarrhoea
resulted in significant reduction in stool output in 48 hours
and duration of hospitalisation. There is also significant
therapeutic response amongst the children receiving
racecadotril in Rota viral diarrhoea cases.

Table 1 Baseline characteristics of children with acute diarrhoea

Baseline characters Racecadotril (n=73) Placebo (n=67)   P value

Age in months, (Mean±SD) 16.2±5.84 14.47±5.82 0.081

Sex (M:F) 40:33 34:33 0.734

Stool consistency (Watery) 35/73 21/76 0.057

Amount of ORS (ml) before hospitalisation in 24 hour; (Mean±SD) 343.15±141.73 318.65±108.30 0.255

Number of patients required IVF before hospitalisation 14/73 13/67 1.00

Number of stool before hospitalisation in 24 hours; (Mean±SD) 9.712±0.297 9.328±0.309 0.373

Duration of diarrhoea before hospitalisation in hours; (Mean±SD) 30.85±0.971 36.55±1.207 0.0666

Rotavirus positive cases 19/73 20/67 0.849

Previous studies comprising of children found that
racecadotril use in moderate to severe diarrhoea decreased
the stool volume by 56% to 60% after 48 hours of treatment
in comparison with placebo.5,9,10 In a recently published
systematic review of RCTs concluded that racecadotril is
more effective than placebo in terms of decreasing the
duration of diarrhoea and stool volume in children.11

Liang et al in their systemic review found, Racecadotril
may reduce the risk of rehydration failure (RR 0.41,
95%CI 0.13 to 1.23). However there were insufficient data
to show effect on duration of diarrhoea, number of stools
in the first 48 hours.12

Multiple efficacy parameters were taken in different
studies in a Meta-analysis by Eberlin et al, about the use
of racecadotril in the treatment of acute diarrhoea in
children. Stool output in 48 hours in gm/kg and stool output
in gms/hr and duration of hospital stay in hours are

Table 2 Comparisons of efficacy of racecadotril and placebo in acute diarrhoea

Outcome (Mean±±±±±SD) Racecadotril (n=73) Placebo (n=67) P value

Stool output in 48 hours in grams/kg body weight 79.5±17.3 191.04±33.4 0.0001

Stool output in 48 hours in grams/hour 28.5±7.4 35.9±5.9 0.0001

Duration of hospital stay in hours 62.4±11.4 95.6±9.5 0.0001

Table 3 Comparisons of efficacy of racecadotril and placebo in Rota virus positive cases (n=39)

Outcome (Mean±±±±±SD) Racecadotril (n=19) Placebo (n=20) P value

Stool output in 48 hours in grams/kg body weight 89.47±3.705 208.0±5.410 0.0001

Stool output in 48 hours in grams/hour 34.84±1.388 38.55±1.268 0.0557

Duration of hospital stay (hours) 60.32±2.597 104.4±2.014 0.0001
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insignificant in both the groups. Similar observation was
also done in different studies and racecadotril found to be
safe for use in children with acute diarrhoea.9-11,13,15

As there is paucity of data from a developing country
like India where the disease burden is very high with
significant morbidity and mortality, this study was done to
find out the effect of racecadotril in acute diarrhoea. This
is the only double blinded randomised study from eastern
part of India comparing racecadotril versus placebo in acute
diarrhoea in hospitalised children, thus minimising
possibility of observation bias; more so over the
intervention was started early (median duration of diarrhoea
before hospitalisation of 30.85 hours) comparing to other
Indian study, where the median duration of presentation is
around 2 days.14 Potential limitations of our study include
small sample size, inability to have different subgroup
analysis and cost-effective analysis. Further among female
children the exact stool volume calculation was
cumbersome.

Conclusion

Racecadotril is both safe and effective in reducing the
stool volume and duration of hospitalisation in children
with acute diarrhoea. It is also found to be effective in Rota
viral positive cases. Though some more trials with rigorous
methodologies in larger population involving multiple
centers with high disease burden and similar etiological
spectrum may be needed to support the evidence.
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Enterovirus D68 Myelitis:
The First Reported Case in Hong Kong

CY MO, CL YUEN

Abstract A 3-year-old Chinese boy presented with acute onset of left facial nerve palsy with significantly impaired
neck and upper limb power. Magnetic resonance imaging of brain and spine showed T2W hyperintense
signals over both cerebral peduncles and posterior pons, and a long segment at cervical spinal cord.
Enterovirus D68 was positive in stool. The boy was treated as a case of viral myelitis and given a course
of corticosteroid and intravenous immunoglobulin. Despite rehabilitation, he still sustained significant
residual right upper limb weakness two years after the acute illness. This is the first reported local
paediatric case of enterovirus D68 infection related acute flaccid myelitis.

Key words Acute flaccid myelitis; Enterovirus D68; Myelitis
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Case Presentation

Our case is a 3-year-old boy with good past health. He
was admitted to our unit on 26th September 2017, presented
with generalised weakness and neck pain for three days.
He also had fever and coryzal symptoms five days
preceding symptoms onset.

On admission, the boy was irritable but had full Glasgow
coma scale. Blood pressure, heart rate, respiratory rate and
temperature were normal. Pupils were equal and reactive
to light, with normal extraocular movement. However, he
had left facial nerve palsy which was compatible with lower
motor neuron lesion. He was not able to sit up straight
without support. His neck and truncal tone were markedly
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decreased with generalised hypotonia, affecting upper
limbs more than lower limbs. Muscle power was grade 1/5
over right shoulder, grade 2/5 over left shoulder, grade
3/5 over bilateral elbows and grade 4/5 over bilateral wrists.
Lower limb power was grade 4/5 over both proximal and
distal parts. Reflexes were present and symmetrical over
four limbs. The anal tone was intact. There were no rash or
insect bite marks. The patient did not cooperate with
sensory level and cerebellar exams. Other systems
examination was unremarkable.

Full septic workups were performed. Complete blood
count, liver function, electrolytes, serum glucose,
c-reactive protein and immunoglobulin pattern were
normal. Nasopharyngeal aspirate (NPA) for respiratory
viruses and mycoplasma pneumoniae polymerase chain
reaction (PCR) were negative. Epstein bar virus and
measles virus IgM, borrelia burgdorferi, brucella, syphilis
and anti-HIV antibodies were negative. Stool for polio virus
and blood culture were also negative. Cerebrospinal fluid
(CSF) microscopy found elevated white blood cell 37/
cmm with 97% lymphocyte and red blood cell 3/cmm. CSF
gram stain, Indian ink stain, acid-fast bacilli smear, bacterial
culture and viral PCR were negative. CSF protein and IgG
were not elevated. There was no detectable CSF oligoclonal
band. Besides, autoimmune markers were all negative and
vitamin B12 and folate levels were not low. Anti-aquaporin
4 antibody was also negative.
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Urgent magnetic resonance imaging (MRI) of brain and
spine with contrast showed T2W and FLAIR hyperintense
lesions at bilateral cerebral peduncles and both sides of
posterior pons. In addition, there was a long segment of
T2W hyperintense signal at the cervical spinal cord,
spanning from cervicomedullary junction to the level of
C6. On axial image, the signal involves both sides of the
cord with more than 50% cord area, affecting both grey
and white matter (Figures 1 & 2). On the other hand,
electroencephalogram showed no epileptiform discharges
or slowing. Nerve conduction study showed normal
compound muscle action potential and conduction
velocity over median, ulnar, tibial and peroneal nerves.

Patient was empirically covered with intravenous (IV)
ampicillin, cefotaxime, acyclovir and oseltamivir for
possible meningoencephalitis. They were taken off
subsequently when CSF bacterial culture, viral PCR and
NPA result came back negative. With the MRI findings,
the boy was treated as a case of transverse myelitis. He was
given IV methylprednisolone 30 mg/kg/day for five days,
followed by oral prednisolone 2 mg/kg/day for two weeks
then gradually tapered off. The patient sustained an episode
of aspiration pneumonia during stay, required continuous
positive airway pressure (CPAP) support and transpyloric
tube feeding for two weeks. Overnight oximetry and
transcutaneous CO2 monitoring showed normal results.
Oral feed was resumed after assessed by speech therapist
with normal video fluoroscopic swallowing study result.

Two weeks after admission, stool culture came back

enterovirus D68 positive. Patient's diagnosis thus refined
to be case of viral myelitis. He was further treated with two
grams intravenous immunoglobulin (IVIG) for two days.
With the pros and cons discussed, caretakers declined
plasmapheres is  as  a  fur ther  t rea tment  opt ion.
Neurorehabilitation with physiotherapy and occupational
therapy were given, and the boy made slow clinical
improvement. He had improved neck power and was able
to walk unaided indoor. He was fit for discharge on 2nd
November 2017 and was referred to the day centre at Caritas
Medical Centre for continuation of rehabilitation.

Anti-aquaporin 4 antibody was repeated three months
later with anti-myelin-oligodendrocyte glycoprotein
(MOG) IgG. Results were negative. Progress MRI showed
resolved abnormal T2W hyperintense signals at cervical
spinal cord, bilateral cerebral peduncle and posterior pons.
The boy continued to make slow improvement, though
still had significantly impaired right upper limb power
upon writing up of this case report.

Discussion

Acute flaccid paralysis (AFP) or acute flaccid myelitis
(AFM) is a medical emergency in children, with
poliomyelitis once being the most classical cause. With
the invention of polio vaccine, poliomyelitis becomes
extremely uncommon in developed countries nowadays.
Other differential diagnoses include causes of myelopathy

Figure 1 MRI spine showing long segment of T2W

hyperintense signal at the cervical spinal cord (arrow).

Figure 2 MRI brain showing T2W hyperintense signals over

bilateral posterior pons (arrows).
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maintenance steroid or immunosuppressants on improving
outcomes are uncertain. Prognosis is variable, but patients
usually sustain permanent neurological deficit despite
early treatment and vigorous rehabilitation.3,7

Conclusion

This is the first reported Paediatric case of enterovirus
D68 AFM in Hong Kong. While we are vigilant in
preventing polio and actively watching out for
demyelinating diseases, the deleterious effects of non-polio
viruses, notably enterovirus, are often overlooked. In Hong
Kong, enterovirus tests are handled by the virology
laboratory of the Department of Health. A specific request
is required if we want to perform sequencing for D68
serotype. Undeniably, routine sequencing for D68 serotype
in all enterovirus samples is unnecessary as most of the
enterovirus related illnesses are mild and self-limiting.
Nevertheless, early recognition of the rare complications
of enterovirus is important, and we should make special
requests for serotyping if we encounter acute flaccid
paralysis cases presented with atypical features.
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such as traumatic spinal injury, spinal mass compression,
transverse myelitis, and neuropathy such as Guillain-Barré
syndrome. A detailed history, physical examination, MRI
brain and spine and CSF studies are essential to delineate
the underlying cause and to provide treatment timely.

Our patient presented with acute onset of truncal and
proximal muscle weakness along with asymmetric bilateral
upper limb involvement. These findings are uncommon in
usual AFP cases, which would preferentially affect the lower
limbs. On top, he suffered from neck pain and lower motor
neuron seventh cranial nerve palsy. These features indeed
matched the typical presentations of enterovirus D68 related
AFM.1-3 Patients with enterovirus D68 myelitis may also
experience limb pain, hemiparesis, autonomic disturbances
and respiratory muscle weakness. Like our case, many of them
required non-invasive ventilatory support, or even invasive
mechanical ventilation under intensive care units.

Urgent MRI brain and spine are mandatory for patients
presented with flaccid paralysis. Our patient's MRI brain
showed that his pons was affected, sparing the supra-
tentorial structures. MRI spine found a pure C-spine
involvement, with lesions spanning more than three
vertebral levels with T2 hyperintense signals at the centre
of the cord. These findings are typically found in
enterovirus D68 myelitis.4 Moreover, CSF analysis is also
invaluable in establishing the diagnosis. Normal CSF
protein, IgG and absence of oligoclonal band speak against
possible acute demyelinating encephalopathy and
multiple sclerosis; negative anti-aquaporin 4 and anti-
MOG antibody make diagnosis of neuromyelitis optica
and MOG-associated demyelinating diseases unlikely. On
the other hand, detection of enterovirus D68 mostly relies
on nasopharyngeal swabs, throat or rectal swabs and stool
cultures, as more than 90% cases of AFM reported negative
viral PCR or culture in CSF. Despite the absence of direct
virus isolation in CSF, the causal relationship between
enterovirus D68 and AFM was supported in prior study
using Bradford Hill criteria.3,5 It was postulated that the
virus reaches the anterior horn by retrograde axonal
transport and causes cellular damage.3

There is so far no standardised treatment for enterovirus
D68 myelitis or AFM.3,6 IV pulse steroid and IVIG are the
most common treatment in acute setting, reflected by the
possible inflammatory or immune-mediated causes of the
disease. However, exact dosage, duration and the actual
effects of these treatment are largely unknown.7 Use of
plasmapheresis during acute stage is also not well
described. With the invasive nature of the procedure with
doubtful benefits, a thorough discussion with the family
is needed on this treatment option. Furthermore, role of
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An Extremely Rare Association of Cleft Lip and Palate, Basal
Sphenoethmoidal Cephalocele and Corpus Callosal Agenesis in a

Three-month Old Patient Presenting with Facial Cleft and Nasal Mass

RJDL URGEL, GG VITERBO

Abstract We present an infant who was born with a midline facial cleft and clinically apparent nasal mass. Non-
enhanced facial computed tomography (CT) revealed the cleft lip and palate, and nasal mass - the latter
was better defined as a sac containing meninges, cerebrospinal fluid and what appears to be dysplastic
brain parenchyma. Further evaluation of the CT images revealed agenesis of the corpus callosum and
colpocephaly. A non-enhanced magnetic resonance imaging was unable to be performed as patient was
lost to follow-up. The need for neuroimaging may not always be implied in cases of cleft lip and palate.
However, the presence of other findings such as a nasal mass may warrant investigation with cross-
sectional imaging to determine its aetiology, define the extent of the midline facial cleft and look for
other possible anomalies.

Key words Agenesis of corpus callosum;  Encephalocele;  Neuroimaging;  Orofacial cleft
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Case Report

A 3-month old male was born full-term to a then G3P2
mother via caesarean section. Due to the mother's poor
health-seeking behaviour, only a late trimester ultrasound
was done, which revealed the presence of a facial cleft.
The family history was unremarkable, with no member of
the traceable family lineage having a similar condition. A
look into the maternal history did not reveal any episodes
of infection or unwanted drug intake during the course of
pregnancy. Upon delivery, a cleft lip and palate, and an
intranasal mass were noted. Pertinent physical exam
findings include hypertelorism, flattened nasal bridge,
midline facial cleft and a soft mass in the oronasal cavity.
There was no note of any abnormal back masses along the
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spine, sacral dimple or tuft of hair. Cross sectional imaging
was requested and was performed to determine the possible
aetiology of the nasal mass. However, there was poor
compliance to medical advice as the family were not able
to do further follow-up. No genetic testing was performed.
The patient had an untimely death from unknown causes.

Radiographic Findings

Non-enhanced facial computed tomography (CT) scan
showed a soft tissue defect in the upper lip, with associated
discontinuity in the midline of the hard palate. The
clinically apparent nasal mass was seen as a circumscribed
focus with its base along the sphenoethmoidal region.
Evaluation of its contents revealed a predominantly
hypodense lesion, likely cerebrospinal fluid (CSF), which
herniated through a  2 .02 cm defect  a long the
sphenoethmoidal region (Figure 1). The sella is not clearly
delineated; the pituitary gland is likewise not appreciated
in its entirety. The imaged portions of the brain showed
absence of the corpus callosum with parallel configuration
of the lateral ventricles, and radial arrangement of the
parasagittal cerebral gyri. Disproportionate dilatation of
the atrium and occipital horns of the lateral ventricles is
noted, due to colpocephaly (Figure 2).
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Discussion

A failure in the proper coordination of complex in utero
events related to cranial and facial development can lead
to clefts.1 Cleft lip and palate occurs when there is
maldevelopment of the upper lip and roof of the mouth,
respectively. These may be aesthetic problems; however,
these are associated with more pressing concerns, such as
feeding and speaking difficulties.2,3 An interdisciplinary
approach, including early repair and support from a speech

pathologist, is important to ensure proper development of
an infant, particularly its speech.3

Cephaloceles are sacs containing intracranial structures,
extending beyond the skull, classified depending on the
associated bone defect. A nasal cephalocele is a soft tissue
focus detected in and around the nasal region, further
classified into the frontoethmoidal and basal types – the
latter being less common and rarely reported in literature.4

Such finding must not be mistaken for a tumour, as its
manipulation can be detrimental to the patient.

Figure 2 Facial CT, brain window: (A) Axial image showing parallel configuration of the lateral ventricles with disproportionate

body and atrial dilatation (red solid circle). (B) Sagittal CT reconstruction showing the radial configuration of the gyri, with absence of

the corpus callosum (red solid square)

(A) (B)

Figure 1 Volumetric rendered images showing the (A) soft tissue defect in the upper lip and associated (B) fusion abnormality of

the hard palate and maxillary alveolus (red solid square). (C) Sagittal reconstruction of the facial CT showing the sphenoethmoidal

defect. Radiographically, the clinically apparent nasal mass is seen as a sac containing herniated intracranial contents (red solid circle).

Note the absent sella turcica with non-visualization of the pituitary gland (red hollow circle).

(A) (B) (C)
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Facial clefts and cephaloceles can occur simultaneously
with high probability, as both are due to failure of structural
fusion during embryogenesis. However, their association
has not been adequately published in available literature.
In our case, the incidentally seen rounded intranasal mass
corresponded to a CSF-containing sac that herniated
through a sphenoethmoidal defect. The rare incidence of
basal cephaloceles and an even rarer association with cleft
lip and palate was even made noteworthy by the absence
of the corpus callosum. In agenesis of the corpus callosum,
there is lack of the structure linking both cerebral
hemispheres. It can be seen in isolation or as part of a
syndrome and can be due to exogeneous factors during
pregnancy or be genetically inherited.5

Radiologic imaging is not always needed in cases of
cleft lip and palate. In our case, the presence of a nasal
mass was the primary reason for performing a CT, as a
neoplastic tumour in any site is not common for an infant.
Its presence suggested a congenital abnormality or vascular
pathology. With cross-sectional imaging, the exact
aetiology of the nasal mass was better defined. Likewise,
the presence of other congenital anomalies was detected
with CT; magnetic resonance imaging may provide more
information, but unfortunately was not done to poor patient
compliance and follow-up. Ultrasound may also be
beneficial  despi te  i ts  l imitat ions in paediatr ic
neuroimaging. Consent was obtained from the patient's
mother for case publication.

Conclusion

Radiologic investigation of cases of cleft lip and palate
is not always needed but may be considered in patients
presenting with other cranial abnormalities. Performing
additional imaging procedures in such cases will not only
help in identifying associated pathologies not seen
clinically but will also help the clinicians in choosing and
planning the right management for patients.
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Diffusion Weighted Imaging and MR Spectroscopic Findings in
Maple Syrup Urine Disease: The Importance of Early Radiological

Diagnosis in the Prevention of Cerebral Parenchymal Damage

B GÜNEY, iÖ YENIçERI, E DO AN, G AKçAY

Abstract Maple Syrup Urine Disease is a very rare autosomal recessive inherited disease that results from the
defect in the catalytic activity of the alpha ketoacid dehydrogenase enzyme complex. The deficiency in
the catabolism of branched chain amino acids naturally results in the accumulation of these amino acids
(leucine, isoleucine and valine) and toxic metabolic end products in human blood and urine. In this
study, the importance in early diagnosis of cranial DWI imaging and MR spectroscopy and evaluation of
treatment efficacy in a newborn who was referred to the emergency room with ketoacidotic coma was
reported.

Key words Diffusion weighted imaging;  Maple syrup urine disease;  MR spectroscopy
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Introduction

Maple Syrup Urine Disease (MSUD) is a very rare
autosomal recessive inherited disease that results from the
defect in the catalytic activity of the alpha ketoacid
dehydrogenase enzyme complex. The deficiency in the
catabolism of branched-chain amino acids (BCAA)
naturally results in the accumulation of these amino acids
(leucine, isoleucine and, valine) and toxic metabolic end
products in human blood and urine.1,2 The estimated
frequency of MSUD in the world varies from 1: 185.000 to
1:940.000.3 The very rare occurrence of the disease causes
it not to be included in routine a screening programs in
many countries. However, it is thought that the real
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incidence is higher because of the undiagnosed death
causes as the disease is not in screening program. Autosomal
recessive genetic diseases such as MSUD are more common
in countries like in Turkey where consanguineous marriages
are frequent and screening programs are limited.4,5

Accumulating BCAA and their metabolites in MSUD
disease are markedly neurotoxic. If the patient is not treated
with BCAA-free formulation, irreversible brain damage will
occur. In untreated case of MSUD, ketoacidosis,
hypoglycaemia, lethargy and epileptic seizures are seen
over time. If patient can survive, the developmental and
mental retardation develop in later stage of life.6

In this study, we aimed to discuss the importance of
Diffusion Weighted-Magnetic Resonance Imaging (DW-
MRI) and Magnetic Resonance Spectroscopy (MRS) in
the diagnosis and in the early treatment of the disease as a
9 day old male with MSUD who was admitted to emergency
department with ketoacidotic coma and treated in the
neonatal intensive care unite.

Case Report

A male, 9 days old, term newborn with birth-weight of
2800 grams, and born by cesarean section was brought to
our emergency service by his family. He was found
immobile in his bed and with purple colour. The family
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stated that the baby is the second child of the family and
that there was no perinatal problem in pregnancy follow
up and the first baby is healthy. There was no family history
for consanguinity. On physical examination, the general
condition of the baby was bad, unconscious, body
temperature was 37.2ºC and wasn't spontaneously
breathing. Pulse rate of the baby was 140 beats/min and
had a pulsating and bulging anterior fontanelle. Fontanel
size was 2x2 cm. Liver and spleen were normal and no
pathological findings were found in other systems. At the
time of the examination, generalised tonic seizures were
observed. Complete blood count test was normal and toxic
granulation was detected in peripheral blood smear
examination. Metabolic acidosis was detected in the blood
gas test. Chest X-ray was normal. Liver and kidney function
tests, blood sugar, amylase, lipase, calcium, and other
electrolyte levels were normal. C-reactive protein level
was 6 mg/dL(normal 0-0.5 mg/dL). Sugar 60 mg/dL
(concurrent blood sugar 94 mg/dL, normal 70-100 mg/
dL), protein 40 mg/L(normal 64-83 mg/L) and 1-2
leukocytes were detected in cerebrospinal fluid (CSF).
Abdominal ultrasonography and transfontanelle cranial
ultrasonography examinations were normal. There were no

reducing substances in urine and urine and blood ketone were
negative. Serum ammoniac level was 268 mcg/dL (normal
27-86.9 mcg/dL) and lactate level was 4.2 mmol/L (normal
0.5-1.6 mmol/L).

Cefotaxime and vancomycin were started to the infant
with a prediagnosis of neonatal sepsis-meningitis. The
infant was supported by mechanical ventilator due to
respiratory failure and encephalopathy. He was screened
for metabolic disorders and before screening results come
out, DW-MRI was performed. DW-MRI showed marked
diffusion restriction in bilateral frontal deep white matter,
putamen, brain stem and cerebellar dentate nuclei (Figure
1a,b,c). MRI findings were consistent with MSUD. Single-
voxel MRS was performed on pathological areas of the
patient and showed decreased N-acetylaspartate (NAA)
levels and increased myoinositol and lactate levels. Also,
MRS revealed a broad peak at 0.9 ppm (Figure 1d). As
previously reported in the literature, the metabolites which
contribute to the peak level at 0.9 ppm, are BCAA and
branched-chain α-ketoacids (BCAK). With all these
findings, MSUD was diagnosed radiologically. Immediately
af ter  screening tes ts  were done ( tandem mass
spectrometry, tests for urine and blood amino acids),

Figure 1 Axial DWI (B=1000) on the left side and ADC maps in the right side. There are diffusion restriction in the bilateral dentate

nucleus, putamen and frontal deep white matter (a, b, c). There is a broad peak at 0.9 ppm at short TE (30 ms) MR spectroscopic images in

the bilateral putaminal and frontal deep white matter's lesions (d). The metabolites which contribute to the peak level at 0.9 ppm, are branched

chain amino acids and branched chain α-ketoacids.

(a) (b)

(c) (d)
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acidosis treatment was started with peritoneal dialysis. Also
due to the encephalopathic crisis; total parenteral nutrition
(TPN) was started with protein-restricted, high calorie and
lipid content. The level of leucine and isoleucine found in
tandem mass spectrometer was very high. Level of valine
477 µM/L (normal: 64-294) and leucine 371 µM/L
(normal: 47-155) were detected in evaluation of plasma
quantitative amino acid levels. All of these findings
confirmed the diagnosis  of  MSUD, which was
radiographically diagnosed to the patient. After
appropriate treatment, the finding of the disease improved
rapidly. The patient's metabolic acidosis regressed in the
blood gas test (pH: 7.40), blood sugar improved (95 mg/
dL), serum ammonia level (30 mcg/dL) and lactate level
decreased (1.5 mmol/L). After 5 days, mechanical
ventilation and peritoneal dialysis were terminated. After
his acute treatment, he was referred to a third level centre
that has a metabolism specialist for diet adjustment and
lifelong care planning.

Discussion

The most common type of MSUD is the classic type
which the most severe symptoms occur like in our case.
MSUD has an insidious clinical pattern and newborns with
this disease are normal at birth. Clinically, during the first
week of life, symptoms usually seen, are; a reduction in
sucking reflex, lethargy, no weight gain and vomiting. In
undiagnosed and untreated patients, BCCA and BCAK
accumulate in the blood and urine, and metabolic acidosis
and coma develop with cerebral encephalopathic crisis.7,8

Early diagnosis and treatment are very important in this
disease. Most of the patients who are diagnosed and treated
early are survived from death and the neurological problems
that may arise in the future are either completely lost or
minimised.9

In the acute phase of the disease, on MRI, diffuse
oedema is observed in cerebellar white matter, posterior
brain stem, cerebral pedicles, posterior limb of the internal
capsule and posterior centrum semiovale. Recent studies
have reported that this is a reversible intramyelinic
cytotoxic oedema, which causes diffusion restriction
(brightening on DWI) in the affected regions and decrease in
the ADC level.9 In most of the studies on DWI imaging in
MSUD, reported that cytotoxic oedema reverses with early
diagnosis and appropriate treatment.5,6,9,10 Also in our case,
there was cytotoxic oedema along the pyramidal tract,

cerebellar dentate nuclei, in posterior brain stem and due
to this, there was diffusion restriction and reduced ADC
levels. DW-MRI was performed a few days after the
appropriate treatment and showed a decrease in cytotoxic
oedema, resulting in a decrease in brightening due to
diffusion restriction and an increase in ADC levels (Figure
2). All of these findings have shown that intramyelinic
cytotoxic oedema is reversible and rapidly regressed with
early diagnosis and appropriate treatment and found to be
consistent with the literature.

Another radiological examination with significant
contribution to MSUD is the MRS. Terek et al and
Cakmakci et al described MR spectroscopy findings in the
literature in encephalopathic cases. These studies showed

Figure 2 Axial DWI (B=1000) on the left side and ADC maps

in the right side (a, b, c). On the 4th day after treatment, the areas

showing diffusion restriction are seen to be regrese significantly.

(a)

(b)

(c)
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a decrease in NAA peak and an increase in the lactate and
myoinositol peak in involved areas and an abnormally
increased broad peak due to BCAA and BCAK
accumulation at 0.9 ppm.5,11 Our patient also has a large
MR spectroscopic peak at 0.9 ppm at low TE (TE 30) single-
voxel MR spectroscopy.

Conclusion

As a result, reversible cerebral parenchymal injury and
neurotoxicity in MSUD, if not diagnosed early and
untreated, become irreversible and cause severe
neurological deficits in the future. DWI and MR
spectroscopy are important MR techniques in early
diagnosis of the disease. Additionally, DWI seems to be
radiologically important in evaluating the efficacy of
treatment and therefore, follow up of regression of cerebral
parenchymal intramyelinic cytotoxic oedema.
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Median Cleft of Lower Lip with Central Cleft Palate and
Ankyloglossia: A Case Report

PMY TANG, EKW CHAN, BSY TSUI, NSY CHAO

Abstract Purpose: Median cleft of the lower lip is an uncommon condition. We report a case of a non-syndromic
Chinese girl with a central cleft palate, median lower cleft lip and anklylossia. Methods: A full term 6
momths old female child presented to our clinic for central cleft palate. Her palate was repaired uneventfully
at 12 months of age. During the regular post palatoplasty follow up when she was 5-year-old, we noticed
a subtle notch in the midline lower lip and ankyloglossia. Findings: As subsequent speech assessment
showed hyponasal speech, velo-pharyngeal insufficiency corrective surgery together with surgical tongue
tie release and surgical repair of the median cleft lower lip were offered. The parents needed more time to
think about it. Conclusions: This case report highlighted the importance of longitudinal clinical follow
up of patient with cleft anomalies.

Key words Ankyloglossia;  Median cleft lower lip
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Introduction

Median cleft of the lower lip is an uncommon condition.
Despite a cleft lip is often considered as a congenital
anatomical anomaly, sometimes, the clinical presentation
can be so subtle that it can be missed by multiple healthcare
professionals, especially when the lesion is asymptomatic.
The incidence of median cleft lower lip in the Chinese
population has not been reported. Hereby we report a case
of a non-syndromic Chinese girl with central cleft palate,
and a delayed presentation of median lower cleft lip and
anklyloglossia.

Case Report

Case Report

A full term 6 months old female child was brought to
our clinic for incidental finding of central cleft palate. She
was born in China with unremarkable antenatal history.
Her parents were of non-consanguineous marriage and
there was no known maternal exposure of drugs or
radiation. She had no family history of cleft lip or palate.
On clinical examination at 6 months old, there was no
obvious cleft lip and a wide central cleft palate involving
the soft and hard palate. There was no cleft alveolus. She
also had a 4 cm non-complicated haemangioma at the
buttock, otherwise she has no other dermatological or
skeletal anomalies. Audiological and clinical assessment
by the Ear, Nose and Throat surgeon revealed bilateral
otitis media effusion with moderate hearing loss. Elective
cleft palate repair and bilateral grommet insertion was
performed at one year of age as per our centre's protocol.
Pre-op routine ultrasound examination and echocardiogram
confirmed no structural cardiac, urinary or central nervous
system anomalies. Von Langenbeck's palatoplasty with
intravelo-veloplasty was performed under general
anaesthesia uneventfully. Her post op recovery was
uncomplicated and she continued to receive regular
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clinical follow up with interval assessment of her speech
and skeletal development.

Continual regular speech assessment revealed mild
audible nasal airflow for high vowels. Perceptive speech
evaluation showed mild hyponasality, age appropriate
speech intelligibility and mild disarticulation. Clinical
examination at 5-year-old showed healed palate with no
palatal fistula and palatal movement was observed during
phonation. However, there was also a subtle but noticeable
notch in the midline lower lip mucosa (Figure 1). There
were no associated lip pits at both the upper and lower lip.
Upon further questioning, the mother explained while she
had noticed the child's lower midline lower lip mucosal
notch at birth, and it had gradually become more apparent
clinically with age. She even volunteered a positive family
history with the child's paternal grandmother having a
similar median lower lip submucosal notch, with no
surgical intervention was required. In addition, we also
noticed tongue tie with restricted tongue movement,
potentially impacting on her current articulation. The
clinical diagnosis of a median lower lip microform cleft
with ankyloglossia and hyponasal cleft speech was made.
The girl was then scheduled for standard velo-pharyngeal
insufficiency assessment including naso-endoscopy and
multi-view fluoroscopic studies. And she was advised to
continue with the intensive speech therapy. If significant
velo-pharyngeal insufficiency is to be confirmed upon
further investigations, we planned to offer velo-pharyngeal
insufficiency corrective surgery together with tongue tie
release. Moreover, we also offered surgical repair of the
median cleft lower lip. Upon detailed discussion with the
mother, she decided to complete all relevant investigations
first before considering the lower lip corrective surgery,
as it was aesthetically acceptable to the patient and was not
causing any symptom.

Discussion

Median cleft lower lip is an uncommon condition. It is
formally classified as the Tessier no. 30 facial cleft.1 It was
first described by Couronne in 18192 and till now, only
about 75 cases have been reported in the literature
worldwide.3 According to the theory proposed by Oostrom
et al,4 lower lip median cleft is caused by the failure of
fusion of the first branchial arch during the early embryonic
period at 7th week, and possible associated anomalies
included cleft palate5 and ankyloglossia, which were present
in our case. Another theory proposed by Morton and Jordan6

suggested that the median lower cleft lip is caused by the
failure of mesodermal penetration into the midline of
mandibular part of the first branchial arch, which could
also explain the absence of hyoid, thyroid cartilage, strap
muscles and manubrium in the severe varieties.

Median cleft lower lip can present with variable clinical
severity ranging from a mild submucosal notch in the lower
lip to the most severe form involving the lower lip, tongue,
alveolus, mandible, floor of the mouth and even midline
bony structures in the neck. In our case, the median cleft
lip was so subtle that we had missed it for almost five years
with our regular multidisciplinary clinical follow up. In
fact, the median lower lip microform cleft only became
apparent when the girl opened her mouth to speak.

With the low prevalence and wide spectrum of severity
of median lower cleft lip, there is currently no consensus
on the mode of management and the timing of surgical
intervention. In mild cases, the median cleft lip could be
surgically repaired with a direct V excision of the cleft
with a Z plasty closure.7 In the mildest spectrum of median
cleft lower lip, such as in our case, when the defect could
only become clinically apparent when the patient opened
her mouth, the need for surgical intervention would largely
depend on the patient's expectation.

Figure 1 Median lower lip microform cleft lip.
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And as per our centre's usual practice, release of tongue
tie was usually only performed according to the National
Institute for Health and Care Excellence guidelines8 – when
the tongue tie was impairing breastfeeding; therefore, we
seldom perform "routine" tongue tie release in non-verbal
patients as frequently, this anatomical anomaly could
remain asymptomatic without surgical intervention.
However, in this case, as the tongue tie would potentially
be one of the contributing factors for her speech
impairment, surgical release of tongue tie was offered after
comprehensive speech assessment.

Interestingly, there seems to be degree of genetic
inheritance in the median cleft lip in our patient as her
paternal grandmother was said to have the similar clinical
presentation. Unfortunately, we were unable to carry out
genetic testing due to resource limitation. Apart from
chromosomal aberrations,9 other possible associated
anomalies such as congenital heart deformities,10 Pierre
Robin anomaly,11 hand anomalies12 and foot deformities13

have been reported in the literatures.
There was currently no literature describing any

association between buttock haemangioma and median
lower lip cleft. In our case, the buttock haemangioma
spontaneously resolved with time without medical
treatment. Given this natural disease course, it was likely
to be the common infantile haemangioma and thus, it could
very well just be an incidental finding of a common
clinical condition (infantile haemangioma) in a patient
with another uncommon condition (median lower cleft
lip with cleft palate).

Conclusion

We described the clinical findings and management
of a non-syndromic Chinese girl with central cleft
palate, buttock haemangioma and a delayed presentation
of median cleft lower lip and ankyloglossia. The
importance of longitudinal clinical follow up of these
patients was highlighted, and thorough physical
examination and detailed clinical & family history
should always be performed.
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Abstract The Joint Committee on Universal Newborn Hearing Screening (UNHS) was formed to ensure the
effective implementation of UNHS in Hong Kong and to achieve effective communication among various
services in Hospital Authority and Department of Health. Meetings with multidisciplinary professionals
had been conducted during the years of 2013 and 2017. A consensus on a common care path for infants
identified to have hearing impairment had been reached.
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Background

The Joint Committee on Universal Newborn Hearing
Screening (UNHS) was formed to ensure the effective
implementation of UNHS in Hong Kong and to achieve
effective communication among various services in
Hospital Authority (HA) and Department of Health (DH).
Meetings with multidisciplinary professionals had been
conducted during the years from 2013 to 2017. A
consensus on a common care path for infants identified to
have hearing impairment had been reached (Appendix I).

Children with hearing impairment are usually classified
according to the degree and nature of the impairment.
Hearing impairment can be conductive, sensorineural, or
mixed in nature. Hearing is measured in decibels hearing
level (dB HL) with the threshold of 0 dB for each frequency
denoting the value at which normal young adults perceive
a pure tone of a given intensity and frequency 50% of the
time. The table below shows one of the more commonly
used classification systems for the degree of hearing
impairment in Hong Kong.

Contemporary Practice

Degree of hearing Hearing impairment range
impairment (dB HL)

Mild grade 26 to 40

Moderate grade 41 to 55

Moderately severe grade 56 to 70

Severe grade 71 to 90

Profound grade >90

Goodman A. Reference zero levels for pure tone audiometers. ASHA 1965;

7:262-3.1

Children with hearing impairment (HI) greater than or
equal to moderate grade are classified as having significant
hearing impairment. Early identification, diagnosis, and
intervention are crucial to the successful management of
these children to alleviate the possible adverse outcome
on the language and communication, cognition, reading,
and social-emotional development.

Over 5% of the world population that is 360 million
people has significant hearing impairment (328 million
adults and 32 million children).2 The international
prevalence of permanent childhood hearing impairment
(PCHI) of moderate or greater degrees is about 1 to 3 per
1,000 children, based on screening and/or medical
records.3,4 The number increases to 1 in every 40 for infants
who require care in the Neonatal Intensive Care Unit.5 In
Hong Kong, for every 1,000 children under the age of 15
years, 1.3 of them were registered with significant HI in
the Central Registry for Rehabilitation in 2014. At the Child
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Assessment Service (CAS) of the Hong Kong DH, new
cases received with PCHI of moderate or greater degrees
remained relatively stable over the past decade, with 61 new
cases in 2007 and 49 in 2016. With the universal screening
programme in place and referring to the mean number of
births per year in Hong Kong over the period and CAS's
catchment coverage of over 85% of the population, an
incidence of about 0.14% of children having PCHI is
estimated, comparable to prevalence of developed regions.

The rate of the coexistence of additional disabilities or
medical conditions with hearing impairment in children is
high. Most estimates suggest that between 30% and 40%
of children with hearing impairment have one or more
additional disabilities.6 Studies have reported that the
frequency of additional disabilities is similar across all
levels of hearing impairment, pointing to the need for
children with mild or unilateral impairment, as well as those
with more severe impairment, to receive thorough medical
and developmental evaluations.7 Among those with
additional disabilit ies,  the commonest ones are
developmental delay (33%), cerebral palsy (20%), vision
problem (7.6%) and autism spectrum disorder (7.6%).8

Children with significant hearing impairment are at risk
of growing up with deficits in language, communicative
abilities, cognition and literacy, psychosocial functioning
and possible problems in balance and gross motor
proficiency.9

Many in developed countries changed from using the
term "Universal Newborn Hearing Screening" to "Early
Hearing Detection and Intervention (EHDI)" programs. The
change underscores that successfully identifying and serving
infants and young children with PCHI, requires going
beyond screening to address issue related to audiological
diagnosis, appropriate medical and educational intervention,
and coordination with the child's family.10

Hearing Screening for Children in Hong Kong:
Universal Hearing Screening After Birth in HA
Hospitals

HA hospitals would provide universal newborn hearing
screening and make initial diagnosis for patients with
congenital or delayed hearing loss.

Screening Methods and Confirmatory Tests
Currently 2-stage Automated Auditory Brainstem

Response (AABR) screening program (or alternative
acceptable screening program in future) would be offered

to all neonates born in HA hospitals or outborn babies
transferred in from other hospitals. Babies who had failed
these screening tests (with AABR threshold > 35 dB)
would be referred for confirmatory Brainstem Auditory
Evoked Potential (BAEP) test. Initial counselling would
be offered to their parents and information sheet would
be given to them. In keeping with the latest American
Academy of Pediatrics Guidelines for newborn hearing
screening, BAEP should preferably be performed before
4 months of age to facilitate early detection and subsequent
interventions for babies with congenital hearing loss. Babies
who failed confirmatory BAEP test would be referred to
Ear, Nose and Throat (ENT) Clinic; at which comprehensive
hearing assessment by otolaryngologist (ENT specialists)
would be performed. These babies would also be referred
to paediatric clinics for follow-up and investigations.

Infants with Risk Factors
For infants with risk factors associated with permanent

congenital, delayed-onset or progressive hearing
impairment in childhood, follow-up at HA Paediatric
Clinics should be considered.

These risk factors include:
1. Family history of permanent childhood hearing

impairment
2. Neonatal intensive care for more than 5 days
3. Extracorporeal membrane oxygenation, assisted

ventilation, exposure to ototoxic drugs (which toxic
level was detected on drug monitoring*)

4. Severe neonatal jaundice requiring exchange
transfusion

5. In utero infections, such as cytomegalovirus (CMV),
herpes, rubella, syphilis and toxoplasmosis

6. Head trauma, especially fracture base of skull and
fracture of temporal bone

7. Caregivers' concern regarding hearing loss
8. Significant craniofacial anomalies
9. Physical findings, such as white forelock, that are

associated with a syndrome known to include a
sensorineural or permanent conductive hearing loss

10. Syndromes associated with hearing loss or progressive
or late-onset hearing loss such as neurofibromatosis,
Pendred syndrome and Jervell and Lange Nielson
syndrome

11. Culture-positive postnatal infections associated with
sensorineural hearing loss, including confirmed
bacterial and viral (especially herpes viruses and
varicella) meningitis
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* For hospitals in which drug level service is not
available, they might offer repeat hearing test a few
months after discharge.

Screening for Congenital CMV Infection
Urine CMV screening (within 3 weeks of age) should

be considered for infants who have failed the Newborn
Hearing screening twice. Congenital CMV infection is the
most frequent non-hereditary cause of sensorineural
hearing impairment worldwide. Studies had demonstrated
ear ly  adminis t ra t ion  of  ant iv i ra l  t rea tment  in
symptomatically infected infants with CMV infection
prevents hearing deterioration at 6 months and may
potentially prevent hearing deterioration at > or =1 year.
11,12

Supplementary Screening in Maternal & Child
Health Centres (MCHCs) of Family Health
Service

MCHCs would provide screening for those infants who
had not been screened by their birthing hospitals (e.g.
private hospitals), currently by 2-stage Automated
Otoacoustic Emission (AOAE) method. The procedure and
potential limitations of AOAE test would be explained to
parents before the screening.

For those infants who failed AABR screening once,
parents would be advised to return to their birth hospitals
for completion of the AABR test. If the parents refuse to
return to the hospitals (where initial AABR was performed),
their babies would be referred to HA ENT for further
management of failed AABR. These infants would be
screened irrespective of their risk status except those with
absent auditory canal. AOAE screening would not be
provided for those who had already been referred for
audiological assessment or babies more than 4 months of
age.

First AOAE screening would be performed for infants
aged between 2 weeks to 4 months. Preferably this first
screening would be performed within 2 weeks after the
first MCHC registration. Second AOAE test would be
offered to those infants who failed the initial AOAE test,
preferably within one week after the first AOAE. For those
who failed AOAE test twice, they would be referred to HA
ENT or audiologist services for confirmatory testing.

Routine hearing surveillance and developmental
surveillance would be provided to all children even for
those who had passed both AOAE or who had passed the

UNHS program in HA or private hospitals. If they fail
to  ach ieve  the  pre -de te rmined  deve lopmenta l
milestones or if there are parental concerns on possible
hearing impairments, these children would be referred
to HA ENT or audiology services for further evaluations
if indicated.

Management of Children with Confirmed
Hearing Impairment

Referral to Other Services After Identification of Hearing
Loss

Referrals may be made to CAS, The Duchess of
Kent Children's Hospital at Sandy Bay Child Assessment
Centre (DKCAC), Clinical Genetic Service (CGS),
ophthalmologists or other specialties as clinically
indicated. Patients with mild grade hearing impairment
would be followed-up at HA ENT Clinics. Behavioural tests
(paediatric audiometry) would be performed for babies
with hearing impairment at around 6-9 months of age for
better delineation on the degree of hearing impairments
for these babies. For babies with severe or profound hearing
impairment, early imaging studies (CT and MRI) would be
performed to look for any structural anomalies and to plan
for cochlear implantations. These babies should also be
referred to ophthalmologist for assessment in view of the
high rate of associated visual abnormalities. For babies with
persistent HI, referral will be made to appropriate service
for hearing aids arrangements.

CAS and DKCAC
CAS or DKCAC would receive referral from HA

hospitals, private hospitals, Education Bureau and MCHC
for further workup and management for patients with
hearing impairment. After identification of hearing
impairment, CAS or DKCAC would take up the co-
ordination role in multi-disciplinary management of these
children.

Referral could be made to CAS or DKCAC by the ENT
surgeons for infants with the following criteria, after ENT
assessment:
1. Significant hearing impairment cases (permanent

hearing impairment of moderate degree or worse in
the better ear)

2. Unilateral severe to profound sensorineural hearing
impairment

3. Bilateral severe to profound high frequency hearing
impairment
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Children with mild sensorineural hearing loss could be
followed-up by ENT. Patients with suspected syndromal
diagnosis or high risk of developmental delay could also
be directly referred to CAS or DKCAC by the HA hospitals
Paediatrics Department for follow-up and detailed
evaluation.

After receiving referral for significant hearing
impairment, nurse interview would be conducted for brief
history taking at CAS. Audiologists would provide
information on available community resources and
counselling to the parents. Audiologists in CAS or DKCAC
may perform hearing assessment again if the child is older
than 6 months of age. School placement for Early Education
and Training Centre (EETC) (deaf) or EETC and Special
Child Care Centre (deaf) would be arranged for them.

In CAS, when the hearing impairment is diagnosed at 3
months to 6 months of age, the child would be assessed by
paediatric doctor for a comprehensive physical and
developmental assessment within 2 months after the
referral. A team conference with paediatric doctor,
audiologist and medical social worker would be conducted
to formulate the final management plan for the patient. If
the child is aged more than 6 months, CAS would provide
physical and developmental assessment by paediatric
doctor, interim language support by speech therapist, and
a team conference with paediatric doctor, speech therapist,
audiologist and medical social worker would be arranged
for management plan and counselling. The child may be
referred to HA specialist for further investigation and
management if necessary.

In DKCAC, when the hearing impairment is diagnosed,
the child would be assessed by the paediatric doctors for a
comprehensive assessment and an aetiology work-up within
2 months. Subsequently, the child would go through a
multi-disciplinary assessment with paediatric doctors,
audiologists, speech therapists and medical social workers
to formulate his/her final management plan. The child may
also be referred to other HA specialists for further
investigation and management when necessary.

Assessment of the child's functioning in the aspects of
hearing, communication and language, cognition, literacy
and motor development helps to determine what type of
training the child needs. Together with audiologists,
developmental paediatricians take comprehensive medical
and family histories to identify possible risk factors and
aetiology. Detailed physical examinations are performed

for possible aetiology and any associated physical
abnormalities. Developmental paediatricians assess the
strengths and weaknesses of the child in all developmental
areas and evaluate the presence of any associated
comorbidities. A thorough evaluation of the child's level
of communication, speech and language development by
the speech therapist is important and should include
assessment on verbal comprehension, verbal expression,
speech production, and speech perception. Assessment of
spoken language for these children should follow similar
procedures as those for the hearing children but adequate
visual cues should be noticed. Phonological errors and
error patterns should be analysed. Speech perception tests
include assessment of the discrimination and identification
of suprasegmental and segmental features should be
included to reflect the degree of communication handicap
in everyday situation.

Audiologists at CAS would perform yearly phone
follow-up for children with hearing aids until these children
enter primary school. They would follow-up on problems
of using hearing aid, any further audiological results,
language development and difficulties in school coping, etc.

Paediatric doctors at CAS would review these children
at 18 to 24 months of age. This aims to assess for any
improvement after application of hearing aids or cochlear
implant and review of placement. If parents decline referral
for preschool services for children with hearing
impairment, speech therapists would review their language
progress at 24 to 30 months of age. For children with
significant hearing impairment, a combined multi-
disciplinary assessment by paediatric doctor (+/- clinical
psychologist), audiologist and speech therapist would be
arranged before the children go to primary school. Gross
motor screening would also be performed for this group
of children to look for potential motor balance problems.
Advice on school placement, accommodation, continual
auditory and language training would be given.

Paediatric doctors at DKCAC would also review these
patients at 18 to 24 months of age for developmental
assessment and review of replacement. Speech therapists
would then review them at 24 to 30 months of age for
speech and language progress. Prior to their admission to
primary school, an evaluation by paediatric doctors would
be conducted. Gross motor screening would also be
performed for them to look for potential motor balance
problems.
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CGS
CGS would provide genetic assessment, testing and

counselling for patients with hearing impairments and
suspected genetic diseases.

Referral criteria for children with hearing impairment
to CGS:
1. Suspected genetic or syndromic cause of hearing

impairment
2. Positive family history of congenital hearing loss,

especially among first degree relatives
3. Specific inner ear malformations or agenesis and/or

coexisting abnormalities involving other organ
systems

4. Parenteral consanguinity
5. Parental request, especially for family planning

purpose
6. For interpretation and counselling of relevant genetic

testing results
7. Hear ing impairment  in  a  chi ld  exposed to

aminoglycoside antibiotics

Please note that referral could be made irrespective of
the severity of hearing impairment. Patients without
syndromic features could also be referred to CGS if there
was parental consanguinity or there was parental request,
especially for family planning purposes.

Concern ing  non-syndromic - re la t ed  hea r ing
impairments, only 3 gene tests are available for the time
being (GJB-2 gene, GJB-6 gene and mitochondrial DNA
155C2A gene). These genetic testing had low pickup rates
of only around 30%.
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Appendix I. Algorithm for universal newborn hearing screening in Hong Kong

Notes:

*1 For those infants who did not complete the hospital base AABR programme, would be advised to return to their

birthing hospital for completion of the test

*2 Patient should be referred to paediatric clinic for further evaluation if not previously done

*3 Please refer to section on Role of CGS for referred criteria

*4 Please refer to section on infants with Risk factors

*5 Please refer to section on Role of CAS for referral criteria

*6 For infants born in Queen Mary Hospital (QMH), they will be referred to DKCAC (under HA) for further

management

Universal Newborn Hearing Screening, Diagnosis, Intervention and Follow-up
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Appendix II. Members of the HA-DH Joint Committee on Care Path for UNHS

Hospital Authority
Dr. William Wong, Con(Paed), PWH (Chairperson)

Dr. Wilson Yeung, COS(Paed), PYNEH (Chairperson)

Dr. KY Wong, ex-Con(Paed), QMH

Dr. NS Kwong, COS(Paed & AM), TMH/POH

Dr. CC Shek, COS(Paed & AM), PMH

Dr. John Sung, AC(ENT), AHNH

Dr. SL Lee, Con(Paed), DKCH

Dr. Terence Ma, AC(Paed), PWH (Editor of this Protocol)

Mr. Eddie Wong, SO(ENT), QEH

Department of Health
Dr. Catherine Lam, ex-CAS Consultant Paediatrician

Dr. Florence Lee, Con Paed, CAS

Dr. Rita Ho, PMO(FHS)

Dr. Karen Tso, SMO(FHS)3

Dr. Carline Koh, SMO(FHS) NTE2 (Editor of this Protocol)

Dr. Karen Yeung, MO(FHS)

Dr. Edgar Hau, MO, CGS (representing Dr. Stephan Lam)

Dr. Cyrus Chan, Paediatrician, CAS (Editor of this Protocol)

Ms. Rosa Tse, Audiologist, CAS

Education Bureau
Mr. KM Ho, Specialist (Audiological Services)
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Joint Position Statement on BioNTech Vaccination in
Adolescents with Allergic Diseases

Abstract This Statement was prepared to encourage Hong Kong adolescents aged 12-17 years old to receive
BioNTech vaccine and recommend when to refer them for vaccine allergy evaluation. Importantly, the
personal and societal benefits of BioNTech vaccination outweigh the risk of non-severe adverse vaccine
reactions. BioNTech is currently contraindicated only in individuals with history of anaphylaxis to this
vaccine or its components (e.g., polyethylene glycol [PEG]) by appropriate allergy testing. Subjects
with history of immediate and severe allergic reactions to PEG-containing drugs or vaccines or immediate
allergic reaction to the first dose of BioNTech warrant paediatric allergy referral to evaluate their fitness
to receive this vaccine. Allergy to unrelated drugs, food, insect venoms as well as asthma, allergic rhinitis
and eczema are not contraindications for BioNTech. Patients with a history of severe allergic reactions
after foods, unrelated drugs or vaccines can receive BioNTech with a longer observation of 30 minutes
post-vaccination.

Key words Adolescent;  Allergy;  Contraindication;  COVID-19;  mRNA vaccine
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Background

The COVID-19 pandemic has struck the world for 18
months now. Although COVID-19 mainly affects the
elderly and those with chronic medical conditions,

children can also suffer physically from this viral
infection. Furthermore, children and adolescents are
disproportionally affected by the adverse psychosocial
effects of prolonged school closure, denial of play
opportunities in playgrounds, social restriction,
isolation in quarantine facilities and rising rates of
domestic violence and child abuse.1

Meticulous infection control practice, social distancing
and mass COVID-19 vaccination are the key strategies to
contain the present pandemic and minimise its public health
and societal impact. The first COVID-19 vaccines approved
in Hong Kong include BioNTech BNT162b2 mRNA vaccine
(Comirnaty) and inactivated virus vaccine (CoronaVac). As
of 15 June 2021, Hong Kong has administered a total of
2,964,805 vaccine doses, including 1,203,222 (17.7%)
with the second vaccine dose, out of its 7,510,000
population (as of 2019).2,3 This suboptimal vaccine uptake
raises concerns about our inability to establish sufficient
herd immunity in our community to halt or mitigate the
COVID-19 pandemic. Our College has recently issued an
appeal to adults in stable health to receive COVID-19
vaccines as an effective and safe method to protect
themselves and their children from being infected.4
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The FDA expanded the emergency use authorisation of
the BioNTech vaccine to include adolescents aged 12-15
years on 10 May 2021, in addition to its existing licensure
for subjects aged 16 years and older.5 In Hong Kong, the
Secretary for Food and Health announced on 3 June 2021
to lower the age limit for the BioNTech vaccination
programme from 16 to 12 years. Despite the large numbers
of adults and adolescents who have already received
mRNA vaccines worldwide, adverse events have only rarely
been reported. Nevertheless, there have been reports of
severe allergic reactions to these vaccines which, in view
of the high prevalence of allergic diseases in adolescents,
have led to growing concerns amongst parents about
whether youngsters with allergic diseases are fit to receive
this vaccine.

This Position Statement encourages adolescents aged
12-17 years old to receive the BioNTech vaccine and
includes a fact sheet on this vaccine6-8 (Appendix 1) and
recommendations about when to consider referral to a
paediatric allergy clinic for evaluation.

Position Statement on the Relevance of
Allergies to BioNTech Vaccination

The personal and societal benefits of BioNTech
vaccination outweigh the risk of non-severe adverse
vaccine reactions in adolescents. In particular, a very recent
study showed that this vaccine was highly effective against
COVID-19 and safe when administered to 12-to-15-year-
old recipients.9

At  th i s  t ime ,  the  BioNTech  vacc ina t ion  i s
contraindicated only under the following condition:
individuals with a history of anaphylaxis10 (Appendix 2)
to this vaccine or its components (e.g., PEG) as confirmed
by appropriate allergy testing.

Subjects require paediatric allergy referral and
evaluation of their fitness to receive the BioNTech vaccine
if they have:
- History of immediate and severe allergic reactions to

drugs or vaccines containing PEG (Appendix 3); or
- History of immediate allergic reaction to the first dose

of BioNTech vaccine
"Severe" refers to occurrence of any non-cutaneous

adverse reactions (e.g., respiratory, cardiovascular or severe
gastrointestinal [Appendix 2]); "immediate" means within
4 hours.

Allergy to unrelated drugs, food, insect venoms or
inhalant allergens (e.g., house dust mites, pollens, animal
dander, moulds) as well as asthma, allergic rhinitis and
eczema are not contraindications for BioNTech
vaccination. Individuals with these allergic conditions can
receive the BioNTech vaccine.

The above recommendations are supported by
authorities and organisations including the US Food and
Drug Administration and drug package insert, US Centers
for Disease Control and Prevention, American Academy
and College of Allergy, Asthma and Immunology,
Australasian Society of Clinical Immunology and Allergy,
Ministry of Health of Singapore and the Scientific
Committee on Vaccine Preventable Diseases of the Centre
for Health Protection, Department of Health, the
Government of the HK Special Administrative Region.5,11-15

COVID-19 vaccine recipients should be observed for at
least 15 minutes after vaccination. Patients with a history
of severe allergic reactions after foods, unrelated drugs or
vaccines can proceed with BioNTech vaccination, but they
are advised to be given a longer observation (30 minutes)
after vaccination.16

Clinicians administering the BioNTech vaccine should
be prepared to recognise symptoms of anaphylaxis as early
as possible, promptly manage such severe allergic reactions,
and activate further emergency medical services while
continuing to care for the patient.16 Patients who develop
immediate allergic reaction after the first dose of BioNTech
vaccination should be referred to paediatric allergy clinics
of the Hospital Authority or College-accredited Paediatric
Immunology, Allergy and Infectious Diseases (PIAID)
Fellows in private practice who are registered under the
Medical Council of Hong Kong for evaluation. Unless such
evaluation excludes BioNTech allergy, these patients
should not receive the second dose of this vaccine.

As COVID-19 vaccines are administered to millions of
people globally in the upcoming months,  more
pharmacovigilance and post-marketing surveillance data
will be available to assess the incidence of vaccine allergy
and its risk factors as well as the occurrence of rare immune-
related adverse events. In case of any change in the licensed
age limit for an inactivated virus vaccine and availability
of other marketed COVID-19 vaccines and newer
generation of vaccines in the future, there will be additional
vaccination options and allergy testing strategies.17 Our
College and Society will update this document in due
course.
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This document was endorsed by the Councils of both
organisations on 15 June 2021.
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• This vaccine is packaged in multi-dose vials and must be diluted before use. There are no added adjuvants or preservatives, while

lipids, sucrose and salts are added as excipients to stabilise the active vaccine substance (mRNA encoding SARS-CoV-2 spike

glycoprotein).

• This mRNA vaccine does not contain any live virus, so it can be safely given to patients with impaired immune response.

However, it is possible that the vaccine immunogenicity and efficacy are lower in such patients.

• Most adverse events (e.g., injection site pain and redness, fatigue, headache, fever, chills, myalgia, arthralgia, regional

lymphadenopathy) following immunization are a result of the vaccine stimulating a protective immune response instead of being

allergic in nature.

• Allergic reactions after BioNTech vaccine have been reported to occur in 11.1 cases per one million doses, including anaphylaxis

in 5 cases per one million doses.6 Other allergic reactions include skin rash, urticaria and lip/face angioedema. Seventy-one percent

of these allergic reactions occurred within 15 minutes of vaccination. To date, there has not been any confirmed anaphylactic death

due to this vaccine.

• Anaphylaxis can happen to anyone, anywhere and anytime. There is no correlation with age, sex, asthma, atopic status or previous

non-severe reactions.7

• Polyethylene glycol (PEG), also known as macrogol, is a polyether compound widely used as an additive in cosmetics, pharma-

ceutical products and foods. For this vaccine, a PEG with a molecular weight of 2,000 g/mol (PEG 2000) is used to improve the

aqueous solubility of the lipid nanoparticle.7

• IgE-mediated allergic reactions and anaphylaxis to PEGs of different molecular weights have previously been reported.8 However,

PEG allergy and anaphylaxis following mRNA vaccination are rare.

Appendix 1. Fact sheet related to allergies and the BioNTech vaccine

Anaphylaxis is highly likely when one of the following two criteria is fulfilled:

1. Acute onset of an illness (minutes to several hours) with mucocutaneous features such as generalised hives, pruritus or flushing,

and swollen lips, tongue and uvula AND one of the following three non-cutaneous manifestations:

(a) Airway/breathing (e.g., dyspnoea, stridor, wheeze, reduced peak expiratory flow, hypoxaemia)

(b) Cardiovascular (e.g., hypotension, syncope, incontinence)

(c) Severe gastrointestinal (e.g., severe abdominal pain, repetitive vomiting)

2. Acute onset of hypotension or bronchospasm or laryngeal involvement after exposure to a known or highly probable allergen for

that patient (minutes to several hours), even in the absence of typical skin involvement as detailed under point 1.

Reference: Cardona V, Ansotegui IJ, Ebisawa M, et al. World Allergy Organization anaphylaxis guidance 2020. World Allergy Organ

J 2020;13:100472.

Appendix 2. Anaphylaxis defining criteria
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Appendix 3. List of PEG-containing drugs*

Generic name (brand name) Molecular weight General description

Locally available injectable medications
Betamethasone Macrogols Corticosteroid

Busulphan PEG Chemotherapy

Certolizumab pegol prefilled syringe PEGylated Fab' Treatment of autoimmune diseases including
Crohn's disease, rheumatoid arthritis, etc.

Cyclofem (medroxyprogesterone PEG 3350 Contraceptive therapy
 acetate and estradiol cypionate)

Cyclosporin A Macrogoglycerol ricinoleate (PEG 35 castor oil) Immunosuppressant

Doxorubicin HCl (liposomal) N-(carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl Chemotherapy
-SN-glycero-3-phosphoethanolamine sodium salt (MPEG-DSPE)

Etoposide PEG 300 Chemotherapy

Medroxyprogesterone acetate PEG 3350 Contraceptive therapy and treatment of
(Depo-Provera) endometrial and renal carcinoma

Methoxy polyethylene glycol-epoetin 30-kD methoxy PEG butanoic acid Treatment of anaemia in patients with
beta (Mircera) chronic kidney disease

Methylprednisolone acetate (Depo-Medrol) PEG 3350 Corticosteroid

Nimodipine (Nimotop) PEG 400 Anti-hypertensive drug

Paclitaxel Macrogoglycerol ricinoleate (PEG 35 castor oil) Chemotherapy

Paliperidone palmitate PEG 4000 Treatment of schizophrenia
(Invega Trinza) prefilled syringe

Pegaspargase (Oncaspar) PEG 345-410 Chemotherapy

Pegfilgrastim (Neulasta, Neulastim) 20-kD monomethoxy PEG Stimulate the production of white blood cells in
patients with chemotherapy-induced neutropaenia

Temsirolimus PEG 400 (Diluent) Treatment of renal cell carcinoma

Locally available oral medications
Alfacalcidol drops Macrogolglycerol hydroxystearate Treatment of hypocalcaemia, osteomalacia,

(PEG 40 castor oil) hyperparathyroidism, hypoparathyroidism
and renal osteodystrophy

Carbamazepine suspension PEG 400 Anti-epileptic drug

Cyclosporin A (Teva) solution Macrogolglycerol hydroxystearate (PEG 40 castor oil) Immunosuppressant

Macrogol 4000 powder Macrogol 4000 Laxative

Mylanta suspension (aluminium hydroxide, Cetomacrogol 1000 Antacid
magnesium hydroxide, simethicone) (PEG hexadecyl ether)

Oxcarbazepine suspension PEG-400-stearate; Macrogol stearate (PEG stearate) Anti-epileptic drug

Polyethylene glycol electrolyte powder (Klean-Prep) PEG 3350 Laxative

Medications that are available overseas
Brilliant Blue G Ophthalmic Solution PEG 3350 Disclosing agent indicated to selectively

(TissueBlue) stain the internal limiting membrane

Perflutren lipid microsphere (Definity) PEG 5000 Contrast agent used to brighten and clarify
images during echocardiograms

Rilonacept (Arcalyst) PEG 3350 IL-1 blocker for treating
cryopyrin-associated periodic syndromes

Sulfur hexafluoride (Lumason) PEG 4000 Ultrasound contrast agent

* This list is not exhaustive and will be revised from time to time based on the best available evidence. Please refer to the College website at
http://www.paediatrician.org.hk/ for the most updated version.

Reference: Banerji A, Wickner PG, Saff R, et al. mRNA vaccines to prevent COVID-19 disease and reported allergic reactions: current evidence and
suggested approach. J Allergy Clin Immunol Pract 2021;9:1423-37.
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MCQs

Instruction:
1. Please use pencil to shade the box for the best and correct answer (only one answer for each question).
2. Send back the answer sheet (see loose leaf page) to the Hong Kong College of Paediatricians. One point will be awarded

to each article if ≥3 of the 5 answers are correct. The total score of the 4 articles will be 4 CME points.

(A) Prevalence of Vitamin D Deficiency and
Insufficiency and Its Risk Factors in Paediatric
Patients with Epilepsy on Anti-epileptic Drugs

1. Vitamin D status in a person could be affected by?
a. Skin pigmentation
b. Underlying liver and kidney diseases
c. Amount of sun exposure
d. Dietary vitamin D intake
e. All the above

2. Our body's source of vitamin D are largely derived from?
a. Dermal synthesis following sunlight exposure
b. Taking food containing vitamin D naturally
c. Taking food products fortified with vitamin D
d. Synthesis from other vitamins
e. All the above

3. Severe vitamin D deficiency could result in?
a. Hypocalcaemia
b. Hypophosphatemia
c. Osteoporosis
d. Rickets
e. All the above

4. What is the postulated mechanism of long-term use of
anti-epileptic drugs (AED) in affecting bone health?
a. Decrease levels of parathyroid hormone
b. Inhibition of prolactin secretion
c. Hepatic cytochrome P450 (CYP) enzyme-inducing

AEDs enhance hepatic metabolism of 25-OHD, which
would then be converted into inactive metabolites

d. Inhibition of dermal synthesis of vitamin D
e. All the above

5. In this study, what is the potential risk factor identified
in multivariate logistic regression analysis that was
associated with vitamin D insufficiency?
a. Dietary intake of vitamin D
b. Fraction of body surface area exposed to sunlight
c. Sun index
d. Enzyme-inducing AEDs
e. Lack of recent holiday trip abroad within 3 months

(B) Attention Deficit Hyperactivity Disorder in
Paediatric Patients with Malignant Hematologic
Diseases or Epilepsy: Experience at a Tertiary
Care Hospital in Korea

1. Which of the followings findings was not common
among children with ADHD?
a. Careless mistake in schoolwork
b. Forgetting in daily activities
c. Excessive talking
d. Depressive mood
e. None of the above

2. Which of the followings was not significant contributing
factors to attention deficit in children with hematologic
malignant diseases?
a. Cranial radiation
b. Intrathecal chemotherapy
c. Surgery
d. Duration of the disorder
e. None of the above

3. Which of the followings was not significant contributing
factors to attention deficit in children with epilepsy?
a. Recurrent seizures
b. Medical treatment
c. Treatment duration
d. Seizure type
e. None of the above
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4. Which of the following statement(s) is/are true about
ADHD?
a. Estimated ADHD prevalence during paediatric period

has shown wide variation around the world, ranging
from 0.9% to 20%.

b. Survivors of paediatric malignancies are at risk for
lasting cognitive impairment attributable to disease
and treatment that can affect central nervous system.

c. The rate of symptoms of ADHD in survivors of MHD
is higher than that in healthy controls.

d. Paediatric patients with epilepsy are more likely to
have difficulties with 'attention problems" than
healthy controls.

e. All of the above

5. Which of the following statement(s) is/are wrong about
ADHD?
a. Children surviving cancer frequently experience

deficits in attention, learning, and memory, that are
secondary to the disease process itself and requisite
treatment.

b. Among children with epilepsy, the prevalence of
ADHD is much higher than that among the general
paediatric population, ranging widely from 8 to 77%.

c. Paediatric patients with epilepsy or malignant
hematologic diseases (MHD) are at increased risk of
mental health problems compared to the general
population.

d. Patients with epilepsy and concomitant ADHD show
significantly poorer response to epilepsy treatment
compared to patients without ADHD.

e. None of the above

(C) Comparison of Alcohol and Phenol Neurolysis
in Children with Spasticity: A Pilot Matched
Controlled

1. Which of the following is false about spasticity?
a. Results from the loss of inhibition of motor neurons
b. Velocity-dependent
c. Characterised by abnormal increase of muscle tone
d. The increased tone remains constant throughout the

range of movement of the joint
e. Best assessed using rapid movement

2. Spasticity can cause
a. Pain
b. Joint deformity
c. Pressure sore
d. Increase risk of fracture
e. All of the above

3. Which of the following is/are treatment options for
spasticity?
a. Physiotherapy
b. Local injections by phenol, alcohol or botulinum

toxin
c. Selective dorsal rhizotomy
d. Intrathecal baclofen
e. All of the above

4. Modified Ashworth scale
a. Is a scale for assessment of spasticity
b. Tests resistance to a passive movement about a joint

with fixed velocity
c. A score of 1 indicates no increase in tone
d. Scores range from 0-6, with 6 choices
e. Instrumentation is required for the assessment

5. Targeted injection of neurolytic agents
a. Can help provide focal spasticity relief
b. Has a permanent effect
c. Cannot be used in combination with oral medications

for spasticity
d. cause significant bleeding side effect
e. commonly cause allergic reaction

(D) Tolerability and Efficacy of Racecadotril in
Acute Diarrhoea, A Prospective, Randomised,
Parallel Study in an Indian Tertiary Care
Teaching Hospital

1. Which of these is a common cause of diarrhoea in
children?
a. Contaminated food or water
b. Viral infection
c. Bacterial infection
d. Intolerance to milk
e. All of the above

2. Which is the most common viral cause of diarrhoea in
under five children?
a. Rotavirus
b. Enterovirus
c. Calicivirus
d. Norwalk virus
e. Adenovirus

3. Which etiological agent causes severe watery diarrhoea?
a. E. Coli
b. Shigella
c. Rotavirus
d. Entamoeba
e. Salmonella
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Answers of April issue 2021

(A) 1. c; 2. b; 3. d; 4. e; 5. c

(B) 1. c; 2. e; 3. a; 4. b; 5. d

(C) 1. e; 2. e; 3. e; 4. d; 5. c

(D) 1. e; 2. a; 3. e; 4. b; 5. e

4. Which is true about pharmacological mechanism of
action of Racecadotril?
a. Racecadotril is an anti-secretary agent
b. Racecadotril inhibits enkephalinase
c. Inhibits cell membrane peptidase enzyme
d. Racecadotril also termed as Aceterphan
e. All of the above

5. Which statement is true regarding effect of Racecadotril
in children with diarrhoea?
a. Racecadotril reduces duration of diarrhoea
b. Racecadotril reduces stool output
c. Racecadotril reduces duration of hospitalisation
d. Racecadotril use in Rotaviral diarrhoea reduces stool

output
e. All of the above
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4. SI units should be used or included in parentheses.
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